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ABSTRACT 
 

Adipose-derived stem cells (ASC) are cells from the core of fat tissue that secrete various 
cytokines, growth factors, proteins and extracellular vesicles that can be used in regenerative 
therapy, especially in the case of cancer. This ASC produces a secretome which is an exosome 
derived from ASC. In many studies it has been proven that the secretome has proangiogenic, 
neurotrophic and epithelialization activities and has the potential to be used for cardiovascular, 
respiratory, neurodegenerative, inflammatory and autoimmune diseases, as a wound healing 
treatment and as an immunomodulator in anticancer therapy through induction of apoptosis. Due to 
the limited use of stem cells in cell-based therapies, secretomes from ACS-derived exosomes may 
be a safer alternative treatment in the future with higher levels of effectiveness and lower side 
effects. Therefore in this review, we focus on the current knowledge about the ASC secretome that 
can induce breast cancer cell apoptosis. 
 

 

Keywords: Adipose-derived stem cells; secretome; apoptosis; breast cancer therapy; breast cancer 
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1. INTRODUCTION 
 
Mesenchymal stem cells are stromal cells that 
have the ability to differentiation and self-renew. 
Mesenchymal stem cells can be isolated from 
various tissues, such as bone marrow, 
endometrial polyps, umbilical cord, menstrual 
blood, adipose tissue, etc. This is because the 
easy of retrieval and quantity obtained make 
these sources the most practical for experimental 
and clinical applications. Mesenchymal stem 
cells are stromal may be the best choice for 
experimental or clinical applications in the               
future. The multipotent ability of Mesenchymal 
stem cells makes it an alternative therapy  
options for the development of cancer treatments 
[1,2]. 
 
Mesenchymal stem cells are a type of Adipose 
Derived Stem Cell that can be used in breast 
reconstruction. Adipose Derived Stem Cells have 
paracrine and autocrine factors that can increase 
the recruitment of endogenous precursors, it can 
be considered as a cancer therapy. Adipose-
Derived Stem Cells secrete many important 
proteins, including growth factors and cytokines 
[1], as well as extracellular vesicles and RNA 
[3,4,5] to support cell regeneration, proliferation, 
differentiation, and migration [6]. Many studies 
have optimized the conditions for ASC stem cell-
based therapy by manipulating the route of 
administration, cell dose and time [1,7] to reach 
the site of inflammation, but currently the results 
are not satisfactory [8,9]. In other research, ASC 
was demonstrated at 1 × 106 human ASC 
administered intravenously to have anti-pain 
effects in a mouse model with neuropathic pain”. 
[10]. Therefore, new strategies for ASCs-based 
treatment are needed, and secretome ASCs may 
be a promising therapy as a cell-free, cell-based 
therapeutic agent that is safe and easy to store 
for long-term use [11,12]. 
 

This review provides information on the current 
knowledge about the secretome of adipose-
derived stem cells, with a special focus on their 
exosomes using all available sources such as 
PubMed and Google Scholar databases, as well 
as Clinical Trials. This review summarizes 
information from In vitro, in vivo, and clinical trials 
on the apoptotic effects of adipose-derived stem 
cell secretomes in the context of use in breast 
cancer therapy. The literature study was based 
on keywords such as adipose-derived stem cells, 
secretome, apoptosis, breast cancer therapy, 
breast cancer stem cells and combinations of 
these keywords [13]. 
 

2.  ADIPOSE-DERIVED STEM CELLS 
CHARACTERISTICS 

 

Adipose-derived stem cells are mesenchymal 
stem cells that can be harvested via direct 
excision surgery, liposuction. Separation of 
ADSCs is performed from lipoaspiration material 
in which cells of the stromal vascular fraction can 
be found; from this fraction, different cell types 
can be isolated after washing then enzymatic 
digestion and centrifugation of the sample” [14]. 
The types of cells found in SVF include 
preadipocytes, fibroblasts, adult mesenchymal 
stem cells, macrophages, monocytes, 
lymphocytes and pericytes which are associated 
with the angiogenesis process [14]. 
 

Adipose-derived stem cells are a heterogeneous 
population and no unique surface markers have 
yet been described. However, ADSCs express 
characteristic markers of mesenchymal stem 
cells established by ISCT and the International 
Federation for Adipose Therapy and Science 
(IFATS) and described by CD73 (+), CD90 (+), 
CD105 (+), and CD36 (+) but also CD31 (−), 
CD45 (−), CD11b (−), CD106 (−). Increased 
CD36 expression and lack of CD106 expression 
distinguish ASCs from BM-MSCs [1]. In addition, 
ASCs express integrin β-1 (CD29) which plays a 
role in the process of angiogenesis as well as 
CD44 hyaluronate and osteopontin receptors, 
which play a role in the development of the 
extracellular matrix and pathological processes 
such as neoplasia [1]. There are no consistent 
data regarding whether ASCs isolated from the 
stromal vascular fraction can express CD34 and 
CD106 or not [1]. It is recognized that cultured 
Mesenchymal stem cells do not express CD34, 
in contrast to freshly isolated cells. Several 
studies have shown that CD34 is present at the 
start of culture in freshly isolated ASCs but after 
the first and subsequent passages CD34 
disappears [6] or remains at low expression 
levels [1,14]. 

 
3. ADIPOSE-DERIVED STEM CELLS 

SECRETOME 

 
Adipose-derived stem cells produce various 
molecules that act as cell signals, such as growth 
factors [15,16], cytokines [1,17], morphogens, 
chemokines [1], and extracellular vesicles 
[18,19,20], which improves various cellular 
mechanisms. It has also been shown, in vivo, 
that ASCs are better at secreting bioactive 
factors such as monocyte chemotactic protein 1 
(MCP-1), neural hepatocyte growth factor (HGF),  
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Fig. 1. Exosomes secretion in Adipose-derived stem cells 
 

growth factor (NGF), granulocyte colony-
stimulating factor (CSF), stimulator granulocyte 
colony-macrophage factor (GM-CSF), interleukin 
1 receptor antagonist (IL-1RA), interleukin (IL)-6 
and IL-8 versus bone marrow mesenchymal 
stem cells [1]. This bioactive factor plays a role in 
better migration, differentiation, proliferation and 
autocrine activity compared to bone marrow 
mesenchymal stem cells [1]. 
 
Adipose-derived stem cells (ASCs) secrete 
various cytokines, growth factors, proteins, and 
extracellular vesicles with which they can be 
used in regenerative medicine, especially in the 
case of cancer. This has great potential, and can 
be developed as a new treatment strategy using 
the secretome of ASCs of global interest as a 
future medicine. The secretome has importan 
role in non-coding RNAs such as miR-21, miR-
24, and miR-26 carried through exosomes 
secreted by adequate cells. The entire 
secretome, including ASC-derived exosomes 
[13] (Fig. 1) in many studies has been shown to 
have proangiogenic, neurotrophic, epithelializing 
activities, immunomodulatory and has the 
potential to be used for cardiovascular, 
respiratory, neurodegenerative, inflammatory and 
autoimmune diseases and as a wound healing 
treatment [1].  
 

4. ROLE OF PATHOLOGY IN BREAST 
CANCER STEM CELLS 

 

The origin of breast cancer stem cells has 
remained controversial in the field of research for 

many years. It remains unclear whether BCSCs 
originate from multipotent mammary stem cells 
(MaSC) which are a progenitor population 
resulting from dedifferentiation of non-stem cells, 
or arise from a combination of both. The currently 
accepted opinion is that breast cancer stem cells 
arise from MaSC and progenitor cells. Lineage 
tracing studies indicate the presence of basal 
progenitor cells and unipotent luminal cells in the 
developing mammary gland that support fully 
differentiated luminal and basal cell lineages, 
respectively, for long periods of time [21]. “It is 
thought that the accumulation of mutations in 
these progenitor cells can give rise to breast 
cancer stem cells because evidence suggests 
similar CD44+/CD24−/low phenotypic features 
are present in multipotent mammary stem cell 
populations and breast cancer stem cells” [21]. 
 
Exposure of the cellular environment to 
chemotherapy and radiotherapy causes genetic 
and epigenetic changes in non-stem cells, 
resulting in the de novo generation of breast 
cancer stem cells” [21]. Changes in the tumor 
microenvironment may also contribute to the 
process of dedifferentiation of non-stem cells to a 
breast cancer stem cells phenotype and recent 
studies have shown that MYC-driven epigenetic 
reprogramming results in dedifferentiation of 
mammary epithelial cells resulting in a breast 
cancer stem cells-like phenotype [22]. In 
summary, it appears that “stemness” in breast 
cancer is a phenotype that can arise through the 
mechanism of tissue stem cell mutation or 
through the acquisition of a stem-like phenotype 



 
 
 
 

Sentoso et al.; J. Can. Tumor Int., vol. 14, no. 1, pp. 11-17, 2024; Article no.JCTI.114438 
 

 
14 

 

by transformed cells, and is induced by EMT, 
chemotherapy, or targeted therapy. Recent 
studies have shown that in triple-negative breast 
cancer, resistance to mTOR, and/or PI3K 
inhibitors arises through the emergence of 
Notch-dependent breast cancer stem cells [23]. 
 
In breast cancer, the name “luminal” of the 
luminal-A/B subtype and the name “basal-like” of 
the basal-like subtype originate from the 
similarity of transcriptomes between breast 
tumors and normal mammary luminal or basal 
tumors associated with the epithelium. However, 
the origins of luminal and basal breast cancer 
cells are actually very different from their naming 
conventions. Oncogenic events in various types 
of breast cells lead to various types of breast 
tumors (Fig. 2).  
 
PIK3CA (α-catalytic subunit of PI3K) mutations in 
breast cancer occur in around 30%, including 
luminal and basal tumors. However, a study 
reported that mutant PIK3CA in mammary 
luminal progenitors produced heterogeneous 
tumors with luminal and basal differentiation” 
[24]. Expression of mutant PI3KCA in luminal 
cells induces luminal or basal-like breast tumors 
is characterized by CK8, whereas its expression 
in basal cells giving rise to luminal tumors is 
characterized by CK5 [25]. BRCA1 basal-like 

breast cancer may originate from basal stem 
cells. Interestingly, however, BRCA1 deletion in 
breast luminal epithelial cells targeted by Blg, 
can produce basal-like breast tumors, which 
phenocopy BRCA1-associated breast cancers in 
humans, whereas BRCA1 deficiency in basal 
cells targeted by CK14, can only cause BRCA1-
associated breast cancers in human cancer [26] 
results in malignant adenomyoepithelioma which 
is a rare form of BRCA1-associated breast 
cancer in humans. Furthermore, luminal CK8+ 
cells carrying the Etv6-NTRK3 fusion oncogene 
can induce heterogeneous tumors with 
expression of luminal and basal markers [27]. 
Recent evidence suggests that luminal 
progenitors may be the origin of luminal-like and 
basal-like breast cancer cells in humans, 
whereas genetic mutations occurring upon 
transformation of luminal progenitors may be 
different and be a determining factor in luminal-
like or basal-like breast cancer tumor phenotypes 
[28]. Genetic sequencing results have described 
different mutation profiles between luminal-like 
tumors and basal-like tumors. PIK3CA, FOXA1 
and GATA3 mutations in luminal-like tumors 
show distinct mutations, whereas basal-like 
tumors show high levels of mutations in p53 and 
BRCA1 [29-31]. Somatic loss of BRCA1 and p53 
indeed results in the development of basal-like 
breast cancer [31]. 

 

 
 
Fig. 2. Gene mutations in various types of breast cells cause different types of breast tumors 
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5. POTENTIAL APOPTOSIS OF 
ADIPOSE-DERIVED STEM CELLS 
SECRETOME IN BREAST CANCER 
STEM CELLS 

 
In this study, there was a significant decrease in 
cell viability, and it still needs to be                      
evaluated whether the cells are undergoing an 
apoptotic process. In another study,                     
Adipose-derived stem cells Secretome 
Formulation had a dose-dependent apoptotic 
effect on cancer cells. The TNBC population 
showed an increase in the number of cancer 
stem cells with CD44+/CD24− markers, that 
cancer stem cells with CD44+/CD24− markers 
were reduced substantially despite the increased 
presence of a population of cancer stem cells 
with this phenotype in the chemically                     
determined TNBC cell medium. Clearly, 
Secretome Formulation has a chilling effect                     
on cancer stem cells. The MDR1+                        
(multidrug resistance protein 1) and PD-L1+ 
(programmed death ligand 1) phenotypes were 
substantially reduced after Secretome 
Formulation treatment at a dose of 70 mg/ml” 
[32]. 

 
To further assess whether SF is synergistic with 
the conventional chemo drug paclitaxel, it is                  
still necessary to evaluate the viability of TNBC 
cells in chemically defined breast cancer cell 
media [32]. Can Secretome Formulation, 
especially on Adipose-Derived Stem Cells, be 
used as an apoptotic agent for other types of 
breast cancer? So further research needs to                  
be carried out both In vitro and in vivo in the 
future. 

 
6. CONCLUSION 
 
Adipose-derived stem cell secretome has the 
potential to be an agent for the treatment of 
breast cancer with its apoptotic function. The 
properties of ASC are influenced by the specific 
contents of its secretome such as proteins, 
cytokines, growth factors, and exosomes with 
several types of RNA, characterized                          
by bioactivity including antiapoptotic,                     
angiogenic, neurogenic, vasculogenic, epithelial, 
and immunomodulatory activities. Application of 
bioactive factors without administration of whole 
cells is a safer and more effective                     
alternative treatment. Currently, many In vitro 
and in vivo studies confirm the effectiveness of 
ASC secretome therapy. Mostly with                          
ASC-derived exosomes. Several clinical trials are 
currently being evaluated for the safety and 

effectiveness of ASC-derived exosome therapy, 
but no results are yet available. Further in vivo 
and In vitro studies are needed to understand the 
specific role of ASC secretome in treating breast 
cancer through its apoptotic function that can be 
administered intravenously or locally in breast 
reconstruction. 

 
CONSENT 
 
It is not applicable. 

 
ETHICAL APPROVAL 
 

It is not applicable. 

 
COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 

 
REFERENCES 
 
1. Anna Trzyna, Agnieszka Banaś-Ząbczyk. 

Adipose-derived stem cells secretome and 
its potential application in “stem cell-               
free therapy”. Biomolecules. 2021, 
Jun;11(6):878. Published online 2021 Jun 
13.  
DOI:10.3390/biom11060878. 

2. Dah-Ching Ding, Woei-Cherng Shyu, 
Shinn-Zong Lin. Mesenchymal stem cells. 
PubMed, Cell Transplant.  2011; 20(1):5-
14.  
DOI:10.3727/096368910X. 

3. An Y, Zhao J, Nie F, Qin Z, Xue H, Wang 
G, Li D. Exosomes from adipose-derived 
stem cells (adscs) overexpressing mir-21 
promote vascularization of endothelial 
cells. Sci. Rep. 2019;9:12861.  
DOI:10.1038/s41598-019-49339-y.  

4. Chang CL, Chen HH, Chen KH, Chiang 
JY, Li YC, Lin HS, Sung PH, Yip HK. 
Adipose-derived mesenchymal stem cell-
derived exosomes markedly protected the 
brain against sepsis syndrome induced 
injury in rat. Am. J. Transl. Res. 2019; 
11:3955–3971.  

5. Chen Z, Xue S, Zhang S, Cheng K, Ye Q. 
Exosomes from donor-derived adipose 
mesenchymal stem cells prolong the 
survival of vascularized composite 
allografts. J. Cell. Physiol. 2021;236:5895–
5905.  
DOI:10.1002/jcp.30274. 

6. Dubey NK, Mishra VK, Dubey R, Deng Y-
H, Tsai F-C, Deng W-P. Revisiting the 



 
 
 
 

Sentoso et al.; J. Can. Tumor Int., vol. 14, no. 1, pp. 11-17, 2024; Article no.JCTI.114438 
 

 
16 

 

advances in isolation  characterization and 
secretome of adipose-derived stromal/ 
stem cells. Int. J. Mol. Sci. 2018;19:2200.  
DOI:10.3390/ijms19082200.  

7. Álvaro-Gracia JM, Jover JA, García-Vicuña 
R, Carreño L, Alonso A, Marsal S, Blanco 
F, Martínez-Taboada VM, Taylor P, Martín-
Martín C et al. Intravenous administration 
of expanded allogeneic adipose-derived 
mesenchymal stem cells in                 
refractory rheumatoid arthritis (Cx611): 
Results of a multicentre, dose escalation, 
randomised, single-blind, placebo-
controlled phase Ib/IIa clinical trial. Ann. 
Rheum. Dis. 2017;76:196–202.  
DOI:10.1136/annrheumdis-2015-208918. 

8. Seo Y, Shin T-H, Kim H-S. Current 
strategies to enhance adipose stem cell 
function: An update. Int. J. Mol. Sci. 
2019;20:3827.  
DOI:10.3390/ijms20153827.  

9. Ankrum J, Ong JF, Karp JM. Mesenchymal 
stem cells: Immune evasive, not immune 
privileged. Nat. Biotechnol. 2014;32: 252–
260.  
DOI:10.1038/nbt.2816. 

10. Sacerdote P, Niada S, Franchi S, Arrigoni 
E, Rossi A, Yenagi V, de Girolamo L, 
Panerai AE, Brini AT. Systemic 
administration of human adipose-derived 
stem cells reverts nociceptive 
hypersensitivity in an experimental model 
of neuropathy. Stem Cells Dev. 2013;22: 
1252–1263. DOI:10.1089/scd.2012.0398.  

11. Cheng Y, Zeng Q, Han Q, Xia  W. Effect of 
pH, temperature and freezing-thawing on 
quantity changes and cellular uptake of                     
exosomes. Protein Cell. 2019;10:295–299.  
DOI:10.1007/s13238-018-0529-4.  

12. Kumar A, Xu Y, Yang E, Du Y. Stemness 
and regenerative potential of corneal 
stromal stem cells and their secretome 
after long-term storage: Implications for 
ocular regeneration. Investig. Opthalmol. 
Vis. Sci. 2018;59: 3728–3738.  
DOI:10.1167/iovs.18-23824. 

13. Anna Trzyna, Agnieszka Banaś-Ząbczyk. 
Adipose-Derived stem cells secretome and 
its potential application in "stem cell-free 
therapy". 2021, Jun 13;11(6):878. 
DOI:10.3390/biom11060878 

14. Vanesa Verónica Miana and Elio A                 
Prieto González. Adipose tissue stem                                        
cell in regenerative medicine. 
Ecancermedicalscience. 2018;12:822. 
Published online 2018 Mar 28.  
DOI:10.3332/ecancer.2018.822. 

15. Trzyna A, Pikuła B, Ludwin A, Kocan B, 
Banaś-Ząbczyk A. The influence of an 
electromagnetic field on adipose-derived 
stem/stromal cells’ growth factor secretion: 
Modulation of FGF-2 production by In vitro  
exposure. Arch. Biol. Sci. 2020;72: 339–
347.  
DOI:10.2298/ABS200321028T. 

16. Noverina R, Widowati W, Ayuningtyas W, 
Kurniawan D, Afifah E, Laksmitawati DR, 
Rinendyaputri R, Rilianawati R, Faried A, 
Bachtiar I et al. Growth factors profile in 
conditioned medium human adipose 
tissue-derived mesenchymal stem cells 
(CM-hATMSCs). Clin. Nutr. Exp. 
2019;24:34–44.  
DOI:10.1016/j.yclnex.2019.01.002. 

17. Ma H, Li Y-N, Song L, Liu R, Li X, Shang 
Q, Wang Y, Shao C, Shi Y. Macrophages 
inhibit adipogenic differentiation of adipose 
tissue derived mesenchymal stem/stromal 
cells by producing pro-inflammatory 
cytokines. Cell Biosci. 2020;10:88.  
DOI:10.1186/s13578-020-00450-y. 

18. Ma T, Fu B, Yang X, Xiao Y, Pan M. 
Adipose mesenchymal stem cell-derived 
exosomes promote cell proliferation, 
migration, and inhibit cell apoptosis via 
Wnt/β-catenin signaling in cutaneous 
wound healing. J. Cell. Biochem. 
2019;120:10847–10854.  
DOI:10.1002/jcb.28376. 

19. Cao G, Chen B, Zhang X, Chen H. Human 
adipose-derived mesenchymal stem cells-
derived exosomal microrna-19b promotes 
the healing of skin wounds through 
modulation of the CCL1/TGF-β signaling 
axis. Clin. Cosmet. Investig. Dermatol. 
2020;13: 957–971.  
DOI:10.2147/CCID.S274370. 

20. Mizuta Y, Akahoshi T, Guo J, Zhang S, 
Narahara S, Kawano T, Murata M, Tokuda 
K, Eto M, Hashizume M et al. Exosomes 
from adipose tissue-derived mesenchymal 
stem cells ameliorate histone-induced 
acute lung injury by activating the PI3K/Akt 
pathway in endothelial cells. Stem Cell 
Res. Ther. 2020;11:508.  
DOI:10.1186/s13287-020-02015-9. 

21. Judy S. Crabtree, lucio miele. breast 
cancer stem cells. Biomedicines. 
2018;6(3):77. 
Available:https://doi.org/10.3390/biomedici
nes6030077. 

22. Poli V, Fagnocchi L, Fasciani A,  Cherubini 
A, Mazzoleni S, Ferrillo S, Miluzio A, 
Gaudioso G, Vaira V, Turdo A et al. MYC-
driven epigenetic reprogramming favors 



 
 
 
 

Sentoso et al.; J. Can. Tumor Int., vol. 14, no. 1, pp. 11-17, 2024; Article no.JCTI.114438 
 

 
17 

 

the onset of tumorigenesis by inducing a 
stem cell-like state. Nat. Commun. 2018; 
9:1024.  

23. Bhola NE, Jansen VM, Koch JP, Li H, 
Formisano L, Williams JA, Grandis JR, 
Arteaga CL. Treatment of triple-negative 
breast cancer with TORC1/2 inhibitors 
sustains a drug-resistant and notch-
dependent cancer stem cell population. 
Cancer Res. 2016;76:440–452. 

24. Meyer DS, Brinkhaus H, Muller U, Muller 
M, Cardiff RD, Bentires-Alj M. Luminal 
expression of PIK3CA mutant H1047R in 
the mammary gland induces 
heterogeneous tumors. Cancer Res. 2011; 
71:4344–51.  
DOI:10.1158/0008-5472.CAN-10-3827. 

25. Van Keymeulen A, Lee MY, Ousset M, 
Brohee S, Rorive S, Giraddi RR et al. 
Reactivation of multipotency by oncogenic 
PIK3CA induces breast tumour 
heterogeneity. Nature. 2015; 525:119–23.  
DOI:10.1038/nature14665. 

26. Molyneux G, Geyer FC, Magnay FA, 
McCarthy A, Kendrick H, Natrajan R et al. 
BRCA1 basal-like breast cancers originate 
from luminal epithelial progenitors and not 
from basal stem cells. Cell Stem Cell. 
2010;7: 403–17.  
DOI:10.1016/j.stem.2010.07.010. 

27. Tao L, van Bragt MP, Laudadio E, Li Z. 
Lineage tracing of mammary epithelial 
cells using cell-type-specific cre-
expressing adenoviruses. Stem Cell Rep. 
2014;2:770–9.  
DOI:10.1016/j.stemcr.2014.04.004. 

28. Zhang M, Lee AV, Rosen JM. The cellular 
origin and evolution of breast cancer. Cold 
Spring Harb Perspect Med. 2017;7: 
a027128.  
DOI:10.1101/cshperspect.a027128. 

29. Miller TW. Initiating breast cancer by 
PIK3CA mutation. Breast Cancer Res. 
2012;14:301.  
DOI:10.1186/bcr3103. 

30. Sabine VS, Crozier C, Brookes CL, Drake 
C, Piper T, van de Velde CJ et al. 
Mutational analysis of PI3K/AKT signaling 
pathway in tamoxifen exemestane 
adjuvant multinational pathology study. J 
Clin Oncol. 2014;32: 2951–8.  
DOI:10.1200/JCO.2013.53.8272.  

31. Jiaojiao Zhou, Qishan Chen, Yiheng Zou, 
Huihui Chen, Lina Qi, Yiding Chen. Stem 
cells and cellular origins  of breast cancer: 
Updates in  the rationale, controversies, 
and therapeutic implications. review article. 
Front. Oncol., 28 August 2019 Sec. 
Women's Cancer. 2019;9. 
Available:https://doi.org/10.3389/fonc.2019
.00820. 

32. Ragima Nadesh, Krishnakumar N Menon, 
Lalitha Biswas, Ullas Mony, K Subramania 
Iyer, Sundeep Vijayaraghavan, Ajit 
Nambiar, and Shantikumar Nair. Adipose 
derived mesenchymal stem cell secretome 
formulation as a biotherapeutic to                  
inhibit growth of drug resistant triple                     
negative breast cancer. Sci Rep. 
2021;11:23435. Published online 2021 Dec 
6.  
DOI:10.1038/s41598-021-01878-z. 

 

© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited.  
 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/114438 


