A microcondult array plate for high content leukocyte chemotaxis assays
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Overview Attractant and cell patterning is robust and automatable Pharmacology
| The pharmaceutical ir_1dustry IS increasingly_ Ioc_>kin_g_ toward adva!']cec! cell models to improv_e their drug . Figure 3. Automated chemoattractant loading is A. L-8/Latrunculin B B. MLP/Latrunculin B
d!scovery programs. Inflam_matlon programs Iook_ to find |nh|b|tors_ of cell migration for the treatment of inflammatory Location | Average | Standard | %CV repeatable between channels. Using the automated liquid 300 | 2500
dlsorder_s as well as condltlo_ns Wher_e iInflammation plays a contributory role. Whll_e the |mportan_ce of advanceql cell Intensity | Deviation handler, CyBi-Well (CyBio GmbH), channels were wick filled with ZOOO}
models in this area is recognlz_ed, their use_has been_ hampered by, among other things, th_e scarcity qf human primary 12 3 1-source | 398.25 29 .82 704 media, then 3 &L of AlexaFluor® 594 (Molecular Probes-Invitrogen) o $ _ICy | 0.02344 7 ICoy 0.02061
_cells. We hav_e_devel_oped a hlgh-conte_nt microconduit array plate and method for _neutrophll phemotams to addre_ss this \\ > 125 26 569 0% was added to the attractant port. Two hours after incubation 3 51500 -
ISsue by providing miniaturization anql |mpr_0\_/ed control over assay parameters via microfluidic t?chnology. This new gradient ' ' at 37 C, 5% CO,, images were acquired, and average §100 ] élooo ]
approach can be_fully automated._MlcrofIU|d|c chanr_1els arrayed in SBS/ANSI standard fqrmat | an_d operated by a — ccoll oo 19703 > -~ intensity of the 1) source, 2) gradient, and 3) cell port were 3 % 500 |
series of dlspen3|ng steps i proyld_e a stable gradient for at least 3 hours. The assay is _read using fIt_Jores_cer?ce 1 3 P - - obtained using Metamorph (Molecular Devices). o e
microscopy or high content analysis instruments. Cell movements occur along a surface enabling real-time visualization N O oor 0001 oar o 0 o
and information-rich data analysis including cell polarization. Using fewer than 12,000 freshly isolated primary human
neutrophils per datum we show quantification of chemotaxis to well characterized ligands, dose responses to known mM Latrunculin B mM Latrunculin B
Inhibitors, and an assessment of data quality. Additionally we show that cell morphology can be gquantified and used to Figure 4. Cell patterning is repeatable A ! | | | | N=48 ~
distinguish effects Of different iﬂhibitOfS. between channels. A fU” plate Was WICk-fI”ed = 6 ] 95% Confidence Interval 95% Confidence Interval
. . . S IC, 0.01698 to 0.03238 ICc, 0.01797 to 0.02364
. with 24 €L media and 3 €L cell suspension was > 5 HHH H
Introduction delivered to each cell addition port using an 2, ‘ m m m H C. D
automated liquid handling station (CyBi-Well, E 3| ]l H‘H H IL-8/Wortmannin fMLP/Wortmannin
_ _ _ _ _ N CyBio GmbH). The cells were labeled with g } 600 -
o Leukpcyte_ chemotaxis assays provide functional .|nformat|on on the ability of a compound to r_n_odulate the calcein, AM (Molecular Probes-Invitrogen) prior 2 H c00 2500

directional migration of leukocytes in response to a gradient of chemoattractant. As such, they are critical to drug to seeding. Half of the channels were imaged 1) ‘ J ]l B 00 8 ICs | 0.2655 hzoool i
discovery efforts in a variety of disease areas that involve inflammation. within 20 minutes of cell seeding. The images : | | | | ., 5300 | £ 500 | ¢ ¢ %o ° . i

Current approaches to leukocyte chemotaxis assays typically employ arrays of modified Boyden chambers. In were aligned, and divided into 75 em segments. M bistance frorl'gradienzt [mm]2.5 ’ % 200 | %ooo ’ °
this configuration cells are loaded into a basket with a filter bottom. The basket is submerged into a well of a microtiter A. Mean and standard deviation for each S aor of total colls 100 1 S
plate containing chemoattractant. A gradient forms and starts to dissipate. Migrating cells are either counted when they segment across 48 channels. B. Representative . I | 0 e >0 7
fall to the bottom of the well or when they reach the other side of the filter. These methods consume a large number of image of cells (contrast adjusted for 1mm: 40.3% of total cells ceb e A
cells per data point and often suffer from poor data quality and reproducibility. Filter pore size and density often need to presentation). T ST O Colls v Wortmannin
be optimized for each cell type. _ _ 95% Confidence Interval

Zigmond and Dunn chambers can assay chemotaxis in the presence of stable gradients. Because of their Gradlent 1S Stable for at |eaSt 3 hOUI’S [o 0.1212 to 0.5815
horizontal orientation in which cells move across a transparent surface, Zigmond and Dunn chambers also have
advantages of being compatible with microscopy, scoring of cell orientation and real time cell tracking. Their B. - A di be f d and | ol Figure 7. Dose response inhibition of fMLP and IL-8 induced PMN chemotaxis.
cumbersome operation and data analysis however have prevented these devices from being used in highly parallel AlexaFluor®594 Gradient flgure 5'3 hgra |er¥hcafn © t_orme dant lﬁ.tStaf © A chemotaxis assay was performed with PMNs. Approximately 12,000 cells per channel were loaded
settings. A 7 ?;d?gﬁtr in thoeursl,éte ve\/agrrrgge;gzreag bs E\a/lvi::Lyﬁﬁina In the plate and pre-treated with the indicated amount of inhibitor for 30 min. at 37 €, 5% CO,. After

We present here a plate format microfluidic device for leukocyte chemotaxis featuring strong miniaturization and s00 t0 ghannels with pcell media and add>i/ng 10 sl\% adding the indicated chemoattractant (62 nM IL-8 or 200 nM fMLP ), the plate was incubated for 2.5
fully automatable operation enabling increased throughput. The plate can be operated by standard liquid handling i w50 AlexaFluor® 594 to the chemoattractant addition hours at 37 €, 5% CO,. Latrunculin B showed inhibition of both IL-8 and fMLP induced chemotaxis
robotics. Stable gradients of chemoattractants are maintained for the duration of the assay. Cells are microscopically 2 500 ; oort. The plate was incubated on a microscope (Fig. 7 (A) and Fig. 7 (B)). Wortmannin showed a specific inhibition of IL-8 induced chemotaxis (Fig.
accessible enabling real-time cell tracking. Half maximal effective response (IC;,) values for 2 different migration % " i = stage in a 37 C5% CO, humidified chamber. 7 (C) vs. Fig. 7 (D)) while there was insufficient curve fit to the fMLP inhibition. The graph shows the
inhibitors is determined using the plate. %C) 40 - 6 x50 Images of the gradient were acquired every 30 mean and standard deviation for replicates of 4.

i . 3 30 E \ 1210 minutes. The average intensity was measured _ ] ] ]
Device Design 5 i w across the span of the gradient region. Morphological analysis of chemotactic neutrophils

°x g | - A) The graph shows mean and standard deviation
o T for 24 replicates.
A attractant B C ] | =1390 B) B) Image showing the gradient and a portion of 1.10 i A
P o b .. jor/ minor rea
addition port ol . . . . . . . the cell addition port.

p<'1 0—11 |
p<10° I

1.00
0.90
0.80
40 070
% 20 20000 HLQAT do d
| 0.60 . . ‘

> 18000 - 62 NM I1-8 ? ] R s

a

w10 - ‘| H ‘ HH | Figure 8. Morphological analysis of chemotactic neutrophils. Cells were loaded into the device via wick

o L UUILILELARARDIRARREERERARIRERE]TR]] ,|,|,|,|,|,.,I,I,I,I,.,., e filling such that neutrophils were present in the gradient region at the beginning of the assay. Cells were then
50 - 500 nM fMLP Uniform 12000 - subjected to gradient of IL-8 chemoattractant and inhibitors as noted. 15X images were taken and shown in left
10000 - panel . Cells were analyzed for el ongation (r atesto
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Figure 1. A) Top view of the Gradient device. B) 3D schematic of the gradient channel structure.
C) Photograph showing a 96-unit plate.
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Figure 2. Operation of the device. All liquid handling steps can be carried out with hand held pipettors

or automated liquid handling robotics. 8000 - was used to calculated p-values as shown in right panel.

Start with an empty channel.

Total Cell Area (e m?)
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1. The dry plate is filled by dispensing 20 eL media at the attractant addition port. Capillary action leads
to filling of the entire channel. (Below the filling sequence is visualized using AlexaFluor® 594)

Add 20 pL of assay medium
[ [ ® +/- 1X inhibitor.

2. 3 ¢L cells stained with a fluorophore such as calcein, AM are added to the cell addition port. 3,000-

Conclusions

4000 - A Microfluidic gradient channels arrayed in an SBS/ANSI standard plate were developed.
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A The plate enables robust delivery of reagents and cells using off-the-shelf lab automation
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Gradient setup in less than 30 minutes and stability for at least 3 hours was demonstrated.

- +fmlp . . . o
A Chemoattractant gradients are suitable for quantification of polymorphonuclear leukocyte

800
880
960
1040

Distance From Cell Port (¢

3

)

12,000 CE”S are typ|Ca”y Used / Add 3 pL of cells. Pre-incubate for ChemotaX|S

. e . . . 30 minutes if testing inhibitor. . . . . .
|3. 3::1 slE c?lemqaitrat%tanbt IS addeﬁ to thle at;raﬁtantt addition r|?ort. Stt:rfaie ttensmn-base;ihpalsilve_dpumfplgg ‘ E& i A Preliminary assessment of data quality is encouraging for screening applications ( Z.89.
sars 1o TOW It 11e DYPass Lhiannet, Which Sets Up a tmogiracialit Souree on e 1eh siae ot e Figure 6. Response of polymorphonuclear leukocytes (PMNs) to a gradient of fMLP. 500 nM fMLP was loaded into just the attractant A 1Cs, values of dose response to migration inhibitors was demonstrated.
gradient channel. The cell addition port serves as the sink. Diffusion dominates mass transport in the _ _ _ _ _ ) A Miaration on a horizontal surface enables hiah content analvsis such as shape and area
gradient region, leading to a stable gradient that is formed within 30 minutes (for 820 Da molecule) and 31t chemontacnt port (_gradlent), or into the entire plate (unlfor_m). Control wells were run without fMLP (qlgta not shown). A gr_adlent was aIIo_vved to set up for " 9 g 1y 1d5 Shape @ :
lasts for at least 3 hours. incubate for 25 hours, 30 minutes, then 8,000 PMNSs pre-labeled with calcein, AM were added to the cell addition port. Cells were imaged immediately (t=0 h) and A Effects of compounds on cell morphology can be quantified to distinguish different classes of
4. The assay is incubated 1-3 hours in a humidified secondary container to prevent evaporative effects & then returned to the incubator for 2 hours before imaging again (t=2 h). Cells were located using a count nuclei algorithm (Metamorph, inhibitors.
5. The gradient region is imaged using fluorescence microscopy or high content imaging systems. Data Molecular Devices) and scored for distance from cell port. Right panel: Fully automated whole plate analysis of chemotaxis ACkn OWl ed g ements
analysis involves identifying how many cells moved in to the gradient region and how far into the mage towards fMLP. Chemotaxis assays were performed as described above fully automated via CyBi®-Well (CyBio GmbH) in the presence or Eunding for th . ded by NIH 4 2 RA4 HLOB8785-02
gradient region each one has traveled. e absence of 500 nM fMLP. After a two hour incubation cells were imaged and the total area occupied by cells migrated into the gradient was unding for this work was provided by grant e

3 scored using Metamorph (Molecular Devices). United States Patent Application 20090123961
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