
 

Figure 1. A cellular microarray perfusion system for chemo-drug screenings. (a) The overall perfusion system. 

(b)Solutions were introduced into the chip through inlet channels (pink color, in the left); cells were seeded into the chip 

through the manifold channels (pink color, in the middle). A hydraulic pulse was moderated by the pressure-driven anti-

pulse valve (APV) (blue color, in the left) to keep flows in channels steady. A stable drug concentration gradient generated 

by concentration gradient generator (CGG) (green color, in the left) flowed to cellular microarray chambers (green color, 

in the bottom). The pressure-driven anti-crosstalk valve (ACV) (in the bottom, blue color) was used to preventing an un-

wanted fluidic crosstalk during drug perfusion. The right panel is the final product of the chip. (c) The working principal of 

the pressure-driven ACV. (d)The 1x3 planar interdigitated ring electrode (PIRE) designed for dielectrophoretic cell pat-

terning (e) A characterization of concentration gradient profiles after 24 hours of perfusion. Without driving ACV, no sig-

nificant concentration gradient was found; with driving ACV, a significant stable linear concentration gradient was ac-

quired. Data were means ± standard deviations of three measurements. 
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ABSTRACT 

With low efficiency of chemotherapy for some patients, there is an increasing need for predicting the outcome of a 

treatment by performing in vitro cellular drug screenings. In order to promote a prediction of drug responses, cellular mi-

croarray－a powerful tool for high throughput screening－has been targeted to meet the need. Here, we provide a dielec-

trophoresis (DEP)-based cellular microarray perfusion system tailoring to uniform cell patterning and stable drug perfu-

sion for anticancer drug screenings. The tailored collagen-coated planar interdigitated ring electrode (PIRE) arrays for 

dielectrophoretic cell patterning (DCP) resulted in uniform cell count on a PIRE (92±5 cells per PIRE) among chambers; 

after DCP, around 91% of patterned cells (84±5 cells per PIRE) remained for following drug perfusion. Besides, the cor-

porative work of a linear concentration gradient generator (CGG) and an anti-crosstalk valve (ACV) was experimentally 

verified to prevent an unwanted crosstalk of drug concentrations for generating stable drug concentrations. Moreover, 

observations of cells during 24-hour drug perfusion showed: a viable microfluidic perfusion environment for drug 

screenings; and a good correlation between cell viability and drug concentration. Our cellular microarray perfusion sys-

tem would supplement microfluidic perfusion model for building up a correlation to in vivo drug screenings for improv-

ing efficacy of chemotherapy. 
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INTRODUCTION 

With low efficacy of chemotherapy for some patients, there is an increasing need for predicting the outcome of a 

treatment by performing in vitro drug screenings [1]. Cellular microarray, a powerful tool for high-throughput drug 

screening, has been targeted to meet this need [2].  

In this paper, we provide a perfusion system of cellular microarray for a chemo-drug screening using microfluidics 

(Fig.1). Features of the system include: (1)  applying pressurized air to eliminate bubbles inside PDMS microchannels 

(Fig.1a) for a bubble-free perfusion [3], (2)  a PDMS anti-crosstalk valve (ACV) (Fig.1b-c) to prevent an unwanted 

crosstalk of drug concentrations during drug perfusion. During drug perfusion, ACV was driven with a hydraulic pres-

sure of 20 psi to blocking the connection holes for preventing an unwanted crosstalk via the manifold channels. Bright-

field images (middle panel) and green fluorescent images (lower panel) demonstrates the operation of ACV. (3) planar 

interdigitated ring electrodes (PIRE) to uniformly pattern cells [5] for the repeatability of drug screenings. 
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Figure 4. Dielctrophoretic cell patterning (DCP). (a) Patterned cells on a 1×3 collagen-

coated PIRE array.  (b) Cell count of a PIRE. 

 

 

 
Figure 2.Chip microfabri-

cation process with collagen 

coating. 

 
Figure 3.Operating process of the system. 

FABRICATION 

Microfabrication of the cellular microarray chip utilized a combination of photolithography, reactive ion etching 

(RIE), soft lithography, and collagen coating (Fig. 2). The procedures were reported in our previous work [3]. After the 

fabrication, the chip was stored at 4°C prior to use. 

 

EXPERIMENTAL 

The operations of the system were divided into four stages (Fig.3). In stage I, a pressure (7 psi) was applied to elimi-

nating bubbles inside the PDMS chip [3]. In stage II, MCF-7 (a breast carcinoma cell line) suspended in a low-

conductive buffer (0.5mM HEPES, 301.3mM sucrose, 1.5% FBS; pH7.0, 341.5mOsm, 2.29×10
-2

S/m) was introduced 

into microchambers (Fig.1d). An AC signal (5 Vpp, 10 MHz) was applied to PIRE arrays to generate dielectrophoretic 

(DEP) forces to pattern cells on collagen-coated PIRE arrays. After cell patterning, the buffer was exchanged for culture 

medium (DMEM/F12, 10% FBS, 1% penicillin/streptomycin). During the solution exchange, a hydraulic pulse would be 

caused to deteriorate cellular patterns. Therefore, a pressure-driven anti-pulse valve (APV) (Fig.1b) was gradually acti-

vated to preserve cellular patterns. Then, cells were kept static for 3 hours. In stage III, a linear concentration gradient (0, 

10.5, 24.7, 37.5, and 50 μg ml
-1

) of cisplatin (a chemotherapeutic drug) was generated by a concentration gradient gene-

rator (Fig.1b), then introduced at 0.1μg min
-1

 to treat cells for 24 hours. During drug perfusion, a pressure-driven ACV 

(Fig.1c) was applied to prevent unwanted crosstalk for sustaining stable drug concentrations. In stage IV, the viability of 

treated cells was quantified by a dual staining.  

 

 

 

 

 

 

 

 

 

 

 

 

 

RESULTS AND DISCUSSION 

Anti-crosstalk valve (ACV) and concentration gradient generator (CGG) for a stable drug perfusion is shown in  

Figure 1e. The pressure-driven ACV, locating atop of the connection holes between the manifold channels and CGG, 

was mainly featured with a 500 μm-thick PDMS membrane (see the cross-sectional schematic in upper panel of Fig. 1c). 

Figure 4 shows cells uniformly patterned on a 1×3 collagen-coated PIRE array in a chamber. Cells covered an entire 

PIRE, not only the edges. About the distribution of patterned cells in chambers (cell-seeding density was about 1×10
7
 

cells ml
-1

) (Fig. 4a), the mean cell count on a PIRE showed a good overall uniformity, 92±5 cells (coefficient of variation 

(CV): 5.4%), among chambers(Fig. 4b). Morphological observations of cells during 24-hour drug perfusion are shown in 

Figure 5a. After solution exchange, most of patterned cells well attached to the substrate. Some cells migrated from 

PIREs to surrounding areas. Cells were treated with a linear concentration gradient (0, 12.5, 25, 37.5, 50 μg ml
-1 

) of cis-

platin with a perfusion rate of 0.1 μl ml
-1 

(channel width: 300 μm, height: 60 μm) for 24 hours. At t=24hr of drug perfu-

sion, a polygonal cell morphology and a significant cell proliferation were found in chambers with lower drug concentra-

tions (i.e. 0, 12.5 and 25 μg ml
-1

); while a spherical cell morphology and a significant decrease in cell amount found in 

chambers with higher concentrations (i.e. 37.5 and 50 μg ml
-1

). After staining, live cells and dead cells were indicated by 

a green dye (calcein AM) and a red dye (propidium iodide), respectively. The composites of fluorescent and bright-field 

images showed a good correlation between cell viability and drug concentration. Results proved a viable microfluidic 

perfusion environment for drug screenings. 

Toxicity profiles of cisplatin in the cellular microarray perfusion chip and 96-well plates obtained after 24-hour drug 

treatment are presented in Figure 5b. Cell viabilities in the chip after perfusion with different concentrations were norma-

lized against that of untreated cells. IC50 from the chip (37.5μg ml
-1

) was higher than that from 96-well plates (7.0μg ml
-1

) 

(Fig.5b) which may be caused by an unwanted PDMS absorption of cisplatin in the chip resulting in a lower effective 

drug concentration [5]. 
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CONCLUSION 

A DEP-based cellular microarray perfusion system tailoring to uniform cell patterning and stable drug perfusion was put 

forth for anticancer drug screenings. The tailored integration of PIRE arrays and a microfluidic perfusion configuration 

resulted in a uniform cellular microarray and stable drug perfusion. During drug perfusion, a good correlation between 

cell viability and drug concentration was affirmed; furthermore, the difference in IC50 value between the chip and 96-

well plates may be caused by an unwanted PDMS absorption of cisplatin in the chip. The combinatory work of moderate 

electric fields of DCP and a stable drug perfusion may be the key to the success. However, this microfluidic perfusion 

system cannot work for drug cocktails screening. Our cellular microarray perfusion system would supplement microflui-

dic perfusion model for building up a correlation to in vivo drug screenings for improving efficacy of chemotherapy in 

the years to come. 
 

REFERENCES 

[1]  Wainer Zoli, Luca Ricotti, Anna Tesei, Fabio Barzanti, Dino Amadori, In vitro preclinical models for a rational  

design of chemotherapy combinations in human tumors,  Critical Reviews in Oncology Hematology,  37, 69(2001) 

[2]  Haiching Ma, Kurumi Y.,  Horiuchi, Chemical microarray: a new tool for drug screening and discovery, Drug  

discovery today, 11,  661(2006) 

[3]  Lo-Chamg Hsiung, Chun-Hui Yang, Ching-Te Kuo, Yue Wang and Andrew M. Wo, An integrated fluidic multiple 

ing platform for bubble-free solution exchanges, The 13th International Conference on Miniaturized Systems for  

Chemistry and Life Sciences (MicroTAS 2009), Jeju, 2009, p. 815.3. 

[4]  Lo-Chang Hsiung, Chun-Hui Yang, Chi-Li Chiu, Chen-Lin Chen, Yueh Wang, Hsinyu Lee, Ji-Yen Cheng, Ming- 

Chih Ho, Andrew M. Wo, A planar interdigitated ring electrode array via dielectrophoresis for uniform patterning of 

cells, Biosensors and Bioelectronocs, 24,  869(2008) 
[5]  Yi-Chin Toh, Teck Chuan Lim, Dean Tai, Guangfa Xiao, Danny van Noort, Hanry Yu, A microfluidic 3D  

hepatocyte chip for drug toxicity testing, Lab on a Chip, 9,  2026(2009) 

[6]  Watson, M.B., et al., Expression microarray analysis reveals genes associated with in vitro resistance to cisplatin in  

a cell line model. Acta Oncol, 2007. 46(5): p. 651-8 

[7]  Sang-Hun Kang, H.-J.L., Soo-Jin Jeong, Hee-Young Kwon, Ji-Hyun Kim, Sun-Mi Yun, Jin-Hyung Kim, Hyo-Jeong  

Lee, Eun-Ok Lee, Kwang Seok Ahn, Kyoo Seok Ahn, Sung-Hoon Kim, Protective effect of Bojungbangdocktang on  

cisplatin-induced cytotoxicity and apoptosis in MCF-10A breast endothelial cells. Environmental Toxicology and  

Pharmacology, 2009. 28: p. 9 

[8] Feng, L.I., et al., Improved potency of cisplatin by hydrophobic ion pairing. Cancer Chemotherapy and  

Pharmacology, 2004. 54(5): p. 441-448 

Figure 5.Chemo-drug screenings. (a) Cells were treated with a linear concentration gradient for 24 hours. (b) 

IC50  from the chip(37.5μg ml
-1

) and  from  96-well plate(7μg ml
-1

).  
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