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Quality control for cells
CellNet is a computer algorithm that systematically assesses the quality of lab-engineered cells. The "inputs"
are different kinds of engineered cells—induced pluripotent cells made through reprogramming techniques,
specialized cells made through conversion of other specialized cells, and specialized cells made by coaxing a
stem cell to differentiate. The "outputs" are comparisons of the lab-made cells' gene expression profiles to
those of the real-life cells or tissues they are supposed to emulate (these "training" data are built into CellNet).
At far right, CellNet flags and prioritizes potential genetic on/off switches (transcriptional regulators) that could
be targeted to improve upon the engineered cells.

Tissue development 'roadmap' created to guide stem cell medicine
Date: Aug 14, 2014
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Computer algorithm also provides 'quality assurance' for lab-created cells

In a boon to stem cell research and regenerative medicine, scientists at Boston Children's Hospital, the Wyss Institute for Biologically
Inspired Engineering at Harvard University and Boston University have created a computer algorithm called CellNet as a "roadmap"
for cell and tissue engineering, to ensure that cells engineered in the lab have the same favorable properties as cells in our own
bodies. CellNet and its application to stem cell engineering are described in two back-to-back papers in the August 14 issue of the
journal Cell.

Scientists around the world are engaged in culturing pluripotent stem cells (capable of forming all the body's tissues) and
transforming them into specialized cell types for use in research and regenerative medicine. Available as an Internet resource
(http://cellnet.hms.harvard.edu) for any scientist to use, CellNet provides a much needed "quality assurance" measure for this work.

The two papers also clarify
uncertainty around which methods
are best for stem cell engineering,
and should advance the use of
cells derived from patient tissues
to model disease, test potential
drugs and use as treatments. For
example, using CellNet, one of
the studies unexpectedly found
that skin cells can be converted
into intestinal cells that were able
to reverse colitis in a mouse
model.

"To date, there has been no
systematic means of assessing
the fidelity of cellular engineering
— to determine how closely cells
made in a petri dish approximate natural tissues in the body," says George Q. Daley, MD, PhD
(http://www.childrenshospital.org/directory/researchers/d/george-daley), Director of the Stem Cell Transplantation Program at Boston
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CellNet maps the twists and turns of a cell's possible tissue
"destinations," from its point of origin to the end of the line —
as in the Boston subway system.
Credit: Samantha Morris, PhD/Boston Children's Hospital

Children's and senior investigator on both studies. "CellNet was developed to assess the quality of engineered cells and to identify
ways to improve their performance."

Gene signatures

CellNet applies network biology to discover the complex network of genes that are turned on or off in an engineered cell, known as
the cell's Gene Regulatory Network or GRN. It then compares that network to the cell's real-life counterpart in the body, as
determined from public genome databases. Through this comparison, researchers can rigorously and reliably assess:

the quality of induced pluripotent stem cells (iPS cells) made by reprogramming blood cells or skin cells
the quality of specialized cells—such as liver, heart, muscle, brain or blood cells—made from either iPS cells or embryonic
stem cells
the quality of specialized cells made from other specialized cells (such as liver cells made directly from skin cells)
what specific improvements need to be made to the engineering process.

"CellNet will also be a powerful tool to advance synthetic biology—to engineer cells for specific medical applications," says James
Collins, PhD (http://wyss.harvard.edu/viewpage/117/james-j-collins), Core Faculty member at the Wyss Institute and the William F.
Warren Distinguished Professor at Boston University, co-senior investigator on one of the studies.

Putting CellNet to the test

The researchers—including co-first authors Patrick Cahan, PhD, and
Samantha Morris, PhD, of Boston Children's, and Hu Li, PhD, of the Mayo
Clinic, first used CellNet to assess the quality of eight kinds of cells created
in 56 published studies.

In a second study, they applied CellNet's teachings to a recurring question
in stem cell biology: Is it feasible to directly convert one specialized cell type
to another, bypassing the laborious process of first creating an iPS cell?
This study looked at two kinds of directly converted cells: liver cells made
from skin cells, and macrophages made from B cells.

"Most attempts to directly convert one specialized cell type to another have
depended on a trial and error approach," notes Cahan, principle architect of
CellNet and a post-doctoral scientist in the Daley lab. "Until now, quality
control metrics for engineered cells have not gotten to the core defining
features of a cell type."

In both test cases, CellNet showed that the engineered cells hadn't
completely converted, retaining some characteristics of their cells of origin
—but pointed to specific genetic tweaks that could be done in the lab to fix
the problem.

CellNet also pointed out some useful properties that weren't apparent before. "We found that liver-like cells made from mouse skin
were actually more like intestinal cells," says Morris. "In fact, the converted skin cells could engraft into mice with inflammatory bowel
disease—Crohn's or ulcerative colitis. After a short time, the cells became highly similar to native colon cells and assisted healing of
the damaged tissue, a finding that surprised and excited us."

Guidance for stem cell engineering

Together, the two studies establish some general principles for stem cell science:

1) The GRN of iPS cells created by reprogramming a mature cell is nearly identical to that of stem cells made from embryos,
confirming that iPS cells are a good raw material for creating specialized cells.

2) Once engineered cells are engrafted into laboratory mice, their GRN becomes even closer to that of the true target tissue,
indicating that the body's own tissues contribute signals to enhance the performance of transplanted cells.

3) Differentiating pluripotent stem cells into specific tissues is currently more effective than attempting to convert one specialized cell
directly to another, creating cells whose GRNs are much like those of cells in the body.

4) Most specialized cells made from other specialized cells retain some "memory" of their cell of origin, making them less than ideal
for certain uses but better for others.

Supporters of the studies include the National Institutes of Health (grant #s R24DK092760, UO1-HL100001, P50HG005550,
1K01DK096013, 2T32HL06698, 5T32HL007623 and R01DK082889), the National Institute of Diabetes and Digestive and Kidney
Diseases (K01DK096013), the National Heart, Lung, and Blood Institute (T32HL066987 and T32HL007623), the Children's Hospital
Stem Cell Program, the Howard Hughes Medical Institute, Alex's Lemonade Stand Foundation, the Mayo Clinic, the Ellison Medical
Foundation and the Doris Duke Medical Foundation.
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Wyss Institute is a winner of the 2012 Webby Awards in the Science category.
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###

Boston Children's Hospital (http://www.childrenshospital.org/) is home to the world's largest research enterprise based at a
pediatric medical center, where its discoveries have benefited both children and adults since 1869. More than 1,100 scientists,
including seven members of the National Academy of Sciences, 14 members of the Institute of Medicine and 14 members of the
Howard Hughes Medical Institute comprise Boston Children's research community. Founded as a 20-bed hospital for children,
Boston Children's today is a 395-bed comprehensive center for pediatric and adolescent health care. Boston Children's is also the
primary pediatric teaching affiliate of Harvard Medical School. For more information about research and clinical innovation at Boston
Children's, visit: http://vectorblog.org (http://vectorblog.org).

About the Wyss Institute for Biologically Inspired Engineering at Harvard University
The Wyss Institute for Biologically Inspired Engineering at Harvard University (http://wyss.harvard.edu (http://wyss.harvard.edu))
uses Nature's design principles to develop bioinspired materials and devices that will transform medicine and create a more
sustainable world. Working as an alliance among all of Harvard's Schools, and in partnership with Beth Israel Deaconess Medical
Center, Brigham and Women's Hospital, Boston Children's Hospital, Dana Farber Cancer Institute, Massachusetts General Hospital,
the University of Massachusetts Medical School, Spaulding Rehabilitation Hospital, Boston University, Tufts University, and Charité -
Universitätsmedizin Berlin and the University of Zurich, the Institute crosses disciplinary and institutional barriers to engage in high-
risk research that leads to transformative technological breakthroughs. By emulating Nature's principles for self-organizing and self-
regulating, Wyss researchers are developing innovative new engineering solutions for healthcare, energy, architecture, robotics, and
manufacturing. These technologies are translated into commercial products and therapies through collaborations with clinical
investigators, corporate alliances, and new start-ups.

The Boston University College of Engineering offers a wide range of undergraduate, graduate and professional degrees in
foundational and emerging engineering disciplines. Underlying the College's educational efforts is its commitment to creating
Societal Engineers who have an appreciation for how the engineer's unique skills can be used to improve our quality of life. Ranked
among the nation's best engineering research institutions, the College's faculty attracts more than $50 million in external research
support annually.
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