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Introduction
Trafficking of lymphocytes through lymphatics and secondary lymphoid organs is crucial for
immunity. While the process of T lymphocyte migration across high endothelial venules (HEV) into
lymph nodes (LN) is well characterized, relatively little is known about the mechanisms that regulate
migration of lymphocytes from tissues into afferent lymphatics. Several groups have attempted to
develop in vitro methods to investigate lymphatic migration. Culture of freshly isolated lymphatic
endothelial cells has proven very difficult, and ultimately no cell line produced has been shown to
retain a lymphatic lineage after multiple rounds of passage.
The C3H/HeJ mouse endothelial line SVEC4-10 is an SV-40 transformant of endothelial cells isolated
from the axillary LN, and has been variously reported as lymphatic, HEV, or blood microvascular
endothelium. We have characterized this cell line via flow cytometry, RT-PCR, and gene array
analysis, and have determined that it represents a lymphatic endothelial cell lineage. We have also
shown that migration of T cells across this cell line in vitro recapitulates in vivo migration of T cells,
across lymphatic endothelial cells such that T cells migrate only in a basal (abluminal) to apical
(luminal) direction. This protocol outlines the methods for manipulating these cells and performing
transendothelial migration.

Reagents
SVEC4-10 cell line (CRL-2181), American Type Culture Collection (ATCC)
Dubelcco’s Modified Eagle’s Medium, with 4 mM L-glutamine and 4.5 g/L glucose, Gibco
Fetal Bovine Serum, ATCC
0.05% Trypsin–EDTA 1x, Gibco
Trypan Blue Stain 0.4%, Gibco
EIA grade gelatin powder, Bio-Rad Laboratories
PBS tablets without calcium or magnesium, MP Biomedicals
Sterile water, Gibco
RPMI medium 1640 1x, Gibco
Penicillin 100x solution, Gibco
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L-glutamine, Gibco
Streptomycin solution, Gibco
β-Mercaptoethanol, Gibco
Hematoxylin and Eosin Stain kit, VWR Scientific Products
Methanol, ACS spectrophotometric grade, Fisher Scientific
Gel/Mount Aqueous Mounting Medium, Biomeda Corporation
ACK lysing buffer, BioWhittaker
Mouse recombinant CCL19, R & D Systems

Equipment
Costar 75 cm2 tissue culture flasks, Corning
Costar filter systems 0.22 μm pore size, Corning
Costar 24 well tissue culture cluster, flat bottom, tissue culture treated, Corning
Costar 12 well tissue culture cluster, flat bottom, tissue culture treated, Corning
Costar transwell clear permeable inserts, 6.5 mm diameter, 3.0 μm pore size, Corning
37°C, 5% CO2, incubator, Forma Scientific
RT7 Plus centrifuge, Sorvall
CK40 microscope, Olympus
Sharp forceps (#4), Fine Surgical Tools
Brightline hemacytometer, Hausser Scientific
Mouse T-cell enrichment column kit, MTCC-25, R & D Systems
50 ml centrifuge tubes, Corning
Superfrost/Plus microscope slides, Fisher Scientific
22 x 75 mm Cover glass, Corning

Procedure
Cell Culture:
1) Care and culture of the SVEC4-10 cell line is according to the supplier’s protocol (American Type
Culture Collection).
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2) Passage cells according to the supplier’s protocol.
Plating Transwell Insert:
1) Check tissue culture flasks to ensure endothelial cell cultures are viable and have achieved
confluence.
2) Before passage of cells, prepare 0.1% gelatin mixture to place on transwell insert. Prepare by the
following procedure:
0.1% Gelatin Mixture
0.1 g gelatin
1 tab PBS
100 mL sterile water

2a) Place above ingredients into glass flask and place on hot plate with stir bar.

2b) Heat and stir mixture gently for 4-5 minutes, or until solution clears.

2c) Pass mixture through filtration system \(Corning).

3) Remove transwell inserts from 24 well plates and place them inverted into a 12 well plate.
4) Pipette 100 μL of 0.1% gelatin solution over each inverted transwell insert. Place plate into
incubator at 37°C for 2 hours.
5) Passage cells as described in manufacturer’s protocol. Place cells into 50cc conical tube and
centrifuge at 250 x g, 4°C, 5 minutes.
6) Discard supernatant. Add 1 ml culture medium and count live cells with 0.02% Trypan Blue.
7) Resuspend cells at a concentration of 7.5x105 cells/ml.
8) Remove plate from incubator and remove liquid gelatin overlying insert with pipette, being careful
not to scratch or puncture the membrane.
9) Place 100 μl of resuspended cells (7.5x104 cells) on inverted gelatin covered transwell insert.
10) Replace into incubator for 3 days.

4

Assess confluence of endothelial cells on transwell inserts:
1) Remove culture plate from incubator. Remove a single transwell insert from the culture plate and
replace plate into incubator
2) Fix transwell in methanol for 30 seconds.
3) Place sample in Hematoxylin component stain for 30 seconds.
4) Transfer sample to Eosin component stain for 30 seconds.
5) Rinse in water for 5 seconds.
6) Remove mesh membrane with endothelial cells from transwell insert with sharp forceps, being
careful not disrupt the cell monolayer.
7) Place on slide with tissue fixative and cover with slide cover.
8) Assess for evenly confluent cell layer. If endothelial cells have reached confluence, may proceed to
transendothelial migration assay.
T cell preparation:
1) Euthanize mice.
2) Retrieve desired tissues for T cell harvest, e.g. spleen, lymph nodes, etc.
3) Place tissues in 50 ml conical tubes with 15 ml complete RPMI medium 1640.
4) Carefully dissociate tissues, removing stromal components.
5) Wash cells x3, 250 x g, 4°C, for 5 minutes.
6) Remove supernatant and treat cells with ACK Red Blood Cell lysing buffer per manufacturer’s
protocol. Treat for 5 minutes at room temperature.
7) Add 30 ml media and wash x3, 250 x g, 4°C, for 5 minutes. Remove supernatant and resuspend
cells in 1-2 ml 1x R & D T-cell enrichment column buffer.
8) Isolate T cells via enrichment column per manufacturer’s protocol.
9) Wash cells x3, 250 x g, 4°C, for 5 minutes.
10) Resuspend cells in 1 ml complete medium. Count cells in 0.02% Trypan Blue stain.
11) Resuspend T cells at concentration of 5x106 cells/ml and store on ice.
12) T cells or other leukocytes can also be prepared according to local laboratory protocols.
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Migration Assay:
1) After assessing confluence as per directions above, remove 12-well plates with inverted transwell
inserts from incubator.
2) Remove bead of medium overlying inverted transwell inserts with 200 μl pipette, being careful not
to scratch the surface of the membrane.
3) Remove inverted transwell inserts from 12 well plates and replace in proper position into 24 well
plates.
4) Place 600 μl of complete medium with appropriate chemotactic signal (e.g., chemokine) in bottom
of well. Add 100 μl of previously prepared T cells (5x105 cells) to upper chamber of transwell. Set up
wells in triplicate for each condition.
5) Incubate, 37°C, 4 hours.
6) Remove plate from incubator. Remove transwell inserts and gently agitate remaining unmigrated
cells in upper chamber with a pipette and remove for quantification. Membranes with endothelial
monolayers can be removed with sharp forceps and stained per local laboratory protocol to asses
cells within endothelium.
7) Resuspend cells in lower well in 1 ml medium and count using hemacytometer to quantify
migration.

Timing
–3-5 days for initial cell culture
–Plating transwell inserts with SVEC4-10 cells: 2 hours
–Growth of SVEC4-10 cells on transwell inserts: 3 days
–Migration assay setup: 4 hours
–Migration assay incubation: 4 hours
–Migration assay quantification: 1 hour

Critical Steps
Plating transwell insert, step 3: The standard transwell assay requires that cells be placed in the
upper chamber of the transwell apparatus. If the endothelial cells were grown on the upper surface of
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the insert, T cells would first contact the apical, or luminal, surface of the endothelial cells. By growing
the endothelial cells on the inverted transwell insert, cells used for the transendothelial migration
assay will initially contact the basal, or abluminal, surface of the endothelial cells, thus recapitulating
lymphatic transendothelial migration in vivo.
Assess confluence of endothelial cells on transwell inserts, step 8: A confluent monolayer is essential
for the experiment. If cells are overgrown, T cell migration across this layer will be impaired. If there
are large gaps in the endothelial cell layer, a much greater number of T cells will migrate and
artificially inflate the measured transmigration.

Troubleshooting
1.

Cells do not reach confluence within culture flasks after five days. –Ensure that cells
have not undergone more than five passages. Occasionally, the cell line loses
viability after greater than five passages of the original cell culture.

2.

Cells do not reach confluence when grown on transwell insert. –Ensure that proper
numbers of endothelial cells were placed onto transwell (7.5x10 4 cells). When a
larger number of cells is grown on gelatin matrix overlying the transwell insert, the
cells form tubular structures within three days of incubation.

3.

Cells do not form confluent monolayer, but instead grow in clusters on transwell
insert. –Ensure that endothelial cells are well resuspended in medium as a single-cell
suspension after passage and quantification of cells.

4.

Very small amount of cells undergo transmigration to lower compartment. –First
ensure cell counts are correct. Next, ensure that cells are properly resuspended and
removed from lower portion of transwell. If problem persists, ensure chemokine
concentration is sufficient to induce chemotaxis of cells.

Anticipated Results
One can expect under normal circumstances that 15-30% of naive T cells placed into the upper
chamber of the transwell will migrate into the lower chamber of the transwell to a gradient of 0.5
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μg/ml CCL19 (Figure 1 – bar graph of basic migration experiment).
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Figures

Figure 1
Basic migration experiment. Percent migration of T cells from the upper chamber of the
transwell insert to the lower chamber toward a gradient of the various chemokines shown
(chemokines at concentration of 0.5 &#x3BC;g/ml).

The sphingosine 1-phosphate receptor 1 causes tissue retention
by inhibiting the entry of peripheral tissue T lymphocytes into
afferent lymphatics
by LG Ledgerwood, G Lal, N Zhang, +12
Nature Immunology (03 October, 2007)
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