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Short Abstract: isolation of lineage-negative progenitors can be accomplished by removal of post-mitotic cells through density gradient centrifugation, followed by depletion of mature T cells by immunomagnetic depletion.

Long Abstract: T cells develop in the thymus from uncommitted bone marrow-derived progenitors that lack mature lineage markers.  Characterization of the events that happen in early T cell lymphopoiesis, such as T lineage commitment, proliferation, and antigen receptor gene recombination, are facilitated by isolation of these rare progenitors (2-3 % of total thymocytes).  Most methods for isolating rare progenitors require depletion of more mature cells using complement, which, in turn, requires lengthy incubations at 37oC that can affect downstream analysis.  In the present method, we use density gradient depletion to remove the bulk of post-mitotic thymocytes, followed by immunomagnetic bead depletion to provide purified lineage-negative cells.  All steps are performed at 4oC, allowing cell integrity to be maintained.

Reagents:

a. mouse-tonicity Hank’s balanced salt solution (mtHBSS): 10X HBSS is based on an average human serum osmolarity of approximately 290 mOsm, whereas mouse serum is approximately 308 mOsm.  Consequently, 10X HBSS should be diluted 9.4X to make mtHBSS.  10mM EDTA, pH 7.0-7.2, can also be added.

b. fetal bovine serum (FBS).

c. DNAse stock solution: add 10mg DNAse I to 5 ml ice-cold mtHBSS, vortex gently to dissolve.  Add 5 ml ice-cold glycerol, mix well by inverson.  Since glycerol is very viscous, positive displacement (e.g., syringe) measurement is preferred.  Dispense 1-2 ml aliquots and store at -20oC (this solution will not freeze).

d. complete mtHBSS (mtHBSS-c): 94 ml mtHBSS, 5 ml FBS, 1ml DNAse stock.  This solution is usually made fresh daily, since DNAse is heat labile, even at 4oC.

e. 30% Opti-Prep solution (manufactured by Fresenius Kabi Norge AS, Oslo, Norway).  This is made by adding 1 part stock Opti-Prep (6-% solution) to one part mtHBSS.  Mix well.  Since stock Opti-prep is very viscous, positive displacement (e.g., syringe) measurement is preferred.  Diluted stock is generally used within 7-10 days or discarded.

f. lineage cocktail.  to make CD4-8- thymocytes, this includes, at the very least, antibodies recognizing CD3, CD4, and CD8.  Generally, antibodies recognizing more minor lineages found in the thymus (e.g., B220, CD11b, CD11c, FcR, erythrocytes) are also added.  The amounts of each antibody to use should be predetermined by each individual laboratory, for each individual antibody and lot, using standard methods (e.g., immunofluorescent staining and flow cytometry).

g. paramagnetic anti-immunoglobulin-coated beads specific for all components of the lineage cocktail, such as Dynabeads M450 (Dynal, Olso, Norway), if using rat-antibodies against lineage markers.

Notes:

a. All steps are performed at 4oC.  To minimize changes in surface marker expression, maintain viability, and minimize RNA degradation, it is imperative to maintain this temperature.  Unless otherwise noted, all steps are performed using mtHBSS-c (above).

b. The procedure below is based on a preparation involving at least 8-10 x 108 cells (i.e., 2-3 thymuses)  and a single 50 ml density gradient (described below).  A single preparation can accommodate up to 5 x 109 cells.  Scaling up involves using additional tubes; scaling down is possible, but will result in lower yields.

Procedure:

1. prepare a single cell suspension of thymocytes.  This can be done using any appropriate method (e.g., mesh screen);
2. centrifuge for 5 min at 250 x g.  Wash cells one time in a 50 ml clear polypropylene conical tube;

3. gently resuspend pellet without adding any buffer solution.  Gradually adjust the volume to 12.6 ml by adding mtHBSS (note: without additives, not mtHBSS-c) while gently vortexing.  Note that the volume is critical, and thus the volume of the pellet (which can be estimated visually using gradations on the tube) should be taken into consideration;

4. add 13.6 ml of 30% Opti-Prep solution to the cell suspension.  Mix gently by pipetting;
5. gently overlay the cell suspension with 4 ml mtHBSS (no additives).  This should be done by gently streaming the solution down the side of the tube using a Pasteur pipet.  The interface should be sharp and clear;

6. centrifuge at 1100 x g for 25 min.  The brake should be turned OFF;

7. after centrifugation, the pellet will contain mostly small cortical CD4+8+ cells (representing about 80-85% of total thymocytes), and the interface will contain most of the larger cells (CD4-8- cells, CD4+8+ blasts, and mature CD4+8- or CD4-8+ cells).  Using a 10 ml pipet, gently aspirate cells and solution from the interface.  Note that some cells will cling to the side, and this it is important to aspirate around the entire circumference, as well as the entire interface.  Gradually move the tip downwards to follow the interface.  Remove up to 15 ml of solution/cell suspension;

8. dilute the aspirate to 50ml using mtHBSS (no additives).  Centrifuge at 400 x g for 8 minutes;

9. remove the supernatant, wash the pellet one time.  Resuspend in approximately 2-4 ml of buffer and perform a cell count.  Recovery should be 10-15% of initial cell counts;

10. stain cells using lineage cocktail and wash twice.  Remove a small sample (1-5 x 106 cells) for pre-depletion lineage staining;

11. during cell washes, prepare paramagnetic beads by washing the appropriate number 3-4 times on a magnet.  For stringent depletions (i.e., where no cell sorting will subsequently be performed) and using Dynabeads, about 4-5 beads per cell should be used.   As few as 0.8 beads per cell can be used if cell sorting is to be used as an additional purification method.  After washing, overlay the beads with 0.5 ml undiluted FBS;

12. loosen the cell pellet by flicking or gentle vortexing.  Using several serial 200 (l aliquots of FBS to recover all the cells, transfer cells to a 15 ml round-bottomed polypropylene tube.  Add paramagnetic beads suing a micropipet.  Adjust the volume to around 8 ml, including a 30-50% final concentration of FBS;

13. mix gently for 25 min.  The preferred method of mixing is one that will provide minimal shear while keeping the beads in solution.  Excessive mixing at this point will dramatically reduce cell viability.  It is normal for large aggregates (rosettes) to form near the end of the mixing period;

14. deplete beads using a magnet, remove supernatant (cell suspension), and wash once.  If beads appear in the pellet (usually brown in color), it is best to remove them by an additional magnetic depletion after resuspending the pellet.  Final recover is generally 1.5-2% of total input.  Lower yield generally means losses at one or more stages.  Greater yield generally indicates inadequate depletion either at the density gradient or immunomagnetic depletion steps;

15. (optional) remove a small aliquot of cells (1-5 x 106).  Stain these and the pre-depletion cells (step 10) with a fluorescent antibody recognizing the lineage cocktail.  Pre-depletion cells should show a mostly uniform lineage-positive peak with a trace of lineage-negative or –low cells, while the depleted cells should be mainly in the lineage-negative region.

Representative results.
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