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Footnotes: 

1. Work performed under the auspices of the U.S. Department of Energy 

by the Lawrence Livennore national Laboratory under contract number 

W-7405-ENG-48 with support from USPHS Grant 14533. 
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CHARACTERIZATION OF CELL SUSPENSION 

The dispersal of solid tumors into a single cell suspension is required 

for in vitro and in vivo clonogenic assays, flow cytometric measurements and 

for numerous biochemical and molecular analyses performed on a per cell 

basis. Consequently there are many dispersal procedures available to 

disaggregate solid tumors. More often than not factors such as convenience, 

past experience, or availability of chemicals or enzymes become th* primary 

basis for choosing disaggregation techniques and often, the resulting cell 

suspension is not well-characterized in enthusiasm to obtain data of more 

interest. Experimental data obtained on poorly characterized cell suspensions 

may complicate extrapolation of phenomena measured in single cell suspensions 

to those occurring in the tissue in situ. 

Characterization of single cell suspensions is an objective which at 

first seems extremely time consuming, formidable and difficult. Indeed, 

complete characterization (biochemical, molecular, cytokinetic, etc.) of the 

nature of cells in suspension would require a major research effort, and thus 

not be amenable to the majority of ongoing research programs. However, it is 

feasible and practical to evaluate cell disaggregation techniques with 

reference to the endpoint to be measured. For example, cell kinetic 

measurements on cells in suspension require absence of preferential 

phase-specific selection in the dispersed cells. If cell survival 

measurements are to be performed, the dispersed cells must necessarily retain 

their clonogenic capabilities. Likewise, flow cytometric analyses of DNA 

distributions or subpopulation-specific markers mandate retention of these 

characteristics, as well as quality cell suspensions suitable for flow 
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cytometry (i.e. minimal clumping, debris, etc.). This paper will describe 

specific endpoints to consider when evaluating dispersal procedures. Examples 

of applications of these guidelines to murine tumor systems in vivo will be 

presented. A more detailed description of these studies has previously been 

published and can be found in Pallavicini (17,18). 

Disaggregation methods can be categorized into enzymatic, mechanical, 

chemical, combinations thereof, and surface acting agents. The most commonly 

used method of dispersal for murine solid tumors is based on enzymatic 

digestion of minced tumor pieces. Proteolytic enzymes are used singly or in 

combination and include trypsin, neutral protease, collagenase, DNAse, 

pronase, and hyaluronidase. Enzyme cocktails have been utilized for 

particular tumor systems (2,7,10,11,22,26,34). Mechanical dispersal 

procedures (23,26) rely on shear forces to disrupt cell-to cell junctions. 

Often the cells are traumatized sufficiently that clonogenic cell survival is 

relatively low. Chemical (i.e. tetraphenylboron, ethylenediaminoacetate, 

glycine) (8,6,16) complex cations which are believed to play a role in 

maintaining cell surface integrity and the intercellular matrix (1). Chemical 

disaggregation has not been used extensively for solid tumor dispersal because 

the disaggregated cells often loose their clonogenicity, and the suspension 

usually contains cell clumps/aggregates. Surface acting agents (i.e Nonidet 

P40) are also used for tumor disaggregation (30), but since these agents 

generally yield suspensions of nuclei, they are not commonly used for studies 

in experimental chemotherapy/radiotherapy. Although there are numerous 

published methods for dispersal of murine tumors (see 18, 32 for review) into 

single cells for experimental therapy studies, characterization of the cells 

in suspension is quite often inadequate. 
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The desirable features of cells in suspension will necessarily be 

dependent upon the endpoint for which the cells have been obtained. These 

features, however, can be generalized into major categories, as summarized in 

Table 1. Adequate cell yield or recovery is defined by the measurement to be 

performed. For example, quantitation of low levels of intracellular enzymes 

may require more cellular material (i.e. 10 to 10 cells per analysis) 

than clonogenic survival determinations (50- 10 cells). Retention of 

cellular morphology is important for microscopic identification of cell types 

in a heterogenous cell suspension, and may be used to determine whether the 

cells in suspension are representative of those in the tumor in situ. 

Different dispersal protocols may yield cells with different degrees of 

clonogenicity, as well as altered biochemical features, such as loss of 

cellular proteins (14), surface antigens (15), nucleotide pools (26), etc. 

The quality of the cell suspension can be judged by the degree of cell 

clumping and level of cellular debris, both of which impact on flow cytometric 

measurements and studies in which the number of cells be known accurately. 

Finally, if the data measured on the cells in suspension are to be 

extrapolated to phenomena occurring in the tumor in situ, it is desirable that 

the cells in suspension are representative of those in the solid tumor in 

vivo. The following sections compare characteristics of tumor cell 

suspensions obtained by different types of selected disaggregation methods. 
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Cell Yield 

Cell recovery following tumor disaggregation varies significantly with 

different dispersal protocols, as well as between tumor types. A comparison 

of tumor cell yields with selecf^d dispersal methods is shown in Table 2. 

Recovery for soft-tissue sarcomas dispersed by enzymatic digestion ranges from 

1.2 -33 x 10 cells per gm of tissue. A crude estimate of the expected 
9 number of cells per gm of tissue is 1 xlO (this value will vary depending 

on cell size, amount of intercellular matrix, cell packing, etc). Thus the 

best dispersal protocols recover about 20-30% (viability is variable) of the 

cells from the solid sarcoma tumor mass. Carcinomas are traditionally more 

difficult to disperse than their soft-tissue counterparts, and cell yields, 

and cell viability are usually lower than from the sarcomas. Numerous factors 

(7) other than dispersal technique and type of tumor may influence cell yield, 

including tumor size (lower cell yields/gm tissue are usually obtained with 

smaller tumors) (10), tumor histology and the manner in which cells are 

counted (most tumors contain normal cells in the tumor mass, and these may or 

may not be counted by different investigators). Optimization of cell yield 

without adversely affecting other desirable features (such as cell 

clonogenicity) is beneficial because it not only reduces the possibilities of 

subpopulation-specific selection (discussed below), but also allows repeat 

measurements on the cells in suspension. 
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Cell Morphology 

Retention of cell morphology is another desirable feature of tumor cells 

in suspension. Generally, if the cells appear morphologically damaged, 

clonoge:iic cell survival is low, cell recovery is adversely affected, 

intracellular components (enzymes, proteins, etc.) may be lost or reduced , 

and the suspensions often contain high amounts of cellular debris which 

complicate quantitative biochemical measurements. Some light microscopic 

indications of gross cellular damage include surface blebs, ruffled membranes, 

and cytoplasmic extrusion. In general, cells dispersed enzymatically show 

better retention of morphologic characteristics than do those disaggregated by 

mechanical methods (i.e. mincing with scissors or scalpels). Chemically 

dispersed cells may retain their morphologic characteristics, yet often are 

biochemically and biologically inactivated (16). 

Tumor Cell Clonogenicity 

Clonogenic cell survival measurements are an integral component in many 

studies to characterize tumor response to radiation and/or cytotoxic treatment 

protocols. The ability to measure cell survival is dependent upon the 

viability of the tumor cell suspension, as well as on the suitability of the 

culture system to promote and maintain tumor cell growth. Most sarcoma cells 

readily proliferate in semi-solid culture systems, so it is relatively easy to 

choose dispersal methods which yield cells with high plating efficiency. 

Similar tumor cell plating efficiencies (20-40 %) are obtained from sarcomas 

disaggregated by a variety of enzymes (6,9,21,28). Carcinomas on the other 

hand do not proliferate well in culture, and it is uncertain whether the 
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incapablity to form colonies results from selection of nonclonogenic 

subpopulations during disaggregation, to enzymatic or physical damage incurred 

during dispersal, or to the lack of appropriate growth conditions (growth 

factors, substrates, etc.) in the assay system. 

High plating efficiencies however do not necessarily imply optimal tumor 

dispersal. Rasey and Nelson (22) reported that dramatically different tumor 

cell survival responses following drug treatment in vivo were observed in 

tumors disaggregated by different enzymatic treatments. Figures la and lb 

show that the cell survival curve for EMT6 tumors dispersed by trypsin can be 

quite different from that of tumors disaggregated by a 

pronase/DNase/collagenase enzyme-cocktail. Caution in interpreting 

quantitative clonogenic measurements on cells dispersed from solid tumors 

following drug treatment has also been suggested by Raaphorst ^t al (21) and 

Twontyman (28). 

Retention of Biochemical or Molecular Characteristics. 

Most dispersal protocols will result in alteration of some cellular 

properties (13). Trypsin for example can cause the loss of selected surface 

antigens (15), the release of sialic-acid containing residues from the cell 

membrane (27), and degradation of polysomes and their associated structures 

(9). EDTA and sodium tetraphenylboron exert severe affects on mitochondrial 

function (8). Many of these biochemical alterations may be reversible with 

time (33). 

4034B/2020B 



9 

The retention of biochemical or molecular characteristics in the 

dispersed cells is a feature which generally is evaluated only when it is 

required for the endpoint to be measured. For example, pharmacokinetic 

determinations of drug/metabolite levels require that the disaggregation 

technique does not make the membrane leaky such that the measured 

intracellular drug levels are artificially low. In one study, in which 

nucleotide pools and intracellular Ara-CTP concentrations were of importance, 

the authors compared nucleotide pools following tumor disaggregation with 

several different protocols (26). In another study, the ability of the 

disaggregated cells to elicit cell-mediated cytotoxic responses was evaluated 

(11). In experimental therapy studies in which cell kinetic information or 

clonogenic determinations are of primary importance, transient alteration in 

biochemical processes may not significantly impact on data analyses. In other 

types of studies, however, such as those which require retention of surface 

markers (i.e. antibody binding sites), enzyme-induced protein loss (14) may be 

of more significance. Awareness of possible disaggregation-induced 

biochemical perturbations in the cells in suspension may be useful in 

subsequent data interpretation. 

Quality of Single Cell Suspension. 

The quality of the single cell suspension will influence the ease of 

analyses, reproducibility of results, and interpretation of the data. A good 

single cell suspension will have minimal cell clumping and cellular debris. 

The absence of cell clumping facilitates all analyses in which measurements 
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are made on a per cell basis. The presence of cell clumps or clusters in a 

single cell suspension used for assessment of clonogenic cell survival can 

dramatically influence survival measurements. Flow cytometric analyses is 

also facilitated by cell suspensions with low levels of clumping and cellular 

debris. Fig 2 shows flow cytometric analyses of a murine mammary carcinoma 

disaggregated by either a mechanical procedure or with sodium 

tetraphenylborate. In thsse analyses the presence of cell clumps is reflected 

in the region of the DMA distribution greater than 4H ploidy. In fact, cell 

clumps are also present in the 4 N peak, normally ascribed to cells in G2+M 

phases of the cell cycle and thus the estimates for the fraction of the tumor 

cells in G2+M are artifically high. Cellular debris in the mechanically 

dispersed cells is apparent in the fluorescence continuum which originates at 

the origin and underlies the fluorescence distribution. Computer analyses 

programs can be used to subtract the fluorescence continuum in calculations of 

phase fractions, however, this unnecessarily complicates data analyses. 

Subpopulation Representation. 

Subpopulation representation in the ceil suspension is perhaps one of the 

most important criteria to be evaluated for dispersed cells. Subpopulation 

selection may occur, during tumor removal from the host animal (i.e. 

preferential removal of viable parts of the tumor as compared to the necrotic 

and less well-vascularized regions). Subpopulation selection may also occur 

during the disaggregation procedure itself as a result of incomplete tissue 

digestion, as well as varying enzymatic sensitivities among subpopulations 

within tissue or the tumor. For example, it has been shown in mouse kidney 
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that the composition of the extracellular matrix varies between different 

areas of the cortex or medulla (12). Thus, if enzymatic digestion is based on 

breakdown of the extracellular matrix, one might expect selection of specific 

subpopulations dependent on their location within the extracellular matrix. 

Subpopulation selection may also occur during sample processing. For 

example, studies in our laboratory using the BrdUrd/DHA content analysis 

procedure (4) show that optimal DNA denaturation techniques are highly 

tissue-specific. For example denaturation of DNA by formanide (5) is useful 

for CHO cells and for many tumor cell systems, (like L1210 and KHT sarcomas). 

However, with the formantide denaturation technique, 95X of cells in bone 

marrow, spleen, or small intestine are lost during sample processing. 

Alternative denaturation procedures which result in greater cell recovery are 

necessary for these normal tissues. 

For cell kinetic and clonogenic determinations, it is important that the 

cells in suspension are "cytokinetically" representative of those in the tumor 

in situ. Preferential phase-specific selection in the single cell suspension 

can be evaluated by comparing the labeling index in tumor sections and 

dispersed single cells in series of defined labeling conditions (17) (see 

Table 3). For example, to label tumor cells in S-phase mice, bearing KHT 

tumors were injected with 3H-TdR 30 min prior to animal sacrifice. To label 
3 all cells in S and G2+M H-TdR was administered three hours prior to tumor 

3 removal. Injection of H-TdR at two 6-1/2 hr intervals labeled all the 

cycling cells. Half of the tumor was disaggregated and the remainder fixed 

for histological analyses. Two enzymatic disaggregation methods were used: 
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trypsin/DNase and neutral protease. Both the single cells and the tissue 

section were treated for autoradiographic analyses and the labeling index 

determined in each case. Data in Table 4 indicate that the LI were similar 

both in the tissue sections and the dispersed cells. These data suggest that 

neither dispersal protocol preferentially selected cells in S-phase, G2+M or 

in Gl phase. This type of labeling protocol is unlikely to detect selection 

of low frequency subpopuiations which would best be accomplished by ccmbining 

such techniques with subpopulation specific markers (18), but is useful to 

detect major losses in any one of the proliferative compartments. 

The types of studies and endpoints which utilize tumor cell suspensions 

vary widely. Some investigators have used several endpoints to characterize 

the nature of cells in suspension. Cell type (10,11,24), nucleotide pools, 

karyotype and clonogenic cell survival have been compared in tumors dispersed 

by various procedures (26,31). If the endpoint is immunologic one might 

consider determining the fraction of antibody positive cells in a tissue 

section versus that in the single cell suspension. There is no "best" 

dispersal procedure for all tumors or for all types of studies. The dispersal 

procedure should be utilized which allows acquisition of meaningful data. 

Characterization of the cell suspension with regards to the endpoint to be 

measured will facilitate extrapolation of measurements in the dispersed cells 

to phenomena occurring in the tumor in situ. 
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Table 1 Desirable Features of Cells in Suspension 

Adequate Cell Yield/Recovery 

Retention of Cellular Morphology 

Retention of Clonogenic Capability 

Retention of Biochemical/Molecular Characteristics 

No Subpopulation-Specific Selection 

High Quality Single Cell Suspensions. 
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Table 2. Cell Yield of Disaggregated Murine Tumors. 

Tumor Dispersal Method 

Variable 
Cell Yield 
per cm Reference 
(xlO') 

Sarcoma 

KHT 

EMT6a 

RIF-1 

trypsin/DNase 
neutral protease 

1.2 
4.0 

15 
15 

pronase/collagenase/DNase 
trypsin 
neutral protease 

2.5 
3.5 
17.0 

2 
28 
28 

neutral protease 
trypsin 
collagenase/elastase 

26.0 
7.0 
14.0 

28 
28 
19 

Carcinomas 

M109 

Primary Spontaneous 

trypsin/collagenase/DNase 7.9 10 

Mammary Tumors trypsin/collagenase/DNase 6.8 10 
C3H Mouse Mammary Tumors tetraphenylboron 5.0 16 

Melanoma 

B26 pronase/collagenase/DNAse 33.0 23 

histologic classification of this tumor is uncertain and may vary between 
laboratories (7). 
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Table 3 

. 30 min S-phase JH-TdR » Harvest Tumors 

, 3 hrs Gj+M-phase JH-TdR ., Harvest Tumors 

, 6.5 hrs , 6.5 hrs 
G 1+S+G 2

M ^H-TdR , 3H-TdR , Harvest Tumors 
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Table 4 

Evaluation of Preferential Phase-Specific 

Cell Loss During Tumor Dispersal 

Labelinn Index 

Time 

Interval Sections Single Calls 

hr Trypsin Heutral Protease 

0.5 2 7 + 1 (4) 2 9 + 1 (4) 3 2 + 4 (8) 

3 31 + 2 <5) 3 2 + 2 (5) 3 4 + 2 (6) 

13 58 + ? (5) 5 6 + 1 (5) 5 5 + 6 (7) 

aTumors were excised at either 0.5, 3, or 13 hr after 
3H-TdR injection. Values represent the average ± 1 S.D. 
of number (n) samples per group. Data from Pallavicini et al.. 
(17). 
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Figure Legends 

Figure 1. DHA distributions of dispersed tumor cells from a murine mammary 

carcinoma, S102F. The distribution in panel a was obtained in 

mechanically-dispersed cells. Panel b shows the distribution of 

S102F tumors dispersed by sodium tetraphenylborate. Data in panel a 

are from Dethlefsen et al. (3) and in panel b from Pallavicini et 

al. (16). 

Figure 2. Dose-survival curves of EMT-6 tumor cells disaggregated by 

trypsin(o) or by an enzyme cocktail (pronase/DNase/collogenase) 

(o). Tumor cell survival following exposure to cyclophosphamide or 

bleomycin is shown in panels a and b, respectively. Data from Rasey 

and Nelson (22). 

4034B/2020B 



Relative Cell Number 

I 
CJ1 O o 

p 
00 

/ • • • 
V . 

I 
f a I 

b> 



JS%SS£.'S& 

00000 
5 10 15 20 

UNITS /kg 


