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Abstract: A novel polymer microarrays fabrication technique is presented, and applied to the

realization of a new type of biochip for cellulomics purposes. The proposed microfabrication

technique is optimized for production cost reduction when small series (100 to 10000 chip series)

are needed, which is the case when the actual market of cellulomic is considered. As a

demonstration, a biochip for highly parallelized transfection of arrays of living cells was

realized, and the feasibility of parallel lipofection on this biochip was demonstrated. Two

different plasmids encoding respectively eGFP and DsRED2 were inserted into HEK293T cells.

The transfection was monitored through fluorescence observation after 72 hours. Successful

expression of both genes was observed.

The proposed microfabrication technique is derivated from a macroscale rapid prototyping

technique called vacuum casting.  The master part is here performed through combining

microfabrication technologies and rapid prototyping technologies. The corresponding three-

dimensional female structure, combining micro and macro-size features is molded in a flexible

silicone-material. The duplicated polymer chips are obtained by casting a thermosetting plastic

under vacuum. The dimensional replication accuracy between the master part and the

duplicated parts is uniform over the duplicated parts and better than 1%. Advantages of the

proposed technique compared to existing plastic microfabrication techniques are discussed in

the paper.

Keywords: Cell array, vacuum casting, transfection, Microsystem, plastic biochips, polymer

technology, DNA
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1. Introduction

Micromachining and Micro-Electro-Mechanical-Systems (MEMS) technology have been

advantageously used in biological  and biomedical-related fields since last decade. Indeed the



miniaturization opened new perspectives to those fields thanks to the new possibilities to handle or

analyze biocomponents, with scale laying from the dimensions of a living cell  down to the

dimensions of biomolecules [1-6].

One of the miniaturization interest is the integration on a single chip of a large number of tests or

biological reactions. This concept of parallelization is already widely used in the context of DNAchips

or  protein chips [7,8]. This approach is nowadays extending to parallel analysis of living cells

monitoring with the recently introduced concept of parallel cellchips [9,10], for high throughput

screening (HTS) that find their applications in the fields of pharmaco-toxicology, cosmetology or

food industry for example. Parallel cellchips are constituted of a large number of microwells in which

cells are spotted and exposed to biochemical products which efficiency or toxicity has to be evaluated.

Historically, microsystems for biological applications have been developed on silicon, glass or fused-

silica [11-15]. The choice for silicon as material was motivated by technological facilities available in

the silicon microfabrication industry, while the choice for glass or fused-silica was guided by the

advantages of providing a transparent support for biological analysis. Indeed an important drawback of

silicon chips, as far as biological or optical use is concerned, is that this material does not fulfill the

requirement of transparency. In the other hand, the glass micromachining is not as convenient as

silicon micromachining, and this technology remains expensive. That is why, because of cost, material

properties, or availability of micromachining methods, the microtechnologies used to design biochips

(as well as optical microsystems or Radio Frequency micro electromechanical systems RFMEMS [16]

progressively turned to polymer casting since the last decade [17].

Several types of polymer micro-fabrication techniques have been demonstrated. Among them, two

categories can be pointed out: 1) micro-fabrication technologies which are derived from a macro-scale

polymer technologies: for instance injection molding led to micro-injection molding, while hot

embossing led to micro hot embossing  2) technologies which are derived from clean-room micro-

technologies: the PDMS (PolyDi-MethylSiloxane) soft-lithography [18], or the recently proposed UV-

embossing techniques are representative examples of that category [19,20].

Micro-technologies of the first category  [21-25] require huge investments in terms of money,

equipments and time. They need high pressure and temperature control in order to cast the

thermoplastic materials which are used. In order to miniaturize the three dimensional mould, its

fabrication needs technology more precise than the  one encountered with conventional computer

numerical control (CNC) machining or micromachining (which is nowadays limited down to 40 µm

dimensions), and is thus turning to microtechnologies such as LIGA (Lithographie Galvanoformung

Abformung), or deep silicon etching. Indeed latter micromachining methods permit to achieve

submicron resolution for the mold. However  those techniques cannot cope with the non-uniform

retraction phenomena of the polymer material duplicated parts. The studies show that the deformation

of the polymer parts depends on local mould temperature, injection point, and of the moulded objects

volume and geometry [26,27]. This limitation is strongly unfavourable for highly parallel devices, as



microarrays, as in this case a non uniform retraction leads to the loss of dimensional periodicity.

Indeed periodicity is a key feature for microarrays spotting and high data volume acquisition

automation.

This limitation explains the recent increase of interest on UV-lithography based technologies [28]

which have the advantage to ensure uniform periodicity of micropatterns and highly accurate

replication. Those technologies are low temperature based on pattern transfert from a microtechnology

fabricated mould part to a UV curable resin. Nevertheless, the range of possible materials is limited to

UV-curable resin and does not allow a wide range of mechanical, optical properties and the

biocompatibility of each material should be carefully studied. Moreover, the cost of such material is

quite high compared to thermoplastic material cost.

PDMS soft-lithography [18] is a widely known technology that can be used for microdevices

prototyping or in some cases as complete devices [29]. Nevertheless PDMS material properties are not

convenient for microarrays fabrication. Indeed the low stiffness of PDMS renders it difficult to

manipulate without additional support. Moreover biological results are hardly reproducible on PDMS

devices because of prepolymer partial polymerisation, which leads to PDMS porosity to surrounding

medium molecules.

In this paper, we present an alternative low temperature polymer micro-duplication technology that

allows the serial fabrication of polymer micro-devices suitable for biological and microfluidic

application. The proposed technique derives from a macroscale rapid prototyping fabrication

technique called vacuum casting. This technology is based on the duplication of a master part through

a female flexible mould into a thermosetting polymer by the mean of casting under vacuum.  Using

this technique one can fabricate several hundreds micro-devices with dimensions and aspect-ratios

suitable for biomicrosystems applications. Moreover, the thermosetting polymers involved in this

technique show excellent biocompatibility and fluidic properties and reveal  excellent properties for

fluorescence observation.  Microarrays have been performed using this technology and used for DNA

transfection experiments on cells.  Those experiments were carried out on HEK293T cells. The

transfection of plasmid encoding eGFP and DsRED2 was monitored through fluorescence observation.

The next section presents the fabrication technology and the microarray design, while last section of

the paper describes the cell on a chip transfection experiments.

2. Fabrication and design

In this paragraph the proposed microfabrication method, allying polymer vacuum casting to

microsystem technology, is presented. As we shall see the obtained products combines advantages of

both technologies, mainly low cost production, capability to reach small size features, and low

retraction after molding. The fabrication of the cell microarray plastic biochip is then described .



2.1. Vacuum casting of microsized structures process

The proposed micro-duplication technology  derives from a macroscale vacuum casting  technique

that follows three steps. The first step consist in the realization of a master part that corresponds in

dimensions and geometry to the final desired polymer part. Then a flexible silicone mould is hardened

surrounding the master part so as to transfert the micro and macro patterns to a female flexible

counterpart. The use of silicone material allows the use of various techniques for the fabrication of the

master part. Silicon masters that are too fragile for high pressure processes are directly usable in that

case, without any reinforcement. Lastly, thermosetting polymer is casted under vacuum into the

flexible mould and hardens until it is withdrawn from the flexible mould as a duplicated part.

Figure 1: General process flow for vacuum casting technique of polymer micro-sized chips.



The performances of this polymer micro-fabrication technique have been evaluated through its

replication capabilities of micron-scale, high-aspect ratio and submicron scale structures [30]. The

duplications of classical tests structures showed sub-micrometer (down to 300 nm) and high aspect-

ratio (up to 1:16) performances. The results highlight that vacuum casting fits the requirements for a

prototyping technique allowing the development and fabrication of polymer microsystems. This

technology allows highly accurate duplication of microstructure with uniform contraction of

maximum 1%. The uniform contraction observed could be explained by two major characteristics of

this technology that differentiate it from existing duplication techniques. Firstly, it is a low

temperature (below 80°C) and low pressure process using liquid mixture of thermosetting polymers,

therefore stresses to polymer material are much lower than in high temperature and high pressure

processes cases. Secondly, the mould use for the replication of the microstructure is flexible, which

means that during the cooling down, after the thermosetting polymer is hardened, no external stress is

applied to the polymer material as it is the case during the cooling down of polymer material in stiff

metal molds. This performance ensure the highly accurate patterns periodicity necessary for

microarray applications.

2.2. Cell Microarray design

The microfabricated cellchip array consists of a matrix of 2025 pyramidal microwells. The dimensions

of the bottom of microwells (200 µmx200 µm) allow the culture of an average number of 30 to 50

cells, which is sufficient to keep a good biological viability and functionality for the type of adherent

cells chosen here. The depth of the wells is 50 µm to ensure enough medium volume for cell culture.

The smallest dimension on the chip is 30 µm, corresponding to the microwells separation, and the

maximum aspect ratio is 1:3.  The microwells matrix takes place in a global package fitting the usual

biological glass slide features for simple manipulation.

(a)  (b) 

Figure 2: Photo of the composite master part used for the biochip fabrication (a) ; photo of the polymer

duplicated biochip, obtained through vacuum casting: colored liquid are spotted on the chip (b)
(scale bar is 1 cm).



The master part, shown in figure 2, is a composite object whose sub-units are made through various

technologies. In our case three subunits are assembled 1) one subunit being an acrylic plate which has

been conventionally machined, 2) a subunit made through fused deposition modeling technology and

3) a subunit made of silicon being etched through MEMS technology. The opportunity of making

composite master part allows to compose with best available fabrication technologies according to

requirements in term of surface roughness, aspect-ratio and desired shape. The dimensions of the

biochip fitted the range of the vacuum casting technique. The master part was successfully duplicated

up to 40 times with one silicone flexible mould. The figure shows pictures of the original and one

duplicated part. The schematic illustration of the vacuum casting fabrication process is shown in

Figure. 3. Vent and sprue bushing channels are added to a composite master part fabricated through

standard micro-fabrication technologies (step 1). Various materials are suitable and can be associated

to form the master part. A silicone prepolymer is mixed with hardener, degassed and then poured

around the master part to realize a female flexible mould (step 2). The master part is withdrawn from

the silicone mould (step 3). Polymer liquid resin (MCP6091) is then cast under vacuum in the empty

flexible female mould (step 4). The polymer resin is baked for 3 hours at 70°C. The hardened polymer

part is then withdrawn from the mould (step 5). It is a transparent and accurate duplication of the

master part made with a chosen polymer.

3. Biological application : transfection experiment

In this section we present the transfection experiment on cells cultured on the biochip which

microfabrication is described in the above paragraph. Biocompatibility tests which have been

performed on the biochip are then presented. Finally, cell loading, transfection and culture on the

biochip is described.

3.1. Biocompatibility

The biocompatibility of the polymer material used was monitored by cell proliferation experiments in

the polymer micro-wells over one week. Good viability of cells on the chip was observed with the

chosen polymer (see figure 4). The material showed to be suitable for fluorescence observation.

Figure 3: Schematic illustration of the vacuum casting process



3.2.Transfection experiment

3.2.1. Cellchip printing

The feasibility of parallel transfection with different transgene on the plastic biochip, without cross-

contamination between cells cultured in adjacent micro-chambers was demonstrated. For that purpose,

plasmids expressing two different fluorescent proteins (eGFP and DsRed2) were alternatively used for

the transfection.

The general lipidic reverse-transfection procedure used here was derived from previous work [31]

except for the absence of gelatin. Briefly, 1 microgram of each plasmid – either pEGFP-C1 or

pDsRed2 (Clontech, Paolo Alto, CA) encoding respectively a green and a red fluorescence protein,

were diluted with 13.2 µ l of EC buffer (Effectene kit, Qiagen). Four microliters of Enhancer

supplemented with 2.4 µl of a 1.5 M sucrose solution and 4 µl of Effectene reagent were successively

added to the mixture.

After 10 minutes at room temperature, the solution was transferred into a 96-wells plate for microarray

printing. The microfabricated chip were printed at the bottom of each microwell at room temperature

with a Microgrid II Biorobotics (Cambridge, UK) arrayer equipped with pin (usually used for DNA

microarrays manufacturing). The spots were about 100 µm in diameter as verified by printing of a blue

colored solution (see Figure 5). DsRed2 and eGFP encoding plasmids were alternatively arrayed on

adjacent rows of the chip. After printing, the chip was dried and stored in a dessicator for subsequent

use.3.2.2. Cell culture and Reverse Transfection

Human Embryonic Kidney cell line HEK293T were grown at 37°C in a 5% CO2 humidified

atmosphere in Dulbecco’s modified Eagle’s medium containing 4.5 g/L glucose supplemented with

Figure 4: Pictures of FAO cells on the biochip after 72 hours of culture. The cells

stretch  at the bottom of the micro-wells.



10% FCS, 100,000U/L penicillin, 50 mg/L streptomycin and 200 mM glutamine. Cells were seeded

onto the chip (450,000 cells in 1 mL of medium) and cultured  in 100 mm Petri dishes containing PBS,

and cultured for 24-72 hrs at 37°C/5% CO2.

3.2.3. Transfection analysis

Transfection was assessed by fluorescence measurement on a fluorescence microscope and array

images were captured with a Zeiss Axiovert microscope with fluorescent light emission systems for

EGFP (Ex 488 nm, Em 520 nm) and DsRed2 (Ex 558 nm, Em 583 nm) detection and a digital camera

for image acquisition.

3.2.4. Results:

72 hours after transfection, phenotypical effects of gene overexpression could be assessed on the array

by visualization of green (EGFP) and red (DsRed2) fluorescence using a fluorescence microscope.

Successful expression of both genes without cross contamination could be observed as shown in

Figure 5. The polymer proved to be compatible with cell transfection, and the microchip format

scalable for highly parallel transfection.

a. b. d. d.

Figure 5 : Lipidic reverse-transfection experiment on HEK 293T cells on the biochip.

(a) Visualization of the spotting with a blue colored solution. (b) and (c) Two plasmids expressing

different fluorescent proteins (DsRed2 and eGFP) were spotted in adjacent wells onto the array and

cells were seeded. Red (b) and green (c) fluorescence corresponding to  DsRed2 and eGFP

expression was assessed using a microscope. (d) Successful expression of both genes in HEK293T

cells without cross contamination between adjacent wells could be observed after 72H culture.

4. Conclusion

A new micro-fabrication technology was presented in this paper, which combines the advantages of

micro-size features realization capabilities, while optimizing cost reduction when small series market

niches are targeted. This new technology was successfully evaluated through the microfabrication of a

transparent polymer biochip for cell transfection, and showed satisfactory biological and fluidic

characteristics. Transfection of HEK293T cells cultured on the chip was achieved, using two plasmids

encoding fluorescent proteins. Successful expression of both genes without cross contamination



between microwells could be observed allowing to envision highly parallel and differential

transfection on that format.

In the present post-sequencing era, there is an actual need for new tools allowing large scale gene

function studies. Cell microarrays allowing transfection of thousands of nucleic acids in parallel and

the subsequent analysis of the phenotypic consequences of such perturbations are indeed very

promising in that field. They allow to increase the throughput of the studies and to reduce the amount

of material needed. The format described here present several key features: a high number of wells, a

low amount of nucleic acid needed for transfection, along with a low manufacturing cost and imaging

analysis compatibility (transparency, microscope slide format...).

This new micro-fabrication technology of polymer biochips is advantageous for 1) its high accuracy in

the replication 2) the uniform retractation which was observed, remaining under 1%, 3) the low

temperature process which is used, rendering electrical or optical part integration highly possible.

Moreover, as shown on Figure 6, this vacuum casting of plastic micro-sized chip may be cost

competitive, between huge polymer production techniques and hand-made micro-fabrication

technologies.

Figure 6 : Biochip microarray cost versus production volume compared for injection molding,

microfabrication technology and vacuum-casting  process.
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