
USING NETWORK BIOLOGY TO MAKE BETTER DRUGS 
Network biology can enhance drug development but will require time to be 
integrated into pharmaceutical R&D.
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“Implementing network biology 
will require abandoning the single 
target and probing complete and 
interlinked biological pathways. 
Spanning that conceptual gap is 
difficult to visualize, let  
alone implement.”

Dr. Herbert Köppen is a physical inorganic chemist by training and joined Boehringer 
Ingelheim in 1983 as the company’s first computational chemist, charged with setting 
up computational tools and applications to help guide the work of medicinal chem-
ists. Over the course of 15 years, Dr. Köppen painstakingly built a team that successfully 
implemented computational chemistry and combinatorial synthesis within the com-
pany in the mid 1990s. At the beginning of the last decade, Dr. Köppen focused his 
attention on computational chemistry, spearheading the use of virtual screening to 
predict the biological activity of compounds not available on stock for testing. He and 
his team expanded their approach by intensively exploring chemogenomics, and it was 
in this role that Dr. Köppen first came across network biology. Though in retirement, 
Dr. Köppen continues to consult for Boehringer Ingelheim, where he advocates inte-
gration of network biology into pharmaceutical research and development. Dr. Köppen 
shares his thoughts on how a network-based approach to drug development  
might work.

 “The fact is, only drugs that provide 
a real therapeutic benefit will pay 
off research and development 
investment, and it is clear that the 
single-target approach no longer 
meets that demand.”
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In the 30 years of my career, I cannot think of a single 
project where the network character of pathways 
was a matter of discussion. Usually, the biologists 
presented a target that was, for example, overex-
pressed in a disease, showed its role within a subset 
of biological pathways, but then the strategy was 
invariably “if we knock out the target, we cure the 
patient.” There were, of course, successful projects 
that delivered innovative medicines for the treatment 
of diseases, however, most of the time that strategy 
proved to be wrong. When we were lucky, we figured 
it out early on. In less fortunate cases, we figured it 
out when the drug was already in clinical trials. The 
discrepancy was, and remains, obvious. I would guess 
the situation is similar in all major pharmaceutical 
companies.

Industry’s slow integration of networks into research 
and development strategies stems from the fact that 
networks have not penetrated the thinking of drug 
developers and that instigating change in a highly 
industrialized process with standardized workflows, 
deterministic task assignments and narrowly defined 
outcome requirements is quite difficult. To begin 
with, there is little awareness of how differently a 

network behaves compared to a single target embed-
ded in a linear pathway. Biological networks have 
evolved to be robust, to afford an organism internal 
constancy in face of a changing environment. So, 
while eliminating a target from a linear pathway can 
shut down function of that pathway, eliminating the 
same target from a network may have no effect at 
all. Second, there is a lack of instruction on how to 
apply network biology. Currently, drug discovery and 
development is based on the premise of isolating 
a target to obtain clear feedback on the affinity and 
efficacy of a compound. This is the mental model and 
the type of data that developers are used to analyz-
ing. Implementing network biology will require 
abandoning the single target and probing complete 
and interlinked biological pathways. Spanning that 
conceptual gap is difficult to visualize, let alone 
implement. Finally, a new approach necessitates new 
tools to generate the right data. Implementing those 
tools and ensuring that they are a good proxy of the 
human body will require intensive work. The tech-
nologies are already available, but the workflows need 
to be developed and then integrated into the drug 
development framework.

OVER THE LAST DECADE, NETWORK BIOLOGY IN GENERAL AND THE USE OF NETWORK BIOLOGY 
IN THE DRUG DEVELOPMENT PROCESS HAS APPEARED WITH INCREASING FREQUENCY IN THE 
LITERATURE. WHAT HAS HINDERED ITS INTEGRATION INTO RESEARCH PROCESSES OF THE PHAR-
MACEUTICAL INDUSTRY?



4Elsevier R&D Solutions 

WHAT ARE SOME CONCRETE EXAM-
PLES OF APPLICATIONS THAT CAN BE 
USED TO SUPPORT NETWORK-BASED 
DRUG DEVELOPMENT? 
The critical difference of the network 
approach is that a complete network must 
be probed rather than a single target. 
Because every node of a biological net-
work cannot be individually monitored, 
what needs to be measured is the pheno-
typic expression of the network — what 
does it do? — and the phenotypic result 
of perturbing the network — how does it 
respond? Determining the most suitable 
measures, whether that be changes in 
production of one or more metabolites, 
morphological changes to cells, changes 
in gene expression patterns or any other, 
requires deep understanding of the 
underlying biology to guarantee that what 
is measured reflects the function of the 
network and is linked to the disease  
of interest.

Phenotypic screening or testing is some-
times used for drug discovery to identify a 
potential target. With enough background 
information, it is possible to set up very 
sophisticated models of isolated cellular 
functions using differential equations to 
predict the outcomes of perturbing the 
simulated network. Good models are 
rare, as they are only meaningful if based 
on very detailed knowledge of network 
structure and empirically determined 
kinetic constants. Both requirements are 
highly resource-intensive to generate, but 
there are some elegant examples in the 
literature. The models can then be used 
in sensitivity analyses where simulat-
ing the modification or removal of each 
model component illustrates how the 
system reacts. Results from these sensitiv-
ity analyses are usually unexpected, even 
with small and simple networks. 

This application of network biology 
is, however, still limited. The sensitiv-
ity analysis identifies “sensitive” nodes 
in the network and then the one with 
most impact on the pathological state of 
the network is selected as a new target. 
A better approach might be to select 
several nodes and search for a drug that 
modulates some or all them. Then the 
challenge becomes optimizing a multitar-
get compound.

CAN PHENOTYPIC SCREENING OR 
TESTING BE USED AS A TOOL IN 
SUBSEQUENT DEVELOPMENT STEPS, 
SUCH AS PRECLINICAL TESTING OR 
LEAD OPTIMIZATION? 
Most colleagues will agree that animal 
models used in preclinical testing are 
difficult. Some have been established 
for a very long time and continue to be 
used because of accumulated experi-
ence, although they have not proven to 
be particularly good models of disease or 
human body function. This situation will 
not improve just because a network-based 
approach is adopted. Animal models for 
preclinical testing will need to be re-
evaluated to assess if they are comparable 
to humans in terms of sequence and 
structure of individual network compo-
nents, expression (e.g., copy number, 
same post-translational modifications) of 
these components and connectivity of the 
relevant networks.
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Phenotypic testing could be very powerful for lead 
optimization because it goes above and beyond 
measuring how well a drug impacts a specific target. 
The system affords information about cytotoxicity, 
off-target effects, and more. Implementing phe-
notypic testing for drug optimization will require 
moving from structure-activity relationships to 
structure-readout relationships, where the readout is 
a set of relevant phenotypic parameters that reflect 
a meaningful manifestation of network function. 
The test system could be cellular or small animal 
(worm, fly) with the same network components and 
“wiring” as humans. The most immediate hurdle 
to implementing phenotypic testing will be that we 
have built the complete drug development frame-
work around the need to have mechanistic details 
about drug-target pairs. At times those details are 
only hypotheses but they remain clearly defined, 
testable predictions of drug action. With phenotypic 
testing, that is no longer the case. Instead, you are 
testing compounds in a sort of black box, and these 
compounds could be (and likely are) interacting with 
several targets. There are ways of dealing with this 
problem. One could, for example, spike tests with 
compounds for which network readout and mecha-
nism of action is already known. Comparing spiked 
and unspiked results allows correlating readouts to 
test compounds so that hypotheses about mecha-
nism of action can be constructed. One can also 
cluster structurally similar compounds and look for 
patterns in the readouts they generate to assign a 
correlation between network impact and specific 
compound structural features. Regardless, developers 
will need to step back and work with assay outcomes 
at a much broader scale, and that will require a lot of 
experimental work.

DO YOU SEE NETWORK BIOLOGY PLAYING AN 
IMPORTANT ROLE IN THE CONTINUED DEVEL-
OPMENT OF PRECISION MEDICINES? 
A network-based approach will certainly benefit preci-
sion medicines. Patient data currently informs the 
clinical development of a precision medicine, which 
has resulted in greatly improved drug efficacies. 
However, with a solid understanding of the networks 
and thus control systems underlying a disease, the 
decision about which patients will benefit from a 
drug can take place earlier and, consequently, guide 
the complete development process rather than just 
the clinical stages. Another area that could benefit 
from network biology is the mitigation of acquired 
resistances that plague cancer treatments. Resistance 
develops from mutations in the same or related 
targets, as well as compensatory activity of pathways 
linked but adjacent to the pathway containing the 
drug target. Knowledge about these pathways, the 
networks they form and the nature of their intercon-
nections will allow developers to anticipate resistance 
mechanisms and explore ways of blocking them.

ARE YOU OPTIMISTIC THAT NETWORK BIOLOGY 
WILL FIND ITS WAY INTO DRUG DEVELOPMENT? 
Yes. My colleagues in industry are interested but have 
not yet found the capacity to explore network biology 
as a concrete approach to drug development. Quite 
honestly, I see no way to escape this paradigm shift. 
The fact is, only drugs that provide a real therapeu-
tic benefit will pay off research and development 
investment, and it is clear that the single-target 
approach no longer meets that demand. What will it 
take for network biology to be used routinely in drug 
development? This is a long-term, radical change to 
the research process and at a time where profits are 
decaying and budgets are limited, there is little will-
ingness to step into unchartered waters. Based on my 
experience instituting virtual chemistry as a routine 
methodology, making network biology a reality in 
drug development will require first building a fence 
around it. That is, isolating a team of people who 
work toward developing the applications, establish-
ing the methodologies and building the workflows. 
During that time, the team should be sheltered from 
having to compete for people and resources, so that 
they can focus on their assigned task. It will take one 
research division head to have the foresight to make 
an investment along this line; it will take a lot of 
work to validate techniques and models; and it will 
take time for this field, which is in its infancy, to find 
strong footing.
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