Cell-Tissue-Organ Discussion 12/15/09

Our group is interested in the cell-tissue-organ (system) scales, which places us at the interface that translates from bench biology to physiology and medicine.

The panelists represent a diverse range of biomedical research interests from immunology and infectious diseases to cancer, cardiovascular physiology and neuroscience.

Shlomo Ta’asan is Professor at Carnegie Melon, who is interested in multi-scale modeling in immunology and infectious diseases including influenza and TB

Jeff Smith is a Senior Investigator here at NIH in the National Institute of Neurological Disorders and Stroke, where he is studying the functional and computational properties of properties of oscillatory motor networks in the mammalian brainstem and spinal cord.

Vito Quaranta is Professor of Cancer Biology at Vanderbilt University, where he is interested in applying systems biology approaches to understanding mechanisms of cancer cell invasion and metastasis

Andrew McCulloch is in Bioengineering at UC San Diego and may lab uses experimental and computational approaches to study heart failure and cardiac arrhythmia mechanisms.

We have organized this session according to the four charge topics. Each one of us will give a brief introduction to one of the charge topics, followed by discussion.
Topic A

· Successes: lessons from historical examples in fields including those outside biomedicine – physical sciences (theory to computation to application, e.g. Navier-Stokes and Maxwell PDEs); finance/economics (Black-Scholes, market behaviors and contracts leading to financial engineering – misuse of models contributed to recent financial crisis); biomedicine (HH52, HIV models of viral replication and growth)
· Perception by experimentalists (in immunology): range of validity, need to understand limitations and context.
· Immune system in infectious disease, cancer immunotherapy, neuroscience
· Validation is essential but costly; requires collaboration; model generated testable hypotheses
· Knowledge vs data: knowledge overwhelmed by data (e.g. data integration of diverse measurements), so data driven models will become more common (this is system identification). Need to solve biological problems and answer questions.
· Modeling tools w/ protocols for the lab

· DISCUSSION

· What about model-driven data? Important too

· Difficult to iterate between model and experiment without very close interaction and organization, e.g. in the same lab or group.

· Is it possible to be both experimenter and modeler? 

· Impact: Fluid dynamical models using CFD

· Scale dependent – model based drug development. Many diseases drive data collection. This requires a collaborative team.

· The third aspect is instrumentation development required for data collection.

· Another level of abstraction is networks and pathways have reached a level of complexity that defies intuition

· Example of a very successful hospital as an organization that is very model driven. Protocols are updated in response to outcomes. It would be good to have such a framework in modeling

· Numerical hypothesis testing

· Models become a defacto data archive
Topic B

· DISCUSSION

· Software development is expensive

· Pharma may be averse to modeling because they are averse to falsification

· Pharma uses a learning and confirming

· Pharma would like a model that could predict failure of a compound in the clinic

· Closest examples in pharma are the use of models to bridge preclinical data to human

· There are examples after the fact where failures would have been predicted by available models

· Yet only until very recently has this concept had traction in pharma. Pharma is actually more team based than academia.

· Can something be built on the model of physics, with separate groups of theoreticians and experimentalists?

· The receiving part of training and dissemination – NHLBI supports short courses. More are needed. This group is fairly engaged.

· Training is effective but requires an interdisciplinary culture. We need to mature models to the point where they are standardized tools with known protocols and limitations. New tools and technologies are also needed.

·  A pharma company modify a trial based solely on a model prediction

· Metabolic syndrome; research portfolio; Models could help inform strategic planning at the policy

· Patient-specific models need to reflect the patient population.

Topic C

· Increasing impact of modeling is inevitable

· This is because biological dynamics are complex and frequently defy intuition and predictability. Goal is physiology in 4 dimensions (space and time).

· This is also needed for dynamic visualization to aid understanding

· Abundant examples of success stories – control theory, electrodynamical models. Note that HH52 actually predicted the existence of ion channels that were not known at the time. This has lead to channelopathies.

· Feedback, feed-forward, stability, instability are all concepts from control theory.

· Emergence of computational neuroscience has emerged as a whole field because the brain computes. This field is truly multi-scale. Even extends to synaptic and circuit plasticity. There is also a high degree of acceptance. Field is still in the formative stage. A continuing influx of mathematicians and neuroscientists.

· Connectomics initiative driven by models. Terabytes of data per day. And the Blue Brain Project for large-scale cortical models.

· Validation and data availability: requires close interactions between modelers and experimentalists.

· How do we promote more collaborative interactions

· Less cross-fertilization between fields such as comp neuroscience, systems biology and physiome.

· Spatial realism enormously complicates systems biology

Topic D

· Models of cancer progression

· More modeling 30-40 years ago than today. It is being replaced by conceptual modeling.

· The problem with conceptual models is that they are sloppy but they have been very successful in advancing understanding

· The problem is integrating component understanding represented by component conceptual models.

· This requires an understanding of the mathematics.

· Model results do not necessarily result in a new fundamental principle.

· Data: although there are tons of data, we are still starved for data at cell level needed for modeling.

· Agent-driven models: need to account for cell-cell variability

· Challenges: output of models must be intuitive to people in the field. Most data is from pathologists and is not typically coded for machines.

· Predictions: typically wrong but useful for testing hypotheses and suggesting novel mechanisms

· Mathematical modeling can help close the loop between “omics” data and clinical outcomes.

· Two types of skepticism – from reductionists and from systemists. Some systems biologists have disdain for modeling.

· Need for: multi-scale data warehouses, examples of value added, built as a collaboration; training and textbooks

· DISCUSSION

· Physicists are trained from early on with a combination of theory and observation

· Train scientists who can communicate across disciplinary lines. Modelers need the ability to communicate their findings.

· For the future we need to think about training the renaissance researcher

· Some thought that youth are better equipped for modeling today, though others disagreed. Regardless the tools exist to do now what was previously a research exercise.

· Existence of software environments like neuron, genesis, xpp, Berkeley-Madonna encourages entry of biologists to modeling.

· New programs like CRCNS arise from workshops like this.

· Create career positions and consider impact of peer review 

