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As my first duty as the new Editor of the CEM Com-
muniqué, I would like to thank my predecessor, Dr. 
Zak Megeed, for guiding the management of the 
newsletter and for providing me with a smooth 
transition into the editorial role. Zak left the CEM in 
June and has taken a position at a Boston-based law 
firm, Foley Hoag LLP, where he is a member of the 
biotechnology patent group. We all wish him the 
best at his new position. 

In Zak’s last editorial, he highlighted the Center’s 
recent work in microfluidic technologies and their 
potential as the next wave of clinical diagnostic de-
vices. In this issue, we focus on macrofluidic medical 
devices with a feature piece on the development of 
an extracorporeal liver perfusion system. Herman 
Tolboom, Maria-Louisa Izamis, Jack Milwid, Carley 
Shulman and Korkut Uygun are collectively the re-
search team behind this featured article that pres-
ents some of their efforts in organ culture, preserva-
tion and transplantation. 

Despite the advances in organ procurement and 
transport there still exists a large population of pa-
tients who await donor organs and eventually die be-
cause of the organ shortfall. This problem has been 
approached by several investigators and has led to 
innovations in cell transplantation, bioartificial tissue 
reconstruction, and organ engineering. Yet, no single 
discovery has yielded significant surgical impact. 

The featured research team has created an ex vivo 
perfusion device to resuscitate ischemic livers in 
a clinically-relevant model. They have performed 
exquisite characterization of important variables 
necessary for organ maintenance and have dem-
onstrated a significant survival benefit in rats that 
have undergone orthotopic liver transplantation 
with perfused organs compared to conventional 
methods. Their work foreshadows a future where 
marginal organs that are presently discarded will 
become a new source of tissue that has been re-
vived prior to transplantation, thereby expanding 
the donor pool. 

Several technical issues still need resolution be-
fore such a technology takes center stage in sur-
gical services. Finding the optimal perfusate is of 
utmost importance in sustaining organ viability 
and function for long periods of time outside of 
the body. Furthermore, methods to non-inva-
sively monitor and image the state of the organ 
during perfusion can provide criteria to stratify 
organs into potential transplantable grafts versus 
non-responding organs. The last issue, is the de-
velopment of appropriate therapeutic regimens 
for organs based on different pathological states 
(e.g. fatty liver disease) in the hopes of pre-condi-
tioning the injured organ in a targeted manner to 
create healthy tissue for transplantation. 

That said, the technology can offer new avenues 
for basic science and clinical investigations. There 
exist different scales of research to model human 
health and disease, from in vitro cell studies to 
small/large animals. A middle ground between 
these two scales – the culture of organs – has yet 
to be achieved, but may reveal interesting oppor-
tunities to study physiology and pathogenesis 
that combines the reality of animal studies with 
the control of experimental conditions afforded 
in cell culture. Moreover, ex vivo perfusion sys-
tems may be the first step towards the eventual 
preservation and banking of organs if appropri-
ate protocols can be developed and prove to be 
efficacious. We are at the advent of this new and 
exciting era of organ engineering for use in biol-
ogy and medicine and members of the CEM are 
at the forefront of research to create these new 
biomedical devices for tomorrow, today. 

NEW MEMBER PROFILES 
Alejandro Soto-Gutierrez, M.D., Ph.D. Alex joined the 

Multiscale Bioengineering team at 
the CEM in November of 2007. He 
received his M.D. from University 
of Guadalajara, Mexico as a resi-
dent in general surgery. Alex re-
ceived his PhD in Medical sciences 

from Okayama University, Japan, where he stud-
ied stem cell biology, hepatic differentiation and 
experimental transplantation procedures. His re-
search at the CEM is currently focused on the in-
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teraction of stem cells and hepatic cells for the purpose of developing 
effective cellular and regenerative strategies to treat liver diseases. In 
his free time, Alex enjoys yoga, traveling, hiking and reading. 

Hiroshi Yagi, M.D., Ph.D. Hiro joined the Multiscale Bioengineer-
ing  team at the CEM in September 2007. He received 
his M.D. from Keio University, Japan with a special-
ization in hepatobiliary surgery. He also received his 
PhD from the same institute, where he studied tumor 
angiogenesis. His research at the CEM is currently fo-
cused on 1) stem cell and hepatocyte interactions; 2) 

new combination cellular grafts for transplantation; and 3) bioreac-
tor design and in vivo efficacy testing. In his free time, Hiro enjoys 
surfing, snowboarding and traveling with his family including his 
wife and 2 year old son, and come April, 2008, a new baby. 

The Organomatics Strategies Group at the Center for 
Engineering in Medicine 

From left to right: Maria-Louisa Izamis, Jack Milwid, Herman Tolboom, Carley 
Shulman and Korkut Uygun 

For info regarding the featured article email kuygun@partners.org 

Introduction 
End-stage liver disease, liver transplantation and the 
donor liver shortage 
End-stage liver disease amounts to about 27,000 deaths annually in 
the U.S.  Liver transplantation is currently the only viable treatment, 
and over the past 40+ years, thousands of patients have successfully 
been treated.  Unfortunately, there is an ever increasing shortage of 
livers that are suitable for transplantation. It is estimated that nearly 
2,500 patients die each year while on the waiting for a donor liver 
(Organ Transplantation Network, 2006 report). This number could 
be reduced dramatically, if marginal organs, such as steatotic (fatty) 
livers, and those obtained from donors after cardiac death (DCD), 
could be safely used for transplantation. For instance, it is estimated 
that over 6,000 DCD livers could be salvaged annually, if a method 
existed that allowed them to be transplanted safely, which would 
effectively end the donor crisis. However, current methods of pre-
serving organs prior to transplantation, based on cold storage in 
specially formulated preservation solutions, lead to unsatisfactory 
outcomes and carry a high risk of post-operative primary non-func-
tion (PNF) as well as biliary complications.  Since DCD livers make up 
the largest fraction of all marginal donor grafts, we have focused our 
efforts on reclaiming these organs.  We have investigated the use of 
normothermic extracorporeal liver perfusion (NELP) as an alterna-

tive to conventional static cold storage for preservation of ischemic 
rat livers. Recently, we have demonstrated that NELP can effectively 
reverse a severe insult of warm ischemia. Rat livers were subjected 
to 60 minutes of ex-vivo warm ischemia and then perfused for 5 
hours in our normothermic perfusion circuit, after which these DCD 
rat livers were orthotopically transplanted leading to a survival of re-
cipient animals similar to rats receiving healthy non-ischemic grafts 
preserved for 5 hours by cold storage. Ischemic livers that were pre-
served with static cold storage for 5 hours, and even ischemic livers 
that were transplanted directly without having undergone preser-
vation, all underwent PNF when transplanted, followed by death of 
the recipient animal within 24 hours. Work is currently carried out to 
reveal the underlying mechanism in order to further optimize NELP, 
and plans are being made to test this approach in a large animal 
model. 

Figure 1. Normothermic perfusion resuscitates livers with ischemic damage. 
To model DCD, livers were harvested and subjected to 1 hr. of ex-vivo warm 
ischemia at 340C. Livers were either preserved with NELP or stored in Universi-
ty of Wisconsin (UW) cold preservation solution at 0-40C for 5 hrs. As a control, 
healthy livers were preserved with either preservation modality for 6 hours. 
Following preservation, the livers were orthotopically transplanted into 
syngeneic recipients, and post-operative survival was assessed. Recipients 
of ischemic livers preserved in UW solution died within 24 hrs. Without any 
preservation, survival was equally poor. Both normothermic perfusion stud-
ies demonstrated excellent survival, similar to healthy livers with cold storage, 
showing that normothermic perfusion enables rescue of the ischemic livers. 

Establishment of a Normothermic Perfusion System 
The first goal of the project was to set up an orthotopic rat liver 
transplant model and to establish a new regimen for normother-
mic preservation of rat livers. After successfully having used NELP 
for the preservation of DCD rat livers, Herman’s work has focused 
on gaining insight in the underlying mechanisms that contribute to 
the success of NELP, such as replenishment of cellular energy stores, 
the re-establishment of oxidative metabolism and maintenance of 
vascular integrity. Additional areas of interest include investigating 
the feasibility of combining an initial period of NELP with additional 
conventional cold storage to facilitate transportation of the organ in 
clinical reality, as well as in-situ liver perfusion, sub-normothermic 
liver perfusion and pharmacological strategies, such as thromboly-
sis, to improve graft function during preservation. 
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Figure 2: The NELP system. A schematic of the perfusion system is shown in 
Fig 2a, the actual system is shown in Fig 2b. The system is comprised of a per-
fusion chamber holding the liver (1), a peristaltic pump (2) recirculating the 
perfusate through an oxygenator (3) and a bubble trap/compliance chamber 
(4). A second peristaltic pump (5) recirculated the perfusate though a hollow 
fiber dialyzer (6) and a third pump recirculated the dialysate through the dia-
lyzer (7) from a reservoir (8) heated by a hotplate (9). The temperature of the 
perfusate was controlled by a water bath (10). Figure 2c shows a close-up of the 
liver during perfusion with the portal vein catheter (11) and bile cannula (12) in 
place. Figure 2d shows the liver awaiting transplantation with the portal (13) 
and vena cava cuffs (14) and the bile duct cannula (15) visible. 

Figure 3. Transmission electron micrograph of livers after (A) 6 hr. of simple 
cold storage in University of Wisconsin solution and (B, C) 6 hr. of normother-
mic perfusion. Under both conditions, the liver appears normal. Mitochondria 
(Mt) appear elongated and not  swollen, with dominant rough endoplasmic 
reticulum (RER). Sinusoids appear have open lumens (Lu) and a fenestrated 
endothelial wall. Cell nuclei (Nu) appear round and healthy, with clear cell bor-
ders and obvious bile canaliculi (BC). The perfused liver shows a section of an 
erythrocyte (Eryt) and a thrombocyte in the lumen. Bar = 2 µm. 

Optimization of Livers Prior to Transplantation
We hypothesize that normothermic perfusion is effective because it at-
tenuates ischemia-reperfusion injury, provides oxygen and nutrition, 
removes waste, and allows the organ to repair itself in the absence 
of significant immune activation. Maria-Louisa’s research focuses on 
directing this repair by modulating the perfused organ metabolism. 
Because engineering the metabolism of repair is a complex multidi-
mensional problem, we are employing mathematical modeling ap-
proaches, such as metabolic flux analysis (MFA), to obtain a complete 
picture of liver activity during perfusion and identify targets for ma-
nipulation in order to maximize the reconditioning effect.

Figure 4: The metabolic flux map of a perfused liver, in comparison to an in 
vivo liver. Blue arrows are the downregulated fluxes in perfusion (compared 
to in vivo), red are upregulated. This systems-biology approach enables the 
identification of the overall bottlenecks in the perfusion system and enables 
efficient optimization of next-generation systems.

The benefit of using a MFA model is that it provides a means of ob-
taining a significantly larger picture of internal organ function through 
mass balance, the integration of which provides evidence of the or-
gan’s trajectory during perfusion. The strength of MFA lies in its ability 
to: (1) integrate multiple metabolic pathways; (2) Identify critical foci 
of control; (3) allow for optimization of the organ’s metabolism during 
perfusion. This information can determine if a healing process is oc-
curring or simply that a stable organ is being maintained throughout 
the duration of perfusion. As a direct consequence we also intend to 
extract from this data an “Index of Viability”, a quantitative standard for 
“transplantability”. The approach we are employing entails mining the 
metabolic analysis data in order to correlate the evaluated metabolic 
variables to cell and tissue damage / survival success; consequently we 
aim to generate an index which can be used to assess the condition 
of the donor organs prior to transplantation, ultimately reducing the 
guesswork involved in transplantation of marginal donor organs. This 
also will enable us to determine accurately when the NELP-treatment 
is complete and when the organ is ready for transplantation. An addi-
tional corollary of this development of an extracorporeal organ model 
is the establishment of an organ culture system, thereby producing a 
technology that enables quantitative understanding of organ physiol-
ogy and pathology.

We are also studying the effects of ischemia and reperfusion on the 
viability of transplanted grafts.  This work is meant to complement the 
metabolic optimization, and provide insight into the inflammatory 
mechanisms that dictate graft failure, especially in the case of marginal 
grafts that have already suffered damage prior to reperfusion.  Specifi-
cally, we are investigating novel additives that can be integrated into 
the perfusion medium to attenuate inflammation prior to transplanta-
tion, including known anti-inflammatory agents, inhibitors of apop-
tosis, and novel cytokine mediators.  Jack proposes the development 
of a novel perfusion medium that will provide for improved organ vi-
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ability when used in conjunction with current and future generation 
machine perfusion systems. 

Computer-Aided Development of the Organ Culture 
System. 
Our research also focuses on developing predictive metabolic mod-
els of the liver in order to achieve whole-organ metabolic engineer-
ing. The core of the idea is to model the liver as a homeostatic con-
troller of metabolites in the body, with the core assumption that it 
functions as an optimal regulator, which allows the use of math-
ematical optimization principles as a predictive framework. Such 
a model allows the simulation of the direct and indirect effects of 
various stimuli (increased oxygen levels, amino acid supplementa-
tion…), so in effect, for any given metabolic task (e.g. increase DNA 
synthesis for repair, reestablish ATP levels…) we can practically iden-
tify the optimum nutrient contents for perfusion, identify pathways 
to be modulated pharmacologically or even via genetic engineering. 
Korkut and Maria Louisa are currently developing such a model for 
the in vivo rat liver in order to identify the ideal state (i.e. the ho-
meostatic goal); we will next apply the same approach to a perfused 
ischemic liver to analyze the differences, which will provide us with a 
rational basis to optimize the perfusion system. 

The Clinical Perspective 
A major bottleneck in realization of machine perfusion clinically is 
the system complexity. Jack is currently focusing on the develop-
ment of a stable liver perfusion system as a precursor to the large-
animal system.  This second-generation perfusion device will pro-
vide for robust control of temperature, pH, dialysis and erythrocyte 
oxygenation, in addition to allowing for extensive probing of the 
liver while undergoing perfusion, with plans to create platforms for 
in situ microscopy, and real-time analyte monitoring. 

Normothermic Perfusion in Other Applications 
In addition to DCD organ resuscitation, Carley is working with Maria 
Louisa and Jack on two other potential areas for NELP. The first is us-
ing discarded ischemic human livers as cell sources for use in experi-
mental liver assist devices. This work would greatly aid bioartificial 
liver studies by developing a primary human hepatocyte source that 
is functional (a major issue with immortalized cell lines) and readily 
available (an issue with primary cells). We’ve recently demonstrated 
that viable cells can be harvested from 1 hour ischemic livers. The 
second is using NELP to extend the duration of preservation beyond 
what is currently possible using cold storage of organs by treating 
the cold-stored organs with NELP prior to transplantation. We con-
jecture that this will enable the utilization of cold-ischemically

damaged organs, as well as quantitative evaluation for hepatic func-
tionality for determination of transplantability. 

Future Directions 
We aim to establish a liver organ perfusion system that is capable of 
sustaining the organ in an extracorporeal setting, and recondition-
ing marginal donor organs for transplantation. We are also develop-
ing predictive mathematical models that will enable evaluating the 
viability of the perfused organ, as well as testing various metabolic 
engineering strategies in silico, hence rendering analysis of the or-
gan and development of therapeutic schemes much more practical. 
The organ culture system in future will be the ideal platform to study 
many different diseases and phenomena, such as regeneration, re-
pair, toxicity and cancer. 

RECENT PUBLICATIONS 
Engineering protein and peptide building blocks for nanotechnol-1. 

ogy. J Nanosci Nanotechnol 2007; 7: 387-401. 
Microfabrication-based modulation of embryonic stem cell differ-2. 

entiation. Lab on a Chip 2007; 7; 1018-1028. 
Amphipathic peptide-based fusion peptides and immunoconju-3. 

gates for the targeted ablation of prostate cancer cells. Cancer Res 
2007; 67: 6368-6375. 

Integrated energy and flux balance based multiobjective frame-4. 
work for large-scale metabolic networks. Ann Biomed Eng 2007; 35: 
863-885. 

A model for normothermic preservation of the rat liver. 5. Tissue 
Eng 2007; 13: 2143-2151.

Osmotic selection of human mesenchymal stem/progenitor cells 6. 
from umbilical cord blood. Tissue Eng 2007; 13: 2465-2473. 

Control of hepatic differentiation via cellular aggregation in an alg-7. 
inate microenvironment. Biotechnol Bioeng 2007; 98: 631-644 

Mesenchymal stem cell-derived molecules reverse fulminant he-8. 
patic failure. PLoS ONE 2007; 2: e941. 

Measurements of the effective diffusion coefficient of oxygen in 9. 
pancreatic islets. Indust & Eng Chem Res 2007; 46: 6157-6163. 

A novel non-overlapping bi-clustering algorithm for network 10. 
generation using living cell array data. Bioinformatics 2007; 23: 
2306-2313. 

Immunomodulation of activated hepatic stellate cells by mes-11. 
enchymal stem cells. Biochem Biophys Res Commun. 2007; 363: 
247-252. 

Figure 5: The second generation perfusion chamber.



A new technique for primary hepatocyte expansion in vitro. 12. 
Biotechnol Bioeng (in press). 

Homogeneous differentiation of hepatocyte-like cells from em-13. 
bryonic stem cells. FASEB J March 2008 (in press). 

Radial flow hepatocyte bioreactor using stacked microfabri-14. 
cated grooved substrates. Biotechnol Bioeng 2007 (Epub ahead of 
print). 

Microfluidic flow-encoded switching for parallel control of dy-15. 
namic cellular microenvironments. Lab Chip 2008 (Epub ahead of 
print). 

Cellular response to nanoscale elastin like polypeptide polyelec-16. 
trolyte multilayers. Acta Biomater (in press) 

Enthalpic relaxation of convective desiccated trehalose-water 17. 
glasses. Thermochimica Acta 2007;453:1-8. 

Practical label-free CD4+ T cell counting of HIV-infected sub-18. 
jects: A Microchip approach. Lab on a Chip 2007;10:1039. 

Engineering Complex Tissues. 19. Tissue Engineering 2007; 12: 
3307-3339. 

Hepatospecific maturation behavior of murine embryonic stem 20. 
cells within co-cultures with hepatocytes. Biotechnology and Bio-
engineering 2007 (in press). 

Long term storage of mouse spermatozoa after evaporative dry-21. 
ing. J Reproduction (in press). 

Water activity and mobility in solutions of glycerol and small 22. 
molecular weight sugars: Implication for cryo- and lyopreservation. 
J. Applied Physics 2007; 101: 039901. 

A microchip approach for practical label-free CD4+ T cell 23. 
counting of HIV-infected subjects in resource-poor settings. J AIDS 
2007;45:257-261. 

Polar stimulation and constrained cell migration in microfluidic 24. 
channels. Lab Chip 2007;7(12):1783-90. 

Thermal performance of quartz capillaries for vitrification. 25. Cryo-
biology 2007;55(3):222-9. 

Role of trehalose in prevention of giant vesicle adsorption and 26. 
encapsulated solute leakage in anhydrobiotic preservation. Lang-
muir 2007 (epublished ahead of print). 

Continuous inertial focusing, ordering, and separation of par-27. 
ticles in microchannels. Proceedings of the National Academy of 
Sciences USA 2007 (epublished ahead of print). 

Microchip-based isolation of rare circulating epithelial cells in 28. 
patients with metastatic cancer. Nature (in press). 
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NEW TO THE CEM 
Name    From    Group 
Chey Collura   BU    Cancer 
Dino DiCarlo   UC Berkeley   Cancer 
Marshal Doughty  Northeastern   Cancer 
Jon Edd    UC Berkeley   Biopreservation 
Kerim Eken   Johns Hopkins   Inflammation and Host Response 
Ramin Haghgooie  MIT    Quantum Project 
Vijay Janakiraman  Case Western   Multiscale Bioengineering 
Carolyn Lee-Parsons  Northeastern   Visiting Scientist 
John Oakey   Col. Sc. of Mines   Quantum Project 
Carley Shulman   Ohio Wesleyan U   Multiscale Bioengineering 
Alex Soto   Okayama U, Japan  Multiscale Bioengineering 
Shannon Stott   GA Tech   Quantum Project 
Antonia Vitalo   Quinnipiac U   Neuroengineering and Macular Degeneration 
Hiroshi Yagi   Keio U, Japan   Multiscale Bioengineering 

RECENT DEPARTURES 
Name    To 
Dana Adams   Postdoctoral Fellow 
Xuanhong Cheng  Assistant Professor, Lehigh U 
Cheul Cho   Assistant Professor, Department of Biomedical Engineering, New Jersey Institute of Technology 
Maxime Guillemette  Graduate Student, Laval U 
Amol Janorkar   Assistant Professor, Dept. of Biomedical Materials Science, School of Dentistry, U Mississippi Medical Center 
Zak Megeed   Biotechnology patent group, Foley Hoag, Boston, MA 
Natesh Parashurama  Postdoctoral Fellow, UCSF 
Eric Park   Senior Scientist, Pfizer Research Technology Center, Cambridge, MA 
JaeSung Park  Pohang University of Science and technology (Postech), Korea
Kaushal Rege   Assistant Professor, Department of Chemical Engineering, Arizona State University 
Daan Van Poll   Surgical Resident, Utrecht, Netherlands 



CENTER FOR EXPLORATION OF MOUNTAINS 
François Berthiaume - fberthiaume@hms.harvard.edu 

One of the major highlights of the Center for the Exploration of Mountains (the other CEM) for 2007 was a week long camping trip in the 
Sangre de Cristo Wilderness, San Isabel National Forest, Colorado, organized last August. The trip was mainly organized by a CEM alumnus, 
Harihara Baskaran, and a total of 4 people participated, including myself, Alex Revzin - another CEM alumnus, as well as a friend, Sharon Li. 
Since none of us live in the same area, we all met at the airport in Colorado Springs, and rented a car to get to the trail head. From there, we 
hiked to a base camp in a valley surrounded with 14,000 ft. peaks. Each day, we hiked to a different summit, which provided us with a varied 
experience in the type of terrain and views.  The CEM is planning several exciting hiking trips for 2008. 
2008 TRIP SCHEDULE 

DATE TRIP SUMMARY 

May 23-26 Backpacking – The Bonds and Franconia Ridge, NH. A classic backpacking trip in the White Mountain National Forest. 

June 13-16 Backpacking – Gulf Hagas, ME. Moderate backpacking and wilderness camping in a remote part of Maine. 

July 11-14 Backpacking – Baxter State Park, ME. Day hikes from base camp. We will explore the lesser known northern section of the park. 

August 9-17 Backpacking – California A week-long thru-hike on the High Sierra Trail. 

October 11-13 Annual Reunion – Green Mountains, VT. Backpacking along a stretch of the Long Trail. 

November 27-30 Thanksgiving trip! To be announced. 

December 12-14 Winter Camping Initiation – Monadnock State Park, NH. Car camping on the snow (snow permitting) and day hike to the 
summit of Mt. Monadnock. 

Before each trip, a description is sent to the “other CEM” e-mail list (if you would like to be added to this list, send a message to fberthiaume@
hms.harvard.edu). These trips are open to anyone… Bring your friends along! A trip schedule can be downloaded at 
http://cem-outdoors.home.comcast.net/ 

Scrambling up the mountain On a 14,000 ft summit 

Sunset view of Crestone Needle from the campsite 
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SPRING 2008

SEMINAR SERIES
IN

BIOMEDICAL SCIENCE AND ENGINEERING
Shriners Burns Hospital

4th Floor Conference Room
Mondays, 10:00 AM – 11:00 AM

DATE SPEAKERS TITLE
February 4 Uma Sundaram, PhD

Research Ventures & Licensing  
MGH

From Idea to Patents and Beyond

March 3 Emiko Mizoguchi, MD, PhD
Medicine
MGH, HMS

Role of Mammalian Chitinases in Inflammatory 
Conditions

Atsushi Mizoguchi, MD, PhD
Pathology
MGH, HMS

Unexpected Mechanism of Inflammatory Bowel 
Disease

March 10 Joe Tien, PhD
Biomedical Engineering
Boston U

Engineering Functional Human Microvessels In 
Vitro

March 31 Catherine Klapperich, PhD
Biomedical Engineering
Boston U

Microfluidic Sample Preparation for Molecular 
Detection of Infectious Disease

April 28 Sergey S. Shevkoplyas, PhD
Chemistry
Harvard U

Networks of Microchannels: Is There Anything They 
Can’t Do?

  

CO-SPONSORED BY THE CENTER FOR ENGINEERING IN MEDICINE
AND THE SHRINERS BURNS HOSPITAL.

For more information, please contact Ilana Reis at 617-371-4882 or via email at cemmail@sbi.org
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