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CHAPTER 8

Summary, discussion and future perspectives
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Chapter 8

Summary
Breast cancer, the most diagnosed cancer in woman, is presenting with increasing incidence 
while mortality is decreasing in the past few decades, primarily attributed to early detection 
and emerging effective treatment [1-3]. However, intrinsic or acquired drug resistance re-
mains a significant problem and is one of the important reasons responsible for treatment 
failure of breast cancer. Approximately 70-75% of breast cancers are estrogen receptor (ER) 
and/or progesterone receptor (PR)-positive and 12-18% are triple negative breast cancers 
(TNBC) lacking ER, PR as well as HER2 expression [4]. Endocrine therapy plays an important 
role in decreasing the recurrence risk for hormone receptor positive patients with localized 
disease, and yields clinical benefit in advanced or metastatic disease [5, 6]. Unfortunately, 
high rates of de novo resistance and resistance acquired during treatment compromises ef-
fectiveness and presents a prominent challenge in the endocrine therapy of hormone-sen-
sitive breast cancer patients. For TNBC patients, without available targeted therapy options, 
standard of care remains chemotherapy. In fact, patients diagnosed with TNBC are typically 
more responsive than other subtypes to preoperative chemotherapy associated with a high 
rate of pathological complete response (pCR). However, TNBC also has higher overall rates 
of relapse, which is due to  acquired chemoresistance [7]. 

Glioblastoma (GBM), the most common and lethal brain tumor, remains a disease with poor 
prognosis with a 5 year survival of around 5% [8]. Standard of treatment is surgery followed 
by chemo-radiotherapy, which has limited success because of the high infiltrative nature 
and high therapy resistance of GBM cells. Unfortunately, targeted therapies have thus far 
not been successful mainly attributed to high cellular heterogeneity in GBM [9]. Also current 
immunecheckpoint inhibitors, successful in other cancer types, failed in GBM likely due to 
the immunosuppressive (‘cold’) characteristic of these tumors [10]. In GBM cancer stem 
cells have been identified, named GBM stem cells (GSCs), which contribute to heterogeneity 
and have been implicated in therapy resistance [9]. Notably, GSCs as well as a mesenchymal 
phenotype were demonstrated to be controlled by signals originating from niches and/ or 
the tumor microenvironment.  

Considering the above, clearly a better understanding of therapeutic resistance mechanisms 
in both breast cancer and GBM is needed to overcome this problem and to develop novel 
improved treatment strategies.

Current researches suggest that epithelial-to-mesenchymal transition (EMT) is one of the 
pivotal processes that induces tumor metastasis [11, 12]. Various signaling pathways im-
plicated in the induction of EMT have been identified such as Notch pathway, TGFβ–SMAD 
signaling, canonical or noncanonical Wnt pathway, growth factor–receptor tyrosine kinase, 
and ECM–integrin signaling pathways [13-16]. Interestingly, these stimuli can also regulate 
self-renewal in CSCs and a link between EMT and CSC properties have been proposed [17]. 
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The aim of the work described in this thesis was to examine the involvement of EMT and un-
derlying regulatory mechanisms in standard therapy resistance and tumor aggressiveness, 
defined by tumor cell dissemination/ metastatic potential and growth/ stem cell properties 
in breast cancer and GBM models. 

Chapter 1 provides a general introduction on breast cancer and GBM and current therapeu-
tic challenges, the aim and outline of this thesis. ER expression and functioning are a pre-
requisite for breast cancer sensitivity for hormonal therapy, which could be modulated by 
EMT processes. In chapter 2 we established and characterized a MCF-7 cell model resistant 
to tamoxifen and found that CD146 was overexpressed in MCF-7-Tam-R cells compared to 
tamoxifen-sensitive counterparts. Elevated CD146 significantly correlated with poor relap-
se free survival (RFS) and distant metastasis relapse free survival (DMFS) in breast cancer 
patients, especially in the cohort of patients who only received tamoxifen treatment. Com-
pared to parental MCF-7 cells, MCF-7-Tam-R cells displayed changes in phenotypic features 
together with enhanced motility and invasive behavior, as well as increased expression of 
EMT markers. We demonstrated that CD146 confers tamoxifen resistance, through suppres-
sing ERα expression involving Slug upregulation and onset of EMT together with activation 
of the AKT survival pathway. In chapter 3, we found a strong correlation between Notch3 
and ERα in breast cancer cell lines and human breast cancer tissues with a luminal epithelial 
phenotype. Interestingly, ectopic overexpression of Notch3 resulted in activation of ERα in 
ERα-negative breast cancer cell lines, whereas conversely silencing Notch3 in ERα-positive 
cells down-regulated ERα expression. Further investigation of the underlying regulatory me-
chanism showed that Notch3 intracellular domain (N3ICD) specifically binds to CSL (CBF-1, 
Su (H), Lag-1) binding elements present in the ERα promoter region and transactivates ERα 
expression accompanied by suppression of EMT and cell invasion in vitro and metastatic 
spread in vivo. Silencing Notch3 in Notch3-expressing breast cancer cells had opposite ef-
fects, showing induction of EMT and decreased ERα levels. What’s more, in a large clinical 
microarray database, elevated Notch3 transcript levels were significantly associated with 
better RFS in clinically diagnosed breast cancer patients, especially for those with ERα po-
sitive tumors. These findings delineate a role of the Notch3/ERα axis in maintaining the 
luminal phenotype and inhibiting tumorigenesis and metastases in breast cancer.   

In the following the role of Notch3 in ERα regulation was studied in more detail in the breast 
cancer models. In chapter 4, we revealed that Notch3 was a target of two onco-microRNAs, 
microRNA-221 and microRNA-222. MiR-221/222 expression is inversely correlated with 
Notch3 and ERα expressions in breast cancer cell lines. Ectopic expression of miR-221/222 
significantly promoted EMT, whereas overexpression of N3ICD attenuated the oncogenic 
function of miR-221/222. Mechanistic study showed that miR-221/222 targets Notch3 by 
binding to its 3’ untranslated region and suppressing protein translation. In chapter 5, we 
showed that the transcription factor GATA3, which is essential for the development of hu-
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man mammary gland and the differentiation breast cancer cells, is a novel downstream 
target of Notch3 signaling. Our investigation of the regulatory mechanism of Notch3 and 
GATA-3 revealed that both were positively associated with ERα expression in breast cancers. 
Interestingly, enforced N3ICD expression resulted in the upregulation of GATA-3 in breast 
cancer cell lines with ERα-negative phenotype, while suppressing Notch3 expression down-
regulated GATA-3 expression in ERα-positive cells. Moreover, using a reporter assay and a 
ChIP assay, we demonstrated that Notch3 is capable of binding to CSL-binding motifs in the 
promoter of GATA-3 in breast cancer cells, suggesting that N3ICD directly activates GATA-3 
expression. In vitro and in vivo assays demonstrated further that Notch3 inhibits partial-
ly EMT by transcriptionally up-regulating GATA-3 expression, leading to the suppression of 
metastatic spread of breast cancer cells. Together these findings expand our knowledge 
on Notch3 signaling in breast cancer by uncovering that miR-221/222 directly modulates 
Notch3 expression that subsequently   regulates GATA3 and ERα levels that on their turn 
control the EMT process and metastasis in breast cancer.

Intrinsic or acquired resistance to chemotherapy remains a significant problem and is one 
of the main reasons for treatment failure of breast cancer patients, particularly TNBC. In 
chapter 6, we generated cisplatin-resistant TNBC cells, named MDA-MB-231-DDPR cells, 
and found that the expression of Notch1 and CD146 were significantly higher in MDA-MB-
231-DDPR than wild-type counterparts. In vitro experiments revealed that upon exposure to 
low dose cisplatin (non-cytotoxic), the expression of Notch1 and CD146 gradually increased 
in a time-dependent manner in TNBC cells. In addition, the expression of mesenchymal mar-
ker Vimentin and classic chemoresistance-associated proteins such as pAKT, P-gp, and MRP1 
were also significantly upregulated in MDA-MB-231-DDPR cells. Dual-fluorescent reporter 
assay, ChIP and EMSA experiments mutually validated that Notch1-ICD can directly bind to 
the CSL binding site in CD146 promoter and induce its expression in TNBC cells. Inhibition 
of Notch1 significantly down-regulated CD146 expression, resulting in reversion of EMT and 
cisplatin-resistance in TNBC cells. Our findings provide evidence that targeting the Notch1/
CD146 axis, in conjunction with conventional chemotherapies, might be a potential thera-
peutic avenue to enhance the  efficacy for patients with TNBC.

In GBM, tumor aggressiveness and therapy resistance have been linked with a mesenchy-
mal or an acquired mesenchymal phenotype. As described above CD146 is a unique EMT 
inducer and modulator of tumor aggressiveness and therapeutic resistance in breast cancer. 
However, the possible functions of CD146 in GBM are largely unknown. In chapter 7, we de-
monstrated that CD146 is highly expressed in GBM compared with normal brain tissue and 
exhibits various expression levels in patient-derived GBM neurosphere cells. In addition, a 
previous report by others showed that WHO grade III and IV gliomas express higher CD146 
levels compared with grade I and II tumor specimens, and high CD146 expression correlated 
with shorter disease-free survival and overall survival in GBM patients [18]. This suggests 
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that CD146 may act as an oncogenic protein in GBM that we explored further. Therefore, we 
generated a CRISPR/Cas9 CD146 knockout and an ectopic CD146/GFP overexpression mo-
del in two different GBM neurospheres and examined CD146 functioning in various assays. 
We demonstrated that CD146 has pleiotropic effects in GBM by promoting mesenchymal 
transition, stemness potential and radioresistance. CD146 could be linked with suppression 
of p53 accumulation and NF-κB activation providing cell survival signals. Interestingly, we 
identified a novel function of CD146 as an activator of the transcription-activation factor YAP 
know to regulate cell growth and survival, in part by suppressing Hippo pathway. Together, 
these findings illustrate the importance of CD146 in GBM malignancy and therapy resistance 
suggesting that targeting and inactivating CD146 signaling may present a new therapeutic 
approach for this deadly brain tumor.

Discussion and future perspectives

CD146, a novel signaling protein involved in Tamoxifen resistance and metastatic potential 
in breast cancer
Tamoxifen has been used to treat both pre- and post-menopausal breast cancer patients for 
over 40 years and remains a cornerstone in endocrine therapy for breast cancer [19]. Howe-
ver, intrinsic or acquired resistance to tamoxifen presents a particular clinical concern [20]. 
Although resistance to tamoxifen can be counteracted by switching to aromatase inhibitors 
[21] or fulvestrant [22], underlying aggressive biological behavior of the tumor, often with a 
variety of altered signaling transduction [23], are associated with an unfavorable prognosis 
[24].

To date, various studies have led to the identification of key signaling pathways or factors 
involved in tamoxifen resistance including loss of ERα expression, up-regulation of receptor 
tyrosine kinases (RTKs) signaling pathways (EGFR, HER2, insulin-like growth factor 1 receptor 
(IGF1R) and fibroblast growth factor receptor (FGFR)), enhanced activity of NF-κB signaling, 
deregulation of the PI3K/AKT pathway and activation of EMT [25-28]. ERα positive patients 
with higher levels of ERα show increased benefits to tamoxifen therapy compared to those 
with lower ERα expression [29, 30]. Our study (chapter 2) identified a novel mechanism 
involved in tamoxifen resistance involving CD146/MCAM that is primarily overexpressed 
in basal-like or HER-2 overexpressing breast cancer, but not in luminal subtypes. We found 
an inverse correlation between CD146 and ERα expression levels in breast cancer cell lines. 
Given that the effects of tamoxifen are primarily mediated through its binding to ER and the 
status of ERα has long been considered the primary determinant of a clinical response to 
tamoxifen, loss of ER expression could confer resistance to therapy [31]. CD146 could sup-
press ERα at the transcription level by up-regulating Slug expression. A previous study by Li 
et al. suggested that Slug binds directly to E-boxes in the ERα promoter region to control ERα 
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activation and function. Knockdown of Slug increased sensitivity to tamoxifen treatment in 
MCF-7-Tam-R cells [27]. In addition, Zeng et al demonstrated that CD146 overexpression 
contributed to activation of Slug and RhoA and induced EMT in breast cancer [32]. The-
refore, we postulate that CD146 transcriptionally down-regulates ERα expression partially 
through activation of Slug.

In addition, many studies have demonstrated that AKT is a critical factor in conferring re-
sistance to tamoxifen [33, 34]. Activation of the PI3K/AKT pathway is recognized as one 
of the mechanisms contributing to endocrine resistance [35]. We demonstrated that pAKT 
was dramatically activated in MCF-7-Tam-R cells. We also specifically showed that forced 
expression of CD146 suppressed PTEN expression and induced pAKT activity. The results are 
consistent with a previous study by Li et al. showing that CD146 was constitutively implica-
ted in the AKT signaling pathway [36]. Moreover, another study has indicated that MUC1-C, 
a member of the same cellular adhesion family as MCAM (MUC-18), exerted its function by 
activating the PI3K/AKT pathway in the development of breast cancer [37]. Taken together, 
our results imply that CD146 also induces tamoxifen resistance by activating the AKT path-
way, at least in part. Furthermore we showed that elevate CD146 is associated with a poor 
prognosis in ER-positive patients who received tamoxifen therapy. It has been reported that 
anti-CD146 monoclonal antibody AA98 inhibits angiogenesis and tumor growth via suppres-
sion of NF-κB activation [38, 39]. What’s more, targeting soluble CD146 with a neutralizing 
antibody inhibits vascularization, growth and survival of CD146-positive tumors [40]. The-
refore, targeting CD146 may be a promising therapeutic strategy to overcome tamoxifen 
resistance in breast cancer patients.

NOTCH3 regulates EMT in breast cancer 
The majority of breast cancer deaths result from metastatic disease [41]. One of the pivo-
tal processes that induce metastasis of cancers is the epithelial-to-mesenchymal transition 
(EMT) by which epithelial cells are converted to cells with a mesenchymal phenotype that 
is associated with enhanced migratory and invasive properties [12]. EMT is considered to 
be the first step in the complex process of metastasis for many types of cancers [12, 42]. 
Cells undergo EMT usually loss epithelial phenotype marker E-cadherin and up-regulate of 
mesenchymal markers such as N-cadherin, vimentin, and fibronectin [17]. Various signaling 
pathways implicated in the induction of EMT such as TGFβ–SMAD signaling, canonical or 
noncanonical Wnt pathway, growth factor–receptor tyrosine kinase, and ECM–integrin sig-
naling pathways [13-15].

Notch family is known to play vital roles in many biologic processes, including cell fate de-
termination, EMT, stem cell maintenance, and lineage commitment [43]. Notch family con-
sists four Notch receptors (NOTCH1, NOTCH2, NOTCH3 and NOTCH4 (NOTCH1–4)) and five 
ligands of the Delta–Serrate–Lag (DSL) family (jagged 1 (JAG1), jagged 2 (JAG2), delta-like 1 
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(DLL1), delta-like 3 (DLL3) and delta-like 4 (DLL4)). In human cancers, increasing evidence 
has demonstrated that the outcome of Notch activation is dependent on the cancer type 
and cellular context [44-47]. Notch-1 and Notch-4 are responsible for tumorigenesis and 
Notch-2 was identified as a tumor suppressor in many studies [48-51]. Harrison et al. sho-
wed that Notch4 and Notch1 enhance breast cancer stem cell activity, and inhibition of 
Notch4 or Notch1 reduces tumor formation in vivo [52]. The role of Notch3 in breast cancer 
is less clear and more controversial. However, here we found that Notch3 is positively as-
sociated with ERα and GATA3 in both breast cancer cell lines and human breast cancer tis-
sues. It’s known that ERα and GATA3 are essential for the development of human mammary 
gland and the differentiation breast cancer cell [53-57]. In addition, ERα and GATA-3 are 
involved in suppressing EMT by regulating different cellular signaling pathways such as Slug, 
FOXC1, and miR-29b [58-63]. Emerging evidence shows that Notch3 may play an essential 
role in mammary gland development and commitment to luminal fate [64, 65]. Notch3 is 
expressed in a luminal progenitor cell population that is highly clonogenic and transiently 
quiescent, and differentiates into a ductal lineage [66]. Moreover, loss of Notch3 expression 
reduces luminal cell production from bipotent progenitors [67]. These findings prompted us 
to investigate whether there is a correlation among Notch3, GATA-3 and ERα, and if they are 
regulated by each other, especially in ER-positive subtype breast cancer. In chapter 3 and 5, 
we showed that activated Notch3 maintains the epithelial phenotype and suppresses EMT 
and metastasis through the transcriptional regulation of ERα and GATA-3 in breast cancer. 
Furthermore, Notch3 transcripts were significantly associated with better RFS in clinically di-
agnosed breast cancer patient. Moreover, in chapter 4 we demonstrated that miR-221/222 
target Notch3 by binding to its 3’ untranslated region and suppressing protein translation. 
Notch3 by binding to its 3’ untranslated region and suppressing protein translation. Ectopic 
expression of miR-221/222 significantly promotes EMT, whereas overexpression of Notch3 
intracellular domain attenuates the oncogenic function of miR-221/222, suggesting that 
miR-221/222 exerts its oncogenic role by negatively regulating Notch3. Our findings provide 
novel insights into the complex regulation of EMT and provide a basis for further delinea-
tion of the miR/Notch3/GATA3/ERα pathway as a prognostic indicator and/or therapeutic 
avenue for breast cancers. Nowadays, utilizing miRNAs as therapeutic tools for cancers have 
been validated in preclinical tests and left for further clinical investigation. For example, 
MRX34, a liposome-formulated miR-34 mimic, was the first miRNA replacement therapy 
with entered human clinical trials for patients with advanced or metastatic liver cancer by 
intravenous injection [9]. Therefore, targeting miR-221 and miR-222 may represents an ef-
fective strategy to prevent and inhibit tumor progression and metastasis in breast cancer.

TNBC and chemoresistance
TNBC is an aggressive subtype that constitutes 10%–20% of breast cancer patients, which 
refers to the breast cancer phenotype that in the absence of ER, PR ,and HER-2 [68]. For 
this reason, endocrine therapies or trastuzumab are unprofitable in TNBC treatment. Sys-
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temic chemotherapy remains a mainstay in the treatment of women with TNBC, either at 
adjuvant or metastatic setting, due to the absence of a valid target. Generally, TNBCs are 
more susceptible to chemotherapy as compared to luminal-A, -B or HER2-positive tumors 
[69]. However, the risk of relapse for patients with TNBC is markedly higher than those with 
hormone positive subtypes, primarily attributed to the aggressive biological nature, and in a 
large part to chemoresistance, which accounts for over 90% of treatment failure in patients 
presenting with advanced and metastatic diseases [7].

Cisplatin and carboplatin for treating TNBCs has been investigated in clinical trials and 
showed a beneficial effect for cisplatin in neoadjuvant chemotherapy, particularly in BR-
CA-mutation carriers [70, 71]. Though standard chemotherapy regimens are considered to 
be effective for a subgroup of patients with early chemosensitive TNBC, often patients with 
advanced disease typically respond poorly to current chemotherapy, and those patients 
who response well to the chemotherapy at the beginning, about 30%–50% evolve resistan-
ce leading to poor overall survival [68, 72]. 

Notch1 is known to contribute to the maintenance of the CSC phenotype and chemore-
sistance in breast cancer [73-75]. In chapter 6, we revealed a strong link between Notch1 
and CD146 mRNA expression, which also demonstrated an intimate connection with major 
EMT markers in TNBC. Analysis of the prognostic value of the expression levels of Notch1 
and CD146 in breast cancer patients indicated that RFS was significantly shorter in patients 
with high expression of Notch1 and CD146 in basal-like breast cancer patients, especially in 
those treated with chemotherapy. Notch1 promotes EMT and chemoresistance, as well as 
invasion and proliferation of TNBC cells via direct activating CD146 promoter. Inhibition of 
Notch1 significantly down-regulated CD146 expression, resulting in the reversion of EMT 
and chemoresistance to cisplatin in TNBC cells. This study might help to better understand 
the regulatory mechanism of EMT in contribution to chemoresistance in breast cancer and 
provides evidence that targeting the Notch1/CD146 axis, in conjunction with conventional 
chemotherapies, might be a potential avenue to enhance the therapeutic efficacy for pa-
tients with TNBC. 

CD146 regulates tumor aggressiveness in GBM
GBM has been classified into four subtypes, proneural (PN), neural (NE), classical (CL), and 
mesenchymal (MES) based on transcriptional profiling and several common mutations in 
genes such as IDH1, TP53, PTEN, and EGFR have been linked with these subtypes. MES GBM 
is characterized with the highest degree of aggressiveness and associated with the worst 
prognosis. A number of signaling pathways such as WNT/β-catenin, Hippo/YAP pathways 
and transcription factors like ZEB1, SNAIL, TWIST, C/EBP-b and STAT3 are identified as mas-
ter regulator of mesenchymal phenotype in GBM [76, 77]. In addition, the strong invasive 
behavior of GBM is not only an inherent property of GBM cells, but also highly regulated by 
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the tumor microenvironment. In gliomas, inflammatory processes or hypoxic microenviron-
ment within the tumor or neighboring normal tissues may lead to the recruitment of  immu-
ne cells and microglia that produced transforming growth factor beta (TGF-β) which induces 
ZEB1 leading to promote GBM cells aggressiveness, and blocking TGF-β signaling with its 
inhibitor can inhibit mesenchymal-transition (MT) in GBMs [78]. In the current study (chap-
ter 7), we found that CD146 was significantly induced upon TGF-β-induced MT in GBM cell 
model.  Moreover, ectopic expression of CD146 up-regulated ZEB1, β-catenin and a number 
of stem cell markers leading to increased stem cell potential, EMT and migration ability in 
GBM cells. CD146 has been implicated in stem cell regulation. For example, purified CD146+ 
human umbilical cord perivascular cells (HUCPVCs), which have been considered as an al-
ternative source of mesenchymal progenitors, were highly proliferative and potent in me-
senchymal lineage differentiation both in vitro and in vivo. Moreover, hypoxic environment 
induce the colony forming efficiency and proliferation of CD146+ HUCPVCs, and modulate 
their osteogenic differentiation [79]. In addition, several proinflammatory cytokines such as 
the tumor necrosis factor-alpha (TNF-α) and interleukin-α (IL-1α) are able to induce CD146 
mRNA expression in luteinizing granulosa cells. Together, this indicates that inducible CD146 
expression may play a role in cells responding to TME stimuli, such as proinflammatory cyto-
kines and growth factors for initiating proper inflammatory reactions, cell proliferation and 
migration. Further investigations of the importance of CD146 in GBM and elucidation of 
activating stimuli derived from tumor cells and/or TME will be required to determine its 
therapeutic potential. Considering our findings that demonstrated relevance of CD146 in 
the malignant behavior of breast cancer cells it will be interesting to explore possible tumor 
cell-specific differences and/or similarities in CD146 signaling. 

CD146 also promoted radioresistance in GBM cells that was linked with increased MDM2 
phosphorylation and repression of radiation-induced p53 accumulation, while at the same 
time activating NF-κB signaling. Both damage-induced mechanisms are known to prevent 
apoptosis activation and their importance in resistance remains to be formally confirmed 
in our GBM models [80, 81]. The more precise way in which activated CD146 transmits sig-
nals to NF-κB and MDM2 remains to be examined as well. Previous reports have identified 
MAPK, p38 and Akt as downstream effectors of CD146 in melanoma and we postulate that 
similar mechanisms may be relevant in GBM [82]. 

Finally, we identified the transcriptional regulator YAP as a new downstream effector of 
CD146 signaling in GBM. In cancer, YAP functions as an oncogenic protein involved among 
others in tumorigenesis, EMT and metastasis [83]. Hippo pathway control the stability and 
cellular localization of YAP that together with its interaction partner TAZ translocate to the 
nucleus to regulate target gene transcription via interactions with transcription enhancer 
factors 1–4 (TEF/TEAD 1–4) [84, 85]. In Chapter 7, we found that CD146 activated YAP that 
may partially involve suppression of the Hippo pathway. However, the more precise inter-
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actions between CD146 and Hippo/YAP signaling remain to be elucidated and relevance for 
GBM aggressiveness can now be further explored. Regardless, several studies have reported 
the importance of YAP signaling in GBM. For example, recently variable YAP expression in 
GBM spheroids was demonstrated to contribute to tumor heterogeneity with YAP expres-
sing cells having increased tumorigenic potential [86]. Moreover, Verteporfin (VP), recently 
identified as an inhibitor of YAP-TEAD binding and already approved by the FDA, which inhi-
bits growth of human glioma in vitro [87]. Clinical trials using Verteporfin for the treatment 
of locally advanced pancreatic cancer was reported feasible and safe [88]. That gives us a 
hint that targeting CD146/YAP may also provide a relevant strategy in GBM.

In conclusion, the findings described in this thesis provide new molecular insights and con-
tribute to advancement of knowledge about the regulatory mechanisms that control tumor 
aggressiveness and therapeutic resistance in breast cancer and GBM. Notably, a novel and 
important role for CD146 was identified in tumor aggressiveness and therapy-resistance in 
these different malignancies. Further exploration of CD146 targeted therapy may provide 
new therapeutic approaches in both tumors. 
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