
  

 

Abstract—We demonstrate a lens-free complementary metal 
oxide semiconductor (CMOS) image sensor-based cell viability 
measurement platform, which does not require any labeling or 
staining reagent. Composed of cost-effective optoelectronic 
devices, i.e., Light Emitting Diode (LED) and CMOS image 
sensor, this platform can determine viability of more than 3,000 
human cancer cells within a single digital image frame. Three 
types of human cancer cells, i.e., Caco2, HepG2, and MCF7, 
were tested to evaluate the performance of this platform. 
Experimental results show high correlation with an established 
cell viability measurement protocol, i.e., MTT assay. This 
reagent-free and cost-effective cell viability measurement 
platform may be useful in various applications in the fields of 
clinical, biological, environmental, and pharmacological 
research.  

I. INTRODUCTION 

Cell viability testing plays a key role in various 
applications in the fields of clinical, biological, environmental, 
and pharmacological research. However, conventional cell 
viability testing approaches, e.g., using various labeling or 
staining dyes, are time and labor intensive; moreover, the 
specimen once tested cannot be reused for further 
investigation. Recently, we have been studied a novel cell 
imaging modality equipped with a lens-free CMOS image 
sensor, which enables differentiation [1], counting [2], 
concentration measurement [3], and proliferation 
measurement [4] of the cells in a simple and cost-effective 
platform. In this paper, we demonstrate that this modality is 
also helpful for the determination of the cell viability without 
any labeling or staining reagent and the results are compared 
to those of the conventional method, i.e., MTT assay. 

II. MATERIALS AND METHODS 

The experimental set-up only consists of compact and 
low-cost optoelectronic devices, i.e., a CMOS image sensor 
(USD $14) and an LED (USD ~$3) as illustrated in Fig. 1(a). 
To demonstrate the performance of the reagent free cell 
viability measurement platform, we utilized three types of 
human cancer cells, i.e., Caco2, HepG2, and MCF7. The cells 
were grown in a 24-well plate filled with a high glucose 
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growth medium at the concentration of 18,000 cells/ml. To 
evaluate the performance of both methods, i.e., CMOS and 
MTT, in cell viability measurement, all the cells were treated 
with a diluted H2O2 solution of concentration ranges between 
0 and 4mM.  

 
Fig. 1. (a) Experimental setp-up,(b) Cell viability comparison for Caco2 (top 
row), HepG2 (middle row), and MCF7 (bottom row) cells treated with 
various H2O2 concentrations measured with MTT assays (left column) and 
CMOS image sensor (right column). 

III. RESULTS AND CONCLUSIONS 

As shown in Fig. 1(b), cell viability measurement results 
between two approaches matched well and the correlation 
indices were calculated as 0.992, 0.940, and 0.972 for the 
Caco2, HepG2, and MCF7 cells, respectively.  

In summary, a low-cost, high-throughput, and reagent-free 
cell viability measurement platform using lens-free CMOS 
imaging technique was demonstrated. This platform may be 
useful in various applications in the fields of clinical, 
biological, environmental, and pharmacological research. 
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