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RESUME AND SUMMARY OF DISCUSSION:

With this new U54 proposal, Dr. James Glazier and his colleagues propose the establishment of a
National Center of Excellence called The Tissue Simulation Toolkit. Their objective is developing the
computational capabilities support comprehensive multi-scale models of cells and cell communities,
with particular emphasis on the subcellular, multicellular (million cells), and tissue levels. The Center
will involve collaborations among investigators at Indiana University, Bloomington, IN; Indiana
University- Purdue University, Indianapolis (IUPUI), IN; University of Notre Dame, South Bend, IN;
Purdue University, West Lafayette, IN; and the University of Kansas Medical Center, Kansas City, KS.
This research team is strong in grid computing know-how and toolkit development, but may be deficient
in expertise related to modeling and model development. For example, Core 1 proposed the
development of a simulation toolkit for developmental biology, which is an important endeavor,
particularly if connected with the Virtual Cell project, the Physiome project, and other ongoing efforts in
the community, as is proposed. However, the project places nearly exclusive emphasis on the Cellular
Potts Model with little attention given to other levels such as the tissue level; only vague plans are
presented for ensuring seamless integration with other sites; and critical computer science issues in
grid applications are not addressed. A similar theme applies to the work proposed in Core 2 on
modeling and model integration, where conflicting statements and a disjointed presentation are viewed
as indications that additional input would be beneficial. The three Driving Biological Projects (DBPs) in
Core 3 address classic problems in developmental biclogy (heart development, vascular development,
and limb regeneration), are headed by leaders in the field, and are likely to produce interesting results.
However, concern exists about the synergy between these efforts and the computational efforts in
Cores 1 and 2, and the value of a national Center in facilitating either the computational or the
biclogical goals. The infrastructure component in Core 4 is somewhat ambitious, and the administrative
components in Cores 5 - 7 are mostly appropriate and adequate. Overall, despite high levels of
enthusiasm for the importance of developing computational tools to facilitate modeling of cells, cell
interactions, and morphogenesis, enthusiasm is tempered by a disjointed presentation that draws into
question the viability of these efforts if they were to be united into a national Center.

DESCRIPTION (provided by applicant):

The National Center for Tissue Modeling (CTM) links four major indiana universities: Bloomington,
IUPUI, Notre Dame, and Purdue. By developing simple and adaptable open source tools and toolkits
for cell-level simulations of tissue and organ development, the CTM will realize the twenty-year vision of
modérn systems biology - development of reliable multiscale simulations reaching from genome to
organism. CTM tools will link seamlessly with both larger scale continuum models and microscopic
models. The CTM includes with this proposal signed letters of agreement with Physiome, Virtual Cell,
SciRun and BioSpice to support co-development, model integration and platform sharing. CTM
simulations will be a hierarchical, organized set of biologically motivated levels where parameters and
properties pass from coarser to finer scale models. The CTM will develop a simulation environment via
the Tissue Simulation Toolkit (TST), enabling simulations that cover the mesoscale from single
structured cells to aggregates of millions of cells, a scale neglected by other major Computational
Biology Centers. Its Cellular Potts Model (CPM) tool combines multiscale algorithms with scalable
parallelism from PCs to supercomputers. This tool will be presented as a Grid service with a portal
interface. Visualization tools will be based on SCIRun and the simulation framework on the CCA to
facilitate model interconnection. The CTM is comprised of three major scientific components; computer
science, model development and experiment, organized from a unified, interdisciplinary point of view.
Experimental activity is devoted to three tractable problems in development and structural disease:
vascular development, heart development, and limb regeneration, delivering parameters and test data
for simulations and motivate modeling. The computer science activity delivers tools for modeling in
conjunction with experiments. CTM member institutions will develop a set of shared interdisciplinary
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curricula, expanding successful outreach and training programs to educate and Irain & new genaration
of compulational biolegists.

OVERALL CRITIQUE [primary reviewer):

This |z & strong group of both senior and Junior researchers addreasing the critically important area of
developing, validating and making available predictiva loals 1o modal three scales relatsd o fissus
behaviar, namely sub-celbdar, cellular, and continuum. The bulk of the affort is &t the single o millien
cell level whare the investigators ulilize the Cellular Polts Model (CPM) (cell automala) developed for
biological applications by senior mambers of this team. The team plans fo implement methods on a
ranipa of relevant computer architeclures and networks (&.g., parallel clusters, grids) with which they
hawe conslderable collective experience. Additional strangths include the careful adherence to
emerging standards, and the participation in furthering of the standards process, as well as the desire
to seamlessly integrate with Brge computational research programs balow [Virlual Cell) and above
{SCIRun) tha CPM scale. It was also thought thal the successful deffvery of validated pradiclive tools
that were faliy seamless in their infegration across scales would be a significant national resource, The
intagration of modaling and experimentation as part of ihe discovery and validation was deamed a
strenglh. The ervironmend, Bnseshgalive team, and administralive struciure were considered first-rate,
as ware the plans for ouireach. The proposed infrastructure and suppon will provide the kind of
axpariance for users appropriate to a national center.

However, there ware some significant concems thal tempered enthusiasm. With regard o the compuler
scagnce aclivities (Core 1) ralated 1o (he Woalkil, the novelly of Scaling up a celluler sutomats approach
to grid cemputing and/or large scale parallel environments | falrly straightforward, Thus the panal
questioned whather the advances in computar ecience were of appropriale strangth and significance.
On the other hand, issues assoclaled with scale inking, and inlegration with projects jike Virual Cell
and SCIRun ware not well articulatad, and are considered significant challanges. Finally, there was
concarn that oo much emphasis is placed on methods relevant to CPM at the expense of the scales
adjacent 1o CPM,

With regard to Core 2, there were concerns thal CPM was the only method suggested 1o traat the
chosen level, and that in the end, it would not produce a truly predictive loal, More significant was the
lack of theorelical details on the scale-bridging methods. In addition, the theoretical and compulational
activities at non-CPM scales are nol appropriately representad (in investigaiors or effort) or described,
and they do nol appear to link well with the CPM level, In some of the descriptions, tha link between
grales is nol at all evident, Becausa thare was a sanse that considerable work remaing an CPM bafore
it is ready for national delivery, the panel also considensd the delivery of the simple user interface and
training malerials mentionad in Core 4 to be overy ambiticus (but significant for the future).

CORE 1:

CRITIQUE 1:

BIGNIFICANCE: Core 1 describes [he lissue simulation toolkit (TST) which represaents the cora
Computer Science componenis of the project, The overarching goal of this toolkit Is 10 support the
agacullon of multiscale tisauws simulations along different lime and apace scales. Tha toolkit will enable
the inlegration of 'besl-of-breed’ tesue simulation modals and tooks and high-end visualization, and will
make them accessible to a wide communily of end-users using Web portal GUI interfaces from the
desktop. The problem area is significant and intallectually challanging from Baoth the

blomedicalfsystems biology and computing standpaints.
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APPROACH: The TST will be realized by the adoption of Grid technologies. The Grid has been
proposed as a model for cyberinfrastructure and is being successfully deployed in other physical

" science domains, most notably high-energy physics. The appeal of Grid technologies lies in their
promise of harnessing large amounts of computational resources and in recent strong efforts towards
integration via Web/Grid services. In both respects, the adoption of Grid technologies is logical and
justifiable. The proposed infrastructure heavily leverages standards (e.g. SBML, CCA, Web Services)
and widely used tools (e.g. SCiRun) and this greatly increases the potential interest and impact of the
project. The portal approach for desktop access, the use of web/grid services, and the reliance on
standards make a sound approach.

INVESTIGATORS: The Computer Science investigators (Gannon, Fox, and Lumsdaine) have solid
track records in Grid computing research, development and adherence to standards, and in producing
useful software artifacts (Webflow, XCAT, MP], etc). Several have also been involved in
interdisciplinary research projects with application collaborators.

INNOVATION: There are several parts to the Core 1 proposal that attempt to address the multiscale
nature of the simulations, particularly in scaling up from 2 cells to 1076 cells. The TST begins with the
adoption of CPM and SBML as its core technologies. One of the proposed research challenges is to
parallelize CPM for large-scale Grid execution. This is a useful thing to do and makes good use of Grid
technology, however since this is a Monte-Carlo code it is not clear that this is particularly challenging.
For example, Folding home runs Monte-Carlo simulations over 1000s of nodes. CPM will also be
modified to utilize mathematica primarily for its visualization capability. Visualization components
appear later in the proposal, so perhaps this work is redundant. Other optimizations include message
blocking to reduce message latency penalty. It is not clear why this is particularly challenging within the
CPM context. It is also claimed that parallelizing the multi-scale techniques within the toolkit (I assume
this applies to CPM) will require dynamic selection of components based on the current Grid conditions
as has been done in ATLAS and LAPACK. This is an interesting area, but the proposal did not give
adequate details as to how this would be done?

My next set of comments pertains to the Grid discussion. It is suggested that workflow will be used to
express multiscale model integration, and that the semantic web ideas will be useful. Greater
motivation and examples of TST-relevant workflows would have been helpful. What are the technical
challenges inherent in the workflow approach?

it also seems intuitive to run different models at different scales onto different Grid resources as is
mentioned. But it is not clear how this will be done. What information is ngeded from the
models/applications/tools to do this? How will the author handle muiltiple job requests in the
environment, i.e. resource management?

The Core also talks about the TSTGrid (presumably referring to the specific resources upon which the
TST will be deployed), the TSTPSE, TST Data Grid, and middleware. The TSTPSE, data grid, and
middleware are not well described and their precise roles are unclear, as well as the research
challenges. It is also not clear how the CPM core tool will relate to the other tools that are to be
included in the TST; one presumes this would be part of the workflow specification, but it is not clear.

Several aspects of this Core are noteworthy:

1. Ensuring that the TST will allow the user to select the appropriate scale and abstraction criteria
seems useful.

2. Leveraging OGSA-DAI (Grid DB interface) is responsive to the biocommunity. | would move this up
to year 1 in the schedule.



ZRG1 BST-A (55) 5 1U54 th:_?zgl%%m
R, J

3. The requirement for CCA compliance to support tool integration is a good idea, but since many/most
of the TST services will be Web/Grid services which also provide integration, might there be some
overlap here?

ENVIRONMENT: In terms of computing environment, Purdue and U are already part of the NSF's
TeraGrid and IU has a local Grid (IP) infrastructure. IU also has excellent visualization resources. The
amount of resources that are available to CTM as opposed to TeraGrid and local (non-CTM) users is
not clear. The adoption of standards for tool wrapping (CCA), tool access (Web/Grid services), and the
current Grid infrastructure experience (IP and TeraGrid) increase the likelihood that the CTM could be
extended nationally in the future.

OVERALL EVALUATION: in general, the Core 1 proposal strengths are its clear standards-focus,
leveraging widely-used computing and biomedical tools, and consideration of integration. However, the
proposal was somewhat weak is highlighting the key issues on putting TST onto the Grid. What are the
real research problems? Tool re-engineering to fit the TSTGrid framework is a good idea, but this
strikes the reviewer as mostly engineering and retrofitting. The reviewer was also concerned about the
amount of effort for the CS faculty. A stronger proposal would identify more specific computing
challenges relating to tissue modeling (as opposed to the somewhat generic term multiscale), and
develop IT/CS research around these challenges.

CRITIQUE 2:

Core 1 is directed mainly toward the computer science tools that are needed by the Center for the
Tissue Simulation Toolkit (TST). The background and description of the theories and approaches that
comprise their proposed analyses are given mainly in Core 2. Computer science issues include general
algorithmic, hardware, and networking (e.g. cluster computing, grid computing), standards,
interoperability and interfaces. Thus the comments below relate primarily, although not exclusively, to
the computer science issues.

SIGNIFICANCE: Core 1 addresses issues that are critical to the success of a national biocomputing
center as envisioned by the NIH RFA, and in this regard, the significance of the proposal is high. The
toolkit will subscribe to accepted standards, and as a national center will be one of the contributors in
setting such standards. One key will be interfaces with the evolving ‘markup languages', and it appears
the Center will make an effort through planned use of SBML. and interactions with the Virtual Cell
(UCMC), Physiome (Australia) and SCIRun (Utah) efforts. Of significance also is the experience with,
use and testing of, and plans for implementing a variety of parallel computational environments
including clusters and grids. Successfully providing a toolkit which can be run seamlessly on any of the
high performance platforms (present and future) without unusual user intervention is of critical
importance.

There are two areas of concern. First, there is significant emphasis in this proposal on the Cellular Potts
Model (CPM) which has been developed by members of the research team. While not given exclusive
attention in the toolkit, there is a possibility that CPM-related high performance computing issues will so
dominate the developments that important issues at the scales above and below CPM will not be
adequately covered. The second concern relates to usability by the community. It is somewhat unclear
how the non-specialist user outside of the Center participants will interface with the toolkit and/or the
level of expertise required for that interaction.

APPROACH: The overarching approach of the Center is to evaluate existing solutions and
approaches, adopt or adapt as appropriate, and develop only when needed.

In additional to the fundamentally sound overarching approach, there are many strengths of the
proposed Center toolkit activity. The adherence to standards that are emerging in markup languages
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and the promotion of additions to these standards is a critically emerging area. Contacts have been
made with several of the key major efforts in this area (Physiome, Virtual Cell, BioSpice and SCIRun),
and in some cases, interactions with these Centers have already taken place. Subscription to the
Common Component Architecture (CCA) is also planned, including a somewhat lukewarm commitment
to change current codes to CCA. A related issue is to allow users of the TST access to the toolkits and
methods of the other programs mentioned above.

Another strength is the experience with and plans for implementation on a wide range of computing
platforms, particularly at the parallel, cluster and grid levels. The team has extensive experience with

such systems and members participate on influential committees planning future directions of such
systems.

The planned Center activity relative to tissue developmental biology carries the overwhelming weight
and is also a strength. The group has extensive experience with the method, is well aware of the
computational issues that need to be addressed, and has articulated a solid plan for achieving goals
relative to more widespread access to the CPM approach and significantly larger, more complex, and
presumably more representative analyses based on CPM. There is a desire to make the use of the
tools a relatively transparent process.

There are also some weaknesses that in some cases could be related to a lack of detail in the
description. There is clear advantage to having a national center with the capabilities of simulation tools
of tissue developmental biology in the range of one to millions of cells in a 3-D space. However, for a
national center, it is equally critical that the computer hardware / software issues for the links to (at
least) the scales below and above CPM be adequately addressed. The plan to interact with appropriate
centers / activities is in place, but the articulation of the issues is less clear.

A related potential weakness is the user interface and the level of expertise ngeded to use the TST. It
will be helpful to more explicitly define the range of users, outside of the Center, and their anticipated
expertise. Details of a very simple (perhaps overly simple) user interface, and methods to ease the
training of users are given in Core 4, so this comment is directed toward a lack of detail on how to
achieve this extremely ambitious goal.

Particularly at the level above CPM, but increasingly at and below the CPM level, bioengineers are
making fundamental discoveries about tissue development and properties, and they would aimost
certainly be interested in many of the TST tools under consideration. A potential weakness, therefore, is
lack of input and participation from that area of expertise. This issue is discussed in more detail under
Core 2, where the weakness is more apparent.

INNOVATION: The toolkit concept and the computational hardware and software associated with the
toolkit are not radically new ideas. However, there is strong innovation in the plan to broadly enhance
the capabilities for simulation at the CPM level, and to establish relatively transparent, user-friendly
links to the scales above and below. This will provide innovative capabilities currently out of reach to
most users.

INVESTIGATORS: The team assembled for the purposes of Core 1 is outstanding. There is no
question of the hardware and software expertise and extensive experience to successfully implement
the TST concept. The investigators are also well placed in the community, planning future advances in
networks and parallel computing infrastructure. With regard to articulating new aspects of the CPM
approach as they relate to Core 1, the team has leading experts in the field. The collection of experts in
math and science (computer, biology and chemistry) is extensive and outstanding. The input from the
team will be critical to developing the TST in a fashion useful to the worldwide science community.

ENVIRONMENT: The environment for developing and delivering the TST is outstanding. Much of the
computational testbed is already in place and the support for the environment appears to be strong.



ZRG1 BST-A (55) 7 1 U54 GM072967-01
GLAZIER, J

CRITIQUE 3:

SIGNIFICANCE: This proposal identifies the Cellular Potts Model (CPM) as the central concept,
formalism, and algorithm to integrate the diverse work of the many researchers associated with this
proposal. This reviewer's experience as a theoretical and computational physicist suggests that the use
of any kind of cellular automata model should not be the foundation for an expensive, multi-year,
interdisciplinary scientific effort.

APPROACH: Cellular automata (including Potts models whose origin lie in understanding the physics
of equilibrium phase transitions) are models in which space, time, and field values take on discrete
values. Except in rare idealized cases, the discrete values and the rules that determine how the site
values evolve over time can be quite difficult to relate to experiment since the fundamental physical
description of nature (quantum mechanics, the Maxwell equations, molecular dynamics via Newton's
equations of motion, equations of stress and strain, the Navier-Stokes equations) involve continuously
evolving space, time, and field values. Many scientific cellular automata have been useful to
demonstrate that certain ingredients are capable in principle of explaining some phenomenon of
interest (say a spiral cardiac wave in an excitable medium, formation of stripes or hexagons in the skin
of an animal, the formation of dendrites in a snow flake), but quantitative prediction, especially as
physical parameters are varied, is almost never attained.

In the original context of phase transitions, it was not so important to relate the properties of a Potts
model to experimental properties because experiment and theory showed that the properties of
second-order phase transitions depend only weakly on details of the medium, specifically only on the
spatial dimension and symmetry of the lattice but not on chemical properties. For phenomena like
clumping and evolution of biological cells, no such universal details are expected and thenitis
necessary to find ways to relate features of the CPM to experimental quantities if quantitative
predictions are to be made and tested.

There is not a well-defined mechanism to connect the many parameters of the CPM to fundamental
physical and chemical quantities other than by fitting to data. This means that the CPM becomes a
sophisticated statistical, rather than physical, tool for describing data. There is little doubt that it is a
potentially valuable statistical tool that can explain subtle properties of cell aggregations and how they
evolve and Professor Glazier and his collaborators are to be congratulated on discovering that such a
model can be so useful. But the model is unsatisfying and may ultimately be limited in utility because
there is not a constructive connection between its parameters and more fundamental chemistry and
physics.

OVERALL EVALUATION: The computer science side of this proposal is on more solid ground since
the computer science issues are more technical than conceptual; there is little doubt various algorithms
and visualizations can be carried out as proposed and will lead to useful insights and software. The
heart of this proposal is the conceptual issue of how to model interacting cells each of which has great
complexity (genetics, internal cytoskeletal structure, surface chemistry and mechanics, etc.) The
proposal fails to make clear how the CPM wili be capable of dealing with this kind of complexity
specifically because a connection between the parameters of pages 244-246 and 306-315 and
experiment (other than statistical fitting) is missing.

CRITIQUE 4:

This is an outstanding proposal. The assembled Pls and key personnel are well qualified and definitely
capable of carrying out the mission of the proposed Center. The scope and the mission of the Center is
clearly identified and its computational (Core 1), modeling (Core 2) and experimental (Core 3) activities,
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as waell as ts supporting acthilies (Core 4 through Core 7)) are wall formulated and well coordinated,
and show avery indication thal the Cenber would succesd. Architeciure of the sysbem i wall cefined
and supporting infrastruchure is avalable, There are no human subjects involved, issues reladed io
exparimants on vertebrale animals are explicitly addressed. Educalional and outreach activibies,
inchuding inwolvament of undemepresentad groups, are approprata and adequate. Thare is vary close
and effective coupling and synargy batween Core 1 and Core 2 activitles. Theae ressarch efforts
involve cutting edge computer schence, compulational sclence, and béolegical modaling. Cross-
verification and vallidation with real-workd expermeantal efforis (Core 3) are well formulated and
appropriaie. Literature [ adequate,

This propesal inspires confidence thal the CTM team will succasd,
CORE Z;

CRITIQLE 1:

SIGMIFICANCE: Core 2 dascribas the modaling and intagration methodologies for tha CTR. Thi
resuling models and tools will be realized within the TST from Core 1. This Gore consists of vanous
maihemalical models and technigues for infra- and Inter-cellular processes that simulate biclegical
phenomena gt various ecales. The probdem ke significant and importand.

APPROACH: The "core’ of this Core i ihe Cellular Potls Model (CPM) and there ks a focus on
interfacing CPM fo single-cell and reaction kinetic models (RK) at a lower kevel and also io higher-level
tissue and organ modals (e.g. FEM methods). Clearly this modal is in widespraad use, but ware thars
ofher altematives lo explora? Why or why not? Thres motivating projacts will drive the research - hean
development, vascular developmaent, and §mb regeneration. Part of the ressarch will be to dovelop
specific models for these projects within the CPM framewaork, Thess DBPs will also provide
axperimenial paramaters needed by CPM,

INNOVATION: The work in RK will be in part to determine parameters io lrge-scale models. Existing
RK approachas will ba evelusted for ‘best’. The reviewer was uncaerain how best’ was detarmined, 1t
was also not clear what "develop additional RK related material’ meant exactly. Evidertly, there am a
large variety of data sources to conalder. Will there will some kind of commaon reprasentation for these
within TST? This was nol discussed.

The FEM approach fior conlinuum modeling will be extended and incorporated into CPM and TST, and
will ba validabed using real data, The immersed boundary mathod also deals with cellular geometries
and sa it was not clear if this is fully complementary with the FEM approach or ls | addressing a
diffarant aspect of the problam?

The section on multiscale modeling seemed rather thin relative to the othar sections. Evidantly, it wil
utllize CPM at lowar levels, and FEM al fissue scale, What are the challanges, difficullies, hare? Some
thinge seemed fo be pushed to the TST = averaging tools for interpolating variables between lavels.
lsn't this & modeling Issus which nesds some description and explanalion - while TST is simply where it
will b irmplamanted? The Core also claims that CMP scales well 13 the lissualongan lavel - this seams
o contradict a bit with Cone 2 which deserbes this as a mssarch challenge? Core 1 also _Imli:l
*sasy” to connect CPM to models al other scales; howevar this reviewer thought the multiscale aspect
of this work was one of the more challenging aspects.

The Core also indicates that there are existing toolkits that atiempt to link models. How doea this overall
effort compars with thosa?
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The need for distributed computing, Grids, large-scale resources, etc. advocated in Core 1 was not so
clear from this section. After reading Core 1, it is not precisely clear what the computing challenges
really are.

ENVIRONMENT: The environment for the Core 1 seems appropriate for the scale and scope of the
proposed work. Much of the work involves model development and integration and there appear to be
sufficient resources at the constituent Universities to support this work. There is excellent physical
proximity to the IU Grid resources. There is also sufficient support from the experimental projects to
provide needed data to help parameterize the simulations.

INVESTIGATORS: The Pis in this Core seem well qualified to carry out the modeling research as they
have done prior work in the area and appear to know the related work very well.

OVERALL EVALUATION: The approach is sound combining best practice models and tools, and will
include development of specific solutions where needed for their dnvmg DBPs. Hopefully, existing tools
and models will be highly leveraged.

Using experimental data to validate CPM and provide parameters to it, and using large-scale models to
validate CPM, and CPM to validate lower level models is a iogical and sound approach.

There is a great deal of proposed work. It is not clear to the reviewer what the incremental steps will
be. The reviewer also felt that one of the key ideas, multiscale modeling, was not deeply explored and
lacked details. Finally, the computing challenges

inherent in this Core were not clear to the reviewer.

CRITIQUE 2:

Core 2 deals extensively with the details of the Cellular Potts Model (CPM) as well as work below and
above the CPM scale (from one to millions of cells). Note that the CPM approach is a stochastic cellular
automata approach. While extensive coverage is given to the CPM approach, there is discussion of
previous work and plans at all three scales, as well as plans to link the scales. In general, the activities
within the CPM level should be considered a considerable strength, but weaknesses are noted,
particularly at scales above CPM, and in the linking of scales.

SIGNIFICANCE: The ability to have a validated, predictive simulation tool applicable at a scale of one
to mitlions of cells will be of major value to researchers in tissue developmental biology. As is nicely
articulated by the authors, simulation will ultimately become an integral partner to basic biology
research. Of equal significance is the ability to carry the analysis to levels above and below the CPM
level, activities also planned by the Center. Finally, the subscription to and advancement of standards
emerging to describe relevant details of the many scales associated with biomedical research is of
major importance.

APPROACH: As mentioned with Core 1, the overarching approach of the Center is to evaluate existing
solutions and approaches, adopt or adapt as appropriate, and develop only when needed. This
approach is a clear strength.

There are a number of clear strengths of the proposed Center. Activities based around the CPM
approach are extensive, well organized and well articulated. In general, through a series of
experiments, simulations, modifications / additions to the components of CPM, and further experiments,
the investigators hope to produce a validated simulation toolkit that is predictive with respect to tissue
activity at the scale of one to millions of cells. Achieving this goal will be a major strength of this Center.
Each of the broadly grouped projects has an appropriate and apparently reasonable set of goals and
aims, that in general contribute to the overarching goals of the Center. Because of the wide range of
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activities within the CPM scale, it is difficult to assess whether the levels of effort (faculty, post-doc and
graduate assistant) are appropriate for a given project. The chief concern within the CPM scale
activities is the degree to which the tissue developmental biology community believes in the approach.

In addition to the CPM level work, which dominates the effort and budget, activities are planned at the
hierachical scales above (e.g., continuum tissue models) and below (e.g., cell reaction kinetics models).
Aspects of these plans involve working with similar toolkit projects (Virtual Cell and SCIRun, in
particular). Efforts are planned to link these three scales, and throughout, to maintain compatibility with
standard programming architecture (CCA) and standards in markup languages. Successful completion
of all these plans will be a strength of the Center activity.

There are some notable weaknesses, primarily related to the non-CPM scales and to the linking of
scales. While there is overwhelming expertise at the CPM scale, there is much less involvement at the
other scales, and in thé linking of scales. First and foremost, this appears to be a matter of the number
of participants with appropriate expertise and the level of their activity. This is most striking at the
continuum tissue level where it appears as a lack of coordination and integration with the overall
project. There are examples from each of the CPM to continuum activities, but let me cite one for
example. The bone tissue modeling at Notre Dame (led by Dr. Neibur) is an outstanding project in its
own right. However the integration in the project is only vaguely referenced in one sentence that
indicates the future possibility of linking to bone growth, CPM modeling (and design of prosthetics). It is
also unclear why a bone failure analysis is of highest priority for the Center. In what further illustrates
the more obviously disjointed writing of Core 2 (figures missing and mis-referenced, sentences
incomplete, some conflicting plans), is a section discussing the bone growth project (following the
description of bone modeling), with no mention of the Notre Dame bone modeling, but rather a
reference to using ANSYS to do an equivalent viscoelastic model of bone.

A second example is the fluid flow modeling (Immersed Boundary Method) where a fairly broad
description is given, with virtually no mention of how this relates to the CPM activities or to the links to
plans to use toolkits like SCIRun and Physiome. While it is reasonable to tap the expertise and the
opportunities of the CPM approach, activities above and below that level should be given a more
significant and coordinated role in order for the goals of the Center to be realized.

There are similar concerns about the scale linking efforts. Plans to develop the averaging tools to move
from lower to higher scale, and the lifting tools to move from higher to lower scale are appropriate and
essential to success. However, there is relatively little discussion of plans in this area, and there
appears to be far too little effort devoted to this aspect of the project.

A final concern on the CPM approach related to a more diverse collection of expertise and input. At the
scale of a cell and above, we know that biomechanical signals, for example, inflience bone
development, and biofluid forces influence cells near flows. The inclusion of such influences, outside of
the force that derives from energy gradient, is minimal. While at subcellular levels, activity is ultimately
biochemical, it seems that a greater level of sophistication and inclusion is required when talking about
multiple cells.

INNOVATION: The toolkit concept and the computational hardware and software associated with the
toolkit are not radically new ideas. However, there is considerable potential for innovation in having a
predictive computational tool at the one-to-many cell level, in successfully linking to predictive analyses
at levels above and below, and in providing a seamless interface to similar efforts at other institutions.

INVESTIGATORS: The investigators in Core 2 are outstanding. They include senior faculty who are
internationally known for developments at the cellular and subcellular levels, and outstanding young
faculty who are engaged in innovative research. There is no doubt that they have the expertise for
successful completion of projects in their area. The weakness of the investigative team is not related to
the present participants, but to the absence of more balanced expertise. Most of the weaknesses
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mentioned above can be attributed to a lack of participants in the areas discussed. Increasingly the
successful projects in tissue development or tissue engineering, are primarily oriented to
bioengineering.

ENVIRONMENT: The environment for developing and delivering the modeling and methods is
outstanding. There are no perceived environmental weaknesses that would affect successful
completion of the plan.

CRITIQUE 3:

SIGNIFICANCE: This is an unconvincing proposal, in the opinion of this reviewer. The investigators
plan to model nothing less than cells, tissues, and organs -- their development, functions, and
interactions -- all on the basis of an assortment of existing modeling methodologies which they hope to
incorporate into a common computational environment. A central role in their proposal is played by the
cellular Potts model (CPM), which is itself unconvincing because what it really models is the physics of
interaction of immiscible liquids, a process which may capture certain features of cell sorting in certain
situations, but which seems inherently too simple to model correctly the many complexities of cell-cell
interactions.

APPROACH: In this connection, it is telling that the investigators define a biological cell (within the
context of the CPM) as a connected set of computational elements that are all in the same state.
Similarly, they define the boundary between two biological cells as a boundary across which the state
of the computational elements is different on the two sides of the boundary. An obvious consequence of
these definitions is that there can never be a set of contiguous but distinct biclogical cells in the same
state (if there were, they would be considered as a single biological cell according to the above
definitions). This makes sense for liquids, for which the only boundaries that matter are those between
different liquids, but hardly for biological cells, which have membranes that separate one cell from the
other regardless of whether those cells are of the same type or of a different type.

More fundamentally, the CPM relies too strongly on concepts drawn from physics such as the 'energy'
of interaction between two cell types, or the 'temperature’ associated with the seemingly random
motions of cells. These terms are here put in quotation marks to emphasize that their use in CPM does
not correspond to actual energy or temperature

of the system. The 'temperature’, for example, is related to the supposedly random motions of a cell
produced by the cell's locomotive machinery, at the expense of metabolic energy. There is little reason
to think that that the statistics of these motions resemble those of thermal motions, and therefore little
reason to think that the statistical mechanical notion of temperature is actually relevant. Similar remarks
could be made about the supposed 'energy’ of interaction between cells of different types, and even
more so about the supposed Hamiltonian dynamics derived from this ‘energy'. These

concepts of the CPM are at best metaphors, and most likely misleading ones, since there is no a priori
reason why the biological system should obey the 'laws' that are normally associated with these words.
Living systems are driven by metabolic processes with their accompanying energy fluxes that have no
counterpart in a passive system like two liquids in contact. It would be strange indeed if the former
could be reliably modeled by the latter.

Although it is clear that the investigators have a lot of experience with the CPM, the same cannot be
said of the other modeling strategies they propose. Large parts of the proposal read like a laundry list of
modeling methodologies (developed by other people) that the investigators say they intend to utilize.
The proposal does not inspire confidence that these methodologies will be used effectively, or that they
will work well together.
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OVERALL EVALUATION: Individual parts of the proposal describe interesting research, but the
attempt to put all this under the umbrella of a large project is not successful. Sometimes the whole is
worth less than the parts, and that seems to be the case here.

CORE 3: SUMMARY

The overall project proposal - NIH National Center for of Excellence: Tissue Simulation Taolkit (or
National Center for Tissue Modeling - CTM) is concerned with development of a nationally available
(over the network) reliable multiscale simulation set reaching from genome to organism. Central to the
effort is the Tissue Simulation Toolkit (TST) that enables simulations which can range from single
structured cells to aggregates of millions of cells. Its core is a suite of scalable Cellular Potts Model
based algorithms. The plan is to present the toolset as a grid service. The offering will also include
visualization tools. System development will be based on sound software and system engineering
principles. Experiments are tied with the use and/or development of the TST associated algorithms. In
addition CTM member institutions will develop interdisciplinary curricula, and expand outreach and
training. The proposed work is clearly within the scope of the RFA.

There are three experimental efforts in the plan. All three Driving Biological Projects (DBP) are
concerned with morphogenesis. In one case it is the morphogenesis of heart development, in another
of vascular development, and in the third of limb regeneration. Personnel associated with the
experiments are appropriately qualified to conduct them. The science behind the experiments is sound,
and experiments are well formulated and scoped.

Common goals and objectives of the Core 3 projects are clearly identified and described (get data,
predict effects by simulation, validate simulations, refine simulations). Technical and scientific
commonalities among the projects (all are focused on morphogenesis, mix experiments and
simulations, involve genetic perturbation and analysis) are clearly stated, explained and explicitly
related to the proposed simulation environment, processes and feedback loops. It is easy for a reader
to see not only why certain experiments were chosen, but what the benefits of the experiments are,
how experiments benefit from the proposed CTM modeling, visualization and computational
environment, and how the results of the experiments verify, validate and feed back into the furthering of
the CTM tools. The timelines of all three proposed experimental DBP efforts are explicitly stated and
interrelated with the in silico studies and tool use. Plans are presented to compete for independent
funding for continuation of the work. Plans are also presented to recruit and select additional DBPs
after collaborations with the initial ‘founding' DBPs under the NIH NCBC have been completed.

The Core 3 proposal inspires confidence that the science described in Core 3 would provide a new way
to access dynamically and with new methods in molecular biology, descriptive data that has been
available for many years in the literature.

All the Core 3 experiments are interesting, doable, and valuable and should generate much interesting
data, e.g., about the morphogenesis of the developing mammalian 4-chambered heart or limb
regeneration. (Note: it is somewhat unclear how the proposed research differs from ongoing NIH-
funded projects in the same laboratories).

One reviewer stated that in terms of the overall proposal whose purpose is to create a Tissue
Simulation Toolkit that will aid the understanding and interpretation of experiments, Core 3 is
unfortunately weak. The critical discussions of how experiments will couple to theory and modeling and
vice versa (see pages 366-367, pages 385, 498-409) are much too short and vague for such an
important aspect of this proposal. This reviewer felt that the experimentalists do not have a strong need
for the Toolkit to help with their experiments, that they do not understand what quantities to measure as
input into the Toolkit, nor what kinds of predictions the Toolkit will make that will influence the ongoing
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axperiments. Others on the panel strongly disagread with this supgestion but there was concarn
whether this part of the research could be done.

On page 408, the researchers say honestly that "Such dala ks not yet available in sufficient quantity to
co compuler simulation imwohing growth factor praduction and eell signaling in limb reganeration.’ and
then go on to say that they will work on some olher issues in the meantime. This confirmed the concam
mentioned in the above paragraph. The resaarchers on pages 385 give a list of parameders that is a
direc list from an earlier part of the proposal which is fine excepl that the parameters are treated as of
equal relevance; there seems 1o be no prior thinking about which parameters matiar or which shoubd be
delermined first. Seclion [IL5.v.8.9 on page 385 is extremely brief, vague, and optimistic about how tha
exparimental dala will be connected to tha CPM. The discusalon of Section |11.4.vil on pages 366-367 Is
the most detalled and promising but still strikes onae as vague as lo what spacific hypotheses will be
lested and how the CPM or experiment will have 1o be modified i disagreemeant arses,
In summary, Core 3 |s solid and interesting axparimentally but weak in berms of how the proposed
exparments will aid the refinement of the CPM, which in tum will couple back to computer simulationfin
gilico experiments,

CORE 3

CRITIQUE 1:

SIGHIFICANCE: This work s Imporani because it addresses fundamental isswes about how molecular
and cellular events shape cardicvasoular development. Congenital heart disease and cardiovascular
diseases arising later in Kfe ultimately claim more lives than any other causa of death. By enhancing our

unidersianding of the baslc procass of cardiovascular development, new insights into the preventon
and treatment of cardipvascular disease are likely to emarge.

The inclusion of componants to spacifically examine (i) heart, (il) vascutar, and (jii) wound healing
devaelopmant is ambitious and risky In the sense that it ddutes the focus of the application, but thesa
concams are diminished by the potential to integrate commeonalities batween these diffarent areas of
research, Heart development is intimalaly connected with vascular development, and the wound-

haaling afforts have the potential to provide new machanistic approaches ko the important clinleal
problem of how to regenerate cardiac muscle and vasculature,

Although much progress has been made In the ares of cardiovascular developmant, there are presantly
anly limiled cormputer modals avallable to faciitate thase research efforts. It would ba highly
advantagecus to tha field if an integrated molecular, cellular, and morphological model were developed,
especially if the model ware adaplable and could be used as a foundation for fulure exparimental
endeavors of this kind (e.g., to evaluate the impact of the loss or overexpression of a new gene or
genes, growth faclorhormone treatments, interactions with novel biomateral matrices, eic.). if
successhul, resaarchers could parform simulated experiments 1o test their hypotheses in silico bafore
expanding precious ime and resources o do the actual biclogical expariments. This would also have
the added benefil of reducing the number of laboratory animals that would otherwise be nesded. The
major benafit of this appreach would not be 1o ultimately eliminate the blological experimennts, but
rather to devedop a useful lool or sel of tocks thal would help gulde researchars sfficiently towards the
most productive and informative experiments. The Driving Biclogical Projects described in this propozal
have the capasily to deliver this laudable goal,

APPROACH: As alluded io above, the approach i$ an ambitious one that encompasses three broad
areas: () Hear development, (i) Vasoular development, and (IIl) Wound healing. Each of these project
areas has mulliple sub-projects, each of which Is substantial in s own right. A drawback of this
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approach is that the application must successfully integrate complex networks of information from these
seemingly dissimilar areas of research. An argument could be made, for example, that the application
would benefit from focusing solely on heart development. Certainly, such an approach would fall under
the scope of the RFA in that it would focus on a particular organ. It would also satisfy the criterion that
"an investigator will propose 2-4 collaborations with NIH-funded biomedical researchers" (4 such
collaborations are proposed within the heart sub-project alone: Field, Conway, Firulli, and Shou).
Moreover, the heart sub-project appears to be the strongest component of this application. it is clearly
written, specific, highly goal-oriented, feasible, and likely to succeed. Each project addresses different
issues (role of myocyte proliferation on ventricular wall development, transcriptional control of right/left
ventricular development, valve development/repair, and the role of BMPs and other growth factors on
ventricular compaction and trabeculation). The data generated from each of these projects is expected
to be similar in nature (identification of cell position and migration in 3D using fluorescence-tagging and
2-photon fluorescence microscopy) even though it will be gathered using distinct mouse model
systems. This is viewed as a major advantage since it should faciljtate integration of the data from the
various heart development sub-projects for the proposed computational analyses.

Although the heart development sub-projects are largely harmonious and complementary, the choice of
genetic markers for the BMP-10 sub-project (lI1.4.vi) was somewhat puzzling. The strategy itself
appears sound, but it requires the procurement of an endothelial cell marker mouse (Tie2-GFP) and
generation of a new transgenic mouse model (NCX1-GFP) to obtain a cardiomyocyte-specific marker.
The investigator cites a paper by Motoike et al. (2000) indicating that the Tie2-GFP mice are "freely
available”. No letter or other documentation indicating that these mice are indeed available was
provided. This is likely a minor point. Of greater concern is the proposed construction of an NCX1-GFP
mouse. While this is certainly feasible and should not derail the study, why not use the MHC-GFP
mouse to mark cardiomyocytes? The MHC-GFP mouse is being used for precisely that purpose in the
first heart development sub-project headed by Dr. Field. It would seem that using the same mouse to
address these two different issues (proliferative and growth factor effects) would not only be a more
efficient use of resources, but it should also help to facilitate integration of the biological data sets.

The vascular development sub-projects, though less well-defined than the heart development sub-
projects, are also expected to be informative. Vascular development is clearly a logical extension of
cardiac development and increased understanding of this process could have major clinical impacts.
The investigators have developed or otherwise have access to appropriate ADEP and EDEP cells that
they can isolate and study following transplantation into either quail embryos or mouse allantois. The
choice of quail as a model poses a minor concern that the applicants readily acknowledge. They cite
studies, however, that indicate that heterologous (i.e., mouse) EDEPs appear to appropriately migrate
and differentiate in quail embryos. Even so, there will always be an underlying concern that species-
specific cues may be misinterpreted or missed altogether in such a heterologous system. This concern
is dampened by the fact that the quail embryo is a well-established model for these types of studies,
and it is further ameliorated by the fact that all of the studies for this part of the proposal will be done in
mouse allantois as well as quail. By comparing the data from the two different recipient "hosts”, the
investigators should be able to use the differences between these model systems to their advantage.

Although it was at first difficult to decipher what data exactly would be generated from the vascular
studies (e.g., a list of "parameters" finally appears on pg. 385 - nearly 14 pages after the beginning of
the vascular studies section. - would have been helpful to have this info up-front), the data presented
appear convincing and the proposed experiments are straightforward. it is anticipated that a large
amount of data will be generated for the computational analyses. The in vitro capillary formation studies
should complement the transplantation experiments nicely and be of general interest to the field since
this is a widely-used and powerful bioassay.

The last sub-project group in this core focuses on wound-healing. By the applicants' own adm{ssion, .
this is the least-developed section of Core lll. Yet, in many ways it is the most interesting, particularly in
the context of this application. Two basic models, amphibian limb regeneration and Zebrafish fin
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regeneration, are proposed. No cell-specific GFP markers or appropriate transgenic frog or fish models
appear to be available for the studies proposed, so the information obtained is expected to be of a
much more basic (but no less important.) nature. The investigators will initially evaluate gene
expression patterns in regeneration-competent and regeneration-deficient tissues. Selected candidates
from these screens will then be employed to test their potential influence on the regeneration process
by either blocking their expression or overexpressing them. These studies will be performed in concert
with morphological evaluation of the regenerating limbs (or fins).

The experiments are logically presented, straightforward technically, and therefore have a high chance
for success. The real trick will be to integrate this information (data) with that from the heart and
vascular development sub-projects so that it can be applied to specific problems associated with these
processes.

INNOVATION: The application is highly innovative. Its strength (and weakness) is its diversity and bold
embrace of wound-healing as a complement to core cardiovascular developmental issues. The
applicants have developed a number of innovative models and are using cutting-edge technology (e.g.,
2-photon laser-scanning fluorescence microscopy) wherever possible. Conventional approaches are
also widely used throughout the application, as appropriate.

INVESTIGATORS: The investigators are well-trained and most of them are independently funded.
They appear to be fully competent to perform the proposed studies.

ENVIRONMENT: The research environment at the respective institutions involved (mostly in indiana)
are excellent and more-than-adequate to carry out the proposed work. It is particularly pleasing to see
several prominent universities in a common geographical area come together to form this type of
partnership. :

ADDITIONAL CRITERIA: The work proposed in this application is expected to establish an integrated
national biomedical computing environment that will be useful and available to other researchers and
clinicians with interests in cardiovascular development and regeneration. The proposed work, in its
entirety, is not essential to establishing this environment, but a concentrated effort to computationally
model cardiovascular development using a multi-tiered system such as this is viewed as vital for
moving this critical area of research forward sooner rather than later. All of the projects described in this
application have an "exit strategy" that involves spinning the findings generated from these studies into
individual RO1 applications and other similar types of independent grant awards within ~ 3 yrs after the
initiation of funding.

VERTEBRATE ANIMALS: No major issues, but two minor ones were identified. First, it is noted that iU
accreditation is "pending”. Does this mean that it is not currently accredited and if so, what impact does
this have on the ability of the applicants to perform the proposed animal studies at |U? Second, cervical
dislocation is cited as the method of euthanasia for some of the studies. This procedure has been
discontinued at a number of institutions, though this reviewer is not sure about the NIH guidelines
regarding this matter. Perhaps swift decapitation could substitute as a reasonable alternative?

CRITIQUE 2:

lll.4ii.a. Experimental Platform 1: Modeling the effects of cardiomyocyte proliferation on the developing
ventricular wall:

Earlier studies using retroviral tagging in chicks suggest that proliferation of individual progenitor cells
within the tubular heart gives rise to transmural, cone-shaped growth units which ultimately assemble
with one another, resuiting in the formation of three-dimensional ovoid structures, which contribute to
the formation of the ventricular wall. The proposed studies in this Experimental Platform 1 (Project 1)
will provide baseline-imaging data to model the growth of individual transmural growth units within the
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normal embryonic heart. Data will include spatio-temporal information of cardiomyocyte position,
number, and division rates during normal heart development. They will, in parallel, conduct imaging
studies wherein the division rate of individual progenitor cells are altered via genetic manipulation.
Real-time imaging data from the genetically altered progenitor cells will be compared to normal
controls. The investigators will use this information to generate a computer simulation of the events of
cardiac organogenesis. They will then initiate in silico computer-generated experiments whereby the
division rate of individual progenitor cell is altered. It is anticipated that computer simulations allow the
separate representations and control of individual mechanisms. This will be essential if they are ever to
disentangle the complex interacting phenomena of embryonic pattern formation (the spatiotemporal
contro! of cell differentiation) and morphogenesis (the generation of the appropriate three-dimensional
relationships among tissues). Such simulation allows integration of these data under different
conditions and with other experimental results. Ultimately the simulations should be multiscale and
quantitatively predict phenomenology.

Il 4.iii Experimental Platform 1: Modeling the effect of cardiomyocyte proliferation on the developing
ventricular wall (Loren Field, coordinator):

The investigators point out that although the morphogenetic transformation of the primitive heart into a
four-chambered structure is well characterized from an anatomical standpoint, issues pertaining to the
origin of the heart forming cells, regulation of cardiomyogenic induction and proliferation, and the
molecular regulation of morphogenesis during early embryonic life remain largely unanswered.

Ill.4.iii.a Specific Aims

Proper development of the ventricular musculature depends in part upon well-coordinated regulation of
cardiomyocyte cell cycle activity and cell/tissue migrations in the embryonic heart. Retroviral tagging
experiments in chicks using b-galactosidase-expressing viruses revealed that upon myogenic
differentiation, proliferation of a single infected myocyte in the tubular heart gives rise to transmural,
cone-shaped growth units (Mikawa et al., 1992a; Mikawa et al., 1992b; Fischman and Mikawa, 1997).
Mikawa et al., have hypothesized that the assembly of multiple transmural growth units contributes to
the three-dimensional ovoid structure of the ventricular walls. More recent studies with neonatal and
adult transgenic mice carrying chimerically expressed reporter genes further supported this conclusion
(Meihac et al., 2003). These studies have provided important insights into the relationships among the
progenitor cells in the primitive heart and the subsequent three-dimensional structure of the ventricular
wall; the analyses were static and largely two-dimensional in nature. Consequently, the extent to which
cell cycle activity contributes to the formation of a three-dimensional structure has not been
quantitatively determined. The studies proposed in this experimental platform (Project 1) should
generate baseline data to facilitate the development of a computer simulation of the formation of
transmural growth units. In addition, the investigators propose to do experiments in silico and in situ to
model and experimentally determine, respectively, the consequences of altered cardiomyocyte ceil
cycle activity on the morphogenesis of the transmural growth units.

The aims of Experimental Platform One are:

1. Specific Aim 1: Image analysis in cuitured explanted hearts of transmural growth units derived from
cardiomyocyte progenitors with normal cell cycle activity;

2. Specific Aim 2: Image analysis in cultured explanted hearts of transmural growth units derived from
cardiomyocyte progenitors with genetic modifications results in enhanced cell cycle activity;

3. Specific Aim 3;: Computer simulation of transmural growth units derived from cardiomyocyte
progenitors with normal or genetically enhanced cell cycle activity.

These proposed aims should provide key information describing the real-time formation of the cardiac
growth units in terms of cell number, division rates and anatomical position as well as the
interrelationships among these parameters. These data will permit the generation of in silico models
providing three-dimensional morphogenetic information on normal or genetically-altered cardiac
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development, and additionally can apply directly to therapies which rely on enhancing cardiomyocyte
proliferation to effect myocardial repair in diseased hearts.

SIGNIFICANCE: This is a well-written proposal by a well-qualified coordinator, Dr. James Glazier of
IUPUI. The work follows a logical sequence from an excellent base of background data that has
accumulated. In particular, the earlier work of Mikawa et al., 1992a, 1992b; and Fischman and Mikawa,
1997, have set the stage for the kind of research that will be carried out with computer simulation
approaches, in particular, the work of Mikawa and others that suggest the logic of formulation of cone-
shaped patterns of growth in formation of the heart wall. In addition, cell death (apoptosis) does
notcontribute to this process as previously suggested, an important step forward in our knowledge. The
proposed experiments will build on existing data to further examine the relationships among the cardiac
cell cycle, the formation of growth cone lineages and the overall formation of the ventricular wall.

APPROACH: The preliminary studies are compelling and impressive. The investigators have
succeeded in developing a transgenic reporter gene with chimeric expression in a mouse model
(Rubart et al., 2003) that uses the a-cardiac myosin heavy chain promoter to target expression of
enhanced green fluorescent protein (EGFP) in cardiomyocytes.

Several mouse lines (strains) show a high penetrance of transgenic expression with virtually all of the
cardiomyocytes exhibiting EGFP staining. Other mouse lines exhibit mosaic patterns of transgenic
expression varying from < 1-20% exhibiting EGFP fluorescence in the adult heart. it is interesting that
different genetic backgrounds in the mice influenced the level of mosaic transgene expression.

Aims 1 and 2 will depend upon this method and the preliminary data predicts success with a good deal
to be learned from the actual data collection as well as the computer simulations.

For Aim 2, analysis of the explanted hearts with enhanced cell cycle activity, the investigators also have
generated several transgenic mouse models with enhanced cardiomyocyte cell cycle activity in the
developing ventricle. They have selected two of these models, the MHC-cycD1 mice which have 3-fold
more cardiomyocytes than their non-transgenic littermates. They will also use the MHC-TAG which
shows a marked proliferative response in the developing ventricle due to encoding of oncoproteins.
These two transgene models will be used in Aim 2 to compare with each other (i.e., slight versus
extensive phypoplasia) and to controls and compare the effects of cell cycle on ventricular wall
development.

The first two Aims are logical and very doable as demonstrated by the high quality preliminary data. As
mentioned earlier, Aim 1 will involve the image analysis in cultured explanted hearts of transmurol
growth units derived from cardiomyoctye progenitors with normal cell cycle activity. They will use the
MHC-EGFP trangene labelled cardiomyocytes using the methods shown in their very compelling
preliminary data. The other method of collecting the embryos, culturing them and imaging them with
confocal and two-photon microscopy, including after counter staining with d-4-anepps which stains t-
tubules, is well established in the laboratory at Indiana University Medical School and is well within the
expertise of the group. While the proposed method should work very well in the proposed experiments,
two back-up protocols are proposed - the Buckingham approach is certain to work if it becomes
necessary.

Specific Aim 2 is designed to basically do the same studies as Aim 1 on cultured explanted hearts of
transmural growth units derived from cardiomyocyte progenitors with genetic modifications resulting in
enhanced cell cycle activity. The basic approach will be the same as in Aim 1 with respect to confocal
microscopy and image analysis. In addition, the investigator will examine the penetrance in the different
strains by intercrossing double transgenic mice with non-transgenics and also create chimeric embryos
from 4-cell embryos and reimplant them into foster mothers. This aim has much promise, in that the
investigators expect to be able to increase the rate of cardiomyocyte mitosis by intermingling growth
units. While the aim has significant promise, it is not as well developed as it might be and the
preliminary data to take the embryos through all of the steps to a final product that is consistent,
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reproducibée and, for thal matter, coable in every way has nol been demonsirated in tha Preliminary
Data saction. The complication of adding axperiments o answar quastions aboutl background
expression diferences for the genes is a distraction from the main emphasis of evaluating the role of
cell cycle in formation of the ventriculer wall, This "side issue” should be addressed in a separale Aim
ginca it complicates the main question to be addressad. This is nod to say that ihe strain issue is not
imporant to pursue - it is just that it seemed hastily put logethar st the expense of a carefully writtan
cedl cycle sod of experimants. Mever the less, the idea |3 a goad one and the preliminary data doas
show that at lesst the first phase of the Alm is sfraight forward in the sense that it will be possibls to
compare tha effects of enhanced cell cycle activity in the formation of the vamricular wall. This ks a
logical recd step. Thie third Alm will be to pass this data on 1o the computational platforn for analyshs.
This should overall be & most interesiing parameder of heard development to evaluate by this method
and should contribute much to our understanding of the ventricular wall formation in developing
arnbryos with respect 1o the parameters being examinad.

INVESTIGATORS: Dr. Loren Field will serve as the coordinator of Experimental Platform One, Core 3.
Dr. Figld recaived his Ph.D. dagraa at SLINY, Buffale and confinued as a postdocioral fellow thans and

af the Roswell Fark. He has an excallent record of achievement in the fleld and is well qualified to serve
a5 a coordinator on this project

BUDGET: The budget appears reasonable.
CORE 4:

CRITIQUE 1:

Cong 4 efforts focus on the establishment and appropriate manlenanca of the environment in which
opan sourcs CTM and olher computational ioolssts will be develsped and will oparabe. Thare is ampla
pomputational, storage, networking and other infrastruciure. Software engineering, scientific workflow,
and scientific computational suppor are adequalely addressed, and explicitly related to the goals of the
project and the needs of the end-usars,

A trmeline for a set of dellverables s outlined. I Is clear that the Principal Invesfigalors are nold only
aware of the lates! trends in the sclentilic workfiow and modeling support technologias, but are capable
of implamenting thim and intend to make them pan of tha salution.

The Core 4 proposal inspires confidence thal the Core 4 team, in collaboration with the
whaole CTH taam, will succesd,

CRITIQUE 2:

Core 4 daetalls support and infrastructure for user tool development and user access o the teods fo nun
applications (including external, non-Center users). The Cender instiutions have a strong hisiory of
providing tha lype of support nested by the Cenler, including Knowledgs Base applications, suppord for
softaare bugs, and sofhware engineering suppor. Thara is every indication, therefore, that the technical
axparise and exparence axist to scoomplish the slated goals of the Center with ragard 1o suppart and
infiraes bructure,

Concems in this area relate io the underlying materials. Developing high quality educational materiats
for distance leaming is an enormous task, The training taska in this case will include both use of the
analysis software (step-by-stap use of software) as well as an appropriate level of understanding of the
methods required to run indepandent analyses. The later will require significant cortent-wopent input,
and it s unclear that adequala tima has been devaled lo this activity. The authors recognize the
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challenga of offaring this al levels below and above the CPM approach, bul offar only guiding
principles, The achievemant of the goals of this section may be unrealistic given the state of the
undirlying ools and the fimetabls for getling those ready for prime fime,

CORE &:

CRITIQUE 1:

Core 5 efforts are in line with MIH Roadmap and are concemed with the education of sclentists,
cliniclana, and technologists o combine and inbetwine knowledge of biology with mathematical,
computational and physical knowledge in order to produce & workfarce that is capable of tackling the
challanges of pasi-Human Genome Project biclogy. Educalional programs planned as part of CTM are
cadlined, and clear goals and objactives ame given. An appropriate and adequale description is provided
of individual graduate iralning programs by participating institution. This ks followed by an overview of
postdocioral and technician training programs, and a descriplion of the adminisiralive infrastructure,
and distanca leaming plans,

A timeline for educational deliverables is ghven. It is clear that the Principal Investigalors are nol only
aware of the lates! Irends and solutions in that space, but are capable of implemanting them and Intend
o make them part of the salution.

The Core § proposal inspires confidence that the Core 5 team, in collaboration with the whole CTIM
team, will succesad

CRITIQUE 2+

The agsenca of Core 5 is educational programs for graduate students and additional learning
opportunities for post-docs. This includes new Interdisciplnary degress that span depariments and
Institdions, and new courses thal inlegrate specialiios. Much of the groundwaork end some of the
coursas are in place. Curricular changes, interdeparimantal programs, and collaborations betwean the
institutions, which althcugh not entirely directed loward the CTM, have bean put In place and suggest
the likely success of the Centers proposed activities.

CORE 6:

CRITIQUE 1:

Core § efforts are bn Bne with the Roadmap and are concermad with culreach activiies. This section
describes: a) web-based (portal) reposilory of software and related activities; b) dissemination of the
CTM outputs via delivery of short-courses, tutorials and paricdipation in conferences and meatings; c)
newsletier and seminar aciiviles, d) annual workshops and all kands meefings; @) visitors program and
Indusiry oulreach; f) putreach to Iraditionally underserved groups and individuals, All of the described
activities are appropriabe and well defined and support CTM goals, A timaline for deliverablas s ghren.
It Is claar that the Principal Investigeiors are not only aware of the cutreach needs, but are capable of
Implementing them and intend 1o make them part of the solution.

The Core & proposal inspiras confidence that the Core 6 team, In collabaration with the whala CTM
team, will uccesd,

CRITIQUE 2:
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The Cantar preposes a wide range of culreach aclivities that include web resources, halp desk, short
courses, newsletier, seminars, annual scleniific workshops, Center meetings, visitors program, and
culreach 1o industry and tradiicnally underserved groups, These aclivities should mors than mest the

ﬁs of the Cenler parficipants &s well as membaers of the sclentific community planning to use Canter
inals,

CORET:

CRITIQUE 1:

Cora 7 efforts are concernad with adminisirative activities related ta CTM. This section describes CTM
organizational siructure, administralive funclions, and the chain of responsbility. [t confirma that CTM
will be wall coordinated and capable of sustaining sirong research and development enhancing
integration and feedback across projects and participating institullons, in line wilh the NIH cenlar neads.
A Urmaline for deliverables is given. It is clear that the Principal Irvestigators are capabla af running
CTM in & way thal is consistent with iis mission and with RFA.

The Core 7 proposal inspires confidence that the Core 7 tsam, in collaboraflon with the whole CTR
leam, will sucoeed.

CRITIQUE &

The adminisirative struciure for the Cenler appears to ba approprizte to the challenge of coordinating
four institutions. The malor strength in this area is thet the directors have experience with similar multi-
inslitutional centers, some among the four institutions invelved in the CTM. There is a mechanism in
placa for soliciting proposals for new Bislogically Mothvating Problems (BMPs), and coordinators will be
appointed fo aach of the BMPS. In principle, this siruciure can provide the necessary coordination, but
thera is abwvays concem in projects of this magnitude that the coondination of research projects within a
BMP will be a more demanding lask than anticipated. It would be good 1o see details of the mechanism
within & BMP for starling new projects (which are not anticipated when preparing the preposal), helping
existing projects stay on course, and eliminating projects which are either unproductive or no longer
retaining relevance to overall Center goals. That said, the personnal involved in the Center clearly have
the expariance 1o handle this challenge,

THE FOLLOWING RESUME SECTIONS WERE PREPARED BY THE SCIENTIFIC REVIEW
ADMINISTRATOR TO SUMMARIZE THE OUTCOME OF DISCUSSIONS OF THE REVIEW
COMMITTEE ON THE FOLLOWING ISSUES:

VERTEBRATE ANIMALS: ACCEPTABLE

The studles proposed In Core 3, Projact require the usa of axololls and zebrafish as model organisms,
dus to thair ability for limb regeneration and wound healing. These processes are not ones shared by
humans, Axclolls will be housed in the IUPUI School of Sclenca animal facility with professional
vitefinary care, and zebrafish will be purchased from local pet stores and maintained in temperatura-
controlied watar tanks, Appropriate and detailed procedures are explained for thair maintenance,
rminimizing discomfort during the experimental procedures, and euthanas|a.

COMMITTEE BUDGET RECOMMENDATIONS: The budgoet was recommandad a8 requastod,
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NOTICE: The NIH has modified its policy regarding the receipt of amended applications.
Detailed information can be found by accessing the following URL address:
http://grants.nih.gov/grants/policy/amendedapps.htm

NIH announced implementation of Modular Research Grants in the December 18, 1998 issue
of the NIH Guide to Grants and Contracts. The main feature of this concept is that grant
applications (R01, R03, R21, R15) will request direct costs in $25,000 modules, without
budget detall for individual categories. Further information can be obtained from the Médular
Grants Web site at http://grants.nih.gov/grants/funding/modular/modular.htm





