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Abstract

Surface markers are used to identify distinct cell populations. CD62L, a cell adhesion molecule on
leukocytes, is used to identify and segregate central memory T (TCM) and effector memory T (TEM) cells.
In the present study, we evaluated the effects of experimental conditions on surface CD62L expression of
primary murine CD3+CD4+ T cells. We found that CD62L expression levels were more resistant to
collagenase D treatment. Prolonged culture (at 37°C) and preservation (at 4°C) periods resulted in
modulation of surface CD62L expression in vitro. These results provide valuable information for the
development and optimization of a reliable method for detecting of CD62L expression in vitro.
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Introduction
CD62L, also known as L-selectin, is a cell adhesion molecule
that is constitutively expressed on leukocytes [1]. CD62L acts
as a homing receptor and is involved in leukocyte homing to
peripheral lymph nodes, which contributes to the initiation and
maintenance of immune responses to pathogens [2]. CD62L-
knockout mice exhibit a severe reduction in the number of
lymphocytes homing to peripheral lymph nodes [3]. CD62L is
found on the surface of naïve T cells, which need to enter
secondary lymph nodes to encounter their target antigen [4].
Rapid down-regulation of CD62L on activated T cells has been
shown to prevent their re-entry into peripheral lymph nodes
[5]. More importantly, distinct subpopulations of memory T
cells have been described and are recognized based on their
differential expression of CD62L [6]. Central memory T (TCM)
cells, which are located in secondary lymphoid organs, are
characterized by their surface CD62L expression and
CD45RO/CD44 activation marker in humans and mice [6,7].
Effector memory T cells (TEM), which are thought to confer
immediate effector function in peripheral tissues, have lost the
homing receptor CD62L [6]. It has been reported that surface
CD62L expression can dramatically change within minutes,
even during standard laboratory procedures such as Ficoll-
Hypaque/Percoll density gradient centrifugation and storage at
room temperature for more than 4 h [8,9]. These findings
suggest that CD62L expression might be sensitive to
experimental conditions. In the present study, we evaluated the
effects of enzymatic digestion, cell culture and preservation
conditions on surface CD62L expression on primary murine
CD3+CD4+ T cells. These findings provide valuable

information for the development and optimization of a reliable
method for detecting CD62L expression.

Materials and Methods

Animals
Six to eight week-old female C57BL/6 mice (the Animal
Laboratory Center, Wuhan University) were fed a commercial
pellet diet and provided water ad libitum. The mice were
housed under standard laboratory conditions of temperature
(22°C), humidity (40-60%), and lighting (12 h light/dark
cycle). Animal maintenance, care and use were performed in
compliance with all guidelines and approved by the
Institutional Animal Care and Use Committee of Wuhan
University.

Lung and spleen collection and lymphocyte
preparation
Mice were sacrificed and placed in dorsal recumbency. The
spleen and lung tissues were collected. The spleens were
homogenized as previously described [10]. The connective
tissues and other debris were removed with a nylon mesh filter.
After the red blood cells were lysed with Tris-buffered
ammonium chloride, the splenocytes were cultured (2 × 106

cells per ml) in a humidified atmosphere with 5% CO2 at 37°C
or preserved at 4°C in RPMI-1640 tissue culture medium
supplemented with 10% heat-inactivated fetal bovine serum
(Gibco, Grand Island, NY, USA), 10 mM L-glutamine, 100
U/ml penicillin and 100 mg/ml streptomycin. In the enzyme
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digestion group, the splenocytes were incubated with
collagenase I, IV, V or D for the indicated time periods at
37°C. All collagenases were derived from Clostridium
histolyticum (Sigma-Aldrich, St. Louis, MO, USA). After
washing, the cells were collected for Flow Cytometry (FCM)
analysis. To prepare single-cell suspensions from murine lung
tissue, three different procedures were used. In the mechanical
dissociation group, the lungs were perfused with 10 ml
Phosphate-Buffered Saline (PBS) through the right ventricles
of the hearts before removal. The lung tissue was then gently
dissociated over a sterile, metallic sieve screen. Once the tissue
was dissociated, the cells were filtered through a nylon mesh
filter to remove the connective tissue matrix. Next, the cells
were washed and seeded into cell culture plates. In the enzyme
digestion group, lung tissue was cut into small pieces and
incubated with 5 ml of collagenase I, IV, V or D (1 mg/ml in
PBS) for 10 min at 37°C. In the broncho-alveolar lavage fluid
(BALF) group, the murine lung was lavaged three times with
0.5 ml of PBS containing 10 % fetal bovine serum. The
retained BALF was centrifuged at 300 Xg for 5 min at 4°C to
collect cell pellets. The BALF cells were resuspended in 200 μl
of PBS for FCM analysis.

FCM analysis
The cells were collected and washed with PBS and, then
stained with APC anti-mouse CD3 (clone: 145-2C11,
Biolegend, San Diego, CA, USA), FITC anti-mouse CD4
(clone: RM4-5, Biolegend) and PerCP anti-mouse CD62L
(clone: MEL-14, Biolegend). Propidium Iodide (PI) staining
was used in FCM analysis to exclude dead cells and assess cell
viability. During FCM analysis, 2 μg/ml of fluorescent-labeled
antibody (anti-CD3, anti-CD4 and anti- CD62L antibodies)
was incubated with 1 × 106 cells in 100 μl of FACS Buffer
(PBS, 0.5-1 % bovine serum albumin) for 30 min at room
temperature according to the manufacturer’s instruction. The
cell suspensions were analysed with a BD Accuri™ C6 Plus
flow cytometer (BD Biosciences, Franklin Lakes, NJ, USA).
Gates were set based on the staining profile of the isotype
control. The data were analysed using FlowJo software
(version 7.6.3, Ashland, OR, USA).

Statistics analysis
The data were analysed with SPSS software (SPSS, Inc.,
Chicago, IL USA). Differences were considered statistically
significant for p-values<0.05. Experimental data were analysed
by analysis of variance.

Results

CD62L expression of splenic CD3+CD4+ T cells is
more resistant to collagenase D treatment than to
collagenases I, IV and V treatment
Several studies showed that collagenase-based digestion
procedures resulted in changes in the expression of some
molecules on the leucocyte cell surface [11,12]. Here, we

assessed the effects of collagenases I, IV, V and D digestion on
the surface CD62L expression of splenic CD3+CD4+ T cells.

Figure 1. Effect of digestion time on CD62L expression of splenic
CD3+CD4+ T cells after collagenase treatment. Splenocytes were
incubated with collagenases I, IV, V or D (1 mg/ml) for the indicated
time periods (0 min, 10 min, 30 min, 1 h, 1.5 h and 2 h) at 37°C. The
surface CD62L expression of CD3+CD4+ T cells was determined by
FCM. A: Quantification of surface CD62L expression of CD3+CD4+

T cells. The data are presented as the means ± SD. Similar results
were obtained in at least three independent experiments; B:
Representative histograms show surface CD62L expression of
CD3+CD4+ T cells. MFI: Mean Fluorescence Intensity. C: FCM
contour plots show the CD3+CD4+ T cell populations.

As expected, incubation of dissociated tissue with collagenases
(I, IV, V and D) for 2-4 h resulted in reduced cell viability
(data not shown). Therefore, we measured surface CD62L
expression within 2 h of collagenase treatment. As shown in
Figure 1A and 1B, when 1 mg/ml of collagenases were used,
CD62L expression of splenic CD3+CD4+ T cells was
significantly reduced after 10 min digestion with collagenase I.
CD62L expression did not change when the cells were
incubated with collagenase IV and V for 10 min, while 30 min
treatment with collagenases IV and V caused a significant
reduction in CD62L expression (Figures 1A and 1B). Only
collagenase D had a minor effect on CD62L expression within
30 min of digestion (Figures 1A and 1B). After 1 h digestion,
the CD62L expression levels of splenic CD3+CD4+ T cells
were greatly reduced in all collagenase-treated groups (Figures
1A and 1B). These results indicated that CD62L expression of
CD3+CD4+ T cells was more resistant to collagenase D
treatment than to collagenases I, IV and V treatment.
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Figure 2. Effect of various concentrations of collagenase on CD62L
expression of splenic CD3+CD4+ T cells. Splenocytes were incubated
with various concentrations (0.03-5 mg/ml) of collagenases I, IV, V or
D for 10 min at 37°C. Surface CD62L expression of CD3+CD4+ T
cells was determined by FCM. A: Quantification of the surface
CD62L expression of CD3+CD4+ T cells. The data are presented as
the means ± SD. Similar results were obtained in at least three
independent experiments; B: Representative histograms show the
surface CD62L expression of CD3+CD4+ T cells; C; FCM contour
plots show the CD3+CD4+ T cell populations.

Unlike the effects of collagenase treatment on CD62L
expression, there were only minor changes in the expression of
CD4 and CD3 on the cells within 30 min of collagenase
digestion (I, IV, V and D, Figure 1C). However, the proportion
of splenic CD4+CD3+ T cell was greatly decreased after 1 or
1.5 h digestion in the collagenases I, IV and V treatment
groups, because of the substantial reduction in CD4 expression
in the cells. CD4 expression was slightly reduced when the
cells were treated with collagenase D for 2 h (Figure 1C).
These results suggested that different surface molecules had
varying sensitivities to different collagenase digestions.

The effects of various concentrations of collagenase on CD62L
expression were also assessed. As shown in Figures 2A and
2B, when the cells were incubated with collagenases for 10
min, CD62L expression was significantly reduced as the
concentration of collagenase I was increased to 1 mg/ml. CD4
expression was also reduced when the cells were treated with 5
mg/ml of collagenase I. However, increased collagenases IV, V
and D had only minor effects on the expression of CD62L,
CD3 and CD4 during 10 min digestion (Figures 2A-2C).

CD3+CD4+ T cells are highly enriched in the murine
lung parenchyma
T cells isolated from peripheral tissues have been widely used
to evaluate adaptive immune response in situ. Therefore, we
assessed the distribution of CD4+ T cells in murine lungs. We
prepared cell suspensions from lung tissues and BALF and
determined the CD4+ T cell percentage by FCM. As shown in
Figure 3, the percentage of CD3+CD4+ T cells in the total cell
population was approximately 8.52 ± 0.41% in the lung, which
was 16-fold higher than the percentage of CD3+CD4+ T cells
in the BALF (0.53 ± 0.23%). In the control group, the
percentage of CD3+CD4+ T cells was approximately 23.7 ±
1.35% in the spleen, which is consistent with the results of a
pervious study [13]. Here, our results demonstrated that very
few CD3+CD4+ T cells were present in the BALF. T cells were
highly enriched in the murine lung tissue. Therefore, in the
experiments below, we prepared CD3+CD4+ T cells from lung
tissue.

Figure 3. CD3+CD4+ T cells are highly enriched in the lung tissue.
The CD3+CD4+ T cells from murine lung or spleen were determined
by FCM. A: Representative contour plots show the percentages of
CD3+CD4+ T cells in the lung (left panel), BALF (middle panel) and
spleen (right panel). Cell suspensions were prepared as described in
the materials and methods. To prepare single-cell suspensions from
murine lung tissue, the tissue was cut into small pieces and incubated
with collagenase I for 30 min; B: Quantification of the percentages of
CD3+CD4+ T cells in the lung, BALF and spleen. The data are
presented as the means ± SD. Similar results were obtained in at least
three independent experiments.

Ten minutes of digestion with collagenases have minor
effects on CD62L expression of lung CD3+CD4+ T
cells
Collagenases are generally used for tissue disintegration and
the isolation of lymphocytes from murine lungs. Mechanical
dissection combined with collagenase digestion resulted in
greater yields of viable cells compared with pulverization
[14,15]. Therefore, we assessed the effects of collagenase
digestion on CD62L expression on lung CD3+CD4+ T cells. As
shown in Figure 4A, the lung tissue was more effectively
digested and dissociated by collagenase treatment than by
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mechanical dissociation. The CD62L expression of lung
CD3+CD4+ T cells was more resistant to collagenase I
treatment compared with splenic CD4+CD3+ T cells, because
the CD62L expression of lung CD3+CD4+ T cells was not
significantly altered after 10 min of digestion in all collagenase
treatment groups (Figures 4B and 4C). However, more than 30
min of digestion with collagenase I caused a significant
reduction in CD62L expression of lung CD3+CD4+ T cells
(Figures 4D and 4E). These results indicated that 10 min of
digestion with collagenases (I, IV, V and D) had minor effects
on CD62L expression of lung CD3+CD4+ T cells.

Figure 4. Ten minutes of digestion with collagenases has a minor
effect on surface CD62L expression of lung CD3+CD4+ T cells. A-C:
Lung tissue was cut into small pieces and incubated with 1 mg/ml of
collagenases I, IV, V or D for 10 min at 37°C. A: Lung single cells
were counted, and the efficiency of digestion/dissociation was
expressed as numbers of single cells per gram of lung tissue (106

cell/g); B: Surface CD62L expression of CD3+CD4+ T cells; C:
Representative histograms show surface CD62L expression of
CD3+CD4+ T cells; D and E: Lung tissue was cut into small pieces
and incubated with 1 mg/ml of collagenase I for the indicated time
periods (0 min, 10 min, 30 min, 1 h, 1.5 h and 2 h) at 37°C. Surface
CD62L expression of CD3+CD4+ T cells was determined by FCM;
D: Surface CD62L expression of CD3+CD4+ T cells. E:
Representative histograms show surface CD62L expression of
CD3+CD4+ T cells. All data in A, B and D are presented as the
means ± SD. Similar results were obtained in at least three
independent experiments.

CD62L expression of CD3+CD4+ T cells is dynamic
during in vitro culture at 37°C and preservation at
4°C
Next, we determined the surface CD62L expression of
CD3+CD4+ T cells cultured in vitro. Murine splenocytes were
cultured under conventional conditions (as described in the
materials and methods) in humidified atmosphere with 5%
CO2 at 37°C. As shown in Figure 5A, the cell viability curve
progressively reduced over time. These data indicated that the
total number of viable cells decreased over the culture period.
However, the percentage of CD62L+CD3+CD4+ cells among
viable cells gradually increased during the 2 h culture period
and plateaued within 12 h in the in vitro culture period (Figures
5A and 5B). These results indicated that the prolonged in vitro

culture period enriched the CD62L+ cells in the CD3+CD4+ T
cell population. The percentage of CD3+CD4+ cells did not
change within 36 h of in vitro culture. However, the percentage
of CD3+CD4+ cells increased after 144 h of in vitro culture
(Figure 5C).

Figure 5. CD62L expression of CD3+CD4+ T cells is dynamic during
in vitro culture at 37°C. Murine splenocytes were cultured at 37 °C in
vitro. Surface CD62L expression levels of CD3+CD4+ T cells were
determined by FCM. A: Quantification of the surface CD62L
expression of CD3+CD4+ T cells and cell viability (%). Cell viability
(%) was expressed as the number of viable cells against the initial
cell number (%). The data are presented as the means ± SD. Similar
results were obtained in at least three independent experiments; B:
Representative histograms show the surface CD62L expression of
CD3+CD4+ T cells; C: FCM contour plots show the CD3+CD4+ T
cell populations.

Figure 6. CD62L expression of CD3+CD4+ T cells was significantly
reduced after 72 h of in vitro preservation at 4°C. The murine
splenocytes were preserved at 4°C in vitro. Surface CD62L
expression levels of CD3+CD4+ T cells were determined by FCM. A:
Quantification of the surface CD62L expression on CD3+CD4+ T
cells and cell viability (%). Cell viability (%) was expressed as the
number of viable cells against the initial cell number (%). The data
are presented as the means ± SD. Similar results were obtained in at
least three independent experiments; B: Representative histograms
show surface CD62L expression of CD3+CD4+ T cells; C: FCM
contour plots show CD3+CD4+ T cell populations.

When splenocytes were preserved at 4°C in vitro, cell viability
was decreased as the preservation time increased (Figure 6A).
The percentage of viable cells was more than 80 % within 36 h
of incubation, but was greatly decreased to 20 % after 120 h of
preservation at 4°C (Figure 6A). As shown in Figures 6A and
6B, more than 48 h of preservation slightly decreased CD62L
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expression on CD3+CD4+ T cells. Significant differences were
detected in the percentage of CD62L expression when the cells
were preserved in vitro at 4°C for more than 72 h (Figures 6A
and 6B). These results demonstrated that more than 72 h of
preservation at 4°C led to reduced CD62L expression of
CD3+CD4+ T cells. The percentage of CD3+CD4+ cells
slightly decreased after 120 h preservation because of a
substantial loss of these cells (Figure 6C).

Discussion
During the secondary immune response, memory T cells
induce a more effective and faster immune response than the
primary immune response to eliminate the infection. Some
surface markers have been used to identify distinct memory
cell populations and delineate various stages in these cells.
CD62L, a homing receptor, is required for lymphocytes to
enter secondary lymphoid tissues and initiate T-cell rolling.
CD62L is highly expressed on TCM cells and is considered a
typical marker for identifying both human and murine TCM
cells [6,7]. TCM cells continuously recirculate via the blood
stream to lymphoid organs, have a high proliferative capacity
and rapidly become effectors upon re-exposure to antigens
[6,16]. To date, a limitation in studies of memory T cells is that
CD4 memory is far less well understood than CD8 memory,
and very little is known about the optimal generation of
memory T cells or kinetics of the effector to memory cell
transition [17]. More importantly, the expression of cell surface
markers may be influenced by experimental conditions, which
makes it difficult to draw accurate conclusions based on
experimental data. Thus, it is necessary to determine the effects
of experimental conditions on CD62L expression of T cells,
particularly CD4+ T cells.

In the present study, we evaluated the effects of enzymatic
digestion on the surface CD62L expression of primary murine
CD4+ T cells from both spleen and lung tissues. Our results
demonstrated that CD62L expression of splenic CD3+CD4+ T
cells was more resistant to collagenase D treatment than to
collagenases I, IV and V treatment (Figures 1A, 1B, 2A and
2B). We found that CD62L expression did not decrease within
30 min of digestion with 1 mg/ml of collagenase D (Figures
1A and 1B). Consistent with our data, Autenberger et al. also
showed that collagenase D treatment had only minor effects on
the surface expression of 48 molecules tested, including
CD62L [18].

The expression of CD62L of lung CD3+CD4+ T cells was
more resistant to collagenase I treatment compared with that of
splenic CD4+CD3+ T cells. Ten minutes of digestion with
collagenase I (1 mg/ml) caused a marked loss in CD62L
expression of splenic CD3+CD4+ T cells (Figures 1A, 1B, 2A
and 2B), but had only minor effects on CD62L expression of
lung CD3+CD4+ T cells (Figures 4B and 4C). This difference
is probably related to the variations in the experimental
procedures used for lymphocyte preparation and collagenase
treatment. Single splenic cells were prepared and treated with
collagenases, while these collagenases were added to small
pieces of lung tissue to prepare single cells. Therefore,

collagenases function more effectively on splenic cells than on
lung cells. Collagenase treatment has been used for tissue
disruption and dramatically improves lymphocyte release from
tissues [11,14]. However, in studies on the function of TCM
isolated from tissues, removing surface CD62L molecules
during the isolation process may reduce or eliminate any
observable outcome in the experiments. Therefore, less than 10
min of tissue dissociation with collagenase treatment is suitable
for studying TCM cells from peripheral tissues.

Although less than 2 h of cell culture (at 37°C) and less than 72
h of preservation (at 4°C) did not result in changes in surface
CD62L expression of CD3+CD4+ T cells in vitro, CD62L
expression was greatly modulated by prolonged incubation at
37°C and 4°C (Figures 5A, 5B, 6A and 6B). These findings
indicated that surface CD62L expression was sensitive to the
extracellular environment and environmental temperature.
CD62L expression on CD3+CD4+ T cells in vitro should be
detected in less than 2 h (or less than 72 h) under conventional
cell culture conditions (or preservation). Some published
studies have reported that cryopreservation and subsequent
thawing did not alter the proportion of T cell subsets, but levels
of CD62L expression of CD4+ T cells were reduced on thawed
cells but restored if these cells were cultured overnight after
thawing [19-21]. Shete et al. reported differential modulation
of phenotypic composition of HIV-infected and HIV-
uninfected peripheral blood mononuclear cells during
cryopreservation, and they reported a significant decrease in
CD62L-expressing CD8+ cells [22]. These reports indicated
the lability of CD62L in response to cryopreservation [22].
Additionally, several studies have indicated that in vitro
generation and maintenance of T memory-like cells require
antigenic restimulation and supplementation of cytokines such
as Interleukin (IL)-2, IL-7 and IL-15 during cell culture
[23-26]. We will investigate the mechanisms of reduction or
enhancement of surface CD62L expression under these
conditions in future studies. Moreover, because of the
fluctuations in CD62L expression, we suggest using a
combination of several markers (CCR7, CD62L, or other
markers such as CD27, CD43, and/or CXCR3) for identifying
and segregating TCM and TEM cells, particularly for T memory-
like cells generated in vitro [6,11,23].
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