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ABSTRACT

Cancer metastasis represents a critical challenge in oncology, accounting for over 90% of cancer-related deaths. This review focuses on the complex process of metastasis, detailing key phases including invasion, intravasation, circulation, extravasation, and colonization, each regulated by complex biological and environmental interactions. A central point of discussion is the varied role of glutathione S-transferase theta 1 (GSTT1) in metastasis. Traditionally known for detoxification, GSTT1 contributes to tumor progression by modulating the extracellular matrix (ECM), notably through the glutathionylation of fibronectin, enhancing metastatic cell survival and colonization. Studies reveal GSTT1 is crucial for macrometastases, promoting resistance to chemotherapy via slow-cycling, epithelial-mesenchymal transition-expressing cells. Its expression in circulating tumor cells underscores its pivotal role in later metastatic stages. In preclinical studies, genetic modulation of GSTT1 has shown that its inhibition reduces metastatic burden, presenting GSTT1 as a target for advanced cancer treatment. Additionally, the review examines how polymorphisms in related GST genes, such as GSTM1, influence cancer outcomes, implicating them in prognosis and therapy response. Integrating these findings could lead to revolutionary therapeutic strategies that disrupt GSTT1-mediated pathways, potentially transforming the combat against metastatic disease.
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Introduction

Cancer is a complex disease defined by uncontrolled cell proliferation and division, which results in the formation of tumors. These tumors can be classified as primary or secondary. A primary tumor is the site where cancer first starts, as a result of genetic abnormalities or environmental conditions that cause cells to grow out of control. The biology of primary tumors is largely dictated by the tissue or organ from which they arise, which influences both their behavior and treatment options.1

Secondary cancer, also known as metastatic cancer, develops when cancer cells migrate beyond the main tumor to other regions of the body. The ability to metastasize is a hallmark of malignancy and has a substantial impact on patient prognosis. 

Secondary tumors in new tissues or organs have the same sort of cells as the main tumor. For example, if cells from primary lung cancer move to the brain, the tumor in the brain will still contain lung cancer cells.2,3

Metastasis is the process by which cancer cells spread from the primary tumor to invade different body parts. This multistep process includes local invasion of nearby tissues, entrance into the bloodstream or lymphatic system, survival in circulation, and eventual colonization of distant organs.4,5 When cancer cells create secondary tumors, treatment becomes more challenging since these tumors are typically resistant to treatments that are effective for the primary tumor. Metastasis is the leading cause of cancer-related mortality, accounting for more than 90% of all cancer fatalities.6 While primary tumors can frequently be successfully treated with surgery, radiation, or limited therapy, the spread of cancer cells to distant organs presents a considerably more challenging clinical issue. Understanding metastasis pathways is therefore critical in developing targeted therapies that can improve outcomes for patients with advanced cancers.



Mechanisms and Steps of Metastasis Formation

Metastasis is a multi-step process that enables cancer cells to migrate from the primary tumor to distant organs. These steps include invasion, intravasation, circulation, extravasation, and colonization7 (Figure 1). Each phase is tightly regulated by a variety of biological signals and mechanical factors within the tumor microenvironment. Here, we outline the key steps involved in the metastatic cascade.
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Fig 1 | Metastasis formation mechanisms and 5 steps: invasion, intravasation, circulation, extravasation, and colonization



Invasion and Dissemination

The activation of invasion and metastasis is initiated by epigenetic factors influenced by environmental stimuli such as aging, circadian disruptions, and the tumor microenvironment. Factors like extracellular matrix (ECM) components (e.g., collagen and fibrin), ECM mechanical pressures (e.g., tension and compression), cell-cell interactions, soluble signals (e.g., growth factors and cytokines), and even the intratumoral microbiota contribute to this process.

The first step in metastasis is dissemination, where cancer cells detach from the primary tumor and prepare for migration. This dissemination is preceded by chromosomal instability, which results from continuous errors in chromosome segregation during mitosis, leading to genetic mutations that promote metastatic behavior.8

One of the key processes in invasion is the epithelial-mesenchymal transition (EMT) (Figure 2), during which epithelial cells, which are normally immotile and tightly bound to neighboring cells and the ECM, transform into mesenchymal-like cells. This transformation enables cancer cells to become more motile and invasive, facilitating their spread.9 EMT is a reversible process that gives epithelial cells plasticity, which is critical for cancer progression.10 While the role of EMT in metastasis has been debated, recent research indicates that although it may not be essential for metastasis itself, it does contribute to chemoresistance, particularly in cancers such as lung and pancreatic cancer.11–14
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Fig 2 | One of the key processes in metastasis formation is EMT. This transition allows cancer cells to become more invasive, triggering dissemination



Intravasation

Intravasation refers to the process where cancer cells enter the bloodstream or lymphatic system, facilitating their dissemination to distant organs. Cancer cells may enter the vasculature actively or passively, depending on the tumor type, the surrounding microenvironment, and the structure of the vasculature.15,16 Once inside the circulation, cancer cells face additional challenges to survive.

Circulation

During circulation, cancer cells are referred to as circulating tumor cells (CTCs) (Figure 3). The bloodstream presents a harsh environment, and most CTCs do not survive the journey. However, CTC clusters—groups of cancer cells that travel together—are significantly more likely to form metastases compared to single CTCs.17 Neutrophils play a role in cluster formation and help suppress immune responses, increasing the chances of CTC survival.18
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Fig 3 | Cancer cells transferred to the bloodstream are called CTCs. They can migrate in the form of single cells or clusters. Clusters have more chance to form metastasis



CTC enrichment allows for their classification and detailed analysis, providing valuable insights into the molecular mechanisms underlying metastasis. Liquid biopsy, which involves detecting CTCs or cell-free DNA (cfDNA) in the blood, offers a non-invasive method to identify metastasis-initiating cells and assess treatment efficacy.19

Extravasation

Once CTCs reach a distant organ, they must exit the bloodstream in a process known as extravasation.2 As CTCs travel through small capillaries, they may become trapped, leading to either microvascular rupture or extravasation into the surrounding tissue. Organs like the liver and bone, which have highly permeable blood vessels, are particularly susceptible to metastasis due to their structure.15

Extravasation is facilitated by interactions between cancer cells and the new microenvironment. Ligand-receptor interactions, chemokines, and nontumor cells all play a role in helping CTCs navigate and survive this stage.16,20

Colonization

The final stage of metastasis is colonization, where cancer cells that have extravasated must establish themselves and grow in a new environment. This is often the most challenging phase, as the microenvironment in distant tissues is typically hostile to cancer cell survival.21

Cancer cells use several strategies to overcome these challenges. They may release tumor-derived factors and recruit bone marrow-derived cells to form a pre-metastatic niche (PMN), a supportive environment that facilitates tumor growth.22,23 In addition, successful colonization requires the formation of a vascular network to supply nutrients and oxygen. Some cancer cells, such as breast cancer cells, can engage in vascular mimicry, forming vessel-like structures that support metastatic growth.24

In certain cases, cancer cells may also exploit neuronal signaling pathways to adapt to their new environment and promote growth, further enhancing their ability to colonize distant organs.25



Glutathione S-transferase Role in the Development of Metastasis

The GSTT1 gene, which encodes glutathione S-transferase theta 1 (GSTT1), has traditionally been recognized for its role in detoxification. Glutathione S-transferase (GST) enzymes help neutralize harmful substances, such as carcinogens and oxidative by-products, by binding them to glutathione (GSH) (Figure 4), a molecule essential for reducing cellular stress. After substrate activation by oxidases, glutathione is conjugated by a nucleophilic attack on the thiol group of its core cysteine.26,27 Recent research reveals that GSTT1 plays a simultaneously unexpected and crucial role in cancer metastasis, particularly in driving the spread of tumors from the primary site to distant organs.28
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Fig 4 | The structure of glutathione S-transferase



While GSTT1 is dispensable for the growth of primary tumors, its expression becomes critical in macrometastases, large metastatic lesions that develop in secondary sites like the lungs or liver. Within metastatic lesions, GSTT1 expression is heterogeneous: certain cells, referred to as GSTT1 High cells, show high levels of this enzyme. These cells are notable for their slow-cycling nature (they divide less frequently), making them more resistant to chemotherapy. They also exhibit features of EMT, a process through which epithelial cells (normally stationary) gain the ability to migrate and invade other tissues. Because it enables tumor cells to separate from the main tumor, infiltrate nearby tissues, and travel to distant organs, EMT is essential to metastasis. GSTT1 high cells, with their EMT features, are not only retained in metastatic lesions but are also essential for the continued dissemination of cancer cells throughout the body.28

The role that GSTT1 plays in reorganizing the ECM is among the most important discoveries about this protein. The ECM is a network of chemicals and proteins that provides structural support for cells. Metastatic cancer cells must modify the ECM to suit their requirements to survive and proliferate in a new environment.29

GSTT1 promotes metastasis by catalyzing the glutathionylation of fibronectin, a major structural protein in the ECM.30 This process enhances the secretion of fibronectin from tumor cells and leads to its increased deposition in the ECM. A modified ECM, rich in fibronectin, supports metastatic cell survival and enables the formation of new metastatic lesions. Without this ECM remodeling, metastatic cells would struggle to establish themselves in distant organs.30

The discovery of the role of GSTT1 in the tumor microenvironment is significant as it sheds light on the multifaceted nature of this enzyme. GSTT1 is known for its detoxification function, breaking down harmful compounds and protecting cells from oxidative damage. However, this study reveals that GSTT1 also plays a direct role in shaping the tumor microenvironment, creating a favorable environment for cancer cells to adapt and thrive in metastatic sites.

In experiments with mouse models of pancreatic ductal adenocarcinoma and breast cancer, reducing GSTT1 expression significantly decreased the formation of metastatic lesions, almost abolishing their development. This was achieved by knocking down GSTT1 using genetic techniques like shRNA (small hairpin RNA). Conversely, when GSTT1 was overexpressed, the metastatic burden increased dramatically, confirming that GSTT1 is necessary and sufficient to drive metastasis.28

Interestingly, GSTT1 was largely absent in primary tumors but highly expressed in CTCs, cells that break away from the primary tumor and travel through the bloodstream to other organs. These are the cells that are responsible for the migration and adaptation of the cells separated from the primary tumors. This suggests that GSTT1 plays a specific role in the later stages of cancer, particularly in facilitating the survival and spread of metastatic cells.

One of GSTT1’s well-known functions is protecting cells from oxidative stress, a condition where cells are damaged by reactive oxygen species (ROS)—harmful molecules produced during metabolism. Normally, glutathione neutralizes these ROS, and GSTT1 helps in this detoxification process.31 GSTs are most commonly recognized for their ability to conjugate xenobiotics to GSH, detoxifying cellular settings; however, they may also bind nonsubstrate ligands, which have crucial cell signaling effects. Several GST isozymes from diverse classes have been found to block the action of a kinase in the MAPK pathway (a group of proteins in the cell that transmits a signal from a receptor on the cell’s surface to DNA in the nucleus) which governs cell proliferation and death, preventing the kinase from accelerating the signaling cascade.32

Another interesting part of the GST family is Glutathione S-transferase Mu 1 (GSTM1). This gene encodes a glutathione S-transferase from the mu class. The mu class of enzymes, like GSTT1, detoxifies electrophilic molecules, such as carcinogens, drugs, environmental pollutants, and oxidative stress products, by conjugating them with glutathione. The genes that encode the mu class of enzymes are located in a gene cluster on chromosome 1p13.3 and are known to be highly polymorphic.33 Recent studies have demonstrated a connection between GSTT1 and GSTM1 gene polymorphisms and clinical outcomes in breast cancer patients.34,35 A comprehensive systematic review, which included 13 studies with a total of 2,311 patients, investigated the relationship between the GSTM1-null genotype and breast cancer treatment efficacy. The meta-analysis, using a random effects model, revealed a significant association between the GSTM1-null genotype and improved therapeutic results.

To explore the impact of double gene polymorphisms on breast cancer, three additional trials involving 394 patients were analyzed. A fixed-effects model indicated a notable increase in positive outcomes in patients with the GSTT1/GSTM1 double null genotype.36

This observed improvement in clinical responses, including complete tumor regression, progression-free survival, and overall survival, is particularly evident during chemotherapy. The enhanced treatment efficacy is attributed to the lack of enzymatic detoxification caused by the GSTT1 and GSTM1 null genotypes, which leads to higher circulating levels of active chemotherapeutic agents. Consequently, the increased availability of these drugs results in greater cancer cell death, contributing to the superior outcomes associated with these genotypes.

In a study of 98 lung cancer patients, the GSTM1-null group had significantly higher survival time and rate than the GSTM1-present group.37 It has been observed that inhibiting or reducing glutathione and/or the GST system improves treatment response rates to the popular anti-neoplastic chemotherapeutic drugs cisplatin38 and alkylating agents.39

Another study intended to reveal the relationship between GST family polymorphisms (GSTM1 and GSTT1) and lung cancer outcomes. Yadong Wang et al. found that the GSTM1-null genotype was a risk factor for overall survival in individuals with lung cancer.40

However, in the context of metastasis, the role of the GST family, particularly GSTT1, seems to go beyond simple protection from oxidative stress. Research shows that even though reducing GSTT1 levels increases oxidative stress in metastatic cells, the enzyme’s primary function in metastasis is linked to its ability to modify fibronectin and remodel the ECM.28 Interestingly, adding external sources of glutathione (such as N-acetylcysteine, or NAC) can reduce oxidative stress in cells lacking GSTT1, further emphasizing the enzyme’s dual role in managing both ROS and metastatic progression.

The identification of GSTT1 as a key inducer of metastasis presents potential treatment opportunities. Targeting GSTT1 could selectively limit metastatic progression without impacting the underlying tumor, as it is important for metastasis but not for the growth of primary tumors.



Potential Usage and Therapies

GSTT1’s role in metastasis suggests several potential therapeutic strategies. Targeting GSTT1 could be particularly effective in preventing or treating metastatic disease, especially in cancers where GSTT1 is highly expressed in metastatic lesions. One approach could involve developing specific inhibitors that block GSTT1 activity, thereby hindering its role in ECM remodeling and fibronectin modification. This could potentially limit the spread of cancer cells to distant organs and improve patient outcomes.

Another potential strategy is to use GSTT1 expression levels as a biomarker to identify patients at higher risk for metastatic disease. This could help in personalizing treatment plans and improving the monitoring of disease progression. Additionally, combining GSTT1-targeted therapies with existing treatments, such as chemotherapy or immunotherapy, may enhance overall efficacy by addressing multiple aspects of cancer progression and metastasis.

Research into GSTT1’s interactions with other molecular pathways involved in metastasis could also uncover new therapeutic targets and strategies. For example, exploring the relationship between GSTT1 and EMT, oxidative stress, and ECM remodeling may provide further insights into how best to disrupt the metastatic process.



Limitations

Despite the promising insights into GST’s role in metastasis, there are several limitations and challenges associated with current research and therapeutic approaches. One significant limitation is the variability in GSTT1 and GSTM1 expression and activity across different cancer types and individual patients. This variability can affect the reliability of GSTT1 and GSTM1 as a universal therapeutic target. Additionally, while GSTT1/GSTM1 has been identified as crucial for metastatic progression in some studies, its role in metastasis may not be as critical in all cancer types or stages, potentially limiting the applicability of GSTT1/GSTM1-targeted therapies.

Given the complexity of cancer biology, targeting a single gene or pathway may be insufficient to address the numerous aspects of metastasis formation. Since cancer cells can adapt rapidly, treatments that target the GST family may be less successful if redundant or compensatory mechanisms are present. Furthermore, to prevent negative effects on normal tissues, the toxicity and off-target effects of particular inhibitors or genetic changes must be thoroughly evaluated.



Conclusion

The study of metastasis is crucial for advancing cancer treatment, as metastasis remains the leading cause of cancer-related mortality. Understanding the mechanisms behind metastasis, including the complex processes of invasion, intravasation, circulation, extravasation, and colonization, provides valuable insights into potential therapeutic targets.

The GSTT1/GSTM1 gene, traditionally known for its role in detoxification, has emerged as a significant player in cancer metastasis. Its involvement in ECM remodeling and fibronectin modification highlights its potential as a therapeutic target. However, the variability in GSTT1/GSTM1 expression and the complexity of cancer biology present challenges that need to be addressed. Future research should focus on overcoming these limitations by developing specific GSTT1/GSTM1 inhibitors, identifying patient subgroups that could benefit from GSTT1/GSTM1-targeted therapies, and integrating these approaches with existing cancer treatments.

All things considered, the discovery that the GST family plays a critical role in metastasis emphasizes the significance of continuing to explore and focus on the molecular pathways causing cancer to spread. We can improve the prognosis of patients with metastatic cancer and get closer to more efficient and individualized treatments by expanding our understanding of these mechanisms and creating efficient therapies.



References

1Mader C. The biology of cancer. Yale J Biol Med. 2007;80(2):91. Epub 2007 Dec. PMCID: PMC2140189.

2Massagué J, Ganesh K. Metastasis-initiating cells and ecosystems. Cancer Discov. 2021;11(4):971–94. https://doi.org/10.1158/2159-8290.CD-21-0010. PMID: 33811127; PMCID: PMC8030695.

3National Cancer Institute. Metastatic Cancer [Internet]. Available from: https://www.cancer.gov/types/metastatic-cancer

4Maitra A. Molecular envoys pave the way for pancreatic cancer to invade the liver. Nature. 2019;567:181–2.

5Massague J, Obenauf AC. Metastatic colonization by circulating tumour cells. Nature. 2016;529:298–306.

6Steeg PS. Tumor metastasis: mechanistic insights and clinical challenges. Nat Med. 2006;12:895–904.

7Lambert AW, Pattabiraman DR, Weinberg RA. Emerging biological principles of metastasis. Cell. 2017;168:670–91.

8Bakhoum SF, Ngo B, Laughney AM, Cavallo J-A, Murphy CJ, Ly P, et al. Chromosomal instability drives metastasis through a cytosolic DNA response. Nature. 2018;553:467.

9Hanahan D, Weinberg RA. Hallmarks of cancer: the next generation. Cell. 2011;144:646–74.

10Ye X, Weinberg RA. Epithelial-mesenchymal plasticity: a central regulator of cancer progression. Trends Cell Biol. 2015;25:675–86.

11De Craene B, Berx G. Regulatory networks defining EMT during cancer initiation and progression. Nat Rev Cancer. 2019;13:97–110.

12Fischer KR, Durrans A, Lee S, Sheng J, Li F, Wong STC, et al. Epithelial-to-mesenchymal transition is not required for lung metastasis but contributes to chemoresistance. Nature. 2015;527:472–6.

13Zheng XF, Carstens JL, Kim J, Scheible M, Kaye J, Sugimoto H, et al. Epithelial-to-mesenchymal transition is dispensable for metastasis but induces chemoresistance in pancreatic cancer. Nature. 2015;527:525.

14Diepenbruck M, Christofori G. Epithelial-mesenchymal transition (EMT) and metastasis: Yes, no, maybe? Curr Opin Cell Biol. 2016;43:7–13.

15 Fouad YA, Aanei C. Revisiting the hallmarks of cancer. Am J Cancer Res. 2017;7:1016–36.

16Reymond N, d’Agua BB, Ridley AJ. Crossing the endothelial barrier during metastasis. Nat Rev Cancer. 2013;13:858–70.

17Aceto N, Bardia A, Miyamoto DT, Donaldson MC, Wittner BS, Spencer JA, et al. Circulating tumor cell clusters are oligoclonal precursors of breast cancer metastasis. Cell. 2014;158:1110–22.

18Leach J, Morton JP, Sansom OJ. Neutrophils: homing in on the myeloid mechanisms of metastasis. Mol Immunol. 2019;110:69–76.

19Joosse SA, Gorges TM, Pantel K. Biology, detection, and clinical implications of circulating tumor cells. EMBO Mol Med. 2015;7:1–11.

20Alix-Panabieres C, Pantel K. Clinical applications of circulating tumor cells and circulating tumor DNA as liquid biopsy. Cancer Discov. 2016;6:479–91.

21Valastyan S, Weinberg RA. Tumor metastasis: molecular insights and evolving paradigms. Cell. 2011;147:275–92.

22Psaila B, Kaplan RN, Port ER, Lyden D. Priming the ‘soil’ for breast cancer metastasis: the pre-metastatic niche. Breast Dis. 2006;26:65–74.

23Peinado H, Lavotshkin S, Lyden D. The secreted factors responsible for pre-metastatic niche formation: old sayings and new thoughts. Semin Cancer Biol. 2011;21:139–46.

24Wagenblast E, Soto M, Gutiérrez-Ángel S, Hartl CA, Gable AL, Maceli AR, et al. A model of breast cancer heterogeneity reveals vascular mimicry as a driver of metastasis. Nature. 2015;520:358–62.

25Zeng Q, Michael IP, Zhang P, Saghafinia S, Knott G, et al. Synaptic proximity enables NMDAR signalling to promote brain metastasis. Nature. 2019;573:526–31.

26Thorn CF, Ji Y, Weinshilboum RM, Altman RB, Klein TE. PharmGKB summary: very important pharmacogene information for GSTT1. Pharmacogenet Genomics. 2012;22(8):646–51. https://doi.org/10.1097/FPC.0b013e3283527c02. PMID: 22643671; PMCID: PMC3395771.

27Glisic B, Mihaljevic I, Popovic M, Zaja R, Loncar J, Fent K, et al. Characterization of glutathione-S-transferases in zebrafish (Danio rerio). Aquat Toxicol. 2015;158:50–62.

28Ferrer CM, Cho HM, Boon R, Bernasocchi T, Wong LP, Cetinbas M, et al. The glutathione S-transferase Gstt1 drives survival and dissemination in metastases. Nat Cell Biol. 2024;26:975–90. https://doi.org/10.1038/s41556-024-01426-7

29Elgundi Z, Papanicolaou M, Major G, Cox TR, Melrose J, Whitelock JM, et al. Cancer metastasis: the role of the extracellular matrix and the heparan sulfate proteoglycan perlecan. Front Oncol. 2020;9:1482. https://doi.org/10.3389/fonc.2019.01482. PMID: 32010611; PMCID: PMC6978720.

30Amrutkar M, Aasrum M, Verbeke CS, Gladhaug IP. Secretion of ibronectin by human pancreatic stellate cells promotes chemoresistance to gemcitabine in pancreatic cancer cells. BMC Cancer. 2019;19:596.

31Pei J, Tian X, Yu C, Luo J, Zhang J, Hua Y, Wei G. GPX3 and GSTT1 as biomarkers related to oxidative stress during renal ischemia reperfusion injuries and their relationship with immune infiltration. Front Immunol. 2023;14:1136146. https://doi.org/10.3389/fimmu.2023.1136146

32Laborde E. Glutathione transferases as mediators of signaling pathways involved in cell proliferation and cell death. Cell Death Differ. 2010;17:1373–80. https://doi.org/10.1038/cdd.2010.80

33National Center for Biotechnology Information (NCBI). GSTM1 glutathione S-transferase mu 1 [Homo sapiens (human)] – Gene ID: 2944 [Internet]. Bethesda (MD): National Library of Medicine (US); [cited 2024 Sep 11]. Available from: https://www.ncbi.nlm.nih.gov/gene/2944

34Khedhaier A, Remadi S, Corbex M, Ahmed SB, Bouaouina N, Mestiri S, et al. Glutathione S-transferases (GSTT1 and GSTM1) gene deletions in Tunisians: susceptibility and prognostic implications in breast carcinoma. Br J Cancer. 2003;89(8):1502–7.

35Zhong SL, Jiang SG, Tang JH, Li J, Li WJ, Zhao JH. Association of GSTs gene polymorphism with response to chemotherapy in breast cancer. Chin J Clin Lab Sci. 2010;28(6):438–40.

36Hu XY, Huang XY, Ma J, Zuo Y, Luo N-B, Lai S-L, et al. GSTT1 and GSTM1 polymorphisms predict treatment outcome for breast cancer: a systematic review and meta-analysis. Tumor Biol. 2016;37:151–62. https://doi.org/10.1007/s13277-015-4401-3

37Ge H, Lam WK, Lee J, Wong MP, Yew WW, Lung ML. Analysis of L-myc and GSTM1 genotypes in Chinese non-small cell lung carcinoma patients. Lung Cancer. 1996;15:355–66.

38Yellin SA, Davidson BJ, Pinto JT, Sacks PG, Qiao C, Schantz SP. Relationship of glutathione and glutathione S-transferase to cisplatin sensitivity in human head and neck squamous carcinoma cell lines. Cancer Lett. 1994;85:223–32.

39Chen G, Waxman DJ. Role of cellular glutathione and glutathione S-transferase in the expression of alkylating agent cytotoxicity in human breast cancer cells. Biochem Pharmacol. 1994;47:1079–87.

40Wang Y, Yang H, Wang H. The association of GSTT1 deletion polymorphism with lung cancer risk among Chinese population: evidence based on a cumulative meta-analysis. Onco Targ Ther. 2015;8:2875–82.



OPS/images/OpenAccess.jpg
G OPEN ACCESS





OPS/xhtml/Nav.xhtml




Contents





		Unveiling GST Family: A Critical Player in the Development and Survival of Metastatic Tumors



		Introduction



		Mechanisms and Steps of Metastasis Formation



		Invasion and Dissemination



		Intravasation



		Circulation



		Extravasation



		Colonization









		Glutathione S-transferase Role in the Development of Metastasis



		Potential Usage and Therapies



		Limitations



		Conclusion



		References

















Page List





		1



		2



		3



		4



		5



		6



		7











OPS/images/PJS_Cover_Image.jpg
Premier Journal

Of§ClCnc—e_j






OPS/images/f1.jpg
Primary Tumor Site

Tumor secreted
Factors.

Tumor Cell

Macrophage @ Exosome

T cell @uod Vessels
@ |-

@

Platelet Platelet
(Active) (inactive)
@t epitheium @iy Endothelium

]
’ s 9O o ° .
Circulation * . . #

Extravasation
Metastatic colonization

Micrometastasis Pre-metastatic niche

Site of Metastasis





OPS/images/f2.jpg





OPS/images/f3.jpg
EMT and

&I:ravasation

Breaking of Cell

‘Arrest at secondary sites
due tolow shear forces

~

i+

£
. e
B

Tumor Microenvironment






OPS/images/f4.jpg








OPS/images/cover.jpg
Premier.J ournal
of Science

Unveiling GST Family:
_ A Critical Player inthe -
‘Development-and~SUrvival
—0f Metastatic Tumors....

Giorgi Svanishvili

— W Premier Science













