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Introduction
The purpose of this project was to design, optimise and validate the use of the FACSVerse Flow Cytometer (BD Biosciences) for the characterisation of lymphocyte subsets in rat spleen. This analysis is a requirement for projects 
following OECD (Organisation for Economic Co-operation and Development) 443 guidelines for chemical safety testing. This project drew on previous work performed characterising lymphocyte subsets in peripheral blood, as well 
as determining suitable tissue homogenisation techniques.

Materials and methods
Experiments were performed using spleen obtained  from untreated Crl:  
WI (Han) rats, approximately 8 weeks of age.

The project was performed in two phases: assay design and optimisation  
and validation. The first phase examined methods of homogenisation, buffer 
selection, lysis conditions, cell counting and antibody titration and gating.

The following procedure was found to provide the highest quality samples for 
further testing.  Samples were collected into 5 ml tubes containing Stain Buffer 
(554656, BD Biosciences) and stored on water-ice prior to homogenisation.  
Samples were pressed through 70 µm cell strainers with further Stain Buffer.  
The resulting suspension was centrifuged and resuspended in Lysis buffer 
(555899, BD Biosciences) and incubated on water-ice for 5 minutes. The lysis 
reaction was stopped with PBS and cells were then subject to a further PBS 
wash and resuspended in Stain Buffer. A 10 µl aliquot of cell suspension was 
diluted 1 in 30 with PBS and analysed on the Advia 120 haematology analyser 
(Siemens) to obtain an approximate lymphocyte count. This count was used to 
normalise the cells to 1 x106 lymphocytes/ml prior to staining.

Two assays were developed to obtain data on lymphocyte subsets (using  
TBNK cocktail TC019, BioRad and CD32 blocking antibody 550270, BD 
Biosciences) and T lymphocyte subsets (using T Lymphocyte cocktail 558493, 
BD Biosciences). These assays were  subject to validation procedures. 

Precision was deemed acceptable if the coefficient of variance (%CV) was 
<25% for each population. Within run precision was acceptable for both assays.  
Between run precision was acceptable for both assays when samples were 
stored in RPMI.

Carryover of stained cells into unstained cells was negligible with a maximum 
of 0.04%. Carryover of all cells into blank PBS was higher (1.80 to 2.84%), 
however, as the collection criteria for both assays are based on stained cells 
only, this was deemed acceptable.

Conclusion
Analysis of rat spleen lymphocyte subsets as stained with the T-, B- and  
 NK- cell cocktail from Bio-Rad and the T Lymphocyte subset cocktail from BD 
Biosciences was deemed acceptable for use. These assays have subsequently 
been used successfully for two regulatory (OECD 443) studies.

Future work in this area may involve expanding into other tissues, such  
as thymus or lymph nodes. This analysis can also be complemented by 
immunohistochemistry of fixed samples to allow an association with 
microanatomical compartments within the spleen.

Abbreviations and Reagents
Stain Buffer  Phosphate buffered saline supplemented with 1% foetal 

bovine serum and 1% sodium azide

Lysis Buffer Pharm Lyse, an ammonia based lysing solution

PBS Phosphate buffered saline

RPMI medium RPMI 1640 from Life Technologies

Pen/Strep Penicillin and Streptomycin

Carryover of stained and unstained cells from three rat samples was also 
assessed.  Carryover was calculated as a percentage of the relevant count(s) 
from the previous stained tube.  For stained cell carryover the percentage was 
calculated for each population (T + B + NK Cells or Total T Lymphocytes, CD4+ 
and CD8+) and the mean calculated to provide total carryover.  For unstained 
cell carryover the initial lymphocyte capture gate was examined.

Results
All results are based on the percentage each population represents of the total 
lymphocytes or T lymphocytes. For stability, this means that an increase does 
not represent an absolute increase in the number of cells in the population.

Stability was deemed acceptable if the percentage difference was less than  
20% compared to analysis on the day of collection.  

Stability for both lymphocyte subsets and T lymphocyte subsets was 
acceptable when stored unstained in RPMI (refreshed daily) for up to two days 
with percentage differences of -16.24 to 16.05% (for 11/12 parameters 
collected) and -11.70 to 16.10% (for 7/8 parameters collected) respectively. 
Samples were also stable when stored for one day in Stain Buffer with 
percentage differences of -5.73 to 17.15% and -5.09 to 9.12%.

Samples stored at 2-8°C for 5 days in unrefreshed RPMI showed a considerable 
reduction in cell pellet size following centrifugation and did not meet the 
minimum cell count criteria set for the assays of 5000 cells for lymphocyte 
subsets and 2500 cells for T lymphocyte subsets. Autolysis was thought to 
have affected  these samples.

For within-run precision, three aliquots of homogenate from 4 rats were 
analysed in the same worklist. Precision was calculated by considering the  
mean and %CV for the three aliquots. For between-run precision, stained  
and unstained cells from the same rats were retained at 2-8°C, prior to staining 
(if required) and analysis. This consisted of two additional runs approximately  
24 and 48 hours after the original sample collection time. Precision was 
calculated by considering the mean of the values from all three runs (utilising 
the mean from the within run precision run as the first value) and the %CV.

One and two day stability was tested using between run precision samples. The 
conditions tested were: stained and stored in PBS, unstained and stored in Stain 
Buffer, and unstained and stored in RPMI medium supplemented with Pen/Strep.

Same day stability, where samples were kept on ice for up to 4 hours 
post-homogenisation, and up to 5 days stability were assessed using samples 
from three rats. 
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Figure 1: Initial capture gates defining all lymphocytes based on  size and complexity.  
Population confirmed as both CD45+ and live  by the addition of APC-Cy7 Anti-rat CD45 
antibody and 7AAD DNA stain.

Figure 2: Gating used to distinguish B and T lymphocytes by CD3 and CD45RA expression 
(left) and Natural Killer cells by CD161 expression (right).

Figure 3: Gating used to distinguish T lymphocytes by CD3 expression (left) and subdivide 
the population into T Helper cells (CD4, right) and T Cytotoxic cells (CD8, centre).

Figure 4: Within-run (left) and between-run (right) precision (%CV) for  
lymphocyte populations.

Cells distinguished 
using T/B/NK 
cocktail (BioRad)

Stopping criteria: 
5000 T Cells +  
5000 B Cells +  
1000 NK Cells

Sample B% 
T/B/NK

T% 
T/B/NK

NK% 
T/B/NK

1 1.27 0.88 3.41
2 3.09 1.44 2.92
3 2.02 1.01 6.87
4 2.67 1.49 4.31

Sample CD4 
% T

CD8 
% T

1 0.79 0.96
2 1.57 2.31
3 1.05 1.82
4 2.13 3.71

Sample CD4 
% T

CD8 
% T

1 6.02 11.89
2 0.52 1.18
3 7.10 9.51
4 3.21 5.01

Sample B% 
T/B/NK

T% 
T/B/NK

NK% 
T/B/NK

1 18.88 12.22 1.65
2 0.62 0.96 10.50
3 11.72 9.53 12.86
4 16.45 8.21 6.25

Within Run Precision

Between Run Precision (with unstained storage in RPMI)


