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Abstract

Immunophenotyping by flow cytometry is one of the most rapid way of doing analysis & identification of heterogeneous
populations of cells by using cell-specific fluorochrome-conjugated antibodies as probes. Immunophenotyping of laboratory
animals is essential to monitor the immune status of the laboratory animals for better maintenance and management of
animal facilities for immunological studies. The spleen is one of the major organs in immunity and plays a key role in the
production and maintenance of red blood cells and the production of certain circulating white blood cells. Therefore, we
harvested the spleen from various mice strain (Swiss Albino, BALB/C, C57BL, and C3HeJ) available at Central Animal
Facility of Indian Institute of Science and did quantification of various types of immune cells by multicolor flow cytometry.
1X107 splenocytes were taken in the eppendorf tubes and labeled with T cell, B cell, CD4" and CD8* cells specific antibodies
and 30,000 events were acquired in the BD FACS Canto™ II (BD Biosciences) and the results were analyzed by FACS Diva
software version 6.1.1. It was found that C57BL has higher percentage of B Cells (60+10%) followed by C3HeJ (49+2%).
BALB/C has higher number of T cells (54+4%) followed by Swiss Albino strain (46+4%). BALB/C has higher percentage
of CD4" Cells (39+3%) as compared to other strains. In most of the strains the B Cells population is more followed by T
Cells, CD4" Cells & CD8* Cells. Moreover, splenocytes percent profile of Scid and Nude mice were taken as standard.
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2006). With the discovery of cell specific surface antigenic
markers and respective antibodies it has been easy to estimate
the various cell types in the heterogeneous cell population
(Lai et al., 1998). Immunophenotyping can be used as a tool
for immunological profiling and genetic monitoring of the
various mouse strains as leukocyte alloantigens like CD45,
CD90, IgM and major histocompatibility complex (MHC)

Introduction

Immunophenotyping is the analysis & identification of
heterogeneous populations of cells by using fluorochrome-
conjugated antibodies as probes to proteins expressed by the
respective cells for the purpose of identifying the presence and
proportions of various cell populations. Immunophenotyping

using flow cytometry has become the method of choice in
identifying and sorting cells within complex populations
like analysis of T cells and B cells. In the last 20 years,
there has been a steep increase in flow cytometry based
immunophenotyping applications in the clinical laboratory
and basic research with the availability of monoclonal
antibodies rendering it less expensive, and user-friendly
(Calvelli et al., 1993; Bertram et al., 2001; Cook et al., 2003;
Amatya et al, 2004; Laane et al., 2005; Rawstron et al,
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molecules which are polymorphic across various mice strains.
Immunophenotyping of laboratory animals is essential to
monitor the immune status of the laboratory animals for better
maintenance and management of animal facilities. Spleen is
one of the major organs involved in immune system and plays
a key role in the production and maintenance of red blood
cells, the production of certain circulating white blood cells
(Mebius and Kraal, 2005). Moreover, the spleen is also a site
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for immune function, since it contains lymphatic tissue and
produces lymphocytes. Lymphocytes are one of the five kinds
of white blood cells or leukocytes, circulating in the blood.
The most abundant lymphocytes are B lymphocytes and T
lymphocytes and the sub set of T lymphocyte are CD8" T
cells and CD4" T cells (Mebius and Kraal, 2005). Moreover,
percent distribution of T Cells and B Cells in spleen is an
indicative of Molony virus infection (Mertens and Krueger,
1976). Apart from the estimation of percent distribution
of T cells and B Cells in the spleen, the positive B Cells or
T cells can be sorted and used for further analysis by flow
cytometry. Though there are other protocols for enrichment
for various lymphocytes, like Miltenyi methods (Miltenyi
Biotec, Auburn, CA). Therefore, we harvested the spleen from
various strains of mice available at Central Animal Facility of
Indian Institute of Science and did quantification of various
types of immune cells by flow cytometry.

Animals

Male mice (20-25 g) of various strains (Swiss Albino,
BALB/c, C57BL, and C3HelJ) were kept in polypropylene
cages and maintained at 22 + 2°C, 12 h day/night cycle
and were provided with chow pellets and water ad libitum.
All the animals were of 2 months age. Prior approval from
the Institutional Animal Ethics Committee (IAEC) was
obtained and the procedures were conducted as per CPCSEA
guidelines.

Materials and methods

The NH,Cl, KHCO,, EDTA, Dulbecco’s Modified Eagle's
Medium (DMEM), Dulbecco’s Phosphate Buffered Saline
(DPBS) were procured from Sigma-Aldrich, Inc (USA). The
antibodies Anti-Mouse CD3e FITC, Armenian Hamster IgG
Isotype Control FITC, Anti-Human/Mouse CD45R (B220)
PE, Rat IgG2a K Isotype Control PE, Anti-Mouse CD8b PE-
CyS5 and Anti-Mouse CD4 eFluor® 450 were procured from
eBiosciences, Inc. (San Diego, USA)

Splenocytes isolation

The splenocytes were isolated with slight modification of
protocol as described by Liu et al., 2008 and Barclay et al.,
1999. The animals were sacrificed under ether euthanasia
and spleen was dissected out into a petri dish containing 5 ml
of serum free DMEM media. It was crushed with a syringe
plunger. The debris was removed with pipette-man and the
suspension was filtered through a nylon mesh into 15ml tube.
The tubes were centrifuged at 1500 rpm for 5 min at 4°C.
The pellet was suspended in Sml ACK lysis buffer for 1 min
followed by addition of 10ml serum free DMEM media. It
was further centrifuged 1200 rpm for 5 min at 4°C. Lysis step
was repeated if the pellet was red. The pellet should be white.
The white pellet was re-suspended in DPBS.
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Immunolabeling and Flow Cytometry

1X107 cells were taken in the eppendorf tubes and labeled
with antibodies (Anti-Mouse CD3e FITC, Armenian Hamster
IgG Isotype Control FITC, Anti-Human/Mouse CD45R
(B220) PE, Rat IgG2a K Isotype Control PE, Anti-Mouse
CD8b PE-Cy5 and Anti-Mouse CD4 eFluor® 450) as per the
manufacturers’ instructions. It was acquired in the BD FACS
Canto™ II (BD Biosciences) and the results were analyzed by
FACS Diva software version 6.1.1.

Statistical analysis

Values have been reported as the Mean+SEM in all the groups.
Comparisons between the different groups were performed
by One-way ANOVA test and differences were considered
significant at p<0.05.

Results

The percent of various cell types was estimated as shown in the
dot plot obtained after flow cytometry analysis of splenocytes
after labeling with Isotype control antibodies, different
cell specific antibodies and all antibodies together (Fig-1).
There was not much qualitative difference in the various
splenocytes population of different mice strains as evident
by dot plot analysis of flow cytometry data in the presence
of all antibodies (Fig-2). Moreover, statistical analysis of the
quantitative data showed that C57BL has higher percentage
of B Cells (60+£10%) followed by C3HeJ (49+2%) (Table-1).
BALB/C has higher number of T cells (57+4%) followed by
Swiss Albino strain (46+4%). BALB/C has higher percentage
of CD4 Cells (42+3%) as compared to other strains (Table-1).
In most of the strains the B Cells population is more followed
by T Cells, CD4" Cells & CD8* Cells (Fig-2) (Table-1).

Discussion

The percentage of T cells & B Cells play crucial role in various
pathogenesis of diseases as suggested by various experiments
conducted in mice. CD4* and CD8"cells have been implicated
in the pathogenesis of Multiple sclerosis, which is an
inflammatory disease of the central nervous system. Multiple
sclerosis is characterized by multi-focal demyelination,
axonal loss, and immune cell infiltration (Mars et al., 2011).
In disease conditions like Non Obese Diabetic mice, CD8+ T
cells is significantly increased in the intrahepatic lymphocyte
fraction of NOD and there is more formation of IFN-y and
TNF-0, compared with controls (Yang et al., 2011).

Moreover, increase or decrease in the level of various T cells
and B cells increases the susceptibility to various diseases and
the percentage of the cell populations alters during various
disease conditions as suggested by various studies (Mars et
al., 2011; Yang et al., 2011; Zhou et al., 2011).
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Moreover, we assessed the splenocytes percent profile of nude
mice and found that 88% of the splenocytes were observed
to be B cells in the nude mice whereas T cells were totally
absent or negligible (0.9%) in the nude mice (Fig-3). We also
assessed the percent population of various splenocytes in Scid
mice. However, there was neither T cells nor B cells present
in Scid splenocytes (Fig-4).

Moreover, various cells like CD8*CD122* regulatory T cells
(Tregs) play crucial role in maintaining immune homeostasis.
Endharti et al., (2011) have shown that CD8"'CD122* Tregs
effectively prevent and cure colitis in a mouse model. They
show the potential role of CD8" Tregs, and possibly together
with CD4" Tregs, in the medical care of inflammatory bowel
disease patients (Endharti ef al.,, (2011). CD4"' T cells have
been found to play key role along with endothelial cell,
macrophages and CD4" T cells in preventing cerebrovascular
amyloid deposition (Weiss et al., 2011). Moreover, various
infections like Intraperitoneal Echinococcus multilocularis
infection in mice modulates peritoneal CD4" and CDS8*
regulatory T cell development (Mejri et al., 2011). Many
studies are there, where they have taken percentage increase
or decrease of T cells from spleen as an immune parameter
in considering the effect of various treatments. Dreau et
al., (2000) have observed the there is increase in CD3 and
TCRalpha expressing cells following 2-deoxy-D-glucose
administration in BDF | mice (Dreau et al., 2000).

Alteration in the normal percentage of splenocytes is observed
in chronic lymphocytic leukemia in mice (Santanam et al.,
2010). Moreover, T cells percentage are also modulated
following infection with Lymphocytic Choriomeningitis Virus
and Influenza Virus (Mueller et al., 2010). Moreover, dietary
conditions like vitamin A-deficiency alter the lymphocyte
populations in the spleen. It has been observed that CD4" T
cells decreased whereas B cells and CD8" T cells numbers
remained unaffected in vitamin A-deficient mice (Duriancik
and Hoag, 2010). It has been found that P. aeruginosa
infections in cystic fibrosis patients increases the proliferation
of T cells and B cells leading to immunoinflammatory response
in the patients causing higher morbidity and mortality (Barclay
et al., 1999).

Conclusion

The results show that there is variation in the percentage of
immune cell types across various mice strains, though there are
not significant differences among various strains. Therefore,
the immune reactions may differ in various mice strains in
various experimental studies. Therefore, proper mice strains
are to be selected for various studies. Moreover, there is no
information available on the percentage of various immune
cell types across various mice strains. Therefore, this study
will help in bridging the information gap and provide valuable
information to the researcher involved in immune cell studies
in various mice strains.
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Table-1: Percentage of B Cells, T Cells, CD4 Cells & CD8 Cells in various strains of mice

Mice Strain B-Cell (%) T-cell (%) CD4 Cells (%) CDS8 Cells (%)
SWisfthIb ino 4545 464 3543 120.4
Bf’"i f/ ¢ 3743 544 3943 1421
Cfl :?L 6010 34210 2548 9+1
Cz :1;1 492 3942 3043 11£0
]Z ‘Se 880 0.9+0 00 0.9+0
‘Zi’;’ 00 0+0 00 00
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Fig-1: Dot plot of Flow cytometry analysis of the splenocytes

A : Control cell population for B Cells & T Cells.

B : Control cell population for CD4" & CD8" Cells.
C & D: Shows labeling with Armenian hamster IgG Isotype Control FITC & Rat IgG2a k Isotype control PE respectively.
E : T Cell populations after labeling with T Cells specific antibodies.
F : B Cell populations after labeling with B Cells specific antibodies.
G & H : CD4" Cells & CD8" Cells after labeling with CD4" Cells & CD8" specific antibodies respectively.
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Fig-2: Dot plot of various splenocytes percent profile in different mice strains.
A & B for C57BL; C & D for Swiss; E & F for C3HeJ; G & H for BALB/C.
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