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Milestone reached in work to build replacement 
kidneys in the lab

(a) Th e explanted engineered porcine kidney construct from implantation. (b) Fluoroscopic angiogram image to 
demonstrate vascular patency of the harvested kidney construct. Renal artery (RA) and renal vein (RV).

WINSTON-SALEM, N.C. — Sept. 2, 2014 — Regenerative medicine researchers at Wake Forest Baptist Medical Center 
have addressed a major challenge in the quest to build replacement kidneys in the lab. Working with human-sized pig 
kidneys, the scientists developed the most successful method to date to keep blood vessels in the new organs open and 
fl owing with blood. Th e work is reported in journal TECHNOLOGY.

“Until now, lab-built kidneys have been rodent-sized and have functioned for only one or two hours aft er transplanta-
tion because blood clots developed,” said Anthony Atala, M.D., director and professor at the Wake Forest Institute for 
Regenerative Medicine and a senior author on the study. “In our proof-of-concept study, the vessels in a human-sized pig 
kidney remained open during a four-hour testing period. We are now conducting a longer-term study to determine how 
long fl ow can be maintained.”

If proven successful, the new method to more eff ectively coat the vessels with cells (endothelial) that keep blood fl owing 
smoothly, could potentially be applied to other complex organs that scientists are working to engineer, including the liver 
and pancreas.

Th e current research is part of a long-term project to use pig kidneys to make support structures known as “scaff olds” 
that could potentially be used to build replacement kidneys for human patients with end-stage renal disease. Scientists 
fi rst remove all animal cells from the organ — leaving only the organ structure or “skeleton.” 
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A patient’s own cells would then be placed in the scaff old, making an organ that the patient theoretically would not reject.
Th e cell removal process leaves behind an intact network of blood vessels that can potentially supply the new organ 

with oxygen. However, scientists working to repopulate kidney scaff olds with cells have had problems coating the vessels 
and severe clotting has generally occurred within a few hours aft er transplantation.

Th e Wake Forest Baptist scientists took a two-pronged approach to address this problem. First, they evaluated four 
diff erent methods of introducing new cells into the main vessels of the kidney scaff old. Th ey found that a combination of 
infusing cells with a syringe, followed by a period of pumping cells through the vessels at increasing fl ow rates, was most 
eff ective.

Next, the research team coated the scaff old’s vessels with an antibody designed to make them more “sticky” and to bind 
endothelial cells. Laboratory and imaging studies — as well as tests of blood fl ow in the lab — showed that cell coverage 
of the vessels was suffi  cient to support blood fl ow through the entire kidney scaff old. 

Th e fi nal test of the dual-approach was implanting the scaff olds in pigs weighing 90 to 110 pounds. During a four-hour 
testing period, the vessels remained open.

“Our cell seeding method, combined with the antibody, improves the attachment of cells to the vessel wall and prevents 
the cells from being detached when blood fl ow is initiated,” said In Kap Ko, Ph.D., lead author and instructor in regenera-
tive medicine at Wake Forest Baptist.

Th e scientists said a long-term examination is necessary to suffi  ciently conclude that blood clotting is prevented when 
endothelial cells are attached to the vessels.

Th e scientists said if the new method is proven successful in the long-term, the research brings them an important step 
closer to the day when replacement kidneys can be built in the lab.

“Th e results are a promising indicator that it is possible to produce a fully functional vascular system that can deliver 
nutrients and oxygen to engineered kidneys, as well as other engineered organs,” said Ko.

Using pig kidneys as scaff olds for human patients has several advantages, including that the organs are similar in size 
and that pig heart valves — removed of cells — have safety been used in patients for more than three decades. 

Th is study was supported, in part, by Telemedicine and Advanced Technology Research Center at the U.S. Army Medical 
Research and Materiel Command. 

Co-researchers were Mehran Abolbashari, M.D., Jennifer Huling, B.S., Cheil Kim, M.D., Ph.D., Sayed-Hadi Mirmalek-
Sani, Ph.D., Mahmoudreza Moradi, M.D., Giuseppe Orlando, M.D., John D. Jackson, Ph.D., Tamer Aboushwareb, M.D., 
Shay Soker, Ph.D., and Anthony Atala, M.D., all with Wake Forest Baptist.

Corresponding author for this study in TECHNOLOGY is James J. Yoo, jyoo@wakehealth.edu.

About Wake Forest Baptist Medical Center
Wake Forest Baptist Medical Center (www.wakehealth.edu) is a fully integrated academic medical center located in 
Winston-Salem , North Carolina. Th e institution comprises the medical education and research components of Wake 
Forest School of Medicine, the integrated clinical structure and consumer brand Wake Forest Baptist Health, which 
includes North Carolina Baptist Hospital and Brenner Children’s Hospital, the creation and commercialization of research 
discoveries into products that benefi t patients and improve health and wellness, through Wake Forest Innovations, Wake 
Forest Innovation Quarter, a leading center of technological discovery, development and commercialization, as well as 
a network of affi  liated community-based hospitals, physician practices, outpatient services and other medical facilities. 
Wake Forest School of Medicine is ranked among the nation’s best medical schools and is a leading national research 
center in fi elds such as regenerative medicine, cancer, neuroscience, aging, addiction and public health sciences. Wake 
Forest Baptist’s clinical programs have consistently ranked as among the best in the country by U.S. News & World 
Report for the past 20 years.
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About TECHNOLOGY
Fashioned as a high-impact, high-visibility, top-echelon publication, this new ground-breaking journal — 
 TECHNOLOGY — will feature the development of cutting-edge new technologies in a broad array of emerging fi elds 
of science and engineering. Th e content will have an applied science and technological slant with a focus on both 
innovation and application to daily lives. It will cover diverse disciplines such as health and life science, energy and 
environment, advanced materials, technology-based manufacturing, information science and technology, and marine 
and transportations technologies.

About World Scientifi c Publishing Co.
World Scientifi c Publishing is a leading independent publisher of books and journals for the scholarly, research and 
professional communities. Th e company publishes about 500 books annually and more than 120 journals in various 
fi elds. World Scientifi c collaborates with prestigious organisations like the Nobel Foundation, US National Acad-
emies Press, as well as its subsidiary, the Imperial College Press, amongst others, to bring high quality academic and 
professional content to researchers and academics worldwide. To fi nd out more about World Scientifi c, please visit
www.worldscientifi c.com.
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