流式凋亡检测 protocol
实验步骤
1. 细胞收集：悬浮细胞直接收集到10ml的离心管中，每样本细胞数为（1~5）×106，/mL　500~1000r/min离心5min，弃去培养液。
2. 用孵育缓冲液洗涤1次，500~1000r/min离心5min。
3. 用100ul的标记溶液重悬细胞，室温下避光孵育10~15min。
4. 500~1000r/min离心5min沉淀细胞孵育缓冲液洗1次。
5. 加入荧光（SA-FLOUS）溶液4℃下孵育20min，避光并不时振动。
6. 流式细胞仪分析：流式细胞仪激发光波长用488nm，用一波长为515nm的通带滤器检测FITC荧光，另一波长大于560nm的滤器检测PI。
7. 结果判断：凋亡细胞对所有用于细胞活性鉴定的染料如PI有抗染性，坏死细胞则不能。细胞膜有损伤的细胞的DNA可被PI着染产生红色荧光，而细胞膜保持完好的细胞则不会有红色荧光产生。因此，在细胞凋亡的早期PI不会着染而没有红色荧光信号。正常活细胞与此相似。在双变量流式细胞仪的散点图上，左下象限显示活细胞，为（FITC-/PI-）；右上象限是非活细胞，即坏死细胞，为（FITC+/PI+）；而右下象限为凋亡细胞，显现（FITC+/PI-）。
 Introduction

Apoptosis is a carefully regulated process of cell death that occurs as a normal part of development. Inappropriately regulated apoptosis is implicated in disease states, such as Alzheimer’s disease and cancer. Apoptosis is distinguished from necrosis, or accidental cell death, by characteristic morphological and biochemical changes, including compaction and fragmentation of the nuclear chromatin, shrinkage of the cytoplasm, and loss of membrane asymmetry.1-5 In normal live cells, phosphatidyl serine (PS) is located on the cytoplasmic surface of the cell membrane. However, in apoptotic cells, PS is translocated from the inner to the outer leaflet of the plasma membrane, thus exposing PS to the external cellular environment.6 In leukocyte apoptosis, PS on the outer surface of the cell marks the cell for recognition and phagocytosis by macrophages.7,8 The human anticoagulant, annexin V, is a 35–36 kDa Ca2+-dependent phospholipid-binding protein that has a high affinity for PS.9 Annexin V labeled with a fluorophore or biotin can identify apoptotic cells by binding to PS exposed on the outer leaflet.10 

The Alexa Fluor® 488 annexin V/Dead Cell Apoptosis Kit with Alexa® Fluor 488 annexin V and PI for flow cytometry provides a rapid and convenient assay for apoptosis. The kit contains recombinant annexin V conjugated to one of our best and brightest fluorophores, the Alexa Fluor® 488 dye, to provide the maximum sensitivity. Alexa Fluor® 488 dye is an almost perfect spectral match to fluorescein (FITC), but it creates brighter and more photostable conjugates. 

In addition, the kit includes a ready-to-use solution of the red-fluorescent propidium iodide (PI) nucleic acid binding dye. PI is impermeant to live cells and apoptotic cells, but stains dead cells with red fluorescence, binding tightly to the nucleic acids in the cell. After staining a cell population with Alexa Fluor® 488 annexin V and PI in the provided binding buffer,apoptotic cells show green fluorescence, dead cells show red and green fluorescence, and live cells show little or no fluorescence. These populations can easily be distinguished using a flow cytometer with the 488 nm line of an argon-ion laser for excitation. 

We have optimized this assay using Jurkat cells, a human T-cell leukemia clone, treated with camptothecin to induce apoptosis. Some modifications may be required for use with other cell types. Because no single parameter defines apoptosis in all systems, we strongly suggest using a combination of different measurements for reliable detection of apoptosis. 
Materials

	Material
	Amount
	Composition
	Storage*
	Stability

	Alexa Fluor® 488 annexin V (Component A)
	250 µL
	Solution in 25 mM HEPES, 140 mM NaCl, 1 mM EDTA, pH 7.4, 0.1% bovine serum albumin (BSA)
	· 2–6°C

· Protect from light

· DO NOT FREEZE COMPONENT A
	When stored as directed, kit 
components are stable for at least 
6 months

	Propidium iodide (PI, Component B)
	100 µL
	1 mg/mL (1.5 mM) solution in deionized water
	· 2–6°C

· Protect from light
	When stored as directed, kit 
components are stable for at least 
6 months

	5X annexin-binding buffer (Component C)
	15 mL
	50 mM HEPES, 700 mM NaCl, 12.5 mM CaCl2, pH 7.4
	 

· 2–6°C

· Protect from light
	When stored as directed, kit 
components are stable for at least 
6 months


Table 1. Contents and storage information. 

*The Alexa Fluor® 488 annexin V and propidium iodide are light sensitive and may be handled in normal room light, but avoid prolonged exposure to light. 

Number of assays: Sufficient material is supplied for 50 flow cytometry assays based on a 100 μL assay volume. 

Approximate fluorescence excitation/emission maxima: Alexa Fluor® 488 annexin V: 488/499 in nm; Propidium iodide: 535/617 in nm, bound to DNA. 

Materials Required but Not Provided
· Samples (appropriate sample concentrations range from 2 × 105 to 1 × 106 cells/mL)

· Inducing agent

· Phosphate buffered saline (PBS)

· Deionized water

Flow Cytometry Protocol

1. Induce apoptosis in cells using the desired method. Prepare a negative control by incubating cells in the absence of inducing agent.

2. Harvest the cells after the incubation period and wash in cold phosphate-buffered saline (PBS).

3. Prepare 1X annexin-binding buffer. For example, for ~10 assays, add 1 mL 5X annexin ​binding buffer (Component C) to 4 mL deionized water.

4. Prepare a 100 µg/mL working solution of PI by diluting 5 µL of the 1 mg/mL PI stock solution (Component B in 45 µL 1X annexin-binding buffer. Store the unused portion of this working solution for future experiments.

5. Re-centrifuge the washed cells (from step 2), discard the supernatant and resuspend the cells in 1X annexin-binding buffer.  Determine the cell density and dilute in 1X annexin-binding buffer to ~1 × 106 cells/mL, preparing a sufficient volume to have 100 µL per assay. 
6. Add 5 µL Alexa Fluor® 488 annexin V (Component A) and 1 µL 100 µg/mL PI working solution (prepared in step 4) to each 100 µL of cell suspension

7. Incubate the cells at room temperature for 15 minutes. 
8. After the incubation period, add 400 µL 1X annexin-binding buffer, mix gently and keep the samples on ice. 
9. As soon as possible, analyze the stained cells by flow cytometry, measuring the fluorescence emission at  530 nm (e.g., FL1) and >575 nm (e.g., FL3).


The population should separate into three groups: live cells show only a low level of fluorescence, apoptotic cells show green fluorescence, and dead cells show both red and green fluorescence. Confirm the flow cytometry results by viewing the cells under a fluorescence microscope, using filters appropriate for fluorescein (FITC) and tetramethylrhodamine (TRITC) or Texas Red® dye. 
