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Abstract
Adipose tissue has a heterogeneous cell population consists of adipocytes, mesenchymal stromal cells
(MSCs), endothelial cells, pericytes, �broblasts and etc. Also, it harbors immune cell types including
macrophages, neutrophils, mast cells, dendritic cells, B cells, T cells, NK and NKT cells. In obese patients,
there is a different cell homing pattern in AT. We have developed a protocol for NK cell isolation and
expansion from AT as follows: 1) harvesting stromal vascular fraction, 2) negative selection of NK cells
with MACS, 3) Expansion in a closed system bag on the constant shake, 4) Chemokine activation and 5)
cytotoxicity evaluation test of the �nal product. The entire process with a population of ten billion CD16+

NK cells last only less than 16 days. We have noticed that a large population of NK cells entrapped in AT,
while there is a decrease in NK cells count in their peripheral blood (PB) despite no changes in the total
number of mononuclear cells. NK cell population harvested from AT has a different pattern in the
expression of some cytotoxicity receptors. So, the AT is an important source for NK cell immunobiology
studies.

Introduction
Natural Killer cells (NKs) that comprise between 4-20% of human peripheral blood mononuclear cells
(PBMNC) (1) with a half-life of 7-10 days in the circulation (2) are the �rst line of defense against
neoplasms without a need to prior sensitization (3). Mature NKs also are found in the bone marrow,
spleen, liver, lung, and omentum and in the uterus during gestation. They are regulated by stimulatory and
inhibitory signals and express at least one speci�c inhibitory killer cell immunoglobulin-like receptor (KIR)
for a self-MHC class I allele to kill cells that lack self-MHC class I molecules (4). In obese patients, there is
a different cell homing pattern in adipose tissue (AT) (5). In our laboratory, we found that some patients
have increased levels of NKs in their abdominal AT while there is a decrease in NKs count in their
peripheral blood (PB) despite no changes in a total number of PB mononuclear cells (6). AT is a primary
site of in�ammation in obesity, and its macrophages especially M1 have the main role in these processes
(7). The AT secrete some hormones, play a role in glucose homeostasis (8), and in addition to adipocytes,
pre-adipocytes, mesenchymal stromal cells (MSCs), endothelial cells, pericytes, �broblasts and etc., (9) it
harbors immune cell types including macrophages, neutrophils (10), mast cells (11), dendritic cells (12), B
cells (13), T cells (14), NK and NKT cells (15) (Fig 1). In obese patients a large population of NKs resides in
AT which its count exceeds the blood stream NKs.

  Several protocols have been described in the NKs selection, expansion and activation with many
cytokines or co-culture methods. We have tried many of these protocols and modi�ed a new one (6). This
protocol is optimized for the human adipose tissue by providing extensive details of the technique to
overcome limitations in NK cell puri�cation and activation.

Reagents
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Hanks’ Balanced Salt Solution without Ca2 + and Mg2 + (HBSS; Gibco, cat. no. 14170-112).

Phosphate-buffered saline (PBS; Gibco, cat. no. 10010-002).

Collagenase type 1 (Sigma, cat. no. 9891).

Penicillin/streptomycin (Pen-Strep; Sigma, cat. no. P0781).

Antimycotic amphotericin B solution (Sigma, cat. no. A2942-20ml).

Dulbecco Modi�ed Eagle Medium (DMEM; Invitrogen, cat. no. 11965-092).

Roswell Park Memorial Institute 1640 medium (RPMI 1640; Sigma, cat. no. R8758).

Heat-inactivated Fetal Bovine Serum (FBS; Invitrogen, cat. no. 10270-106).

Non-essential amino acid solution (Invitrogen, cat. no. 11140-050).

Dimethyl sulfoxide (DMSO; Sigma, cat. no. D4540).

Citrate phosphate dextrose Adenine (CPDA; Sigma, cat. no. C4431).

Interleukin 2 (IL-2; Sigma, cat. no. I7908).

Il-12 (Sigma, cat. no. H7666).

IL-15 (Sigma, cat. no. SRP 6293).

IL-21 (Sigma, cat. no. SRP 6493).

Galactosyl ceramide ([2S, 3S, 4R]-1-O-[α-D-Galactosyl]-N-hexacosanoyl-2-amino-1,3,4-octadecanetriol

 Sigma, cat. no. 67576).

5-Methionine Enkephalin acetate salt hydrate (5Met-Enk; Sigma, cat. no. M6638)

Valproic acid (Sigma, cat. no. P 4543)

NK Cell Isolation Kit (Miltenyi Biotec, cat. no. 130–092–657).

MACS Rinsing Solution (Miltenyi Biotec, cat. no. 130-091-222).

MACS BSA Stock Solution (Miltenyi Biotec, cat. no. 130-091-376).

Red Blood Cells RBC lysis buffer (RBC lysis buffer; Sigma, cat. no. R7757).
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Fluorochrome-conjugated antibodies for �ow cytometric analysis, including: anti-CD56-PE (Miltenyi
Biotec, cat. no. 130-090-755), anti-CD3 (Miltenyi Biotec, cat. no. 130080401), anti-CD16 (Biolegend, cat.
no. 3G8), anti-CD69 (Biolegend, cat. no. FN50), anti-NKp44 (Biolegend, cat. no. P44-8) anti-NKp46
(Biolegend, cat. no. 9E2), IgG control (Biolegend, cat. no. 400129), anti-NKG2D (R&D Systems, cat. no.
149810), anti-CD107a (BD Pharmingen, cat. no. H4A3) and isotype control antibodies IgG (Sigma, cat. no.
MOPC21).

Propidium Iodide Solution (Miltenyi Biotec, cat. no. 130-093-233) for �ow cytometric exclusion of dead
cells.

Cytotox 96 kit (Promega, cat. no. G1780).

Triton X-100 (Sigma, cat. no. 9002-93-1).

A neoplastic cell culture (we have used neuroblastoma SKN-SH and CHLA-255 cell lines from the Pasteur
Institute culture collection).

The fat tissue sample from liposuction (Fat Tissue samples must be obtained by an appropriately trained
physician with informed consent and under a protocol approved by the appropriate institutional boards
and ethics committees).

Equipment
Biosafety cabinet.

Centrifuge.

Invert phase-contrast microscope.

MACS column (Miltenyi-Biotec).

MACS separator (Miltenyi-Biotec).

(Optional) Dead Cell Removal Kit (Miltenyi-Biotec, cat. no. 130-090-101) for the depletion of dead cells.

Flow cytometer.

CO2 humid Incubator.

Cell counter.

Shaker

Cell culture plates: 12-and 6-well.
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Cell culture �asks, T25

A-350N culture bag (NIPRO, Japan)

Cell strainer (70 μm, 50 μm, Becton Dickinson, cat. no. 352350).

15-and 50-ml Falcon tubes.

0.2 μm syringe �lter (Sigma, cat. no. 431229).

Water bath.

Pipettes.

Bottle �lter.

Cryovials (Sigma, cat. no. V7634-500EA).

Refrigerator.

Procedure
Preparing reagents

HBSS with antibiotics. Add 1% (vol/vol) antibacterial (Pen-Strep) and 1 μl of antifungal (Amphotericin B)
to reach �nal concentrations of 100 U/ml Pen-Strep and 0.2 µg/ml amphotericin B.

HBSS with collagenase and antibiotics. Add 10 ml collagenase 1% to 90 ml HBSS (0.1% �nal
concentration) with antibiotics as described in the last section and use freshly.

Cell sorting (selection) buffer. Prepare a solution containing PBS (pH 7.2, 0.5% FBS, and 2 mM CPD-A) by
diluting MACS BSA Stock Solution 1:20 with the MACS Rinsing Solution. As the air bubbles block the
columns, degas the buffer and keep it in the refrigerator (4 °C) before use.

Expansion medium. Prepare a basal medium containing 40% RPMI-1640 and 60% DMEM. Add 500 U/ml
IL-2, 10 ng/ml IL-12, 100 ng/ml Galactosyl ceramide and 50 ng/ml IL-15 to this medium. Mix this solution
on a vortex for proper dispersion of cytokines in the entire medium. Add 10% (vol/vol) FBS to this
medium and keep it in the refrigerator (4 °C) before use.
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Activation medium. Mix DMEM and RPMI media to prepare a medium containing 40% RPMI-1640 and
60% DMEM. Add 20 ng/ml IL-15, 10nM 5-Met Enk, 1 µM Valproic acid and 10 ng/ml IL-21 to this mixture.
Vortex the solution and add 10% (vol/vol) FBS to this medium and keep it in the refrigerator (4 °C) before
use. (As IL-2 residues in medium activate T-reg cells in vivo that cause NKG2D downregulation is omitted
from this formula. Also, IL-12 residuum inhibits IFN γ secretion from NK cells).

Procedure

Isolation of SVF from adipose tissue (Figure 2)

1. Transfer 30 ml of AT to 50 ml falcon tubes.

2. Wash and homogenate the AT with 5 ml PBS two times.

3. Add the AT with 15 ml HBSS with collagenase and antibiotics

4. Incubate it in a rotary shaker (200 rpm) at 37 °C for 30 min.

5. Homogenate it numerous times using a 10 ml serological pipette.

6. Pass the cell suspensions through 70 μm �lter into a new 50 ml falcon tube.

7. Pass the suspension through 50 μm �lter into the new 15 ml falcon tubes.

8. Centrifuge cell suspension at 500 g for 10 min at 4 °C.

9. Decant supernatant and resuspend SVF cell pellet in 2 ml RBC lysis buffer.

10. Count viable cells by cell counter and dilute cell suspensions to a �nal concentration of 10 million
cells/ml.

11. Flow cytometry analysis of SVF.

Isolation of NK cell (Figure 3)

12. Pass cells from step 10 through 50 μm mesh to remove cell clumps. Before using it moisten �lter with
MACS buffer.

13. Dead cells bind to MACS Beads. To remove dead cells, use the Dead Cell Removal Kit.

14. Calculate cell number with cell counter.

15. Centrifuge cell suspension at 300 g for 10 min and then aspirate supernatant.
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16. Resuspend cell pellet in 50 μL of buffer per 10 million total cells.

17. Add 10 μL of NK Cell Biotin-antibody cocktail per 10 million total cells.

18. Pipette and incubate it for 5 min in 4 °C refrigerator.

19. Add 50 μL of buffer per 10 million total cells.

20. Add 20 μL of NK Cell Micro bead cocktail.

21. Pipette and incubate it for 10 min in the 4 °C refrigerator.

22. Increase the volume to 500 μL of buffer.

23. Place column in the magnetic �eld of a MACS Separator.

24. Prepare column by rinsing buffer:

25. Add cell suspension onto the column. Collect unlabeled cells, representing the NK cells.

26. Wash column with 500 μL-5 mL of the buffer depends on the column type. Collect unlabeled cells that
pass through, representing the enriched NK cells.

27. Combine the output of steps 25 and 26.

Characterization of puri�ed NK cells (Figure 4)

Flow cytometry analysis of NK cells:

28. Wash the cells from step 27 by adding 2 mL of buffer per one million cells and centrifuge at 300g for
10 min and then aspirate the supernatant completely.

29. Stain aliquots of the cell fractions with a �uorochrome-conjugated antibody against CD56, CD16,
CD69, NKp46 (CD335), NKp44, NKG2D, CD107a, CD3 and isotype control antibodies IgG.

30. Mix well and incubate for 10 min in the refrigerator (4 °C).

31. Wash cells by adding 2 mL of buffer per 10  cells and centrifuge at 300g for 10 min and then aspirate
supernatant completely.

32. Resuspend pellet in the buffer for analysis by �ow cytometer instrument.

(It is recommended that side scatter be displayed on a log scale versus forward scatter on a linear scale).
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Expansion and Activation of NK cells

33. Add puri�ed NK cell from step 27 (1 million cells) to the 10 mL expansion medium in a T25 cell
culture �ask and incubate it for 3 days by constant shaking in a 37 °C incubator with 5% CO2.

34. After 3 days, harvest the cells by centrifugation at 300 g for 10 min.

35. Add the cells from step 34 to a culture bag with 80 ml expansion medium and incubate it by constant
shaking at 37 °C with 5% CO2.

Note: From the step 35 the NK cells are expanded in a closed system until the end of the process.

36. Change the medium every 2 days, for 10 days (5 times).

37. Add activation medium instead expansion formula.

38. Keep NK cells in cultures for 2 days under constant shaking at 37 °C with 5% CO2.

39. Harvest cells as mentioned in step 34. This population that reaches to more than 1010 cells could be
used for in vitro or in vivo preclinical assays like cytotoxicity evaluation process.

Cytotoxicity evaluation of activated NK cells

Cytotoxicity of NK cells was determined by incubating them with target prokaryotic and eukaryotic cells
(we have used Streptococcus pneumoniae PTCC 1240 and Escherichia coli PTCC1398 bacteria and
neuroblastoma SKN-SH and CHLA-255 cell lines) at different ratios as follows:

40. Mix NK cells with 104 target cells (NK cell/ Target cell) in 10:1, 5:1 and 1:1 ratios.

41. Incubate target cells in 96 well plate for 1 h.

42.  Add 150 μl tetrazolium salt to each well.

43. Incubate this mixture at 37°C for 30 min.

44. Transfer 50 μl aliquots from all test and control wells to a fresh 96-well �at clear bottom plate.

45. Add 50 μl of the formazan reagent to each sample aliquot.

46. Cover the plate with foil to protect it from light and incubate for 30 minutes at room temperature.

47. Add 50 μl of Stop Solution to each well.

48. Harvest the supernatant after 15 minutes, homogenate the solution and degas any large bubbles.
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49. Record the absorbance at 490 nm 1 hour after adding the Stop Solution.

50. Subtract the average values of the culture medium background from all values of experimental wells.

51. Calculate the percentage of speci�c target cell lysis by NK cells as the following formula:

Percent cytotoxicity = 100 × Experimental LDH Release (OD490) / Maximum LDH Release (OD490)

Troubleshooting

Time Taken
Steps 1-11, 120 minutes (2 h).

Steps 12-27, 420 minutes (7 h).

Steps 28-32, 180 minutes (3 h).

Steps 33-39, 15 days.

Steps 40-51, 240 minutes (4 h). 

Anticipated Results
SVF characterization results

AT is composed of heterogeneous cells and an SVF is rich in immune cells, especially NK cells (Fig 4). We
compared SVF and adipocyte cell fractions from obese donors to determine if SVF is a major source of
lymphocytes in adipose tissue. Abdominal region SVF and adipocyte fractions from minimum seventeen
obese females were studied for more con�rmation of results.

Expression of NK cell receptors

To test the important receptors status, NK cells was stained before and after our expansion process for
CD16, CD56, NKG2D, NKp30, NKp44, and NKp46. Some of them were found to have reduced expression,
after the activation process (Fig 5). Most notably, CD16 or Fcγ receptor, which is frequently down
regulated during culture, remained constantly expressed during our expansion and activation method (Fig
5). CD16 plays a critical role in lysis of target microorganisms via ADCC.

Killing e�ciency of expanded NK cells



Page 10/17

NK cells expanded and activated by this protocol were able to kill microorganisms such as gram positive
(Streptococcus pneumoniae) and gram negative (Escherichia coli) bacteria. But the results on the
malignant cell lines was unsuccessful. This phenomenon is in relation to the reduced expression of some
receptors such as NKp44 and NKG2D on the surface of this population of NKs.  
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Figure 1

The schematic image shows the heterogeneous population of cells that reside in adipose tissue. Stromal
cells (CD34+, CD90+, CD146+), endothelial (progenitor) cells (CD31+, CD34+, CD90+), vascular smooth
muscle cells (CD34+, CD90+, CD146+), M1 and M2 macrophages and CD56+ NK cells are the main cells
in stromal vascular fraction of AT.
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Figure 2

SVF isolation from AT. Human abdominal subcutaneous fat was collected from excess tissues by
liposuction in sterile conditions and transported to the laboratory in 50 mL syringes (A). The samples
were subjected into 50 mL falcon tubes (B) for washing steps (C). After 3 times washing (D) the samples
were enzymatically digested (E) and then transferred into a centrifuge (F) to separate adipocytes
(supernatant) from SVF. After omitting the adipocyte layer, further separation of SVF was performed in
a15 mL falcon tube (G) to obtain the maximum volume of the SVF pellet (H).
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Figure 3

NK cell isolation via MACS. After passing the cells through 50 μm mesh, the dead cells were removed and
the remained cells were counted and suspended in the separation buffer (50 μL per 106 cells) and added
with Biotin-antibody cocktail (10 μL per 106 cells) (A). After incubation in 4 °C refrigerator for 5 min, the
suspension was centrifuged and the supernatant was discarded. The pellet was suspended in MACS
buffer and NK Cell Micro bead cocktail and after 10 min incubation in 4 °C introduced to MACS Separator
(B) and cultured in our modi�ed medium (C).
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Figure 4

Immuno-�ow cytometric analysis of stromal vascular fraction. The data represent the frequency of
CD56+, CD45+, CD34+, CD146+, CD158+, CD90+, CD105+, CD31+, CD19+, CD44+ and CD28+ cells in SVF.
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Figure 5

Expansion and activation process have signi�cant changes on cell population derived from AT. The level
of active NK cell surface proteins, especially CD16 that plays ADCC role has been increased signi�cantly.
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Figure 6

The cytotoxic effect of activated NK cells largely depends on the activation and inhibitory receptor
expression on the NKs that has a dramatically variation in other NKs population in peripheral blood.


