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Unlike other breast cancer subtypes, triple-negative breast cancer (TNBC) has no specific targets and is characterized as one

of the most aggressive subtypes of breast cancer that disproportionately accounts for the majority of breast cancer-related

deaths. Current conventional chemotherapeutics target the bulk tumor population, but not the cancer stem cells (CSCs) that

are capable of initiating new tumors to cause disease relapse. Recent studies have identified distinct epithelial-like (E) ALDH+

CSCs, mesenchymal-like (M) CD44+/CD24− CSCs, and hybrid E/M ALDH+/CD44+/CD24− CSCs. These subtypes of CSCs

exhibit differential signal pathway regulations, possess plasticity, and respond differently to treatment. As such, co-inhibition of

different subtypes of CSCs is key to viable therapy. 
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1. Introduction

Breast cancer is the most frequently diagnosed cancers among the female population, accounting for an incidence of one in

four women worldwide . Despite improvements in treatment, it remains the leading cause of cancer-related deaths among

women . Although triple negative breast cancer (TNBC) accounts for 15–20% of breast cancer incidence, this subtype is

hard to treat and is disproportionally associated with the majority of breast cancer-related deaths .

Unlike the other breast cancer subtypes, triple negative breast cancer is negative for ER (Estrogen Receptor), PR

(Progesterone Receptor), and HER-2 (human epidermal growth factor receptor 2) receptors. Non-specific chemotherapy

remains as first-line treatment for TNBC due to the lack of specific targets. However, chemotherapy is associated with off-

target toxicity and the enrichment of cancer stem cells (CSCs) . This limitation, in combination with the aggressive

nature of TNBC, may contribute to the poor prognosis of TNBC in comparison to other breast cancer subtypes. For women

over 50 years of age, the five-year disease-free survival was 92.4~94.8% for patients with ER+ breast cancer, 82% for

patients with HER-2+ breast cancer, and 53.3% for patients with TNBC .

A major challenge for effective treatment of TNBC is to eliminate CSCs. CSCs have the capacity to self-renew, differentiate,

dedifferentiate, and hibernate , capable of initiating new tumors to cause disease relapse . Although conventional

chemotherapeutic drugs effectively suppress bulk tumor cells, they are ineffective in inhibiting CSCs, and even enrich CSCs

following treatment . CSCs in TNBC are heterogeneous, interconvertible, and respond to chemotherapy differently 

.

2. Overview of Epithelial and Mesenchymal CSCs in Breast Cancer

CSCs are a small population residing within tumors. They exhibit stem cell-like properties, such as self-renewal,

differentiation, dedifferentiation, trans-differentiation, symmetric/asymmetric division, and quiescence . CSCs have been

found to exist in different types of solid tumors and are at the apex of the cellular hierarchy in tumors, capable of maintaining

CSC pools and giving rise to non-CSC bulk tumor cells to promote disease progression .
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Al Hajj et al. made the first demonstration that the fractionated CD44 /CD24   subpopulation from breast cancer patients

exhibited a 100-fold greater capacity to form tumors (i.e., tumorigenicity) compared to those unsorted cells after

transplantation into mammary pad of immunodeficient mice . CD44 (cluster of differentiation 44) is a class I transmembrane

glycoprotein which acts as a receptor for hyaluronic acid and is associated with modulating mesenchymal-like processes such

as cell adhesion, invasion, and migration . In contrast, CD24 (cluster of differentiation 24) is associated with

carbohydrate metabolism and epithelial-like breast cancer cells . CD44 /CD24  CSCs are associated with a mesenchymal-

like phenotype that is highly metastatic/invasive and possesses a greater tumorigenesis capacity .

Another marker for breast CSCs is aldehyde dehydrogenases (ALDH), which is frequently used as a marker for hematopoietic

stem cells . ALDH are comprised of 19 isomers which catalyze the oxidation of aldehydes and convert aldehydes to

carboxylic acids, important for cellular detoxification after exposure to chemotherapeutic agents (e.g., cyclophosphamide) .

High ALDH expression has been associated with CSCs in a wide variety of cancers, including breast cancer . The

fractionated ALDH  cells from patients with breast tumor possessed greater tumorigenic potentials, regenerating new tumors

with as few as 1500 cells. In contrast, ALDH  cells were not capable of forming tumors even after injection of 50,000 cells .

Interestingly, ALDH is predominantly expressed in epithelium tissues in the brain, liver, kidneys, and breast . ALDH  breast

cancer CSCs exhibit an epithelial-like phenotype .

In a landmark study, Liu et al. reported that CD44 /CD24  CSCs resided at the edge of the breast tumor with low expression

of E-cadherin but high expression of vimentin and ZEB1 (Zinc Finger E-Box Binding Homeobox 1), exhibiting a mesenchymal,

migratory, and invasive phenotype . In contrast, ALDH  CSCs resided within the core of the tumor with high expression of

E-cadherin but low expression of vimentin and ZEB1, exhibiting an epithelial phenotype . This study demonstrated that M

(mesenchymal, CD44 /CD24 ) and E (epithelial, ALDH+) CSCs were distinct populations with different patterns in tumor

distribution, gene expression, proliferation, and quiescence, suggesting different functionalities of these two CSC

subpopulations . E and M CSCs existed in all breast cancer subtypes, but their proportions were varied. Basal TNBC cell

lines were enriched with both E and M CSCs compared to their luminal breast cancer counterparts .

E and M CSCs were found to be interconvertible. Liu et al. demonstrated that fractionated M or E CSCs from breast cancer

cell lines gradually reconstituted the heterogeneous tumor population (bulk, CD44 /CD24 , and ALDH   tumor cells) .

Together, these findings support the existence of distinct mesenchymal and epithelial CSCs within breast tumors, and

demonstrate that these populations are plastic, capable of reconstituting other CSC and non-CSC populations .

Cancer metastasis is responsible for 90% of cancer-related deaths . Epithelial to mesenchymal (EMT) transition is a

biological process, which facilitates tumor cell dissociation, migration, and metastasis . At the core of tumor, when cancer

cells are undergoing EMT, epithelial cells gain a mesenchymal phenotype (e.g., loss of E-cadherin, cytokeratin, and claudin

while acquiring N-cadherin and vimentin). This change reduced cell-cell adhesion but increased migration and invasion of

cancer cells, moving from the tumor core to the edge . M CSCs at the edge of the tumor invade the surrounding tissue,

translocate into the bloodstream, and then migrate to different tissues . Upon arriving at a suitable secondary location,

the M CSCs convert into an E CSC state, capable of promoting angiogenesis and growing quickly in hypoxic conditions .

Conventionally, EMT is thought to facilitate metastasis, while MET is critical for secondary tumor formation. Within the

secondary tumor, the E CSC population can differentiate into bulk tumor cells, self-renew to maintain its population, and

convert into M CSCs to repeat the cycle .

Although the EMT/MET model for metastasis is well-studied and accepted to date, histological evidence in patient tumor

samples has not been proved . Furthermore, two recent studies have challenged the role of EMT/MET model in cancer

metastasis . Using a loss-of-function approach, Zheng et al. knocked out Twist or Snail (two critical EMT inducers) using

Cre-recombinase in a pancreatic ductal adenocarcinoma mouse model in order to suppress EMT. However, the number of
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traced metastatic circulating tumor cells was not changed following Twist knockout. Additionally, metastatic tumor cells in

various organs were negative for a mesenchymal marker (α-smooth muscle actin) compared to the controls, indicating that

EMT was dispensable for metastasis .

Another study by Fischer et al. employed an EMT lineage-tracking system using a mesenchymal-specific promoter to track

whether the metastatic lung cancer cells underwent EMT . They found that breast cancer-lung metastasis maintained their

epithelial phenotype, indicating that EMT was dispensable for metastasis .

There has been debate over the aforementioned studies . For the Twist and Snail knockout studies used in the report of

Zheng et al. , α-smooth muscle actin is not considered a reliable marker for EMT monitoring in the particular mouse model

. Additionally, after Twist and Snail knockout, unaltered metastasis of pancreatic ductal adenocarcinoma mouse cells may

be due to the redundancies within the EMT process .

Another research group found that the Fsp1-cre transgene used in the manuscript of Fischer et al. may not be a critical

modulator of EMT, as Fsp1 knockout mice are capable of undergoing all stages of EMT . Fsp1 is also not expressed

universally in carcinoma cells that have undergone EMT . Additionally, the vimentin-Cre tracing marker used in Fischer et

al. studies is only weakly expressed in carcinoma cells undergoing EMT, while tumor-associated stromal cells highly

expressed vimentin, indicating a potential challenge for the lineage tracing system used .

These rebuttals highlight the complicated nature of EMT/MET in metastasis and secondary tumor formation. Fischer et al.

replied to the rebuttal, defending their usage of vimentin and Fsp1 promoters as indicators of EMT. Additionally, Fischer et al.

further demonstrated the fidelity and efficacy of the Fsp1-Cre RFP+ to GFP+ EMT model and showed that the GFP+ EMT

cells constitute only 4.46  ±  1.0% of the total primary tumor cells in the Vimentin–Cre model. Importantly, none of the

metastases observed were derived from these GFP+ EMT cells. Based on the specificity of their models, Fischer et al. argued

that EMT is not required for metastasis .

Indeed, increasing evidence supports that tumor cells do not need to undergo a complete EMT/MET shift for metastasis and

formation of secondary tumors . Additionally, the identification of CSCs expressing both M and E markers suggests

the existence of a hybrid E/M CSC phenotype . Hybrid CSCs are cells in the process of EMT/MET. This hybrid state may

facilitate mobility, survival, and reconstitution of secondary tumor. Hybrid CSCs have been shown to possess greater

tumorigenicity and metastatic potential in comparison with complete EMT or MET CSC counterparts (Figure 1) . Of

note, different CSC populations can interconvert, which may just represent different epigenetic states within the same clonal

population, warranting further studies. Emerging single-cell technologies (e.g., single-cell RNA sequencing, single-nucleus

RNA-sequencing) provide a new opportunity to profile individual cells within tumors and to study tumor heterogeneity and

metastasis at single-cell resolution . For example, single-nucleus sequencing of breast cancers revealed that copy number

evolution occurred in short bursts early in tumor evolution, whereas point mutations evolved gradually over time to produce

more extensive clonal diversity . Harnessing the power of single-cell assessment will lead to great insights into the

properties of EMT, MET, and hybrid CSCs.
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Figure 1.  Epithelial, Mesenchymal, and Hybrid triple-negative breast cancer (TNBC) cancer stem cells (CSCs). TNBC

mesenchymal (M) CSCs are characterized by CD44 /CD24  with elevated levels of Yes associated protein (YAP), nuclear

factor kappa-light-chain-enhancer of activated B cells (NF-κB), and enhanced gluconeogenesis and glycolysis. Conversely,

TNBC epithelial (E) CSCs are characterized by ALDH  with elevated levels of Wnt, NF-κB, hypoxia, enhanced glutathione

metabolism, and oxidative phosphorylation. Epithelial and mesenchymal CSCs exhibited plasticity and were interconvertible.

Recent studies have revealed that hybrid E/M CSCs are more tumorigenic than complete E and M counterparts and may be

capable of differentiating into complete epithelial or mesenchymal CSCs. Plasticity amongst three states of CSCs needs to be

considered for the development of effective therapeutic strategies for TNBC.

3. Wnt/β-Catenin Signaling in Breast Cancer and TNBC and Its
Association with Epithelial CSCs

Wnt signaling pathways are characterized into the canonical or β-catenin dependent pathway, and the non-canonical or β-

catenin independent pathway. More focus has been on the canonical pathway in the field. Wnt/β-catenin canonical signaling is

a highly conserved developmental pathway. It regulates self-renewal of hematopoietic, intestinal, and embryonic stem cells

. Wnt signaling is also essential for self-renewal and differentiation of mammary stem cell/progenitor cells . Dysregulated

Wnt/β-catenin signaling has been shown to be highly expressed in TNBC and inversely correlated with poor patient survival,

promoting CSC enrichment, chemoresistance, and metastasis. Wnt/β-catenin signaling is also associated with E CSC

expansion . Interestingly, Wnt/β-catenin mutations commonly found in other cancer types are rarely found in

breast cancer .

Canonic Wnt activation contributes to chemoresistance, and chemotherapy enhances Wnt signaling in breast cancer . It has

been shown that WNT10B signal axis was elevated in TNBC and correlated with chemoresistance and poor patient prognosis

. HMGA2 (High Mobility Group AT-Hook 2, a direct target of WNT10B) is linked with EZH2 (Enhancer of Zeste 2, a

methyltransferase which epigenetically modulates chromatin) activity, and directly interacted with β-catenin to stimulate Wnt

activity . The WNT10B/β-catenin/HMGA2/EZH2 cascade is expressed in TNBC and associated with increased rates of

metastasis and decreased recurrence-free survival by 2.4-fold . Ayachi et al. further revealed an autoregulatory loop

between EZH2 and HMGA2 in TNBC cells . HMGA-EZH2 protein-protein interactions were required for CBP (CREB-
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binding protein) K49 acetylation of β-catenin to modulate Wnt activity . Moreover, both HMGA2/EZH2 promoted EMT in

TNBC, and deletion of either one significantly reduced tumor growth and metastasis without affecting tumorigenicity . Using

TNBC patient derived xenografts (PDX), it was demonstrated that Wnt signaling was highly activated in both chemoresistant

and naïve TNBC PDX tumors. Furthermore, all PDX tumors were sensitive to the treatment with small molecule inhibitor ICG-

001 or PRI-724. ICG-001 and PRI-724 are distinct chemical entities, albeit both are CBP/β-catenin antagonists. Only PRI-724

has been tested in the clinic , and was demonstrated to be safe and tolerable to patients .

Wnt/β-catenin signaling has been associated with E CSCs. Wnt is more highly expressed in E ALDH  CSC populations than

in M CD44 /CD24  CSCs . Moreover, E CSCs are more sensitive to Wnt inhibition than M CSCs . Domenici et al.

recently found that Sox9 (Sry-related HMG box 9, an essential modulator of mammary gland development) transcription factor

is a key modulator of self-renewal of breast luminal progenitor cells. The expression levels of Sox9 were found to be higher in

breast tumors and the highest in TNBC samples, with the fractionated ALDH  breast tumor cells possessing higher levels of

Sox9 mRNA . Sox9 is a poor prognostic indicator and is strongly associated with Wnt signaling via LRP6 (Low-density

lipoprotein receptor-related protein 6) and TCF4 (Transcription Factor 4) in breast cancer . Inhibition of Sox9 reduced

tumorigenicity and E CSC population, and sensitized breast cancer cells to therapeutic intervention .

Interestingly, latency competent breast cancer cells (LCBCC, cancer cells that can reseed organs with latent metastasis) have

been found to maintain a stem cell-like state and express Sox2 and Sox9 transcription factors. Surveillance of natural killer

(NK) cells prevents these LCBCC from infiltrating into organs and expanding. However, the LCBCC cells can downregulate

NK cell activators and develop resistance. LCBCC express high levels of DKK1 (Dickkopf-related protein 1) to inhibit Wnt

signaling and enforce a quiescent state. Knockdown of DKK1 increases metastatic growth, thus linking Wnt signaling with

long-term quiescence in disseminated cancer cells that cause latent metastasis and relapse . This adds an additional layer

of complexity to the role of canonical Wnt signaling in breast cancer CSCs. Furthermore, different from the role of canonical

Wnt pathway in E CSCs, non-canonical Wnt signals have recently been shown to promote invasion, survival, and metastasis

of CSCs, and is likely important in M phenotypic TNBC CSCs . Further studies of the roles of canonical and non-canonical

Wnt pathways in CSC are required.

Combination of canonical Wnt inhibitors with conventional chemotherapeutic agents seems to be an attractive approach for

TNBC treatment. Synergistic reduction of tumor growth and metastasis has been observed when chemoresistant TNBC PDX

tumors were treated with doxorubicin and the Wnt inhibitor ICG-001/PRI-724 . Active and interventional clinical trials in

Clinicaltrials.gov database for the treatment of patients with TNBC are summarized in  Table 1. These potential Wnt

modulators/inhibitors seem to be safe for the usage in clinic and have been demonstrated to suppress the Wnt signaling

pathway in preclinical studies. Further studies will be needed to determine their clinical efficacy in combination with other

inhibitors and chemotherapeutic drugs, as well as underlying mechanisms.

Table 1. Potential Wnt Inhibitors Tested in TNBC Clinical Trials.
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Inhibitor Clinical Trial
Number Mechanism References

RX-5902 NCT02003092
Inhibits phosphorylated p68 RNA helicase preventing nuclear β-
catenin translocation and Wnt signaling

CB-839 NCT03057600
Glutaminase Inhibitor (GSL1). GLS1 has been found to promote
stemness via reactive oxygen species/Wnt/ β-catenin signaling

Eribulin
mesylate

NCT02513472
Inhibitor of microtubule dynamics and demonstrated Wnt-related
gene suppressive properties
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Note: The Clinicaltrials.gov database was used to assess active, interventional clinical trials for TNBC treatment within phase

1, 2, 3, or 4 of development. Following inhibitor identification, literature was consulted to determine any Wnt modulating

effects .

References

1. Bray, F.; Ferlay, J.; Soerjomataram, I.; Siegel, R.L.; Torre, L.A.; Jemal, A. Global cancer statistics 2018:
GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA A Cancer
J. Clin. 2018, 68, 394–424.

2. Liedtke, C.; Mazouni, C.; Hess, K.R.; André, F.; Tordai, A.; Mejia, J.A.; Symmans, W.F.; Gonzalez-Angulo,
A.M.; Hennessy, B.; Green, M.; et al. Response to Neoadjuvant Therapy and Long-Term Survival in
Patients With Triple-Negative Breast Cancer. J. Clin. Oncol. 2008, 26, 1275–1281.

3. Jia, D.; Li, L.; Andrew, S.; Allan, D.; Li, X.; Lee, J.; Ji, G.; Yao, Z.; Gadde, S.; Figeys, D. An autocrine
inflammatory forward-feedback loop after chemotherapy withdrawal facilitates the repopulation of drug-
resistant breast cancer cells. Cell Death Dis. 2017, 8, e2932.

4. Cheng, C.C.; Shi, L.H.; Wang, X.J.; Wang, S.X.; Wan, X.Q.; Liu, S.R.; Wang, Y.F.; Lu, Z.; Wang, L.H.; Ding,
Y. Stat3/Oct-4/c-Myc signal circuit for regulating stemness-mediated doxorubicin resistance of triple-
negative breast cancer cells and inhibitory effects of WP1066. Int. J. Oncol. 2018, 53, 339–348.

5. Zhou, B.; Jin, Y.; Zhang, D.; Lin, D. 5-Fluorouracil may enrich cancer stem cells in canine mammary tumor
cells in vitro. Oncol. Lett. 2018, 15, 7987–7992.

6. Shen, H.; Yuan, J.; Yuan, S.; Yang, Y.; Feng, X.; Niu, Y. Survival estimates based on molecular subtype and
age in patients with early node-negative breast cancer. Int. J. Clin. Exp. Pathol. 2016, 9, 5357–5367.

7. Matsuda, S.; Yan, T.; Mizutani, A.; Sota, T.; Hiramoto, Y.; Prieto-Vila, M.; Chen, L.; Satoh, A.; Kudoh, T.;
Kasai, T. Cancer stem cells maintain a hierarchy of differentiation by creating their niche. Int. J. Cancer
2014, 135, 27–36.

8. ElShamy, W.M.; Duhé, R.J. Overview: Cellular plasticity, cancer stem cells and metastasis. Cancer Lett.
2013, 341, 2–8.

9. Liu, P.; Kumar, I.; Brown, S.; Kannappan, V.; Tawari, P.; Tang, J.; Jiang, W.; Armesilla, A.; Darling, J.; Wang,
W. Disulfiram targets cancer stem-like cells and reverses resistance and cross-resistance in acquired
paclitaxel-resistant triple-negative breast cancer cells. Br. J. Cancer 2013, 109, 1876.

10. Bocci, F.; Gearhart-Serna, L.; Boareto, M.; Ribeiro, M.; Ben-Jacob, E.; Devi, G.R.; Levine, H.; Onuchic,
J.N.; Jolly, M.K. Toward understanding cancer stem cell heterogeneity in the tumor microenvironment. Proc.
Natl. Acad. Sci. USA 2019, 116, 148–157.

Inhibitor Clinical Trial
Number Mechanism References

Selinexor NCT02402764
Selective inhibitor of nuclear export (SINE) that blocks XPO1 leading
to forced nuclear retention of major tumor suppressor proteins
reducing β-catenin

Sorafenib NCT02624700
Tyrosine protein kinase inhibitor and reduces β-catenin and Wnt
signaling

Cetuximab NCT01097642
Monoclonal antibody which binds to and inhibits EGFR. Also Inhibits
of MAPK which leads to inhibition of β-catenin nuclear activity.

Indomethacin NCT02950259
Nonsteroidal anti-inflammatory drug which inhibits prostaglandins
which is capable of suppressing β-catenin expression.

Bicalutamide NCT03090165 Androgen antagonist preventing Wnt/β-catenin signaling

[61]

[62]

[63]

[64]

[65]

[66]



CSCs in Breast Cancer | Encyclopedia.pub

https://encyclopedia.pub/entry/13361 7/10

11. Liu, S.; Cong, Y.; Wang, D.; Sun, Y.; Deng, L.; Liu, Y.; Martin-Trevino, R.; Shang, L.; McDermott, S.P.;
Landis, M.D. Breast cancer stem cells transition between epithelial and mesenchymal states reflective of
their normal counterparts. Stem Cell Rep. 2014, 2, 78–91.

12. El-Badawy, A.; Ghoneim, N.I.; Nasr, M.A.; Elkhenany, H.; Ahmed, T.A.; Ahmed, S.M.; El-Badri, N.
Telomerase reverse transcriptase coordinates with the epithelial-to-mesenchymal transition through a
feedback loop to define properties of breast cancer stem cells. Biol. Open 2018, 7, bio.034181.

13. Prasetyanti, P.R.; Medema, J.P. Intra-tumor heterogeneity from a cancer stem cell perspective. Mol. Cancer
2017, 16, 41.

14. Kim, W.T.; Ryu, C.J. Cancer stem cell surface markers on normal stem cells. BMB Rep. 2017, 50, 285.

15. Gasch, C.; Ffrench, B.; O’Leary, J.J.; Gallagher, M.F. Catching moving targets: Cancer stem cell
hierarchies, therapy-resistance & considerations for clinical intervention. Mol. Cancer 2017, 16, 43.

16. Al-Hajj, M.; Wicha, M.S.; Benito-Hernandez, A.; Morrison, S.J.; Clarke, M.F. Prospective identification of
tumorigenic breast cancer cells. Proc. Natl. Acad. Sci. USA 2003, 100, 3983–3988.

17. Jaggupilli, A.; Elkord, E. Significance of CD44 and CD24 as Cancer Stem Cell Markers: An Enduring
Ambiguity. Clin. Dev. Immunol. 2012, 2012, 708036.

18. Li, W.; Ma, H.; Zhang, J.; Zhu, L.; Wang, C.; Yang, Y. Unraveling the roles of CD44/CD24 and ALDH1 as
cancer stem cell markers in tumorigenesis and metastasis. Sci. Rep. 2017, 7, 13856.

19. Park, S.Y.; Lee, H.E.; Li, H.; Shipitsin, M.; Gelman, R.; Polyak, K. Heterogeneity for stem cell-related
markers according to tumor subtype and histologic stage in breast cancer. Clin. Cancer Res. 2010, 16,
876–887.

20. Kastan, M.B.; Schlaffer, E.; Russo, J.E.; Colvin, O.M.; Civin, C.I.; Hilton, J. Direct demonstration of elevated
aldehyde dehydrogenase in human hematopoietic progenitor cells. Blood 1990, 75, 1947–1950.

21. Marcato, P.; Dean, C.A.; Giacomantonio, C.A.; Lee, P.W. Aldehyde dehydrogenase: Its role as a cancer
stem cell marker comes down to the specific isoform. Cell Cycle 2011, 10, 1378–1384.

22. Ginestier, C.; Hur, M.H.; Charafe-Jauffret, E.; Monville, F.; Dutcher, J.; Brown, M.; Jacquemier, J.; Viens, P.;
Kleer, C.G.; Liu, S.; et al. ALDH1 is a marker of normal and malignant human mammary stem cells and a
predictor of poor clinical outcome. Cell Stem Cell 2007, 1, 555–567.

23. Seyfried, T.N.; Huysentruyt, L.C.J. Crio: On the origin of cancer metastasis. Crit. Rev. Oncog. 2013, 18, 43–
73.

24. Khaled, N.; Bidet, Y. New Insights into the Implication of Epigenetic Alterations in the EMT of Triple
Negative Breast Cancer. Cancers 2019, 11, 559.

25. Sulaiman, A.; Yao, Z.; Wang, L. Re-evaluating the role of epithelial-mesenchymal-transition in cancer
progression. J. Biomed. Res. 2018, 32, 81.

26. Bastid, J. EMT in carcinoma progression and dissemination: Facts, unanswered questions, and clinical
considerations. Cancer Metastasis Rev. 2012, 31, 277–283.

27. Zheng, X.; Carstens, J.L.; Kim, J.; Scheible, M.; Kaye, J.; Sugimoto, H.; Wu, C.C.; LeBleu, V.S.; Kalluri, R.
Epithelial-to-mesenchymal transition is dispensable for metastasis but induces chemoresistance in
pancreatic cancer. Nature 2015, 527, 525.



CSCs in Breast Cancer | Encyclopedia.pub

https://encyclopedia.pub/entry/13361 8/10

28. Fischer, K.R.; Durrans, A.; Lee, S.; Sheng, J.; Li, F.; Wong, S.T.; Choi, H.; El Rayes, T.; Ryu, S.; Troeger, J.
Epithelial-to-mesenchymal transition is not required for lung metastasis but contributes to chemoresistance.
Nature 2015, 527, 472.

29. Aiello, N.M.; Brabletz, T.; Kang, Y.; Nieto, M.A.; Weinberg, R.A.; Stanger, B.Z. Upholding a role for EMT in
pancreatic cancer metastasis. Nature 2017, 547, E7.

30. Ye, X.; Brabletz, T.; Kang, Y.; Longmore, G.D.; Nieto, M.A.; Stanger, B.Z.; Yang, J.; Weinberg, R.A.
Upholding a role for EMT in breast cancer metastasis. Nature 2017, 547, E1.

31. Xue, C.; Plieth, D.; Venkov, C.; Xu, C.; Neilson, E.G. The gatekeeper effect of epithelial-mesenchymal
transition regulates the frequency of breast cancer metastasis. Cancer Res. 2003, 63, 3386–3394.

32. Fischer, K.R.; Altorki, N.K.; Mittal, V.; Gao, D. Fischer et al. reply. Nature 2017, 547, E5.

33. Shang, B.; Liu, Y.; Jiang, S.J.; Liu, Y. Prognostic value of tumor-infiltrating FoxP3+ regulatory T cells in
cancers: A systematic review and meta-analysis. Sci. Rep. 2015, 5, 15179.

34. Grosse-Wilde, A.; d’Hérouël, A.F.; McIntosh, E.; Ertaylan, G.; Skupin, A.; Kuestner, R.E.; del Sol, A.;
Walters, K.-A.; Huang, S. Stemness of the hybrid epithelial/mesenchymal state in breast cancer and its
association with poor survival. PLoS ONE 2015, 10, e0126522.

35. Lawson, D.A.; Kessenbrock, K.; Davis, R.T.; Pervolarakis, N.; Werb, Z. Tumour heterogeneity and
metastasis at single-cell resolution. Nature 2018, 20, 1349.

36. Wang, Y.; Waters, J.; Leung, M.L.; Unruh, A.; Roh, W.; Shi, X.; Chen, K.; Scheet, P.; Vattathil, S.; Liang, H.;
et al. Clonal Evolution in Breast Cancer Revealed by Single Nucleus Genome Sequencing. Nature 2014,
512, 155–160.

37. Bhavanasi, D.; Klein, P.S. Wnt Signaling in Normal and Malignant Stem Cells. Curr. Stem Cell Rep. 2016,
2, 379–387.

38. Yu, Q.C.; Verheyen, E.M.; Zeng, Y.A. Mammary Development and Breast Cancer: A Wnt Perspective.
Cancers 2016, 8, 65.

39. Xu, W.H.; Liu, Z.B.; Yang, C.; Qin, W.; Shao, Z.M. Expression of Dickkopf-1 and Beta-catenin Related to
the Prognosis of Breast Cancer Patients with Triple Negative Phenotype. PLoS ONE 2012, 7, e37624.

40. Forget, M.A.; Turcotte, S.; Beauseigle, D.; Godin-Ethier, J.; Pelletier, S.; Martin, J.; Tanguay, S.; Lapointe,
R. The Wnt pathway regulator DKK1 is preferentially expressed in hormone-resistant breast tumours and in
some common cancer types. Br. J. Cancer 2007, 96, 646–653.

41. Dey, N.; Barwick, B.G.; Moreno, C.S.; Ordanic-Kodani, M.; Chen, Z.; Oprea-Ilies, G.; Tang, W.; Catzavelos,
C.; Kerstann, K.F.; Sledge, G.W.; et al. Wnt signaling in triple negative breast cancer is associated with
metastasis. BMC Cancer 2013, 13, 537.

42. Tzeng, H.E.; Yang, L.; Chen, K.; Wang, Y.; Liu, Y.R.; Pan, S.L.; Gaur, S.; Hu, S.; Yen, Y. The pan-PI3K
inhibitor GDC-0941 activates canonical WNT signaling to confer resistance in TNBC cells: Resistance
reversal with WNT inhibitor. Oncotarget 2015, 6, 11061–11073.

43. Pohl, S.G.; Brook, N.; Agostino, M.; Arfuso, F.; Kumar, A.P.; Dharmarajan, A. Wnt signaling in triple-negative
breast cancer. Oncogenesis 2017, 6, e310.

44. Howe, L.R.; Brown, A.M. Wnt signaling and breast cancer. Cancer Biol. Ther. 2004, 3, 36–41.



CSCs in Breast Cancer | Encyclopedia.pub

https://encyclopedia.pub/entry/13361 9/10

45. Wend, P.; Runke, S.; Wend, K.; Anchondo, B.; Yesayan, M.; Jardon, M.; Hardie, N.; Loddenkemper, C.;
Ulasov, I.; Lesniak, M.S.; et al. WNT10B/β-catenin signalling induces HMGA2 and proliferation in
metastatic triple-negative breast cancer. EMBO Mol. Med. 2013, 5, 264–279.

46. Chang, C.J.; Yang, J.Y.; Xia, W.; Chen, C.T.; Xie, X.; Chao, C.H.; Woodward, W.A.; Hsu, J.M.; Hortobagyi,
G.N.; Hung, M.C. EZH2 promotes expansion of breast tumor initiating cells through activation of RAF1-β-
catenin signaling. Cancer Cell 2011, 19, 86–100.

47. Jung, H.Y.; Jun, S.; Lee, M.; Kim, H.C.; Wang, X.; Ji, H.; McCrea, P.D.; Park, J.I. PAF and EZH2 Induce
Wnt/β-Catenin Signaling Hyperactivation. Mol. Cell 2013, 52, 193–205.

48. El Ayachi, I.; Fatima, I.; Wend, P.; Alva-Ornelas, J.A.; Runke, S.; Kuenzinger, W.L.; Silva, J.; Silva, W.; Gray,
J.K.; Lehr, S. The WNT10B network is associated with survival and metastases in chemoresistant triple-
negative breast cancer. Cancer Res. 2019, 79, 982–993.

49. Ko, A.H.; Chiorean, E.G.; Kwak, E.L.; Lenz, H.J.; Nadler, P.I.; Wood, D.L.; Fujimori, M.; Inada, T.; Kouji, H.;
McWilliams, R.R. Final results of a phase Ib dose-escalation study of PRI-724, a CBP/beta-catenin
modulator, plus gemcitabine (GEM) in patients with advanced pancreatic adenocarcinoma (APC) as
second-line therapy after FOLFIRINOX or FOLFOX. J. Clin. Oncol. 2016, 34, e15721.

50. Sulaiman, A.; McGarry, S.; Li, L.; Jia, D.; Ooi, S.; Addison, C.; Dimitroulakos, J.; Arnaout, A.; Nessim, C.;
Yao, Z.; et al. Dual inhibition of Wnt and Yes-associated protein signaling retards the growth of triple-
negative breast cancer in both mesenchymal and epithelial states. Mol. Oncol. 2018, 12, 423–440.

51. Jang, G.B.; Kim, J.Y.; Cho, S.D.; Park, K.S.; Jung, J.Y.; Lee, H.Y.; Hong, I.S.; Nam, J.S. Blockade of Wnt/β-
catenin signaling suppresses breast cancer metastasis by inhibiting CSC-like phenotype. Sci. Rep. 2015, 5,
12465.

52. Xu, J.; Prosperi, J.R.; Choudhury, N.; Olopade, O.I.; Goss, K.H. β-Catenin is required for the tumorigenic
behavior of triple-negative breast cancer cells. PLoS ONE 2015, 10, e0117097.

53. Domenici, G.; Aurrekoetxea-Rodríguez, I.; Simões, B.M.; Rábano, M.; Lee, S.Y.; San Millán, J.; Comaills,
V.; Oliemuller, E.; López-Ruiz, J.A.; Zabalza, I. A Sox2–Sox9 signalling axis maintains human breast
luminal progenitor and breast cancer stem cells. Oncogene 2019, 38, 3151.

54. Wang, H.; He, L.; Ma, F.; Regan, M.M.; Balk, S.P.; Richardson, A.L.; Yuan, X. SOX9 Regulates Low Density
Lipoprotein Receptor-related Protein 6 (LRP6) and T-cell Factor 4 (TCF4) Expression and Wnt/β-catenin
Activation in Breast Cancer. J. Biol. Chem. 2013, 288, 6478–6487.

55. Malladi, S.; Macalinao, D.G.; Jin, X.; He, L.; Basnet, H.; Zou, Y.; De Stanchina, E.; Massagué, J.J.C.
Metastatic latency and immune evasion through autocrine inhibition of WNT. Cell 2016, 165, 45–60.

56. Ring, A.; Nguyen, C.; Smbatyan, G.; Tripathy, D.; Yu, M.; Press, M.; Kahn, M.; Lang, J.E. CBP/β-
Catenin/FOXM1 Is a Novel Therapeutic Target in Triple Negative Breast Cancer. Cancers 2018, 10, 525.

57. Diamond, J.R.; Andreopoulou, E.; Favret, A.M.; Nanda, R.; Peterson, C.; Benaim, E. 363TiPPhase Ib/IIa
study of RX-5902, a novel orally bioavailable inhibitor of phosphorylated P68, which prevents nuclear β-
catenin translocation in patients with triple negative breast cancer. Ann. Oncol. 2018, 29, 272–351.

58. Tentler, J.; Frank, J.; Kim, D.; George, C.; Lee, Y.; Ely, B.; Tan, A.; Kim, J.; Pitts, T.; Capasso, A.; et al.
Abstract P5-21-16: Preclinical studies of RX-5902, a beta-catenin modulator in triple negative breast
cancer. Cancer Res. 2018, 78, 5–21.



CSCs in Breast Cancer | Encyclopedia.pub

https://encyclopedia.pub/entry/13361 10/10

59. Li, B.; Cao, Y.; Meng, G.; Qian, L.; Xu, T.; Yan, C.; Luo, O.; Wang, S.; Wei, J.; Ding, Y. Targeting
glutaminase 1 attenuates stemness properties in hepatocellular carcinoma by increasing reactive oxygen
species and suppressing Wnt/beta-catenin pathway. EBioMedicine 2019, 39, 239–254.

60. Funahashi, Y.; Okamoto, K.; Adachi, Y.; Semba, T.; Uesugi, M.; Ozawa, Y.; Tohyama, O.; Uehara, T.;
Kimura, T.; Watanabe, H.; et al. Eribulin mesylate reduces tumor microenvironment abnormality by vascular
remodeling in preclinical human breast cancer models. Cancer Sci. 2014, 105, 1334–1342.

61. Arango, N.P.; Yuca, E.; Zhao, M.; Evans, K.W.; Scott, S.; Kim, C.; Gonzalez-Angulo, A.M.; Janku, F.; Ueno,
N.T.; Tripathy, D.; et al. Selinexor (KPT-330) demonstrates anti-tumor efficacy in preclinical models of triple-
negative breast cancer. Breast Cancer Res. 2017, 19, 93.

62. Lachenmayer, A.; Alsinet, C.; Savic, R.; Cabellos, L.; Toffanin, S.; Hoshida, Y.; Villanueva, A.; Minguez, B.;
Newell, P.; Tsai, H.-W.; et al. Wnt-pathway activation in two molecular classes of hepatocellular carcinoma
and experimental modulation by sorafenib. Clin. Cancer Res. 2012, 18, 4997–5007.

63. Horst, D.; Chen, J.; Morikawa, T.; Ogino, S.; Kirchner, T.; Shivdasani, R.A. Differential WNT activity in
colorectal cancer confers limited tumorigenic potential and is regulated by MAPK signaling. Cancer Res.
2012, 72, 1547–1556.

64. Goessling, W.; North, T.E.; Loewer, S.; Lord, A.M.; Lee, S.; Stoick-Cooper, C.L.; Weidinger, G.; Puder, M.;
Daley, G.Q.; Moon, R.T. Genetic interaction of PGE2 and Wnt signaling regulates developmental
specification of stem cells and regeneration. Cell 2009, 136, 1136–1147.

65. Huang, R.; Han, J.; Liang, X.; Sun, S.; Jiang, Y.; Xia, B.; Niu, M.; Li, D.; Zhang, J.; Wang, S.; et al.
Androgen Receptor Expression and Bicalutamide Antagonize Androgen Receptor Inhibit β-catenin
Transcription Complex in Estrogen Receptor-Negative Breast Cancer. Cell. Physiol. Biochem. 2017, 43,
2212–2225.

66. Clinical Trial Search. Available online: https://clinicaltrials.gov/ct2/results?cond=Triple+Negative+
Breast+Cancer&Search=Apply&recrs=d&age_v=&gndr=Female&type=Intr&rslt=&phase=0&phase=1&phase=2&phas
(accessed on 30 March 2019).

Retrieved from https://encyclopedia.pub/entry/history/show/31398


