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INTRODUCTION 
 
Successful flow cytometry analysis requires a single-cell suspension; therefore, peripheral blood, 
bone marrow, and body fluid samples are all very suitable sample types.  In contrast, tissue 
samples such as lymph node and extranodal tissue require processing into single-cell suspension 
before flow cytometric analysis can be performed.  It is advisable that the selected method of 
tissue processing preserves the cell viability and antigenicity as much as possible.  In particular, 
diagnosis of large cell lymphoma by flow cytometric analysis is often difficult; up to 25% of large 
cell lymphomas may not be detected.1 
 
The tissue disaggregation method used can adversely impact immunophenotyping, including 
possible cell loss, decreased viability, non-specific antibody binding, and variable alterations of 
antigenicity.  It is critical to select a method that is best for your assay and your laboratory and to 
validate that protocol in house. 
      
Our goal is to compare and contrast different tissue disaggregation methods, discuss the factors 
that impact the results, advantages and disadvantages, and provide a starting point for choosing 
and validating the optimal method for your laboratory. 
 
METHODS 
      
The disaggregation of tissue into a single-cell suspension is a critical step in the flow cytometric 
analysis of hematologic malignancy.  Lymphomas dissociate variably based on the nature of 
involved tissue (extracellular matrix); as an example, lymphomas involving extranodal sites such 
as skin may present a technical issue.  Historically, various methodologies of mechanical 
dissociation have been utilized including scraping, mincing, fine needle aspiration and automated 
techniques. 
      
Mechanical Manual Disaggregation Techniques 

1) Needle2 
2) Mesh3 
3) Scraping4-5 
4) Mincing5 
5) Vortex6 
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In general, manual methods involve using a combination of needle, surgical blade, and/or mesh 
to disaggregate tissue and washing cells with an appropriate media.  The cells can then be 
collecting utilizing a disposable pipette and transferred into a processing tube.  The resulting 
sample can be washed with media or PBS/azide and the cell button resuspended in PBS/azide or 
media and subsequently counted to adjust the cell concentration. 
 

Figure 1 (below) illustrates the procedure for tissue disaggregation using the needle method 
while Figure 2 illustrates the mesh technique. 
 

 
Figure 1 (from Reference 2).  Needle Manual Method.  A:  Puncturing tissue with needle and infusing PBS 
solution,  (B)  Aspiration of cell suspension with plastic pipette, (C)  Collection tube, and (D) Cell 
suspension recovery comparison (left tube = manual; right tube = automated).   
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Figure 2 (from Reference 3).  Mesh Manual Method.  In mechanical disaggregation, the tissue sample is 
disaggregated by simply placing it on a wire mesh over a Petri dish and gently pressing down on the tissue 
with a glass pestle (or with tissue scissors) and washing cells with appropriate media.  The cells can be 
collected by using a disposable pipette and transferring the cells into a processing tube. 

 
The most prominent advantage of using a manual method is in its notably gentler technique2; 
though extensive membrane damage due to shear forces have been reported to decrease the 
number of viable or intact cells.6   
      
Vortex disaggregation involves placing a fresh tissue sample in RPMI, then vortexing or vigorously 
shaking the sample for approximately 10 seconds until the RPMI solution becomes cloudy.  Larger 
specimens may be serially sectioned prior to disaggregation.  Small samples, such as GI or skin 
biopsies may be vortexed in toto.  Remaining tissue fragments are subsequently processed for 
routine histology while the single cell suspension is processed as per any other single-cell 
suspension for flow cytometric analysis.  This method is useful for extremely small samples and 
“dry-tap” bone marrow biopsies.  This is also the only method in which histologic and flow 
cytometric correlation can be performed on the same tissue sample.  The vortex method has 
been reported to yield lower cell counts from bone marrow core biopsies or extremely small 
and/or fibrotic samples; however, these samples largely provided diagnostic results and 
correlated with histology findings.6  As with essentially any tissue disaggregation technique, 
samples with significant amounts of necrosis and/or fibrosis remain a challenge.   
 
Mechanical Automated Disaggregation (Commercial/Medimachine5) 
      
Automated methods using commercially available disaggregation machines offer a fast (typically 
<5 min processing time) and simple technique for creating single cell suspensions from tissue or 
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bone marrow samples.  They require limited tissue handling and provide a closed disposable 
system with standardized, operator-independent procedures.    
      
Figure 3 below illustrates the procedure for mechanical automated disaggregation using a 
commercially-available disaggregation machine.   
      

 
Figure 3 (from Reference 2).  Automated method.  (A)  Slicing tissue into smaller fragments, (B)  Placing 
tissue into commercially available disaggregation device, (C)  Device in disaggregation machine, and (D)  
Cell suspension aspirated into tuberculin syringe.  

 
Study results are mixed on the utility and yield of these types of automated mechanical 
disaggregation techniques.  Novotny et al.7 used this technique on non-aspirable bone marrow 
samples and found at least equivalent yield compared to the vortex technique described by Vos 
et al.6  However, other studies have demonstrated the limitations of the automatic mechanical 
disaggregation method (see histograms below in Figure 4) and obtained higher percentages of 
diagnostic flow samples utilizing manual techniques, particularly in large cell lymphomas.2, 6 
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     Figure 4 (from Reference 2).  Comparison of flow histograms obtained using manual versus automatic 
tissue disaggregation. 
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Table 1. Summary Table of Advantages and Disadvantages. 

 

Technique Advantages Disadvantages 

Needle, Mesh, Scraping, 
Mincing, Tissue press 

1) Gentler tissue processing 
2) Higher cell yield 
3) Decreased cell debris 

1) Increased tissue handling 
2) Limited by necrosis and 
fibrosis 

Vortex 1) Allows histologic and flow 
cytometric correlation on same 
tissue sample 
2) Well-suited for extremely 
small samples 
3) Minimal tissue handling 
4) For use with tissue and non-
aspirable bone marrow biopsies 

1) Limited by necrosis and 
fibrosis 

Medimachine 1) Commercially available 
2) Standardized 
3) Operator-independent 
4) Closed disposable system 

1) High shear forces 
2) Particularly susceptible to 
loss of large cell lymphomas 
 

 

VIABILITY 
 
Assessment of cellular viability is essential for accurate flow cytometric analysis and may be a 
good way to demonstrate the effectiveness of your preferred tissue disaggregation technique.  
Non-viable cells can demonstrate non-specific antibody binding of fluorescent antibodies and/or 
display unusual autofluorescence that can interfere with identification of abnormal populations.  
In addition, in quantitative assays such as lymphocyte enumeration (T-cell subsets) or CD34+ 
stem cell counts, the presence of non-viable cells can cause inaccurate results.  Thus, the purpose 
of viability assessment is to ensure sample integrity, allow for precise measurement of 
antigenically-intact (viable) cells, and quantitation and/or exclusion of non-viable cells.  In 
addition, CAP accreditation requires “a policy for determining when the percentage of viable cells 
in each test specimen should be measured” (refer to the CAP Flow Cytometry Checklist; 
FLO.30610).8-9 

 
Cellular viability is often also closely related to specimen type.  For example, fresh peripheral 
blood samples normally demonstrate excellent viability, which decreases over time.  However, 
decreased cell survival is common in tissue samples and increases in high-grade neoplasms with 
high cellular turnover or necrosis or those exposed to tissue processing or prolonged storage.   
 
There are several methods for assessment of cell viability.  The two most commonly used 
fluorescent viability dyes are propidium iodide (PI) and 7-aminoactinomycin D (7-AAD)10.  Both of 
these dyes intercalate with (attach or insert into) DNA base pairs meaning that cellular staining 
(positivity) is indicative of a compromised cellular membrane.  Both dyes are excited by a blue 
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laser (488 nm) with emission maxima of 617 nm (PI) and 647 nm (7-AAD).8-10  Gating on viable 
events is performed by drawing a gate around the PI or 7-AAD negative events on viability dye 
versus side scatter dot plots. A rough estimate of viable cells can also be approximated by 
excluding low forward scatter (FSC) and high side scatter (SSC) events (see Figure 5 below).10 
 

Figure 5 (from reference 9). Viability gating 

 
SUMMARY 
 
Tissue disaggregation remains one of the most important and problematic steps in solid tumor 
analysis by flow cytometric immunophenotyping.  The method used for tissue disaggregation can 
have a definite impact on cell loss, viability, non-specific antibody binding, and antigenicity.  
There are several options for performing tissue disaggregation available as discussed above.  The 
goal here is not to present a single optimal approach, but to provide information regarding the 
advantages and disadvantages of each technique.   
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