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Introduction

Within the overall development path, from design to 

FDA clearance of the device, the initial selection of the best 

biomaterial for the intended application is critical and often 

determines the early success or failure of the R&D effort. 

Our work addresses this key step by providing the „com-

binatorial-computational method” (CCM) which facilitates 

the rapid and rational selection of a small number of lead 

biomaterials for further consideration.

The CCM uses parallel synthesis of polymer libraries, 

rapid screening and characterization, and computational 

modeling of cell-biomaterial interactions to identify promis-

ing lead polymers for use in the design of specific medical 

implants. The CCM reduces the cost and risk associated 

with early prototype development. The effectiveness of the 

CCM as a new biomaterials discovery paradigm has been 

demonstrated in two R&D projects: A drug eluting hernia 

repair device, and a fully resorbable coronary stent. An 

additional example of using the CCM is our ongoing work 

on the development of an ophthalmic controlled release 

device for peptides.

Methods

The CCM is schematically depicted in FIGURE 1. 

Briefly, a materials need is identified and a set of property 

requirements is established. Using intuition and knowledge, 

chemists design a library of polymers of significant size, 

containing hundreds or even thousands of individual poly-

mer compositions. A representative subset of „examples” 

of polymers are synthesized using an automated, parallel 

synthesis robot. The subset of polymers is now character-

ized, using physical measurements such as glass transition 

temperature, surface protein adsorption, or cell attachment 

and cell growth on flat polymer films. These data are aug-

mented by thousands of computed „property descriptors” 

using commercially available software packages. Next, a 

computational model is developed that attempts to correlate 

polymer structure with polymer properties in such a way that 

specific polymer properties of every member of the entire 

library can be predicted with reasonable accuracy. After a 

suitable validation step, the results of the model are used to 

discover lead polymers among the entire library that match 

the originally identified material requirements as closely as 

possible. The CCM is described in more detail in several 

published references [1-4].

Results and discussion

FIGURE 2 illustrates several commercial biomateri-

als project that are based on libraries of tyrosine-derived 

polymers [5]. 

The library of tyrosine-derived polyarylates was the first 

biomaterials library to be developed [6]. 

Originally, it contained 114 individual polymers encom-

passing a series of polymers with increasing hydrophobic 

character. The library of tyrosine-derived polycarbonates is 

substantially larger (approximately 10,000 individual polymer 

compositions, encompassing materials with an exceptionally 

wide range of material properties).

An interesting result was obtained when manual and 

automated polymer synthesis were compared. The need 

to synthesize about hundred different polymers in order 

to obtain a representative subset of polymers of a larger 

library stimulated a search for ways to reduce the time and 

cost of polymer synthesis. In our hands, the ain obstacles 

of automated parallel polymer synthesis were (i) the need 

to transform manual synthetic recipes into automatic work 

flows, and (ii) the need to overcome the limitations of 

commercially available synthetic workstations which are 

designed for small molecule work and not for polymer 

synthesis. We found that automatic synthesis requires a 

substantial „up-front investment of time and effort”. However, 

once this hurdle had been overcome, automatic synthesis 

FIGURE 1: Schematic overview of the work flow asso-
ciated with the combinatorial-computational method 

(CCM). The experimental validation step can have three 

outcomes: The model made sufficiently accurate predictions 

and a suitable material was discovered, the model requires 

iterative improvement, or the model failed requiring the 

design of a different library of polymers.

FIGURE 2: Images of commercial products based on 
tyrosine-derived polymer libraries. From the top left 
corner in clockwise direction: Hernia repair device, 
antibiotic sleeve for cardiac assist devices, coronary 
stent, ophthalmic drug delivery implant, different bone 
regeneration scaffolds, and a bone fixation screw.
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the number of polymers synthesized [7].

Once hundreds of polymers have been synthesized 

and worked up, the next major task is to characterize their 

physicomechanical or biological properties. While a number 

of high-throughput methods exist for the exploration of 

physicomechanical properties, we could not find any high-

throughput methodologies for the exploration of biological 

polymer properties such as protein adsorption, cell attach-

ment, or cell growth on flat polymer films within a given tis-

sue culture medium. Over the last few years, we developed 

several such methods, including a high throughput assay for 

protein adsorption,8 bioactive surface gradients to control 

cell adhesion [9], high-content imaging techniques to char-

acterize cell responses on polymeric substrates [10], and the 

development of combinatorial polymer scaffold libraries for 

the screening of cell-biomaterial interactions in 3D [11].

Conclusion

The fields of Tissue Engineering and Regenerative Medi-

cine require tissue scaffolds that are made of degradable 

biomaterials that can induce specific cellular responses. 

Examples of such specific cell responses are the growth of 

selected cell types, the differentiation of stem cells along a 

predetermined lineage, or the absence of any cell attach-

ment when non-adhesive surfaces are needed. To create 

such tissue scaffolds, a new generation of bioactive biomate-

rials is required. Progress in discovering such materials has 

been slow - probably because of the complex interactions 

between material composition, surface properties, protein 

adsorption, and cellular responses. The combinatorial-com-

putational method offers a framework for the rapid optimiza-

tion of new biomaterials for specific applications. So far, this 

method has been used in several commercial biomaterials 

development projects and has resulted in the introduction 

of novel polymeric biomaterials into clinical use.
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