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SUMMARY:
[bookmark: OLE_LINK29]This protocol demonstrates a novel method for extracting exosomes from tumor tissues by releasing them naturally and collecting them repeatedly to provide an experimental basis for studying the function of exosomes in tumor development. 

ABSTRACT: 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK12]As vesicles secreted by cells, exosomes enclose and transfer various nucleic acids, proteins, and lipids, and participate in communication between different cells. Exosomes in the tumor microenvironment play an important role in the biological characteristics of tumor cells and can strongly influence the states of other cells. Therefore, to further study the specific functions of exosomes in the development of tumors, it is undoubtedly necessary to extract and isolate exosomes from tumor tissues. Direct extraction of exosomes from tumor tissue reduces the need for in vitro cell culture, and exosomes from tumor tissue may be more similar to those in the natural state. Therefore, maintaining the natural state of exosomes in tumor tissue is the key to the extraction process. Enzymatic digestion is often combined with ultracentrifugation to extract exosomes from tumor tissues. Here, we provide a novel method to extract exosomes from tumor tissue. We used a serum-free medium to incubate small tumor tissue pieces on a shaking table, repeatedly collected and extracted exosomes naturally released from tumor tissue, and identified the extracted exosome structure, concentration, and characteristics, providing a new method for researchers studying the function of exosomes in tumor development.

INTRODUCTION:
Exosomes are a subtype of extracellular vesicles secreted by cells, typically ranging in size from 30 nm to 200 nm1,2. They participate in intercellular communication and deliver various signaling molecules, including nucleic acids (e.g., deoxyribonucleic acid (DNA), messenger RNA (mRNA), micro ribonucleic acid (miRNA), long non-coding RNA (lncRNA), circular RNA (circRNA)), proteins, and lipids1,3-5, to recipient cells to influence their physiological functions6,7. Initially identified in sheep reticulocytes8, exosomes have since been identified in various body fluids, including blood, saliva, urine, cerebrospinal fluid, ascites, amniotic fluid, and breast milk9-16. Moreover, exosomes can be secreted by many types of cells, including lymphocytes, macrophages, mast cells, fat cells, and tumor cells17. With their wide distribution, exosomes play a critical role in various pathological processes, especially cancer, and in various physiological processes, including embryonic development, tissue repair and regeneration, and immune regulation18-20.

In recent years, exosomes have been shown to promote tumor occurrence, invasion, metastasis, chemotherapy resistance, and anti- or pro-tumor immunity20-22. Cancer-derived exosomes can activate gene expression in receptors or neighboring cancer cells to change their biological phenotypes, and cancer cells can interact with stromal cells in the tumor microenvironment to promote cancer cell proliferation, invasion, and angiogenesis23-25. Exosomes released by tumor cells can help them excrete toxic drugs, and stromal cell-derived exosomes can promote the formation of cancer cells20. Cancer-derived exosomes are involved in various stages of cancer cell metastasis, including invasion of neighboring tissues, transfer through the circulatory system, and spread into distant organs20. Finally, exosomes perform both immunoactivation and immunosuppression functions in cancer, depending on the ligands, proteins, and miRNAs they carry20. Owing to the important functions of tumor tissue-derived exosomes, they show potential application value in early diagnosis, accurate treatment, and prognostic monitoring of tumors21,22.

[bookmark: OLE_LINK24]Given the importance of tumor tissue-derived exosomes, many researchers have attempted to extract them to further study their properties and functions. Direct extraction of exosomes from tumor tissues not only reduces the need for in vitro cell culture but also more closely resembles the natural state of exosomes. Therefore, maintaining the natural state of exosomes in tumor tissue is the key to the extraction process. The physical properties of exosomes are the basis of common extraction methods, and rarely are the changes in exosome components caused by stimulation during the extraction process considered. In fact, the quality of exosomes is strongly affected by different exosome extraction procedures26,27. Currently, tumor tissues are digested by enzymes and subjected to methods such as density gradient centrifugation, ultracentrifugation, ultrafiltration, size exclusion chromatography (SEC), polymer precipitation, immunoaffinity chromatography, and microfluidic methods, before separation2,21,28,29. Here, we provide a method for extracting exosomes from tumor tissue. We used a serum-free medium to culture small tumor tissue blocks in a shaker, then collected and extracted exosomes naturally released by tumor tissue and identified the concentration and characteristics of the extracted exosomes, providing basic materials and experimental evidence for studying the function of exosomes in tumor development.

PROTOCOL: 

All tumor tissue exosome-related experiments were conducted according to the relevant guidelines and regulations. This study was approved and conducted by the guidelines of the Ethics Committee of West China Hospital, Sichuan University (20220301101). Four weeks after inoculation with SGC-7901 cells, one nude mouse (BALB/c, Male, 8 weeks old, 26 g) was euthanized via cervical dislocation.

1. Acquisition of tumor tissue

1.1. Soak in 75% alcohol for 5 min. 

1.2. Move to a sterile operating table, use sterile surgical scissors to open the outer skin of the ectopic tumor.

1.3. Peel off the ectopic tumor tissue, then cut and weigh to obtain two pieces of equal weight.

NOTE: One piece of tumor tissue is used for exosome extraction under this protocol, and another piece of tumor tissue of equal weight is used for exosome extraction by enzyme digestion30.

2. Preconditioning of tumor tissue

NOTE: Perform these steps on ice and in a sterile environment.

2.1. Pipette 10 mL of precooled Phosphate Buffer Saline (PBS) (0.01 M) to wash the tumor tissue to remove surface blood and fat.

[bookmark: OLE_LINK19]2.2. Cut the tumor tissue (~400 mm3) into 1–2 mm pieces using ophthalmic scissors in 20 mL of PBS with 2 mM ethylene diamine tetraacetic acid (EDTA) in a 10 cm sterile Petri dish. Transfer the above mixture to a 50 mL conical tube.

3. Release of exosomes

[bookmark: OLE_LINK1][bookmark: OLE_LINK6][bookmark: OLE_LINK7]3.1. Centrifuge the tube from step 1.2 at 200 × g for 5 min at 4 °C.

[bookmark: OLE_LINK2]3.2. Discard the supernatant and resuspend the pellet with 20 mL of Minimum Essential Medium α (α-MEM) medium. Incubate at 37 °C at 100 rpm for 1 h in a constant temperature shaker.

3.3. Centrifuge at 200 × g for 5 min at 4 °C.

3.4. Discard the supernatant and resuspend the pellet with 10 mL of α-MEM medium. Incubate at 37 °C at 100 rpm for 6 h in a constant temperature shaker.

[bookmark: OLE_LINK4]NOTE: Be gentle with all steps. A short incubation and one wash with α-MEM medium is enough to remove intracellular components that leak due to cutting, including intracellular vesicles and organelles.
[bookmark: OLE_LINK30]
3.5. Centrifuge at 200 × g for 5 min, 4 °C and collect the supernatant in a new tube.

3.6. Resuspend the tumor tissue with 10 mL of α-MEM medium.

3.7. Repeat the incubation from step 2.4 followed by step 2.5.

3.8. Mix the medium supernatants collected in steps 2.5 and 2.7.

NOTE: Be gentle with all steps. Two 6 h incubations induced the natural release of exosomes from the tumor tissue pieces.

[bookmark: OLE_LINK16]4. Ultracentrifugation

[bookmark: OLE_LINK21]4.1. Filter the supernatant through a 0.45 μm microporous filter.

[bookmark: OLE_LINK20][bookmark: OLE_LINK33]4.2. Centrifuge the supernatant at 12,000 × g for 30 min at 4 °C to remove the large vesicles.

[bookmark: OLE_LINK31]4.3. Transfer the supernatant to a new tube and centrifuge at 120,000 × g for 90 min at 4 °C to collect exosomes.

4.4. Wash the exosome precipitate with PBS (0.01 M) and centrifuge again at 140,000 × g for 60 min at 4 °C.

4.5. Suspend the precipitated exosomes in PBS (0.01 M) for immediate use or storage at -80 °C.

NOTE: Be gentle with all steps. Perform each step with the smallest possible centrifugal force and the shortest centrifugal time.

5. Presentation of exosome identification results

5.1. Identify the morphology of exosomes from tumor tissue via Transmission electron microscopy (TEM)30.

5.2. Determine the size and concentration of exosomes from tumor tissue via Nanoparticle tracking analysis (NTA)30.

5.3. Identify the exosomal protein markers CD9 and CD63 via western blot (WB)30.

NOTE: Recent guidelines for exosome research, including the use of CD63, CD9, as criteria for exosome markers31.

REPRESENTATIVE RESULTS:
TEM revealed that the exosomes derived from tumor tissue via this method had typical cup-like structures (Figure 1A), and there was no significant difference between the shape of exosomes extracted by this method and by enzyme digestion (Figure 1B). The NTA results revealed that the average exosome diameter was 172.8 nm, which was in the range of 30–200 nm and was consistent with the size of the exosomes; the particle concentration was 5.9 × 106/mL (Figure 1C); The average diameter of exosomes extracted by enzyme digestion was 175.5 nm. The particle concentration was 1.7 × 106/mL (Figure 1D). WB results revealed the expression of the marker proteins CD9 and CD63 on the surface of exosomes derived from the tumor tissue, which was consistent with the protein characteristics of the exosomes (Figure 1E).

FIGURE AND TABLE LEGENDS:

Figure 1: Characterization and quality of the exosomes. (A) TEM was used to identify the morphology of exosomes derived from tumor tissue via this method. (B) TEM was used to identify the morphology of exosomes derived from tumor tissue via enzyme digestion. (C) The size and concentration of exosomes derived from tumor tissue via this method were determined via NTA. (D) The size and concentration of exosomes derived from tumor tissue via enzyme digestion were determined via NTA. (E) Identification of exosomal protein markers via WB. Abbreviations: TEM = transmission electron microscopy; NTA = nanoparticle tracking analysis; WB = western blotting. 

DISCUSSION: 
[bookmark: OLE_LINK14]In this method, exosomes derived from tumor tissue were extracted from the ectopic gastric cancer tissues of nude mice, and the key steps were the release, exudation, separation, and purification of the exosomes. Various exosome separation methods have been designed and verified according to the physical properties and composition of exosomes2,21,28,29, each with advantages and disadvantages, but the purpose is to minimize the impact of different exosome extraction procedures on exosome properties26,27. Thery et al. first proposed the classical ultracentrifugation method for exosome separation32, and since then, differential ultracentrifugation has also become the most commonly used method for exosome separation, with a usage rate of more than 80%33. Despite the emergence of many new methods, differential ultracentrifugation is still a commonly used method for exosome separation and is called the "gold standard"34. The separation and purification of exosomes in our method also follows this exosome separation method.   

[bookmark: OLE_LINK32]In the past, tumor tissues were subjected to an enzymatic digestion method to obtain single cells after which exosome extraction and separation were performed30. When tumor tissue is digested into single cells by enzymes, its cell structure and function are changed, and the influence on the secretion of tumor exosomes is still unknown. However, the extraction of tumor exosomes in the natural state is undoubtedly beneficial for further research. In our method, the process of natural exosome release from tumor tissues was simulated as much as possible; the tumor tissues were cut into small pieces to increase the area of exosome release; and the culture medium was used for oscillating incubation in vitro to obtain exosomes in the natural tumor microenvironment. Compared with the enzyme digestion method, although there is no significant difference in the shape of exosomes, the number of exosomes extracted by the protocol is significantly more than that by the enzyme digestion method for the same weight of tumor tissue (5.9 × 106/mL vs. 1.7 × 106/mL).

[bookmark: OLE_LINK5]Ultracentrifugation is recognized as the preferred method for the preparation of a large number of exosomes because of its advantages such as ease of operation, large extraction yields, and standard operating procedures33,34. However, there are still problems with exosome damage and cleavage caused by repeated centrifugation or centrifugation for more than 4 h. In this method, the number of centrifugations is reduced, and cells or debris are removed by microporous filtration membranes. In addition, to ensure the quantity and quality of exosomes, the loss caused by the centrifugation of exosomes can be minimized with the use of minimal centrifugal force and the shortest centrifugation time.

[bookmark: OLE_LINK34]This method involves only ectopic gastric cancer tissues from nude mice to extract exosomes from tumor tissues but not from other types of tumor tissues or tumor tissues directly derived from humans. Future studies will demonstrate exosome isolation and extraction operations for different types of tumor tissues and human tumor tissues, thereby increasing the universality of this method. In addition, the exosome components extracted from tumor tissues need to be further verified. Future studies should adopt various methods to verify the quality of exosomes and strive to further improve the separation of high-quality exosomes.

Exosomes derived from tumor tissue play important roles in tumor occurrence, invasion, metastasis, chemotherapy resistance, and immune regulation20-22, including interactions between tumor cells and stromal cells, various stages of cancer cell metastasis, and various drug resistance mechanisms in tumors. The implementation of these functions depends on the properties and components of exosomes; therefore, the optimization of exosome isolation methods is crucial for the study of the function of exosomes in the tumor microenvironment. In this method, we used a serum-free medium to culture small tumor tissue blocks in a shaker, repeatedly collected and extracted exosomes naturally released by tumor tissue, and identified the concentration and characteristics of the extracted exosomes, providing a new method for isolating exosomes for studying their function in tumor development.
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