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ABSTRACT
Lymph nodes are found within the body have B, T, and other 
immune cells and help to filter and trap foreign particles. Like 
any other primary culture, lymph node culture would retain 
many of the differentiated characteristics of cells in vivo; thus, 
they have the potential for acting as an alternative method to 
the mammalian model.

For setting up primary lymph node culture in mice, different 
types of lymph nodes were collected from mice, followed by 
isolation, activation and cryopreservation of cells from a lymph 
node. The present review emphasizes various procedures used 
for isolation, activation and cryopreservation of lymph node 
cells. Isolation of cells was performed by collagenase digestion, 
teasing apart of lymph node using dissecting needle or lymph 
nodes were disrupted between two frosted slides. Concanavalin 
A has been widely used to stimulate mice lymph node cells. 
A low dose of Con A has a stimulatory effect on T cells but 
high dose have inhibitory action and caused suppression of 
proliferation of T cell. Balb/c mice and C57Bl/6 mice were used 
for a different dose of Con A. The addition of cryoprotective 
agents, e.g.dimethylsulphoxide and careful control of cooling 
rates, affords protection from cell damage during freezing.
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INTRODUCTION

Lymph nodes are important secondary lymphoid organs 
present at lymphatic intersection in the body, allowing 
efficient interaction between antigen presenting cells 
and naive T and B-cell and enhancing the effective 
initiation of an immune response.1 Lymph nodes have 

three compartments, the cortex, paracortex and medulla. 
B and T cells are located in different areas within these 
compartments. They interact with antigen-presenting 
cells, and undergo clonal expansion.2 Lymph node culture 
is a primary culture in which there is maintenance of 
growth of cells separated from the parental tissue (such 
as kidney, liver) using the mechanical or enzymatic 
methods, in culture medium using suitable glass or 
plastic containers place under controlled conditions.3 

There are many substances have the ability to stimulate 
RNA, protein and DNA synthesis in lymphocytes. Many 
of these substances are competent to trigger a lymphocyte, 
such as phytohaemagglutinin (PHA), Concanavalin A 
(Con A), bacterial toxins, antilymphocytic serum (ALS) 
and streptolysin, responded with DNA synthesis at 
optimal doses of the mitogens but not able to stimulate 
the cells at lower and higher dose.4 Con A is a jack bean 
lectin,5 obtained from Canavalis ensiformis,is widely used 
as T-cell specific mitogen.6 Con A bind to glycoprotein, 
glycolipids7 which stimulates the Ca2+-dependent step 
involved in T cell receptor stimulation, leading to 
interleukin-2 (IL-2) production. Antigen binding of T 
cell receptor stimulates the secretion of IL-2 and lead to 
the expression of IL-2 receptor (IL-2R). The IL-2/IL-2R 
interaction stimulates the growth, differentiation, and 
survival of antigen (Ag) selected cytotoxic T cells via the 
activation of specific gene expression.8 

Cryopreservation of cell is a method which is 
used for storing a living organism for a long time at 
extremely low temperature. The process includes the 
preservation of cells or whole tissues on 77°K or -196°C 
with cryoprotectant (DMSO).9 The present review clearly 
explained the role of Con A for T cell stimulation. Various 
techniques have been proposed for isolation, activation 
and cryopreservation of lymph node cells obtained from 
different species of mice.

ISOLATION OF LYMPH NODE CELLS

In steady-state conditions, the number and distribution of 
lymphocyte populations are under homeostatic control. 
There is continuous generation of new lymphocytes 
in primary and secondary lymphoid organs and then 
achieve immune-competence within different tissues. 
These new lymphocytes must challenge with resident 
cells for survival. The first step in studying lymphoid 
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tissue cells is their isolation in intact and viable form, 
appropriate for the establishment of in vitro culture 
systems.

TECHNIQUES INVOLVED FOR ISOLATION OF 
LYMPH NODE CELLS

The peripheral lymph nodes were isolated from the 
surrounding tissue and were placed in ice-cold PBS 
(Phosphate buffer saline) and agarose gel was poured. 
Embedded nodes were attached to the specimen disk of 
the vibratome with non-toxic tissue glue. Agar-embedded 
tissue was sectioned at 320 μm thickness. Iincubation 
of culture was done at 37°C in a 5% CO2 humidified 
incubator. It was a very effective and quick technique for 
generating lymph node slices. These were then used to 
investigate the behavior of introduced T cells.10

Various other techniques have been proposed for the 
isolation of lymph node cells. Animals were anesthetized 
and the complete gastrointestinal tract was removed by 
subdiaphragmatic transection of the esophagus and the 
colon. The tract was then placed in chilled KHB (Krebs-
Henseleit buffer). Mesenteric lymph nodes were isolated 
and collected tissues were centrifuged at 500 g. Single-cell 
suspension from mesenteric lymph node was prepared, 
passed through a 100 nm nylon mesh into a 15 ml tube 
filled with 20% FCS. The collected cells were washed and 
stored in CMF/20% FCS (Combined Magnetic Field) on ice.11 

Other technique include enzymatic digestion. 
Enzymatic digestion of lymph node was done to produce 
single cell suspension. The popliteal lymph node was 
isolated from F1 hybrid rat. Centrifugation of isolated 
cells were done at 250g for 5 minutes and then cell were 
plated in RPMI 1640. Collagenase digestion was used to 
obtained primary lymph node cultures. After 1–2 days 
the isolated cells proliferated, and it was observed that 
lymph node cultures contained high endothelial cells, 
and they show expression of a surface determinant for 
lymphocytes in vitro.12 

Inguinal, axillary, and cervical lymph nodes from 
BALB/c mice and C3H mice were isolated. They were 
rinsed three times in medium and teased apart with 
dissecting needles. The resulting cell suspension was 
filtered through gauze to remove large debris. The cells 
were washed three times in medium supplemented with 
10% FCS and total and viable counts (trypan blue) were 
performed.13 Mesenteric lymph node played a pivotal 
role in mediating food allergy. Mice were killed and 
lymph node were aseptically removed and disrupted 
between two frosted glass slides into 3mL of RPMI 1640 
medium supplemented with 10% heat-inactivated fetal 
bovine serum and passed through a wire-mesh filter. This 
technique was used to obtain a single-cell suspension.14

ESTABLISHMENT AND ACTIVATION OF LYMPH 
NODE CULTURE BY CONCANVALIN A

The protein Con A is a lectin found in the jack bean. 
Various biological effects of Con A include mitogenesis, 
cytotoxicity, hepatotoxicity, and teratogenicity in cell 
cultures. Stimulation of DNA synthesis in animal 
cells was stimulated by Con A. It has potency as an 
immunostimulant and effective model agent for hepatic 
failure. Con A has the ability to induced mitogenesis (an 
induced mitotic cellular division) in T cells which have 
been associated with cytokine expression and secretion.15

The plant mitogen Con A, PHA and PWM expressed 
their mitogenic response at various doses on cultivating 
samples of mice in 1 ml of RPMI 1640 media. After 48 
hours, when [SH] thymidine was added in culture and 
kept for 24 hours, the result showed that mitogen have 
the ability to react with T cells in vitro was greater in 
mitogen-treated nude mice than normal mice.16 Con A 
activates peripheral lymph node T cells by activating 
T cell activating factor (TAF) and proliferate the IL-2 
response. In the presence of Con A, TAF stimulated 
IL-2 mRNA in T cells at steady-state level. TAF has an 
important role in primary T cell immune responses as it 
secretes active IL-2 into the culture medium and causes 
proliferation of the T cells.17

During mitogenic stimulation, dose range of Con 
A plays an important role. Low doses of Con A have 
stimulatory effect on T cells, but high dose have inhibitory 
action and caused suppression of proliferation of T cell 
and enhanced T cell death in C57BL/6 mice.18 Another 
study was done on lymph node cell cultures stimulated 
with Con A, which induced either suppression (at 
high concentrations) or further stimulation (at lower 
concentrations) of the proliferative activity in C57BL/6J 
female mice. Gel filtration of the extracts revealed that 
suppressive activity was due to factors of molecular 
weight in the 50,000-96,000 range, while stimulation 
was due to factors in the 13,000-35,000 molecular weight 
range.19

Mechanism of lymphocyte stimulation by Con A was 
studied. Monovalent form of Con A (m-Con A) binds to 
lymphocyte surface receptor but does not stimulate blast 
formation or cytotoxicity. It was suggested that Con A 
bridge binding sites on the lymphocyte surface to induced 
lymphocyte activation. The mechanism by which Con 
A exert it biological effect on lymphocyte depends upon 
various factors like the organization of its subunit, the 
number and type of binding sites and valence. 

In addition to the stimulation of blast transformation, 
the binding of Con A to lymphocyte surface receptors has 
other effects on cells, which may be related in part to the 
lectin’s mitogenic properties. These include increased 
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phospholipid incorporation into the membrane, increased 
flux of ionic potassium, calcium and increased uptake of 
nucleotides, sugars, and amino acids.20 In another study, 
Con A covalently bound to acrylic polymer particles and 
stimulated rat lymphocytes into DNA synthesis. The 
average maximum number of Con A that bound was 
about 5x106 per cell. The result indicated that Con A’s 
free sugar-binding site was essential for binding to the 
cell. Con A was required for an initial interaction of the 
mitogen with the surface of the cells.21

Con A act as a polyclonal T-cell activator and 
mimics antigen in generating cytotoxic T lymphocytes 
from normal lymphocytes. As Con A and antigenic 
activation process are mediated by similar pathway 
and by same receptors it is possible to use concanavalin 
interchangeably in the activation of Cytotoxic T 
lymphocytes. Con A and antigenic activation processes 
are mediated by similar pathways and by the same 
receptors and the result reported that the lymphocytes 
primed to an allograft was activated specifically into 
secondary cytotoxic T lymphocytes (2°CTL) by Con A.22 

Con A stimulated lymphocytes in cell culture 
medium and also stimulated the growth of an IL-2 
level.23 However, in another study it was concluded that 
activating lymphocyte Con A also causes apoptosis of 
lymph node T cell of Balb/c mice, in vivo. Con A induced 
T cell activation has been associated with apoptosis 
and death of apoptotic cell.24 Con A’s in vivo effect on 
lymphocyte activation was also studied by using  I125 
labeled Con A, which s.c injected. route at different 
concentration (0.1-250μg/foot) in female Balb/c mice. 
Popliteal lymph node were isolated and cell suspension 
was prepared and cultured in 2x105 cells/well and 
viability was counted by using haemocytometer. The 
result showed that there is a spontaneous proliferation 
of IL-2 by the activation of IL-2 receptor.25 Balb/c mice 
infected with the intestinal intracellular parasite 
Eimeria papillata in order to characterize lymphocyte 
response and cytokine profile throughout primary and 
secondary infections. Lymphocytes were isolated from 
the mesenteric lymph node. They showed that during 
primary infection with Eimeria papillata, cells do not 
proliferate as compared to uninfected controls on day 0, 
but after Con A stimulation in vitro expressed Th2-type 
cytokines (IL-4 and IL-10) on day 3.26

IMMUNE RESPONSE IN BALB/C MICE AND 
C57BL/6 MICE

Balb/c and C57BL/6 are widely used mice strains for the 
study of immune related diseases because of Th1/Th2 
shift response pattern. Th1 (T helper 1) response is an 
essential component of immune related diseases and 

produces high amount of IL-2, IFN-γ and IL-12 and low 
amount of IL-4 and IL-5.27 Various groups have studied 
the difference between the Balb/c and C57BL/6 mice. In 
Balb/c mice Thelper cell type response were preferentially 
developed. They are more susceptible to intracellular 

parasite infection and have a higher tumor incidence 
as compared with C57BL/6 mice. Balb/c mice are more 
resistant to the induction of autoimmune diseases than 
C57BL/6 mice. The thymus and peripheral lymphoid 
organs of BALB/c mice has more CD4+CD25+ T cells than 
in C57BL/B6 mice. 28 C57BL/6 mice induce T-helper type 
2 response (IL-4, IL-5, and IL-13) while Balb/c induce 
Thelper 1 (IL-2, INF-gamma) type of response.29

CRYOPRESERVATION OF LYMPH NODE CELLS

Cryopreservation is a technique that provides optimal 
conditions for the preservation of mouse lymph node 
cells in liquid nitrogen using cooling rate techniques 
and the survival of mouse lymphocytes throughout a 
procedure for storage at (−196°C) for the improvement 
of recovery and the possible extension to the mouse 
system of cell selection by freezing. After thawing, the 
survival of cells cooled at different rates in dimethyl 
sulphoxide (DMSO, 5 or 10%, v/v) was assessed from 
the [3H] thymidine incorporation in response to PHA 
and Con A. Before freezing , the protection against 
freezing damage increased with time (up to 20 min) in 
DMSO (5%, v/v) at 0°C. During freezing and thawing , 
the cooling rate giving optimal survival was 8 to 15°C/
min for DMSO cells (5%) and 1 to 3°C/min for DMSO 
(10%). Rapid thawing (>2.5°C/min) was superior to slow 
thawing. After thawing dilution at 25 or 37°C greatly 
improved cell survival compared with 0°C; at 25°C, 
survival was optimal (75%) at a moderate dilution rate of 
2.5 min for a 10-fold dilution in FCS (10%, v/v) followed 
by gentle centrifugation (50g).30

 Dimethyl sulfoxide (DMSO) was used for 
cryopreservation of spleen and lymph node lymphocytes. 
They were frozen at 1°C/min with DMSO and stored at 
−196°C for 10 minutes and the functional recovery of 
the cell populations was monitored by the mitogenic 
response in culture after thawing. When DMSO was 5 
to 10% in the freezing medium, response to mitogen was 
40% retained, but the concentrations of DMSO required 
was ten fold higher to induced this effect than that present 
in the culture medium after freezing and thawing31 and 
similarly Grant C K also reported that the addition of 
protective agents, e.g.dimethylsulphoxide and careful 
control of cooling rates affords protection from cell 
damage during freezing. Cell samples in glass vials were 
insulated in polystyrene containers and stored directly 
in deep freeze at – 65ºC. Both rat thoracic duct cells and 
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human blood lymphocytes had been cryopreserved using 
this method. Frozen cells remained viable for periods of 
up to 1 year.32

Maximum survival was obtained by freezing of 
lymphocytes at 1ºC/min by a control procedure. Cooling 
obtained 91% survival of viable peritoneal exudated cells 
at 1ºC/min by a control, optimized procedure. There was 
no recovery of viable cells after cooling at 75ºC/min.33

Activation of T and B lymphocytes also depends upon 
seasonal changes in the mouse. From March through 
July, recoveries of viable cells were high and it was 
minimum levels in January and February. In the spring 
and summer, activation of both T and B lymphocytes by 
mitogens was maximal and then declined in October to 
only 40% of unfrozen control levels.34

CONCLUSION

The present review justifies Con A’s role, which activates 
lymphocyte in the same way as antigen-induced 
lymphocyte stimulation. Thus, Con A has been used to 
understand the mechanism by which specific antigens 
stimulate lymphocytes. It was suggested that Con A 
bridge binding sites on the lymphocyte surface to induce 
lymphocyte activation and free sugar-binding site of Con 
A is essential for the binding to the cell. Lymph node 
cell cultures stimulated with Con A, which induced 
either suppression (at high concentrations) or further 
stimulation (at lower concentrations) of the proliferative 
C57BL/6J female mice activity. C57BL/6 mice induce T 
helper type 2 response (IL-4, IL-5 and IL-13) while Balb/c 
induce T helper 1 (IL-2, INF-gamma) type of response. 
For cryopreservation of cells freezing of lymphocytes at 
1ºC/min by a control procedure yield maximum survival. 
Dilution damage during both thawing and post-thaw 
dilution may be due to osmotic swelling as DMSO and 
normally excluded solutes leave the cell. 

Future aspects of developing a primary culture of 
lymph node following all the mentioned aspects could 
be promising strategy not only to identify potential 
immunotoxicants but also to detect viruses and bacteria, 
validate disease model, perform mechanistic studies, 
understand shifts in Th1/Th2 response, to study cytokine 
activity and immunological tolerance.
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