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Chapter 11

Chemotaxis in Neutrophil-Like HL-60 Cells 2

Arthur Millius and Orion D. Weiner 3

Summary 4

Asymmetric localization of intracellular proteins and signals directs movement during axon guidance, 5
endothelial cell invasion, and immune cell migration. In these processes, cell movement is guided by 6
external chemical cues in a process known as chemotaxis. In particular, leukocyte migration in the innate 7
immune system has been studied in the human neutrophil-like cell line (HL-60). Here, we describe the 8
maintenance and transfection of HL-60 cells and explain how to analyze their behavior with two stand- 9
ard chemotactic assays. Finally, we demonstrate how to fix and stain the actin cytoskeleton of polarized 10
cells for fluorescent microscopy imaging. 11

Key words: Migration, Chemotaxis, Neutrophil, HL-60, Actin cytoskeleton, Amaxa transfection, 12
@ Micropipette, EZ-TAXIS assay 13

1. Introduction 14

Directed cell migration toward chemical cues, or chemotaxis, 15
is critical in eukaryotic cells for immune response, wound heal- 16
ing, axon guidance, and embryogenesis (1). An especially use- 17
ful model for eukaryotic chemotaxis is the human neutrophil. 18
Neutrophils seek infectious bacteria to engulf at wound sites 19
as part of the innate immune system. They follow gradients of 20
formylated peptides released by the bacteria (1). Yet, many open 21
questions remain in neutrophil and eukaryotic cell migration. 22
How do cells interpret shallow gradients or initially establish 23
polarity? How is their cytoskeleton rearranged during a turn, and 24
what limits this rearrangement to one part of the cell and not 25
another? What signaling components and circuitry are required 26
to accomplish these processes? 27
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28 The human promyelocytic leukemia (HL-60) cell line was
29 developed as a simple model system to study neutrophil cell
30 migration without the need to derive cells from primary tissue
31 (2). The immortal cell line can be sustained for extended peri-
32 ods of time in culture and may be frozen for longer-term stor-
33 age. This is impossible with bone marrow or peripheral blood
34 derived neutrophils. When needed, neutrophil-like cells can be
35 derived from HL-60 cells through differentiation with DMSO
36 (3). Ditferentiated HL-60 cells (dHL-60) can then be used in
37 chemotaxis assays and to visualize the cytoskeleton of a polar-
38 ized cell (4). Amaxa nucleofection may be used in dHL60 cells
39 to knock genes down (5-8) or transfect cells with a fluorescent
40 tag to analyze protein localization (our unpublished results). Cell
41 behavior can be analyzed either in response to a point source of
42 chemoattractant (9-11), or using the EZ-TAXIS system, which
43 allows simultaneous measurement of directionality and speed for
44 six different assay conditions (12, 13).

45 2. Materials

@ 46 2.1. HL-60 Cell Culture 1. Culture medium. Roswell Park Memorial Institute (RPMI)
47  and Differentiation 1640 plus I-glutamine and 25 mM HEPES (Fisher Scientific)
48 supplemented with antibiotic/antimycotic (Invitrogen) and
49 15% heat-inactivated fetal bovine serum (FBS, Invitrogen);
50 store at 4°C (see Note 1).

51 2. Dimethyl sulfoxide (DMSO), endotoxin, and hybridoma
52 tested (Sigma).

53 2.2. Amaxa 1. Recovery medinm. Monocyte medium (Amaxa) supplemented
54  Nucleofection of with 2 mM glutamine (Invitrogen) and 20% FBS.

55 HL-60 cells 2. 100 pl of transfection solution containing supplement (Amaxa)
56 mixed with 2 pg DNA per reaction (sec Note 2).

57  2.3. Plating Cells for 1. Fibronectin from bovine plasma (Sigma); store lyophilized
58  Microscopy protein at -20°C.

59 2. Ca?/My*free phosphate buffered saline (PBS). 137 mM NaCl,
60 2.7 mM KCl, 10 mM Na,HPO,, 1.8 mM KH, PO, (Invitrogen).
61 3. Gold Seal cover glass 20 x 40 mm No. 1.5 (Fisher Scientific).

62 4. Lab-Tek 8 well permanox chamber slide (Nunc).

63 5. Chemoanttractant. 10 mM formylated Methione-Leucine—
64 Phenylalanine (fMLP, Sigma) in DMSO; store at -20°C.
65 Prepare 100 uM working stocks in RMPI and store at 4°C up
66 to 1 month (see Note 3).
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2.4. Micropipette 1. Glass capillary with filament (World Precision Instruments) 67
Assay (see Note 4). 68

2. Alexa594 working stock. 10 mM Alexa Fluor 594 hydrazide 69
(sodium salt, Invitrogen) in DMSO; store at 4°C and protect 70

from light. 71

3. Chemoattractant solution. 200 nM fMLP, 10 uM Alexa594 in 72

RPMI culture medium; protect from light. 73

2.5. EZ-TAXIScan 1. RPMI culture medium. 74
Assay 2. Chemoattractant solution. 200 nM fMLP in RMPI culture 75
medium. 76

2.6. Staining the Actin 1. Imtracellular buffer (2x). 280 mM KCI, 2 mM MgCl,, 4 mM 77
Cytoskeleton EGTA, 40 mM Hepes of pH 7.5, 0.4% low endotoxin albu- 78
min from human serum (Sigma) (se¢ Note 5). 79

2. Fixation buffer (2x). 640 mM sucrose, 7.4% formaldehyde 8o
(Sigma) in 2x intracellular buffer; store at 4°C (see Note 6). 81

3. Stain buffer. 0.2% triton, 2 pl/ml rhodamine phalloidin 82

(Invitrogen) in 1x intracellular bufter (se¢ Note 7). 83

@ 3. Methods 84
3.1. Maintenance of 1. Unless imaging, all cell work is performed under a biological 85

HL-60 Cell Culture safety cabinet. 36

Line 2. HL-60 cells are passaged when the cells reach a density between 87

1 and 2 million cells/ml in 25-cm? cell culture flasks with 0.2-um 88
vent cap. Split cells to 0.15 million cells/ml in a total volume of 89
10 ml prewarmed culture medium. Cells will need to be passaged 90
again after 2-3 days (Fig. 1). Maintain cells at 37°C and 5% CO, 91
in standard tissue culture incubator (se¢ Note 8). 92

3. Differentiate cells in culture medium containing 1.3% DMSO. 93
Because DMSO is more viscous and denser than culture 94
medium, premix medium with DMSO before adding cells. Cells 95
stop proliferating upon differentiation and typically achieve a 96
density of 1-2 million cells/ml at 7 days postdifferentiation 97
(Fig. 1). Cells are most active 5-6 days postdifferentiation, but 98
can still respond even after 8 days (se¢ Note 9). 99

4. To freeze cells, pellet cells by spinning at 100 x g for 10 min. 100
Aspirate medium and resuspend in chilled culture medium 101
plus 10% DMSO at 10 million cells/ml. Aliquot 1.8 ml each 102
into cryovials, place in Nalgene cryofreezing container with 103
isopropanol at —-80°C for 2 days, and then transfer to liquid 104
nitrogen storage (se¢ Note 10). 105
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Fig. 1. Passaging and differentiating HL-60 cells. When cells reach a density between
1 and 2 million cells/ml, split to 0.15 million cells/ml in a total volume of 10 ml
prewarmed culture medium. Differentiate cells in culture medium plus 1.3% DMSO;
cells take ~5 days to become migratory.

5. Thaw cells by quickly warming a cryovial at 37°C just
until last bit of ice has melted. Dilute thawed cells in 10 ml
of prewarmed culture medium and spin at 100 x g for
10 min. Remove supernatant, resuspend pellet in 20 ml cul-
ture medium, and recover in a 75-cm? culture flask.

1. Prepare ~2 ml of recovery medium per transfection in a 6-well
plate and let equilibrate at 5% CO, and 37°C for 15 min or
more. Add 500 pl of equilibrated recovery medium to an
Eppendorf tube per transfection (see Note 11).

2. Spin 5 million cells in a 10-ml Falcon tube at 100 x g for
10 min. Use a separate Falcon tube for each transfection.

3. After spin, remove all medium with aspirator and gently resus-
pend cells in 100 pl transfection solution with an L-1000
pipette (see Note 12).

4. As quickly as possible, transfer transfection solution to nucleo-
fection cuvette. Electroporate in single-chamber nucleofector
on program Y-001.
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5. Immediately remove cuvette, use a plastic pipette to obtain 123
500 pl recovery medium from Eppendorf tube, flush cham- 124
ber, and replace medium containing cells in Eppendorf tube. 125

6. Incubate for 30 min in Eppendorf tube at 37°C (see 126
Note 13). 127

7. Transter 500 pl recovery medium and cells with L-1000 128
pipette to 1.5 ml recovery medium in a 6-well plate. Expres- 129
sion in viable cells occurs in ~2 h with best behavior <8 h after 130

transfection (Fig. 2). 131
3.3. Preparing for live 1. Dissolve 1 ml of sterile water in 1 mg fibronectin and let sit at 132
Cell Microscopy room temperature for 1 h. Avoid shaking or physically mixing 133
because this may denature the fibronectin. 134

2. Add 4 ml of Ca**/Mg?* free PBS to fibronectin solution to 135
obtain 200 ng/ml solution (Fig. 3a): store fibronectin solu- 136
tion at 4°C for up to 2 weeks. 137

3. Remove exterior gaskets from permanox chamber slide and 138
the interior gasket with a razor blade. Discard 8-well plastic 139
walls to expose underlying epoxy mold. With razor, cut 140
single-well epoxy chambers and adhere to glass coverslips (see 141

Note 14). 142
®

100xg

—_ _) flick to mix —_—

10 min

5% 10° cells 1OUI|J| transfectlc_)n
ceII pellet solution per reaction
-
— —_— o

program flush with
“Y-001" 500 pl prewarmed 30 min

recovery media

DiC Fluorescence

Fig. 2. Transient transfection of HL-60 cells with amaxa nucleofection. Spin ~5 million cells at 100 x g. Aspirate super-
natant and resuspend pellet in 100 pl transfection solution per reaction and nucleofect with amaxa program “Y-001.”
Flush with prewarmed recovery medium and incubate in an Eppendorf tube for 30 min. Transfer to a 6-well dish with
1.5 ml of recovery medium; expression occurs after 2 h. Shown is an example of HL-60 cells 5 h after transfection
with GFP visualized with DIC and fluorescence microscopy.
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@ Fig. 3. Preparing a coverslip for live cell microscopy. (a) Dissolve 1 mg of bovine fibronectin in sterile water. After 1 h, add
4 ml of PBS and store 200 pg/ml fibronectin solution at 4°C. (b) Remove gaskets from plastic permanox 8-well chamber.
Cut epoxy mold squares and stick to No. 1.5 gold seal cover glass. Add 125 pl of fibronectin, let sit for 1 h, rinse once
with RPMI culture medium, and store in RPMI medium until ready to image.

143 4. Add 125 pl fibronectin solution to epoxy chamber on coverslip.
144 Incubate at room temperature for 1 h.

145 5. Aspirate fibronectin solution and rinse once in RPMI culture
146 medium. Add 250 pl RPMI culture medium until ready to
147 plate cells. Fibronectin-coated slides may be stored up to 2
148 days at 4°C (Fig. 3b).

149 6. For cell plating, remove culture medium on slide and replace
150 with 250 pl differentiated cells (in RPMI culture medium) or
151 transfected cells (in monocyte medium). Incubate at 37°C for
152 5-15 min (see Note 15).

153 7. Aspirate cells at the corner of the epoxy chamber (avoid touch-
154 ing the coverslip), rinse in RPMI, and replace with 125 pl RPMI.
155 Cells are most migratory at 37°C, but also function at room
156 temperature.

157 8. During image acquisition, 125 pl of 200 nM fMLP may be
158 added to coverslip (final concentration is 100 nM) to show
159 random migration in response to uniform chemoattractant.
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3.4. Micropipette- 1. DPull glass filaments on Sutter Model P-87 (Program: heat = 750, 160
Stimulated Cell pull = 0, velocity = 20, time = 250, pressure = 100, loops 2 or 161
Migration 3 times) to achieve ~2—-3 um needle diameter. 162

2. Backfill needles with chemoattractant solution and connect to 163
a needle holder. Flick to remove air bubbles at the tip. The 164
needle holder is held by a micromanipulator and agonist 165
flow controlled by adjusting balance pressure between 0 and 166
3 psi on a Narishige IM-300 injection system (se¢ Note 16). 167

3. Place cells seeded on a coverslip on microscope and find focus 168
of cells in brightfield. 169

4. Orient needle in light path and switch to the back focal plane 170
of the objective (usually labeled “B” for Bertrand lens). Find 171
the needle and lower it until just above the cells; then switch 172
back to the normal focal plane for viewing. 173

5. Image dye in fluorescence or Total Internal Reflection Fluo- 174
rescence microscopy using appropriate filter sets with ~20 ms 175
exposures and near-maximal multiplication on an EM-CCD 176
camera (see Note 17). An example of a cell migrating towarda 177

micropipette filled with chemoattractant is shown in Fig. 4. 178

3.5. Ascertaining 1. Place “40 Glass” (41 Glass is used in conjunction with a #1.5 179

Directionality and coverslip) in holder base. Fill with 3 ml of culture medium, 180

O} Velocity of Migrating place small “0” ring beneath wafer housing, and add wafer 181
Cells with the “EZ- housing into holder base. Place large “o” ring on top of wafer 182

TAXIS” Assay System housing. Gently close the inner lever. 183

2. Place EZ-TAXIScan chip gently into wafer housing with for- 184
ceps. Chip should fit snuggly on top of glass and between 185
wafer holder (see Note 18). Place rubber gasket (to protect 186
chip) beneath the wafer clamp and place wafer clamp on wafer 187
housing. Gently close outer lever. 188

3. Place assembled device on top of preheated EZ-TAXIS micro- 189
scope (Fig. 5a,b). 190

DIC TIRF

Fig. 4. An example of an HL-60 cell crawling toward a micropipette visualized with DIC
and TIRF microscopy. Asterisk indicates micropipette tip.
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Fig. 5. The components of the EZ-TAXIS system are shown in (a) with the individual components in their order of assem-
bly from top to bottom shown in (b). (¢) An example of HL-60 cells migrating toward chemoattractant in the EZ-TAXIS
assay visualized with brightfield microscopy.

191 4. Using syringe guide, add 1 pl of cells to lower chamber using
192 microsyringe. Use a plastic pipette to draw cells into imaging
193 surface.

194 5. Add 1 pl of 100 nM-1 uM chemoattractant to upper chamber.
195 Begin image acquisition immediately (Fig. 5c¢).

196  3.6. Staining the actin 1. Stimulate adherent cells with micropipette or uniform chem-

197  Cytoskeletons oattractant. Alternatively, you can stimulate cells in suspension.
198 2. Add one volume of 2x fixation bufter to cells to give a final
199 concentration of 320 mM sucrose and 3.7% formaldehyde.
200 Fix for 20 min at 4°C (see Note 19).
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plated cells @ @
20 min remove fix 20 min
— —
2x fixation buffer < add stain buffer

Structured lllumination
microscopy

Fig. 6. Staining the actin cytoskeleton. Add 2x fixation buffer to plated cells and fix for 20 min at 4°C. Remove fixation
buffer and replace with stain buffer for 20 min; protect from light. Shown is an example of an HL-60 cell stained with
rhodamine phalloidin visualized with structured illumination microscopy.

3. Aspirate supernatant (adherent cells) or spin down cells at 400 x 4 201

for 1 min and then aspirate supernatant (suspended cells). 202

4. Permeabilize cells with 125 pl stain buffer and protect from 203

light for 20 min (Fig. 6). 204

5. Remove supernatant, replace with intracellular buffer, and 205

image (see Note 20). 206

4. Notes 207

1. HL-60 cells acidify their medium quite rapidly, so HEPES is 208
essential to counterbalance the pH. 209

2. Poor expression occurs in retroviral LTR-containing vectors. 210

3. If an exact concentration of fMLP is required, make stocks 211
fresh weekly because formyl peptide will slowly oxide in aqueous 212
solutions over time. 213

4. Capillaries with filaments are easier to load than capillaries 214
without filaments. 215

5. HL-60 cells may be spuriously stimulated with albumin con- 216
taining endotoxins. It is important to add the albumin fresh 217
to the intracellular buffer and let sit at room temperature for 218
30 min before mixing because the albumin will oxidize in aqueous 219
solution to products that may also activate HL-60 cells. 220

6. Sucrose is important to maintain osmolarity. 221

7. Unlike Alexa Fluor 594, rhodamine phalloidin increases its 222
fluorescence upon binding to actin filaments. This makes it 223
preferable to Alexa Fluor 594. However, for imaging in the 224
green channel, we would use Alexa Fluor 488 or similar fluor- 225
ophore over the rapidly bleaching FITC. 226

8. Keep a basin of water on the bottom shelf of the incubator to 227
maintain humidity. 228
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229 9. Cells may also be differentiated with retinoic acid (14).
230 10. As an alternative to nalgene freezing chambers, two styro-
231 foam 15-ml Falcon tube holders may be sandwiched around
232 tubes to provide insulation during slow freezing process.
233 11. Our protocol differs significantly from the standard Kit V
234 protocol from amaxa, because we have optimized for cells to
235 retain chemotactic function (not necessarily highest trans-
236 tection efficiency).
237 12. It is important to remove every drop of medium from the
238 Falcon tube because FBS will interfere with transfection.
239 Large-tip pipettes minimize shearing of cells and increases
240 the number of healthy cells post-transfection.
241 13. Cells will adhere to cach other and form a thin, white film
242 during the 30-min incubation in Eppendorf tube. This step
243 increases recovery efficiency. Additionally, cells are fragile
244 after transfection and they behavior poorly if centrifuged.
245 14. An 8-well chamber will yield four molds. Only bottom
246 surface (side touching permanox chamber slide) of epoxy
247 mold is sticky. Additionally, Lab-Tek 8 well cover glass #1.5
248 chamber slide (Nunc) may be used for epifluorescence and
249 brightfield microscopy. However, the epoxy that hold the
250 chamber walls to the coverslip is autofluorescent and thus
@ 251 less suitable for TIRF.
252 15. Cells may be plated in culture medium containing chemoat-
253 tractant for a higher proportion of adherent cells.
254 16. We use a universal needle holder (MIN]J4, Tritech) connected
255 to a micromanipulator (MM-89, Narishige). Additionally,
256 it is difficult to handle capillaries with gloves on. Once the
257 solution is loaded into the needle, flick the needle vigorously
258 to remove microscopic bubbles. Do not try to force air bub-
259 bles through the tip by increasing air pressure. Invariably, the
260 bubbles will become stuck and the needle rendered useless.
261 17. For quantification of gradient, TIRF imaging is superior to
262 epifluorescence microscopy because TIRF reveals the ago-
263 nist concentrations in the same plane as the cell. The signal
264 obtained from epifluorescence is a combination of the ago-
265 nist the cell experiences plus out of focus blur from fluores-
266 cent dye above the cell. Confocal imaging can also be used
267 to quantitate the gradient.
268 18. Chips come in four different sizes (4 pm, 5 pm, 6 pm, and 8
269 pum) depending on the gap space between the chip and glass.
270 We have used the 4-6 pm chips with success.
271 19. Formaldehyde can partially permeabilize cells, allowing water
272 influx due to high internal protein concentration.
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20. Can repeat wash if background too high. If pressed for time,
can immediately image after adding stain buffer. However,
this will give high background staining. You can also mount
cells in Vectashield (Vector Laboratories) for decreased
spherical aberrations and photobleaching.
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