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Front row: Anne Corwin (Engineer/Editor), Amutha Boominathan (MitoSENS Group Lead), Alexandra 
Stolzing (VP of Research), Aubrey de Grey (Chief Science Officer), Jim O’Neill (CEO), Bhavna 
Dixit (Research Associate). Center row: Caitlin Lewis (Research Associate), Lisa Fabiny-Kiser (VP of 
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At our 2013 conference at Queens College, Cambridge, I closed my talk by saying, “We should not 
rest until we make aging an absurdity.” 

We are now in a very different place. After a lot of patient explanation, publication of scientific 
results, conferences, and time, our community persuaded enough scientists of the feasibility of the 
damage repair approach to move SENS and SENS Research Foundation from the fringes of scientific 
respectability to the vanguard of a mainstream community of scientists developing medical 
therapies to tackle human aging. Then we made the same case to investors and entrepreneurs; 
now, rejuvenation companies built on or inspired by our research are part of a robust ecosystem of 
basic science and biotech venture capitalists advancing the mission.

After serving on the board for ten years, it was great to join the team full time last fall. 

While resources affect the pace of our progress, so do regulations and other government policies. So we began a lively 
dialogue with policymakers by inviting discussions of regulatory reform at our conferences and by hosting the Deputy 
Secretary of Health and Human Services, Eric Hargan, at our January health care event in San Francisco. 

More and more influential people consider aging an absurdity. Now we need to make it one. 

At SENS Research Foundation, we develop rejuvenation biotechnologies that will repair the accumulated cellular and 
molecular damage in our tissues and restore youthful vigor. As you’ll see in these pages, we made significant progress in 
2019 toward strengthening immune systems, eliminating senescent cells, rejuvenating the neocortex, eliminating cells with 
rogue remains of ancient viruses, building backup copies to fill in for mutations in our mitochondrial DNA, and other fronts. 
And we launched some of our previous work into new pharma companies. 

We responded to the SARS-CoV-2 pandemic in typical SRF fashion: we led the way with an early work-from-home policy 
and rigorous safety practices in our lab. As scientists around the world scrambled to understand what risk factors predict 
disease progression and death from the disease, we contributed what we had learned about the way the damage of aging 
— from immunosenescence to senescent cells and mitochondrial depletion — underlies the so-called comorbidities. Then 
we showed how rejuvenation biotechnologies could eliminate this damage by providing case studies of such interventions 
preventing and reversing similar pathology in experimental animals, as they potentially will for aging humans. As I write,six 
SRF Summer Scholars at the Sanford Consortium for Regenerative Medicine are generating brain and lung organoids to 
establish models to study SARS-CoV-2 infection and the resulting pathologies in those organs as well as investigate drugs to 
prevent or reverse the damage.

Our education program put creative young scientists to work in our Research Center and in top labs across America and 
Britain; and our outreach program taught thousands how metabolism leads to aging damage, which drives the pathologies 
of old age — and how reversal of that damage rather than mitigation of its consequences is the most practical and the 
most complete response. 

Of course our progress depends entirely on the donors listed on the next page, especially the Forever Healthy Foundation, 
the Antonov Foundation, Vitalik Buterin, the Foster Foundation, James Mellon, Karl Pfleger, and the Dalio Family Fund. 

Together, we are building the tools and knowledge to turn back the clock, rejuvenate humanity, and restore health. 

From the CEO

CEO
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2019 Revenue:
   Foundation Grants - $1,562,226
   Individual Donations - $805,140
   Corporate Donations - $126,092
   cryptocurrency - $95,879
   Other - $94,275

   TOTAL: $2,683,611  

Individual
Donations

cryptocurrencyDonations

Other

Corporate 
Donations

Foundation
Grants

30%

58%

4%

5%4%

2019 Expenses:

   Research - $2,331,364

   Education - $859,222

   Outreach - $642,056

   Administration - $582,616

   TOTAL: $4,361,258  

Education

Research
Administrati

on

Outreach

20%

53%
12%

15%

SRF is committed to the highest standards of transparency and accountability. All accounts are
prepared by CCA, LLP accountants and independently audited annually by Wheeler Accountants, LLP.

2019 Finances
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Thank you to our Donors $1k - $9,999
$10k - $99,999

$100k +

Aaron Brown, Aaron Cottle, Aaron Ordover, Aaron Stokes, Aaron Volrath, AbbVie Employee Giving Fund, Abhishek Gupta, Abdullah Alhatem, 
Adalberto Foresti, Adam Baker, Adam Bryant, Adam Fishbane, Adam Ford, Adam Gibbons, Adam Herman, Adam Hruby, Adam Perrotta, Adam Starkey, 
Adrian Miller, Adrien Ecoffet, Agnès Ribis, Ahmed Almutawa, Aidan Fijalkowski, AIG Corporate, AJ Tomczynski, Ake Brannstrom, Aki Laukkanen, 
Akshay Patel, Alain Nacouzi, Alan Forrester, Alben Weeks, Albury Giving Fund, Alejandro Kondrasky, Aleksandr Prokoptsuk, Alex Jurkat, Alex Neill, 
Alex Papushoy, Alex Paul, Alex Prokopoff, Alex Starr, Alex Tarnava, Alexandar Mechev, Alexander Helstad, Alexander Sommers, Alexander Turner, 
Alexander Zissu, Alexandra Watt, Alexandrian Negrila, Alexey Pakhomov, Alfonso Astorquia Bordegaray, Ali Saraira, Aliaksandr Sirazh, Alistair Turnbull, 
Allan Kirchhoff, Allen Hoskins, Alvin Steinberg, Amazon Smile Foundation, Amber Blaylock, The American Endowment Foundation, Amutha Boominathan, 
Ana Metaxas, Analog Engineering Associates, Inc., Anat Paskin-Cherniavsky, Anders Ekman, Andrea Tymczyszyn, Andreas Svensson, Andrej Tusicisny, 
Andrew Carr, Andrew Carter, Andrew Cheung, Andrew Hobbs, Andrew Liguori, Andrew Monda, Andrew Popper, Andrew Reeves, Andrew 
Schindler, Andrew Vant, Andrew Wang, Andrew Warkentin, Andrey Tokarev, Andries Arnout, Ankush Sharma, Anna Guseynova, Anne and Ian Nowland 
Charitable Fund, Anthony Sassen, Anthony Simola, Anthony Southworth, Anthony Yuan, Antoine Lindsey, Anton Pols, Anton Szilasi, Antonio Bianco, Antonio 
Jackson, Antonov Foundation, Antony Mellor, Aram Sargsyan, Arieh Chichireen, Arnav Sood, Arne Naton, Aronson Foundation, Arran McCutcheon, 
Arshan Dabirsiaghi, Artur Jan Tomczynski, Arturo Toledo, Arya Pourtabatabaie, Aseem Sachdeva, Ash Weeks, Ashley Hill, Atli Kosson, AT&T Employee 
Giving, Austin Landry, Axel Hauduc, Axel Hoogland, Ayon Bhattacharya, Azure James, B Watson, Baber Nawaz, Balint Erdi, Bandonkers Web Service, 
Bank of America Employee Giving Campaign, Barbara Logan, Bella Brauer, Ben Hamer, Ben Holmes, Benjamin Bagenski, Benjamin Ben-Shalom, 
Benjamin Green, Benjamin Hemesath, The Benjamin Lipshitz Fund, Benjamin Muir, Benjamin Patterson, Benjamin Posthill, Bernhard Wolf, Bertalan 
Bodor,  Bessemer Trust, Bjarke Roune, Bjornar Meling, Blake Watson, BMO Charitable Fund, Book Crate, Boris Karpa, Brad Hollister, Brandon 
Cavness, Brandon Freeman, Brandon Seaman, Brandyn Webb, Brenda Wu, Brendan Dolan-Gavitt, Brendan McDonnell, Brent Nichols, Brent Starks, 
Brian Meshell, Brian Rizzo, Brockton Hankins, Brockman Inc., Bruno Breault, Bruno Viegas, Bryant Smith, Burkhard Scheck, BüroKönig, Buzatu 
Radu, California Pizza Kitchen, Calum Chace, Calumn McAulay, Calvin Pelletier, Cameron Bloomer, Cameron Turney, Campbell Chiang, Cansu Arslan, 
CanUCarve.com, Carl Borrowman, Carl Taphouse, Carl White, Carl-Gustav Öhman, Carlin MacKenzie, Carlo Zottmann, Carlos Johnson, Carolyn Darr, 
Cassandra Megginson, Catherine Holck, Chang Sun, Charles Rees, Charles Ruhland, Charles Vollum, Cheryl Kliewer, China McKnight, Chirag Pattni, 
Chris Crihfield, Chris Hammel, Chris Hibbert, Chris McGuire, Chrisandra Paiva, Christian Hahm, Christian Labansky, Christian Riemke, Christine 
Davidson, Christof Wittmann, Christoph Ströck, Christoph Thompson Christopher Ehmann Christopher Hibbert, Christopher Linnell, Christopher 
Mcquilkin, Christopher O’Reilly, Christopher Phoenix, Christopher Santero, Christos Theofanis Athanasiou, CJ Williams, Clan of Meat and Fire, Clancy 
Morrison, Clare Ayton-Edwards, Clarence Gardner, Clinton Watson, Codee Ludbe, Colin Hofmann, Connor Shepherd, Constance Lantz, Corbin Stefan, 
Corey Busay, Cory LeClair, CPK, Inc., Craig Rothman, Craig Samuel Falls, Curry Taylor, Dale William Bottoms, Dalio Family Fund, Dan Rosenthal, 
Daniel Benjamin, Daniel Bowen, Daniel Dougherty, Daniel Flanagan, Daniel Galpin, Daniel Gill, Daniel Hollis, Daniel Jones, Daniel Meyers, Daniel Nolan, 
Daniel Sonntag, Daniel Swift, Daniel Willis, Daniel Yokomizo, Darrell Deming, David Chambers, David Dayan, David Flohr, David Gray, David Howard, 
David J Barr, David Johansson, David Kline, David Leiser, David Malyan, David Perrine, David Quintero, David Rockwell, David Saum, David Secor 
Jr, David Shumaker, David Stern, David Szafarz, David Tarjan, Dean Angen, Dean Donovan, Dean Penberthy, Denis Odinokov, Dennis Gathard, Dennis 
Mühlfort, Dennis Rudolph, Dennis Towne, Deraek Menard, Derek Gladding, Derek Nankivell, Devzone LTD, Diana Di Domenico, Diarmid Foulis, 
Didier Coeurnelle, Dillan DiNardo, Dmitrii Vasiukov, Do Nothing Media, LLC, Domenico De Felice, Dominic Ehlers, Dominik Bieler, Don Leatham, 
Donald Olivier, Donovan Walker, Douglas Hoch, DPP Inc. Dustin Biernacki, Dustin Woolley, Duy Nguyen, Dylan Craine, Dylan Hirsch-Shell, Dylan 
Wenzlau, Dragon Cloud LLC., Dzmitry Safarau, Ed Filby, Ed Johnson, Edison Deybis Abril, Edream FZ LLE, Eduardo Ribas, Eduardo Viegas, Edward 
Greenberg, Edward Imbier, Eero Teppo, Einar Lund, Electron Heaven LLC, Elias Gouvelis, Elias Toivola, Elisha Shaish, Elizabeth Alexandra, Emanuele 
Ascani, Emil Edman Hellberg, Emmanuel Baumer, Ender Mat, Enjin, Eoghain Verdonckt, Eric Chung, Eric Garcia, Eric Hewitson, Eric Johnson, Eric 
Mann, Eric Marshall, Eric Morgen, Eric Schmidt, Eric Williams,  Eric Zhou, Erik Hugus, Erik Krüger, Erik Nordström, Erkki Sapp, Ernest Tang, 
Eryka Wetherall, Esra Aydin, Etienne Egger, Eugene Wang, Eugene Wolff, Evan Aprison, Evan Burger, Eyal Segalis, Fabian Henning, Fabian Petrick, 
Federal Express Global Disbursements, Federico López Simón, Felix Weimer, Filip Matijević, Filippo Sciorilli, Florin Clapa, Fondation de France, Foo Bar, 
Forever Healthy Foundation, Forrest Desjardins, Foster Foundation, Francesco Arciuli, Francesco Cecchetti, Francesco Padovano Sorrentino, Francisco 
Castro Dominguez, Francisco Lopez Flores, Frank Glover, Franklin Hardy, Frederic Fortier, Frederik Dehn, Fredrik Axelsson, Fredrik Hultin, Fredrik 
Johansson, FTB Advisors, Gabriel Ledung, Gabriel Patterson, Gabriel Wright, Gabriela Georgieva, GamingFriends.net, Ganesan Srinivasan, Gangadhar 
Vasa, Gary Gore, Gary Ledbetter, Gary Oleson, Gatis Birkens, The Gays for Capitalism and Freedom Fund, Gennady Stolyarov, Gernot Jerger, 
GE United Way, Geza Brüser, Gian Joven Bonn Padrique, Gianluigi D’Amico, Gianmarco Gallo, The Gift Factory, Gil Vonzowski, Giving Assistant 
Inc., Gonzalo Gómez Martinez, Gonzalo Jose Acuña Fuentes, The GoodCoin Foundation, Go Rattle the Stars - Digital Media, Gordana Burger, 
Gospodin Gospodinov, Graham McDonald, Graham Tyler, Greg Anspach, Greg Gillis, Gregory Hoople, Grigory Katkov, Gtscientific LLC, Guilherme 
Campos, Guillaume Galdrat, Gustavo Scalet Bicalho, Guy Bryant, György Sándor, Haggai Azarzar, Hai Solomon, Haideh Amni-Rad, Håkon Karlsen, 
Hamdan Alkhezam, Hamish Guthrey, Han Dao, Hannah Bier, Hannes Brolén, Hans Haggstrom, Harley Jackson, Harry Haggith, Helena Garrett, Helge 
Kautz, Henning Traulsen, Henrik Sotnedal, Henry Briscoe, Henry Cannon, Herr Andreas Hoffmann, Hobbies.Deluxe, Honest To Goodness Inc., Ian Hannaway 
IBM Employee Services Center, ICOA International LP, Ignacy Sitnicki, Ihor Ratsyborynskyy, IK Gling, Ilia Marek, Ilmar Karin, Ilpo Karjalainen, 
Immortality Institute/Longecity, Indrek Veidenberg, Ingo Beineke, Ioan Alexandru Acatrinei, Ioannis Tsoukalas, Ionut Giurea, Irvan, 
Israel Fefer, Ivan Grebenarov, Ivan Karlovich, Ivan Zhukov, J Paul Hill, Jaakko Oleander-Turja, Jaakko Turja, Jack Ablett, Jack Bustos, 
Jacob Arambula-Wright, Jacob Eisenhauer, Jacob Mabey, Jaime Ayala, Jaime Chavez-Riva, Jake Toth, Jakob Branger, Jakob Elmgren, 
James and Tanya Mahood Foundation, James Cushnie, James Debate, James Harris, James Jenkins, James Manning, James Mellon, 
James Rubin, James Simpson, Jan Grävemeyer, Jan Joakim Didricksson, Jan-Philipp Baumann, Jane Rieder, Janice LeCates 
Jason Morton-McKay, Jay Glascoe, Jean-Marc Gruninger, The Jean Vollum Fund, Jeff Fuja, 
Jeff MacDermot, Jeff Zaroyko, Jefferson Eagley, Jeffrey Davis, Jeffrey Hochderffer, 
Jeffrey Hook, Jeffrey MaGuire, Jeffrey Woodin, Jeffery Zaroyko, Jelle Geerts,     Jeremy Wilkins, 
Jerry Searcy, Jesse Samluk, Jessica Jamner, Jewelery Shop, Jim Fehrle,  Joan Jorquera Grau, Jocimar Luiz Da Silva,   Joe              Tatusko,                  
Joel Christophel, Joel Kehle, Joey Katz, Johan Van Woensel, Johannes      Andersson, John Blake, John Brus, John Bryjak,          John Bryson, 
John Burke, John de Boer, John Dickson,                                  John Duignan, John Frank Ciesielka,                   John Gillan, 
John Grossi, John Halloran, John Kaaper,     John   Lalich, John Lee,   John Maranski, John McPherson,                        John Messec,
John Navilliat, Johnny Courmontagne,   John  Pfeiffer, John Saunders,   Jon Isom,           Jon Mason,  6



Jon Scherman, Jonas Andersson, Jonas Arian, Jonatan Angell-Ramberg, Jonathan Auberg, Jonathan Wood, Jonno Meindert, Jordan Duncan, Jordan Rein, 
Jose L Ricon, Joseph Dandridge, Joseph Meisenhelder, Joseph Oliva, Joseph Purcell, Joseph Stewart, Joseph Tomlinson, Joseph Waters, Josh Burgess, 
Josh Farr, Josh Triplett, Joshua Arnold, Joshua Carrig, Joshua Farahzad, Joshua Grose, Joshua Lieberman, Joshua Pelton, Josia Van der Spek, Josip 
Musac, Jounayd Id Salah, JR Phelps, Juan De Miguel, Julian Hastler, Julie Hintz, Juno Jin, Jurgen Voorneveld, Jürgen Zimmermann, Justin Loew, Justin 
Spahr-Summers, Justin Spinks, JV Multimedia, Inc., Kabir Brar, Kai Yin Poon, Kaijen Hsiao, Kaloyan Kolev, Kam Kunimoto, Karel Hulec, Kariana Norman, 
Karl R. Pfleger Foundation, Kartik Kukreja, Kathryn Downey, Keith Hoyes, Kenneth Hill, Keneth Muir, Kenneth Scott, Kenny Chan, Kenny Cho, Kent 
Lassen, Kevin Cutler, Kevin Dewalt and Leda Chong, Kevin Perez, Kevin Perrott, Kevin Secretan, Kevin Wagner, Kimberly Sage, Kingsley Advani, 
Kirsten Sirota, Kiva Design, Kong Leuk Sum Rayson, Kriser and Palitz Family Foundation, Kristian Gennaci, Kristy Chiang, Krisztián Ipacs, Krisztián 
Pintér, Krzysztof Hasiński, Kyle Bledsoe, Kyle Drager, Kyle Snage, Kyle Swigert, Lajos Adam, Lama Al Rajih, Lance Jackson, Laurel Brandon, Laurent 
Hamers, Laurentius Josephus Maria Groothuijsen, Lawrence Shearer, Leeland Deney, Leigh Jevon, Leon Koletzki, Leonid Velikovich, Leony Merks, 
Leroy Arellano, Lev Reyzin, Lewis Grozinger, Libor Behounek, Life Extension Advocacy Foundation, Lifespan.io, Lilly Brazille, Lin Vargas, Lincoln 
King, Lincoln Mayer, Linus Petersson, Lori Whann, Louis Burke, Louis Helm, Louise Verkin, Lucas Jones, Lucas Veras, Ludvig, Almvång, Ludvig Larsson, 
Luis Rosias, Luka Boskovic, Lukas Henschke, Lukas Macijauskas. Lukas Stafiniak, Luna Allan, Lydia Gallo, Maciej Skwierawski, Maecenata Stiftung, 
Magikgus Musik, Magnus Esbjorner, Magnus Hanson-Heine, Magnus Ulstein, Mallory Sherman, Manuel Llano, Marc Dunivan, Marc Lawrenson, Marcelina 
Naczk, Marco Aurélio Carvalho, Marco Fabus, Mariana Morales Vilar, Marin Zelenika, Maritza Mills, Mark Gardner, Mark Henderson, Mark Jaskula, 
Mark Sackler, Mark Suddens, Mark Whelan, Mark Williams, Markus Almenäs, Markus Borg, Markus Rigler, Marshall Grinstead, Märten Raidmets, 
Martin Hackett, Martin Precek, Martin Willumsen, Mary Ann Liebert Inc., Massimo Casanova, Matej Pankovcin, Matt Miles, Mathieu Cloutier, Matthew 
Bangerter, Matthew Calero, Matthew Dancer, Matthew Foy, Matthew Graves, Matthew Huson, Matthew J Opdyke, Matthew Kruger, Matthew 
Kull, Matthew Magee, Matthew Miles, Matthew Nevin, Matthew O’Connor, Matthew Opdyke, Matthew Scholz, Matthias Andre, Mattias 
Wallander, Max Kanwal, Maximilian Quante, Maynard Stevens, McKenzie Hawkins, Megan Miller, Micah Calabrese, Mical Humphrey, Michael Beasley, 
Michael Falcon, Michael Fleming, Michael Fretty, Michael Garcia, Michael Gardner, Michael Härpfer, Michael Heseltine, Michael Huemer, Michael 
John Sato, Michael Landmann, Michael Long, Michael Marye, Michael McCutchan, Michael Müller, Michael Mirmak, Michael Presley, Michael Puleo, 
Michael Rae, Michael Saunders, Michael Schulz, Michael Sellmer, Michael Sherman, Michael T Ouimet, Michael van Dyk, Michal Moshkovich, 
Midas Explorer, Miguel Oabel, Miguel Xavier Morato, Mihkel Lukats, Mike Barraclough, Mike Dussault, Mike Pateras, Miles Clark, Mindswitch, 
Mirco Melcher, Mitja Lustrek, M.J. Gardner, MLS Family Foundation, Mohamed Chmeis, Mohammed Yaseen Mowzer, Monte Hurd, Moonlite 
Software, LLC, MTE Fund, Muhammad Aghyad Alnabki, MWC Contracts LLC, Mykola Dimura, Myles Berdock, Nachhilfe, Nancy Byrd, Natalia 
Epimakhova, Nathan Broadbent, Nathan Dietrich, Nathan Miller, Nathaniel Hartten, Nathan Meryash, NathanWailes.com, Natural Wellness Now, Naveen 
Yadav, Neal Strobl, Ned Illincic, Neil Guild, Neil Sheppherd, Netcentre, Network for Good, Nextera Energy, Nicholas Brazille, Nicholas Gilmore, 
Nicholas Martin, Nick Lonergan, Nick Santos, Nicola Klemenc, Nicolas A Feil, Nicolas Bouthors, Nicolas Chernavsky, Nicolas Dragojlovic, Nicolas Wiest, 
Nikhil Wagh, Nikita Sokolnikov, Nikita Zhivotovskii, Niko Kokkila, Nina Pikula, Nina Seidlová, No Name Entered, Noah Huber-Feely, Noah Smith, 
NomNom Insights, Nonprofits Insurance Alliance of California, O Smith, Odai Athamneh, Okan Simsek, Olaf Lipinski, Olaf Zumpe, Ole Martin Handeland, 
Oleg Zlydenko, Olga Iuaklo, Oliver Rowland, Olivier Faye, Olivier Roland, Omar Gatti, Omer Lavon, Oriol Cordón Vergara, Oscar Vera, Oskar 
Lindgren, Oskar Lundberg, Øystein Årsnes, Pablo Linz, Pablo Varasa, Pang Ngan Tan, Paolo Costabel, Patricia Roberts, Paul Chojecki, Paul Dawkins, Paul 
Egbert, Paul Geise, Paul Laudun, Paul Massey, Paul Sommers, Paul Spiegel, Paula Paez, Pavrl Leonov, PayPal, PayPal Giving Fund, Pemberton Family Foundation 
Inc., Per Vikene, Peter Bellaby, Peter Brown, Peter Harrigan, Péter Kasza, Peter Lyness, Philip Amoroso, Phillip Jones, Pierluigi Zappacosta, Pierre 
Pastore, Pinsation.com, Piotr Charkot, Piotr Jaśko, Piotr Pawlik, Platon Dickey, Predrag Radovic, Projekt Leben, Propagandamon, Qualcomm Matching 
Grant Program, Rachel Weiner, Radosław Szalski, Ramana Kumar, Ramsey Kilani, Randall Parker, Raphael Nicolle, Rati Chadha, Rayaustin Pagan, Raymond 
Jackson, Reason, René van de Polder, RepsforJesus, Reuben Tracey, Rhys Williams, Ricardo da Cruz de Almeida, Ricardo Martins, Richard Davis, 
Richard Feingold, Richard Harris, Richard Kelly, Richard Lorenz, Richard Schultz, Richard Silver, Richard ten Hagen, Richard Wilson, Rion Carter, 
The Robert Andrew Kriser and Anka Palitz Family Foundation, Robert Cohen, Robert Connick, Robert Eede, Robert G. Wiley, Robert Holt, Robert 
Hutchings, Robert Lane, Robert Mace, Robert McGoldrick, Robert Meyer, Robert Quinn, Robert Stuart, Robert Vesey, Robert Weant, Robert 
Wilkes, Robert Young, Roberta Scarlett, Robin Nicolet, Robotise.lt, Rocco Carrube, Roger Baker, Roger Kurtz, Romulus Gintautas, Ronald Hatch, 
Ronald O’Connor, Ronya Banks, Roope Kärki, Ross Fonticella, Roy Madden, Ruben Guazzelli, Rudi Hoffman, Ruggero Gabbrielli, Ruzhka Popova, Ryan 
Barker, Ryan Berkani, Ryan Dooley, Ryan Hibbs, Ryan Ka Han Choo, Ryan Minn. Ryan Riley, S Cansfield, Sadruddin Junejo, Sagan Bolliger Consulting, 
Sakari Lahti, Salesforce Foundation, Sam MacLeod, Sam Nickerson, Samson Mow, Samuel Fernández Méndez Trelles, Samuel Mathes, Samuel Miller, 
Samuel Morrison, Samuel Sudar, Samuel Triplett, Samuel Yuri Santos Noguiera, Sarah Wylie, Sash Balasinkam, Sashie Thompson, Saviour Baldacchino, 
Schwab Charitable, Scott Breton, Scott Hobbs, Scott Kramer, Scott Steadman, Sean Dalton, Sean McBeth, Sean O’Keefe, Sean Quinnell, Sebastian 
Nicolas Müller, Sebastian Niemann, Sebastian Pye, Sebastian Schmidt, Sebastian Todor, Serge Panev, Sergey Solo, Sergio Pelayo de Cima, Serkan Cabi, 
Shahram Jahangiri, Shawn Carpenter, Shawn Hess-Trujillo, Simon Brüggemann, Simon Burns, Simon English, Simon Farrow, Simon Löfvall, Simon Lyons, 
Simon Söderlund, Simone Fin, Songran Shi, Spencer High, Staffan Piledahl, Stefan Tudose, Stephen Bick, Stephen Mariconda, Stephens Capital Inc., 
Steve Hammett, Steven Johnsen, Steven Taylor, Steven Tuttle, Studio Pirilö, Sudin Bajracharya, Suela Saqe, Sultan Mehmood, Swetlana Ostrovski, 
Sylwia Dybiec, Szabolcs Papp, Tamas Haigato, Tamay Besiroglu, Tamir Morag, Tania Leonova-Vendrovska, Tatiana Covington, Taylor Curry, Taylor Pagani, 
Taylor Warnken, Teagan Sorensen, Techie Nerd, Inc., Teemu Koivumäki, Tendayi Mawushe, Teodor Hryvna, Tessa Powell, TD Ameritrade Clearing, Texas 
Instruments Foundation, Thibaut Latude, Thomas Astegger, Thomas Cummings, Thomas de la Veaux, Thomas Hoinacki, Thomas Klauset Aurdal, Thomas 
Lahore, Thomas Poglitsch, Thomas Stone, Thomas Wallen, Thrivous, Tim Kofoed, Timothy Chambers, Timothy Clabo, Timothy Meske, Timothy Plourde, 
Timothy Robinson, Tino Nitze, TisBest Philanthropy, Toby Rane, Tom Bühler, Tom Hutton, Tom Jonaitis, Tomas Ainasoja, Tomas Doskocil, Tomáš Marius,       
     Tomasz Piotrowski, Tomislav Ferber, Tommy Sørbråten, Tony Otis, Tor Christian Stamnes, Torrii Murphy, Torulv Gjedrem, Tove Fall, Traci Parker,    
       Tracy Hughes, Transoniq, Trevor Attenborough, Tristan Elby, Tushant Jha, Tyge Zobbe, Tymur Porkuian, Tylar Murray, Tyler Richlie, Tyrone Throop,  
             Udo Schmidtke, UK Online Giving Foundation, Ulf Grieme, United Way of Greater Milwaukee, Uranium92, VapeLab, Velisar Manea 
                                    Verigud, Victor Lopez, Viktor Demchenko, Vili Tomc, Vishal Krishna, Vitalik Buterin, VivaFina, Inc., Vladimír 
                                             Sedláček, Walter Crompton, Wayne Beckley, Wilka Hudson, William Carter, William DeVore, William Freire, 
    William     Helstad,                        William Hughes, William Wood, Winston Harrell, Wisnu Prasetya Mulya, Witch Jewelry Shop, Wojciech 
Lewicki,        The Wonderful Company,                 Woo Ram Choi, Writer/Publisher Zero Books, Wuming Jiang, Yevgeniy Dukhovny, Yune Leou-on,                    
Yuri Fedoriv,       Yves Dorfsman, Yvette Deignan,                     Zachary Anderson, Zdravko Minchev, Александр, Попов, Александр Свиридов,       
Алексей, Исупов,    Виктор Демченко,      Дмитрий    Веселов,       Иван Жуков, Иван Полещук, Илья Борисов, Илья Лысенков, Инна Дубовик,    
  Mаксим Максимов,            Федор Суханов,    Юрий    Шабалин,         Ярослав Курлаев.
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Crypto Meets Longevity

Want to donate cryptoc
urrency to SRF?

During New York City’s 2019 Blockchain Week, SRF’s Global 
Outreach Coordinator, Maria Entraigues-Abramson, organized a 
special Cyrpto Meets Longevity event. The event, sponsored by 
SRF, Lifespan.io, Life Extension Advocacy Foundation, OpenCures, 
Repair Biotechnologies, Blockcon, ChainFund, and Blockchain 
Week, brought together experts in the fields of Rejuvenation 
Biotechnology and cryptocurrency for a night of networking.

SENS Research Foundation staff, including Aubrey de Grey, 
meeting with some of our donors at the Las Vegas event

Each year, SENS Research Foundation holds a Donor Appreciation Event 
to celebrate the roots of our foundation - our donors! In 2019, the 
event was held in Las Vegas during RAADfest. Our staff members love 
getting to meet the people who enable our foundation to continue 
fighting for a world without age-related disease.

Las Vegas, Nevada

New York City

2019 Donor Appreciation Event
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The SENS Research Foundation staff at Undoing Aging 2019 with 
Frank Schüler (far left), COO of Forever Healthy Foundation.

Undoing Aging 2019
had more than 500
participants from 30
countries!

The Undoing Aging Conference is an academic conference series that we introduced in 2018 with the sponsorship 
and guidance of the Forever Healthy Foundation in Berlin. The conference is focused on the cellular and molecular 
repair of age-related damage as the basis of therapies to bring aging under full medical control.

Berlin, Germany

Undoing Aging 2019

Scan the QR code for a cryptocurrency to get our wallet address.

Or email gifts@sens.org to inquire about donating any of the following:
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Where in the World is Aubrey de Grey?
2019 Events and Speaking Engagements

EmTech Asia
Singapore

Longevity Leaders Congress
London, England

Digital Health Nordic
Helsinki, Finland

World Law Congress
Madrid, Spain

Founders Forum Healthtech
London, England

In4Med
Coimbra, Portugal

University of Oslo (talks)
Oslo, Norway

Liberty Risk Writers Conference
Cape Town, South Africa

Mercer Global Investment Forum
Sydney, Australia

New Tomorrow Together Summit
Whistler, British Columbia, Canada

Singularity University: Temasek
Suntec City, Singapore

Re.comm
Kitzbühel, Austria

me Convention
Frankfurt, Germany

Health Optimisation Summit
London, England

KES (Knowledge Exchange Sessions)
Sao Paolo, Brazil

Vaduz Roundtable
Liechtenstein

4Gamechangers
Vienna, Austria

Social Innovations
Moscow, Russia

Singularity University: Rigmora
Nevis

Geek Picnic
Moscow, Russia

Basel Life: 
Aging Research for Drug Discovery
Basel, Switzerland

XPOMET
Berlin, Germany

IXPO Tech and Innovation Playground
Bratislava, Slovakia

Undoing Aging 2019
Berlin, Germany 

Asian Actuarial Conference
Resorts World Sentosa, Singapore

Master Investor: 
Investing in the Age of Longevity
London, England

Heart Summit
Little Rock, AR, USA

World Stem Cell Summit 2019
Miami, Florida, USA

Fiduciary Investors Symposium
Cambridge, MA, USA

Visioneering Summit 2019
Los Angeles, CA, USA

Ending Aging-Related Diseases Conference
New York, NY, USA

CPK SRF Fundraiser
Palo Alto, CA, USA

Biohack The Planet
Las Vegas, NV, USA

21st Future of Health Technology Summit
Cambridge, MA, USA

Effective Altruism Global
San Francisco, CA, USA

RAADfest 2019
Las Vegas, NV, USA

Foresight Institute Vision Weekend
San Francisco, CA, USA

Bay Area Aging Meeting
Stanford, CA, USA

Envision: The Future of Us
Princeton, NJ, USA

World Healthspan Summit, Redux
Tel Aviv, Israel
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To read more about the Top 50 Women Longevity Leaders of 2019, visit:  analytics.dkv.global

In 2019, SRF’s Vice President of 
Operations, Lisa Fabiny-Kiser (top right),

    and Global Outreach
    Coordinator, Maria
    Entraigues-Abramson (bottom left),   
    were recognized as two of the Top 
    50 Women Longevity Leaders; Lisa, in 
    the category of Entrepreurs, and   
    Maria, in the category of Media
    and Publicity Influencers. 
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Leaders in Longevity

In 2019, SENS Research Foundation also sponsored Ending Age Related Disease, a Lifespan.io 
conference in New York City; the International Symposium Biology of Aging in Canada; the 
Impact Roadmap Lab with XPRIZE; and the Aoki Games by the Aoki Foundation in Las Vegas. 

Other SRF-Sponsored Events in 2019:

RAADfest panel featuring (from left to right) Natasha Vita-Moore,
SRF’s Maria Entraigues-Abramson, Gregory Fahy, and Jim Strole.

Over the last two years, SENS Research Foundation has sponsored 
RAADfest. RAADfest combines the energy and fun of a festival, 
the empowerment and interaction of personal development, with 
cutting edge science presented for a lay audience to create the 
most holistic radical life extension event ever. raadfest.com

RAADfest 2019:

Maria Entraigues-Abramson, SRF’s Global Outreach Coordinator, presenting at the

Longevity World Forum in November, 2019. Maria’s presentation, titled “Why We Must

End Aging,” focused on the burden aging puts on society and our healthcare system.

SENS Research Foundation was one of many sponsors of the 2019 
Longevity World Forum in Valencia, Spain. The Longevity World Forum 
aims to bring together world leaders in the scientific community to 
discuss ways to improve the quality of life and prevent age-related 
disease. longevityworldforum.com

2019 Longevity World Forum:

SRF’s Global Outreach
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On November 14, 2019, SENS Research Foundation announced the launch of Underdog 
Pharmaceuticals, Inc. (Underdog), a pharmaceutical company focused on the 
development of disease-modifying treatments for atherosclerosis and other age-
related diseases.

Underdog was built from an SRF flagship program that has driven two years of applied 
development designed to explore and repair the underlying causes of cardiovascular 
disease. Its co-founders are Matthew O’Connor, Ph.D., and Michael Kope, formerly the 
Vice President of Research and the founding Chief Executive Officer, respectively, of 
SRF. 

Mike and Oki have worked incredibly hard to transition a piece of SRF’s basic research 
to the next level, stepping into the private sector and creating a treatment for age-
related disease based on one of SRF’s successful proof-of-concept programs. Ten or 
twenty years ago, cardiovascular disease research meant developing better stents or 
bypass techniques; Underdog aims to ensure that atherosclerosis won’t even exist in 
the future. All of us at SRF wish Mike and Oki success in this endeavor.

To learn more about Underdog, visit www.underdogpharma.com.

A Noble Pursuit
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Michael Kope, CEO, 2009-2019

Before founding SENS Research Foundation with 
Dr. Aubrey de Grey in 2009, Mike Kope worked in 
biotech and licensing for universities and private 
companies, while dreaming of ways to change 
medicine for the better. Upon joining SRF as CEO, 
Mike asked, “What would the world look like if 
we addressed Aubrey’s theory of the underlying 
causes of aging?” The answer to this question 
became the sketch from which Mike methodically 
guided SRF for the past decade.

SRF’s evolving suite of research projects began 
as a handful of small partnerships with faculty 
in relevant fields at revered institutions. Ten 
years later, Mike’s leadership has helped ensure 
a steady stream of research project proposals 
flooding in through SRF’s online grant application 
portal, and multiple investment partners looking 
for translational outlets. Mike also built a role for 
SRF in encouraging big funders, like the NIH, to realize the promise and necessity of a new approach 
to address the healthcare needs of an aging population, and worked hard to get private industry on 
board with investing in treatments for age-related pathologies that focused on underlying causes, not 
just symptoms.

Now, Mike begins a new chapter with Underdog Pharmaceuticals.

A Decade of Dedication
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“Underdog may well become one of the most significant 
endeavors in the rejuvenation biotechnology industry, and 

Mike and Oki are the perfect team to make it a success.”
- Aubrey de Grey, CSO, SRF
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Oki and Mike with a model of the molecule whose toxicity Underdog hopes to defeat: 7-ketocholesterol.
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Erin Ashford Photography

Matthew [Oki] O’Connor, PhD

Matthew [Oki] O’Connor, PhD, worked with 
SRF for nearly a decade, from 2009 until the 
end of 2019. He started off as the Head of 
Research and later became Vice President 
of Research. It was Oki’s leadership and 
expansive knowledge of biotechnological 
research that led many of SRF’s projects into 
startup companies. 

One of SRF’s Greatest
Investments

Underdog’s research has combined computational and

synthetic chemistry programs to create custom-

engineered cyclodextrins to capture and remove from cells 

oxidized cholesterol derivatives such as 7-ketocholesterol, 

which are broadly toxic molecules with no known biological 

function. Underdog hopes to provide the first true

diseasemodifying treatments for age-related diseases such 

as atherosclerosis, hypercholesterolemia, heart failure, and 

macular degeneration.

Revel Pharmaceuticals is a biotechnology company located

in San Francisco, California with a technology platform

based on the SRF-sponsored work of Yale professors David 

Spiegel and Jason Crawford. Revel is commercializing

therapeutic designer enzymes to degrade molecular

damage that accumulates with aging. By addressing one

of the hallmarks of aging, Revel is strategically positioned 

to develop therapeutics for multiple diseases of aging

including osteoarthritis, kidney disease, cardiovascular

disease, skin aging, and complications of diabetes.

SENS Research Foundation invests in the future of regenerative medicine 
by providing funding and support to promising biotechnology startups. 

SRF invested in the following companies during 2019: 

We Invest in Tomorrow
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To learn more about everyone at SRF, visit:
www.sens.org/about-us/staff

Photos by Sherry Loeser

I joined SRF as a Research Fellow through FHF. It is my privilege to work with this smart team. At SRF I 
am leading the secondary senescence project. This project seeks to test the hypothesis that secondary 
senescent cells are different from primary senescent cells and would therefore need a different set of 
senolytics to eradicate. In addition, the project will study the role of the different SASP components 
involved in the spreading of senescence, and test the hypothesis that intervening in SASP signalling 
could be therapeutically viable.

Dr. Tesfahun Admasu
Forever Healthy Foundation Research Fellow

‘Do not go gentle into that good night.’ Dylan Thomas wrote these words for his dying father. These words 
have always resonated with me, as I saw my grandfather - this self-made proud man who once escaped 
violence and loss during the partition of India and Pakistan and dedicated his life to helping refugees - 
deteriorate in his advanced years.

The inevitability of aging and death is accepted and even celebrated as part of life in all human societies. 
However, I often imagine how much better our world could be if we increased the productive years of 
people like my grandfather, with their years of experience and wisdom. I joined SRF recently with this the 
mission of my life. The focus of my lab is to understand the mechanisms by which the innate immune 
system is influenced by aging and the ability to selectively eliminate senescent cells. Our long-term goal 
is to develop therapeutic interventions by harnessing the immune system in various age-related diseases 
and disorders.

Dr. Amit Sharma
Group Lead, Senescence Immunology Research

I studied basic biology to explore the marvels and mysteries of life. I learned about biochemistry, human 
genetics, plant growth and the croaking of frogs. One thing intrigued and annoyed me: all these wonders 
should deteriorate and diminish in time? So I resolved to investigate aging and what could be done 
about it. I have not looked back. I researched neurodegeneration and the aging brain at Charite Berlin 
Germany, regeneration at a tissue engineering hub in Sheffield, UK. Seeking to not just observe but 
to develop findings into practical tools and cures, I led a group on stem cell biology at the Fraunhofer 
Institutes, worked with various regenerative medicine ventures in translational R&D, and became the 
first Professor of Biogerontologial Engineering in the UK. 

Meanwhile, SRF was applying just such an engineering mindset to the challenges of aging. I joined the 
scientific advisory board early on, delighted to observe SRF starting to make a real impact in rejuvenation 
research - changing themindsets of scientific colleagues and wider society. When approached in 2019 
about helping to lead the scientific programme, I did not need much convincing. Few other organisations 
combine the mindsets of scientific curiosity and pragmatic engineering in such a bold vision to 
understand, preserve and celebrate life.

Dr. Alexandra Stolzing
Vice President of Research

We welcomed three outstanding scientists to our team in 2019.

Meet the New Faces at SRF
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SRF Education

SRF Summer Scholars Program

Summer Scholars Symposium

In 2019, fourteen SRF Summer Scholars joined labs at 
Harvard Medical School, the Buck Institute for Research on 
Aging, the Sanford Consortium for Regenerative Medicine, 
the SRF Research Center, and Stanford University.

SRF Education strives to create a well-
trained generation of regenerative medicine 
scientists, doctors, and policymakers. Our 
Summer Scholar and Postbaccalaureate 
Fellowship programs provide students and 
recent graduates with a unique opportunity to 
learn while making concrete contributions to 
high-stakes, cutting-edge research. 

SRF Summer Scholars - 2019

(l-r, back)  Daron Yim, Eric Sun, Emily Yang, Danielle

Hoffman, Elena Fulton. (l-r, front) Tori Lazerson, Helen 

Heo, Sanjana Saravanan.

The Summer Scholars presented the results of their work at the 2019 
Summer Scholars Symposium, hosted by the Buck Institute for Research on 
Aging in Novato, CA, on September 27, 2019. 

Dr. Evan Snyder, the Director of the Sanford Center for Stem Cells and 
Regenerative Medicine, highlighted the work of several SRF trainees (2017 
Summer Scholar Aashka Patel, 2017 Summer Scholar Alefia Kothambawala, 
2018 Summer Scholar Joshua Sampson, 2018 Postbaccalaureate Fellow 
Heather Tolcher, and 2019 Summer Scholar Kristin Barbour) in his keynote 
presentation on the molecular pathophysiology underlying complex 
neurological disorders. 

Dr. Gordon Lithgow, Buck Institute VP of Academic Affairs, leading a facility tour forSRF Education trainees and mentors at theSummer Scholars Symposium.

Project topics ranged from identification of age-related 
changes in gene expression across multiple human tissues, 
engineered cell therapies for glioblastomas, and research on 
such age-related diseases as Huntington’s, Alzheimer’s, and 
atherosclerosis.

Dr. Gregory Chin
SRF Director of Education Sh
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SRF Postbaccalaureate Fellowship Program

Dr. Jeanne Loring
Aspen Neuroscience

Industry Training
SRF is working with a growing number of industry partners to offer 
interested students a full range of experiences across the research 
and development spectrum. Both SRF Education programs now 
offer opportunities at companies in the regenerative medicine 
space in addition to academic research labs. 

Dr. Jeanne Loring’s new company, Aspen Neuroscience, was the 
first to host SRF Education program participants in 2018-2019; 
these students participated in a genomics project to help develop 
an autologous induced pluripotent stem cell (iPSC)-derived neuron 
replacement therapy for Parkinson’s disease. 

SRF’s newest education program gives recent graduates a chance to spend 10 months 
engaged in an intensive research experience. This competitive Fellowship, whether as a 
prelude to graduate school, medical school, or industry work, enables participants to build 
valuable bench, data analysis, and presentation skills.

Heading into its second year, the Postbaccalaureate Fellowship program expanded from 
six to seven research projects in 2019. Amit Sharma (SRF RC) and Lisa Ellerby (Buck Institute) 
joined Amutha Boominathan (SRF RC), Jeanne Loring (Aspen Neuroscience), Julie Andersen 
(Buck Institute), and Evan Snyder (Sanford Consortium) as mentors.

SRF Postbacc Fellows - 2019
(l-r) Angielyn Campo, Carter Hall, Matthew
Stocker, David Begelman, Heather Tolcher.

July 2019 - the first SRF 
Postbaccalaureate class, representing 
the Sanford Consortium, the Buck 
Institute, and the SRF Research 
Center, presented the results of 
their projects at the SRF-RC. 
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Pedro Alvarez, PhD
Rice University

Julie K. Andersen, PhD
Buck Institute for Research on Aging

Anthony Atala, MD
Wake Forest Institute for Regenerative Medicine

Maria A Blasco, PhD
Spanish National Cancer Research Centre

Judith Campisi, PhD
Buck Institute for Research on Aging

George Church, PhD
Harvard University and MIT

Irina Conboy, PhD
UC Berkeley and Berkeley Stem Cell Center

Marisol Corral-Debrinski, PhD
Universite Pierre et Marie Curie

Jyothi Devakumar, PhD
Evolvis Consulting

Gabor Forgacs, PhD
University of Missouri-Columbia and Organovo

Leonid Gavrilov, PhD
University of Chicago

S. Mitchell Harman, MD, PhD
Phoenix VA Health Care System

William Haseltine, PhD
Haseltine Global Health

Jay Jerome, PhD
Vanderbilt University Medical Center

Brian Kennedy, PhD
Buck Institute for Research on Aging

Daniel Kraft, MD
Singularity University

Jeanne Loring, PhD
Scripps Research Institute

Chris Mason, PhD
University College London

Stephen Minger, PhD
SLM Blue Skies Innovations, Ltd.

Janko Nikolich-Zugich, MD, PhD
University of Arizona

Graham Pawelec, PhD
Tübingen University

Bruce Rittmann, PhD
Arizona State University

Nadia Rosenthal, PhD
Jackson Laboratory for Mammalian Genetics

Jerry Shay, PhD
University of Texas Southwestern Medical Center

Vladimir Skulachev, ScD
Moscow State University

David Spiegel, PhD
Yale University

Rudolph Tanzi, PhD
Harvard University

Fyodor Urnov, PhD
UC Berkeley and Altius Institute for Biomedical Sciences

Jan Vijg, PhD 
Albert Einstein College of Medicine

Michael West, PhD
AgeX Therapeutics

Research Advisory Board
These distinguished specialists help guide our research, ensuring SRF’s focus on scientific projects 
with the best potential to lead to a comprehensive panel of age-reversing biomedicine.

2019 Publications
by SRF staff, students, partner labs, & other associates

One-Step Synthesis of 2,5-Diaminoimidazoles and Total Synthesis of Methylglyoxal-
Derived Imidazolium Crosslink (MODIC).
Sabbasani VR, Wang KP, Streeter MD, Spiegel DA.
Angew Chem Int Ed Engl. 2019 Dec 19;58(52):18913-18917. doi: 10.1002/anie.201911156. Epub 
2019 Nov 12. PMID: 31713976

Chronic inflammation in the etiology of disease across the life span.
Furman D, Campisi J, Verdin E, Carrera-Bastos P, Targ S, Franceschi C, Ferrucci L, Gilroy DW, 
Fasano A, Miller GW, Miller AH, Mantovani A, Weyand CM, Barzilai N, Goronzy JJ, Rando TA, 
Effros RB, Lucia A, Kleinstreuer N, Slavich GM. 
Nat Med. 2019 Dec;25(12):1822-1832. doi: 10.1038/s41591-019-0675-0. Epub 2019 Dec 5. Review. 
PMID: 31806905

Biocatalytic Reversal of Advanced Glycation End Product Modification.
Kim NY, Goddard TN, Sohn S, Spiegel DA, Crawford JM.
Chembiochem. 2019 Sep 16;20(18):2402-2410. doi: 10.1002/cbic.201900158. Epub 2019 Aug 9. 
PMID: 31013547

Toward a unified theory of aging and regeneration.
West MD, Sternberg H, Labat I, Janus J, Chapman KB, Malik NN, de Grey AD, Larocca D. 
Regen Med. 2019 Sep;14(9):867-886. doi: 10.2217/rme-2019-0062. Epub 2019 Aug 28. PMID: 
31455183

Potential lifetime quality of life benefits of choroideremia gene therapy: 
projections from a clinically informed decision model.
Halioua-Haubold CL, Jolly JK, Smith JA, Pinedo-Villanueva R, Brindley DA, MacLaren RE.
Eye (Lond). 2019 Aug;33(8):1215-1223. doi: 10.1038/s41433-019-0492-1. Epub 2019 Jul 17. PMID: 
31312000

Targetable mechanisms driving immunoevasion of persistent senescent cells link 
chemotherapy-resistant cancer to aging.
Muñoz DP, Yannone SM, Daemen A, Sun Y, Vakar-Lopez F, Kawahara M, Freund AM, Rodier F, 
Wu JD, Desprez PY, Raulet DH, Nelson PS, van ‘t Veer LJ, Campisi J, Coppé JP.
JCI Insight. 2019 Jun 11;5. pii: 124716. doi: 10.1172/jci.insight.124716. PMID: 31184599

Bioprocess decision support tool for scalable manufacture of extracellular vesicles.
Ng KS, Smith JA, McAteer MP, Mead BE, Ware J, Jackson FO, Carter A, Ferreira L, Bure K, 
Rowley JA, Reeve B, Brindley DA, Karp JM.
Biotechnol Bioeng. 2019 Feb;116(2):307-319. doi: 10.1002/bit.26809. Epub 2018 Nov 8. PMID: 
30063243

Clonal derivation of white and brown adipocyte progenitor cell lines from human 
pluripotent stem cells.
West MD, Chang CF, Larocca D, Li J, Jiang J, Sim P, Labat I, Chapman KB, Wong KE, Nicoll J, 
Van Kanegan MJ, de Grey ADNJ, Nasonkin IO, Stahl A, Sternberg H.
Stem Cell Res Ther. 2019 Jan 8;10(1):7. doi: 10.1186/s13287-018-1087-7. PMID: 30616682

Transient Redirection of SVZ Stem Cells to Oligodendrogenesis by FGFR3 Activation 
Promotes Remyelination
Wenfei Kang, Ken C.Q. Nguyen, and Jean M. Hébert
Stem Cell Reports. 2019 Jun 11; 12(6): 1223–1231. Epub 2019 Jun 11. doi: 10.1016/j.
stemcr.2019.05.006. PMID: 31189094

Dysregulated iron metabolism in C. elegans catp-6/ATP13A2 mutant impairs 
mitochondrial function
Anand N, Holcom A, Broussalian M, Schmidt M, Chinta SJ, Lithgow GJ, Andersen JK, 
Chamoli M.
Neurobiology of Disease, 2020 Feb 4:104786. doi: 10.1016/j.nbd.2020.104786. [Epub ahead of 
print]. PMID: 32032734

Deficiency in the DNA repair protein ERCC1 triggers a link between senescence and 
apoptosis in human fibroblasts and mouse skin.
Kim DE, Dollé MET, Vermeij WP, Gyenis A, Vogel K, Hoeijmakers JHJ, Wiley CD, Davalos AR, 
Hasty P, Desprez PY, Campisi J.
Aging Cell. 2020 Mar;19(3):e13072. doi: 10.1111/acel.13072. Epub 2019 Nov 18. PMID: 31737985

Using TARGATT™ Technology to Generate Site-Specific Transgenic Mice.
Chen-Tsai RY.
Methods Mol Biol. 2019;1874:71-86. doi: 10.1007/978-1-4939-8831-0_4. PMID: 30353508
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Stepwise Visualization of Autophagy for Screening Remediation of 
Intraneuronal Aggregates
Buck Institute for Research on Aging
Project Director: Dr. Julie Andersen
Research Team: Anand Rane, Manish Chamoli, and Cyrene Arputhasamy

Aging cells accumulate specific types of intracellular protein and lipid aggregates 
according to cell-type-specific metabolic processes. Brain neurons, for instance, 
accumulate intracellular aggregates composed of beta-amyloid (which also forms 
the plaques that appear outside of cells in Alzheimer’s disease (AD) and brain aging), 
alpha-synuclein (which forms the Lewy bodies and Lewy neurites that play a central 
role in Parkinson’s disease), and aberrant forms of the protein tau (which is involved in 
AD and many other neurological aging diseases).

The lysosome is the cell’s recycling center for such damaged proteins, but before 
damaged proteins even reach the lysosome, they must first be captured and delivered 
there by a process called autophagy. When things are going well, the cell initially forms 
vesicles called autophagosomes (APGs) around targets for the lysosome. APGs are 
dragged to a functional lysosome and fuse with it, forming an autophagolysosome 
(APL) and depositing their cargo for degradation.

People often assume that an increase in autophagy automatically results in an 
increase in the ultimate degradation of those substrates, but in fact the word only 
refers to the delivery process: it’s possible to have an increase in autophagy (or in 
markers of autophagy) that is ultimately futile, failing to clear out the damaged 
proteins it bears. This can happen as the lysosome takes in aggregated material that it 
can’t successfully clear, which is why simply stimulating more autophagy (via fasting 
or autophagy-stimulating drugs) slows down but doesn’t ultimately resolve related 
cellular dysfunction. Therefore, equipping the lysosome with new hydrolytic enzymes 
to degrade such aggregates remains the key to eventually clearing them from aging 
cells and restoring those cells to health.

Such futile autophagy is thought to be responsible for a common abnormality in the 
brains of Alzheimer’s patients. The branching axons and dendrites that extend from 
AD-affected neurons accumulate long lineups of APGs. This APG traffic jam is thought 
to result from a failure of lysosomal function, as the already-overburdened organelle 
refuses to take up any more cargo, so APGs just continue to build up without doing 
anything to improve the health of the cell.

In such cases, typical methods of testing autophagy activity can fool investigators into 
thinking that the affected cells are engaged in robust and successful autophagy, when 
instead they are signs of futile autophagy and associated with cellular dysfunction. 

To sort out this confusion, determine what’s really being delivered to the lysosome, 
and pinpoint disruptions in the autophagy process, Dr. Andersen’s team has been 
developing a system to visualize each of the key steps along the way. They have 
developed and performed preliminary tests of human and rat neuronal cell lines 
that produce APGs with a molecular tag that changes color as it moves through the 
autophagy process. The tag, initially fluorescent green, is taken up by APGs, which 
release it into APLs when the two organelles fuse; it then loses the green color as 
the enzymes in the APLs break the tag protein down. Meanwhile, the same cells also 
produce a second tracker protein that fluoresces red in the background, creating a 
control for the overall level of protein substrate in the cell. Scientists can combine 
readouts from the two tags to track the production of APGs in neurons (or, in the 
future, other cell types), their fusion with APLs, and the functionality of the APLs that 
ensue.

Looking ahead, these engineered neurons could be used to screen for compounds that 
increase the successful trafficking of APGs and their cargo to the lysosome as well 
as the subsequent recycling. Compounds that pass this preliminary test could then 
be evaluated in neurons expressing (or treated with) intracellular aggregates that 
drive diseases of aging, such as small soluble beta-amyloid aggregates, to see if these 
compounds will prevent or reverse the formation of insoluble aggregates. The most 
intriguing possibility is that they could test whether the autophagic traffic jam in 
the neuronal cytoplasm in AD and neurodegenerative diseases of aging is actually a 
primary effect of beta-amyloid, and whether the stable inclusions of aberrant tau that 
subsequently appear are secondary to this primary, beta-amyloid-driven lysosomal-
autophagic dysfunction.

Retrolytic Therapy to Destroy Cells with Reactivated “Jumping Genes”
Roswell Park Comprehensive Cancer Center
Project Director: Dr. Andrei Gudkov
Research Team: Marina Antoch, Aimee Stablewski, Nickolay Neznanov, 
Olga Leontieva, Liliya Novototskaya, Prof. Albert Pinhasov (Department of 
Molecular Biology at Ariel University, Ariel, Israel)

Nearly half of the mammalian genome is composed of “invasive” genetic material left 
behind by viruses, including millions of retrotranspons. Retrotransposons are “dead” 
DNA, but their long- and short- interspersed virus-like repetitive elements (LINEs 
and SINEs) encode machinery that —under certain circumstances — allows them to 
reactivate, replicate, and spread through the genome. Degenerative aging causes the 
intracellular machinery that suppresses LINE reactivation to fail over time, resulting in 
more and more cells falling prey to retrotransposon reactivation with age.

These reactivation events can cause mutations in our functional genes and even 
disrupt the normal expression of non-mutated genes, leading to cancer, cellular 
self-destruction (apoptosis), and cellular senescence. In fact, cellular senescence 
and reactivation of retrotransposons such as LINE1 are tied intimately together. On 
the one hand, entry into senescence is one cause of retrotransposon reactivation 
— yet conversely, retroviral reactivation is a pathway for initiating the senescence-
associated secretory phenotype (SASP), which is secreted by senescent cells and is 
responsible for much of their systemic harm. Targeting the reactivation state in cells 
with reactivated retrotransposons is thus another approach to tackling senescence-
related inflammation.

As a last resort, cells with reactivated retrotransposons can signal the immune system 
to destroy them. To do this, the cells initiate a pathway leading to the production of 
the inflammatory signaling molecule interferon gamma to recruit the immune system 
to lyse the affected cell. However, this immunological clearance mechanism is limited, 
leading to accumulation of damaged interferon-signaling cells (another source of 
chronic inflammation beyond their role in the SASP). Accordingly, active LINE1 has been 
tied to tissue inflammation in aging, and suppressing retrotransposon activity with 
drugs has been shown to inhibit tissue inflammation in aging mice. 

With SRF sponsorship, Dr. Gudkov’s lab is developing a proof of concept for future 
rejuvenation biotechnologies that will ablate cells with active retrotransposon 
activity. For this initial demonstration, Gudkov will use a transgenic “suicide gene” 
system similar to the INK-ATTAC system that first demonstrated the rejuvenating 
effects of destroying senescent cells in aging mammals. In this case, the suicide gene 
system will be triggered by the activation of the interferon response to retroviral 
reactivation instead of a senescence-associated gene. Just as INK-ATTAC paved the 
way to the development of today’s senolytic therapies (drugs and other approaches 
that destroy senescent cells), this suicide gene system for the elimination of cells 
harboring reactivated retrotransposons holds the promise of paving the way for 
similarly-powerful future “retrolytic” therapies. 

Work on this suicide gene system for reactivated retrotransposons is already underway, 
with Dr. Gudkov’s lab constructing the system and inserting it into cells. The next step 
is to breed mice that will harbor this inducible time bomb in all of their cells. These 
mice should be able to destroy cells with reactivated retrotransposons whenever they 
are administered an activating drug.

Sherry Loeser Photography 2019

Research - 2019 Project Summaries
Descriptions and updates for work conducted, funded, and supported by SRF
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Functional Neuron Replacement to Rejuvenate the Neocortex
Albert Einstein College of Medicine (AECOM)
Project Director: Dr. Jean Hébert
Research Team: Hiroko Nobuta, Joanna Krzyspiak, Alexander Quesada, 
Marta Gronska-Peski, Jayleecia Smith

When livers, lungs, or kidneys fail, they can be replaced with transplants or 
supplemented with machines like dialysis. Rejuvenation biotechnology aims to 
engineer replacements for these organs. But the brain —especially the neocortex — as 
the seat of our memories, personalities, and emotions is irreplaceable, and so must 
be rejuvenated.

The maintenance of the brain against degenerative aging processes, however, poses 
extreme challenges. Only recently have researchers succeeded in integrating new 
neurons into areas of the brain involved in cognitive functions. Moreover, the vast 
majority of transplanted cells in these cases have failed to survive, and it is difficult to 
determine whether those that do survive actually succeed at integrating into synaptic 
circuits and improving local function. 

Surgically transplanting a small number of neuronal progenitors into a local brain 
structure has been done to date but cannot realistically scale to the sheer size of the 
brain, or keep up with the rate of age-related neuronal loss. Even trying to do so across 
the entire brain at the necessary pace would be completely impractical, and would 
also inevitably do more harm than good, as repeatedly inserting needles deep into the 
brain would injure the very tissues we’re trying to maintain. Therefore, maintenance 
of the aging brain requires a system for ongoing dispersal of neuronal precursor cells 
across the brain.

To accomplish this goal, SENS Research Foundation is supporting Dr. Jean Hébert’s 
innovative strategies to overcome each of these critical challenges.

To enhance the survival and integration of transplanted neuronal precursor cells, 
Hébert’s team has co-transplanted them with blood-vessel-forming cells. This ensures 
that the new neuronal precursor cells have the blood supply necessary to deliver 
nutrients and oxygen and remove wastes. In young mice, Hébert’s group has found 
that while the co-transplanted vascular precursor cells do contribute to this goal, 
they provide little additional benefit to the neuronal precursor cells, as the young 
brain readily supplies its own vascular precursors. By contrast, when the same cells 
are co-transplanted into stroke model animals, they provide fully 80% of the required 
vasculature. A much greater number of both neurons and vascular cells is needed to 
repair a large stroke lesion, and the inflammatory signaling milieu encourages the 
repairing action of both types of cell. Importantly, grafted neuronal precursors extend 
projections beyond the lesioned area, forming connections to distant target neurons 
in the host brain.

The patterns hold true, albeit to a less dramatic extent, when vascular and neuronal 
precursor cells are transplanted into the aging but otherwise undamaged mouse brain. 
The next step is transplanting human cells.

To enable the dispersal of replacement neurons noninvasively and throughout 
the brain, Dr. Hébert’s team will next take advantage of the unique properties of 
microglia, the specialized macrophage immune cells of the brain. Unlike neurons and 
their precursors, microglia are highly motile cells, able to disperse widely throughout 
the brain. Hébert’s strategy is to transplant microglia into the brains of mice that 
have already been engineered with the genes needed to initiate this transformation 
in response to an activating drug, and then reprogram the new microglia into cortical 
projection neurons after they disperse throughout the brain. 

As an important initial proof of concept, Dr. Hébert’s group has demonstrated that 
transplanted mouse microglia will spread across broad areas of the mouse cortex 
after it is transiently depleted of its own microglia. Demonstrating the same thing 
using human-derived microglia is going to take a bit longer, as the mouse brain cannot 
produce an important growth factor the human cells need to survive. The team are 
overcoming this problem by using a line of transgenic mice that express this human 
factor; later, the factor could be engineered into the microglia themselves.

From there, the team will characterize the integration of the transplanted microglia-
cum-neurons into host circuits and determine whether depleting host microglia 
enhances these processes in aging mice and in different models of neurodegenerative 
aging. To demonstrate that the grafted transformed neurons are truly functional, the 
team will train grafted mice in a learned behavior and then reversibly deactivate the 
transplant-neurons: if the mice suddenly lose the memory of the learned behavior and 
associated electrophysiological activity, it will prove that the grafted neurons were 
responsible for the learning.

Engineering cyclodextrins for the Removal of Toxic Oxysterols as a 
Treatment For Atherosclerosis and other diseases of aging 
SENS Research Foundation Research Center 
Principal Investigator: Dr. Matthew O’Connor 
Research Team: Amelia Anderson, Tamari Kirtadze, Daniel Clemens, Angielyn 
Campo, Elena Fulton, Anne Corwin

Many diseases of aging are driven in part by the accumulation of waste products 
derived from their normal metabolic processes. The accumulation of these waste 
products can inhibit cellular processes and even kill the cells in question. After decades 
of silent accrual, a critical number of these cells become dysfunctional, causing 
tissue-specific diseases of aging to erupt. For example, atherosclerotic lesions form 
when immune cells called macrophages take in 7-ketocholesterol (7-KC) and other 
damaged cholesterol byproducts in an effort to protect the arterial wall from these 
byproducts’ toxicity — only to ultimately fall prey to that same toxicity themselves. 
This toxicity causes macrophages to become dysfunctional “foam cells,” immobilized 
in the arterial wall and releasing inflammatory molecules that in turn promote 
advanced atherosclerosis, heart attack, and stroke. In other organs, the accumulation 
of damaged molecules inside vulnerable cells drives Alzheimer’s disease, as well as 
age-related macular degeneration. 

If such damaged molecules could be removed from cells, then the associated cellular 
dysfunction and age-related diseases could be prevented — and potentially even 
reversed, especially if combined with other rejuvenation biotechnologies targeting 
other cellular and molecular damage involved in the disease process. 

Dr. O’Connor’s team has created a family of novel cyclodextrins that are able to 
selectively remove toxic forms of cholesterol from early foam cells and other cells 
in the blood. Cyclodextrins are polysaccharides (complex sugar molecules) composed 
of glucose molecules arranged in a truncated conical shape. Cyclodextrins are known 
to bind hydrophobic (water-repelling) molecules such as cholesterol and many 
of its byproducts, thereby conferring solubility to otherwise insoluble molecules. 
Cyclodextrins are in wide use for industrial and drug delivery applications, and have 
an excellent safety profile. Clinical studies are underway using one form of generic 
cyclodextrin as a potential way to remove normal cholesterol from children with 
Niemann-Pick type C disease, a genetic disorder in which patients cannot export 
excessive cholesterol from their cells.

Dr. O’Connor’s team has designed their new cyclodextrins using computer modeling 
to predict the likely behavior of rationally-designed molecules. Preliminary testing of 
the new cyclodextrins suggests enhanced activity against 7-KC relative to the existing 
family of cyclodextrins in conjunction with lower affinity for normal cholesterol. 
Specificity for 7-KC is important both from a therapeutic standpoint, and for the sake 
of reducing the potential for side effects such as hearing loss (which can occur when 
the ear’s outer hair cells are deprived of normal cholesterol, an essential biomolecule 
for those cells). Patents have been filed to protect this valuable intellectual property 
and a new spinoff company, Underdog Pharmaceuticals, has been launched in order to 
bring in the private venture capital needed to turn this basic research into a working 
rejuvenation biotechnology available for medical use. Underdog successfully attracted 
their seed round of funding, with Kizoo Ventures taking the lead. If effective, these 
small molecules could serve as the basis for a groundbreaking therapy that would 
prevent and potentially reverse atherosclerosis and, possibly, heart failure. 

The Underdog team has developed an ex vivo foam cell assay in which to test the 
novel molecules. This assay aims to recapitulate what happens when 7-KC prevents 
macrophages from metabolizing both normal and damaged cholesterol products. If 
the drugs manage to remove 7-KC from foam cells in this model, leading to successful 
rehabilitation of foam cells into functioning macrophages, it will be a strong signal 
that Underdog’s candidate drugs will help ameliorate, and potentially even reverse, 
cardiovascular disease in human patients.
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Targeting Secondary Senescence
SENS Research Foundation Research Center
Principal Investigator: Dr. Tesfahun Dessale Admasu

In addition to the classical causes of cellular senescence (see “Rejuvenating Immune 
Surveillance of Senescent Cells”), scientists have relatively recently discovered the 
phenomenon of secondary senescence. For reasons which we are only beginning 
to understand, existing senescent cells can cause other cells in the body to become 
senescent. Some of this effect is mediated by the SASP, which has been termed 
“paracrine senescence;” additionally, one group has reported a form of secondary 
senescence imposed independently of SASP, which is instead mediated through 
direct contacts between the primary and secondary senescent cells in what they 
term “juxtacrine” secondary senescence. Secondary senescence is emerging as one 
of the reasons why senescent cells are so dangerous: they can in a sense “replicate” 
themselves, seemingly even to anatomically remote sites in the body, ratcheting up 
their own baleful influence in a kind of senescent metastasis.

Although this research is still in an early stage, it is beginning to appear that secondary 
senescent cells behave differently from primary senescent cells: they produce less 
SASP, but more fibrillar collagens — something that is normally suppressed in primary 
senescent cells. Granted their differences in origin and function, might secondary 
senescent cells also be differentially susceptible to senolytic therapies? For instance, 
might they be resistant to senolytic drugs that are effective against primary senescent 
cells, requiring a new generation of targeted “secondary senolytics” to eliminate — or 
might they be exceptionally susceptible to particular such treatments?

SENS Research Foundation Forever Healthy Postdoctoral Fellow Tesfahun Admasu’s 
work seeks to find answers to these questions. Dr. Admasu aims first to characterize 
secondary senescence in endothelial cells (which comprise the linings of organs like the 
GI tract, the blood vessels, and the lungs. Until now, the great majority of senescent 
cell research has been performed in fibroblasts (cells from the deeper layers of the 
skin and various organs’ extracellular matrixes). In another distinction from much 
of the work in the field, these cells will be taken directly from donors, rather than 
from cell lines that have long been maintained in culture. Senescence will be induced 
in endothelial cells using several of the standard lab methods, and these primary 
senescent cells will then be used to generate secondary senescent endothelial cells 
by bathing normal endothelial cells in the SASP-rich medium suctioned off of the 
primary senescent cells. Later, when budgeting allows, Dr. Admasu plans to also induce 
secondary “juxtacrine” senescence in these cells by culturing senescent and normal 
endothelial cells together, allowing for direct cell-to-cell contact.

He is furthermore experimenting with the use of the cell-surface marker DPP4 as a 
potential marker of senescent cells (which has been reported but is understudied). If 
confirmed, DPP4 would allow for much more convenient sorting of samples of cells 
into senescent and non-senescent populations; this would be especially valuable 
for the study of paracrine senescence, where only a minority of exposed cells enter 
senescence (whereas typical senescence-inducers may push 90-95% of cells over the 
edge).

Once the above goals are met, Dr. Admasu plans to investigate just how secondary 
senescent cells differ from primary senescent cells. He will begin by evaluating 
differences in gene expression, looking in particular at the known molecular targets 
of existing senolytic drugs. He will then test several of the standard senolytic drugs 
for their effects in primary vs. secondary senescent cells, to see if secondary senescent 
cells are differentially vulnerable to particular senolytics with particular mechanisms 
of action. These two sets of experiments should help reveal good targets for new 
drugs geared toward the specific elimination of primary or secondary senescent 
cells, and may also allow future clinicians to tailor existing senolytics for people with 
secondary-senescence-associated disorders.

Ultimately, this work should greatly enhance our understanding the full spectrum 
of senescent cell types and the spread of senescent cells through the body in aging, 
enabling us to take the battle to the enemy on all fronts and in all of its guises.

Target Prioritization of Tissue Crosslinking 
The Babraham Institute 
Principal Investigator: Dr. Jonathan Clark
Research Team: Dr. Melanie Stammers

Structural proteins in our bodies play many important roles. The gradual loss of 
elasticity in the tissues composed of these long-lived proteins is a significant feature 
of aging damage. Age-related stiffening of the arteries hinders their ability to cushion 

the surge of blood on its way from the heart to 
end-target organs. The result is that the same 
heartbeat’s worth of blood hits these organs all at 
once and at full intensity, leading to progressive 
kidney damage, lesions in the brain called white-
matter hyperintensities, strokes, and other chronic 
and acute end-organ damage. 

One cause of stiffening in long-lived tissues is 
crosslinking, where one strand of structural protein 
becomes chemically bound to an adjacent strand, 
limiting the range of motion of both strands. Loss of 
elasticity increases as more and more such crosslinks 

accumulate in our tissues with age. Continuous exposure to blood sugar and other 
highly reactive molecules that are necessary for life can mature into a kind of crosslink 
termed Advanced Glycation Endproducts (AGE). It is currently thought that the single 
most common AGE crosslink in collagen – a key structural protein — is a molecule 
called glucosepane. 

Prior SRF-funded work in Dr. David Spiegel’s lab at Yale paved the way to the 
discovery of the therapeutic glucosepane-cleaving enzyme candidates that our 
startup company Revel Pharmaceuticals is now working to advance into functional 
rejuvenation biotechnologies. However, AGEs are not the only cause of crosslinking in 
aging tissues. The sheer number of a given type of crosslink is moreover not necessarily 
a good parameter for determining how we should prioritize that crosslink type as a 
rejuvenation target. Different crosslinks have different effects on the mechanical 
properties of a given kind of protein, and on how much they interfere with the body’s 
ability to repair damaged tissue.

Recognizing the importance of prioritizing our targets, SRF is funding a systematic 
study in “normally”-aging, nondiabetic mice by Dr. Jonathan Clark at the Babraham 
Institute in Cambridge. These mice are fed diets containing labeled amino acids, which 
are then incorporated into extracellular matrix proteins during synthesis. This allows 
Dr. Clark’s group to track the rate at which proteins are synthesized, crosslinked, and 
replaced over time. 

An early and surprising finding was that crosslinks that one might think permanent 
in tissue are actually continuously breaking apart and re-forming under the stress 
and strain of normal activity. In fact, Clark’s group has shown a decline in the steady-
state level of reversible crosslinks with age that actually exceeds the total increase in 
irreversible crosslinks. Some of the crosslinks that others have reported as accumulating 
in aging tissues were not detected in these tissues — though importantly, the age-
related rise in glucosepane previously reported primarily in a few human tissues was 
also seen in the tendons and (of special significance) aorta of aging mice. This rise in 
glucosepane level appears to correlate well between tissues: if verified, it could serve 
as a useful research and clinical metric. For instance, doctors and scientists could use 
a simple skin biopsy as a proxy for the level of glucosepane in a mouse or human 
patient’s other tissues, such as the aorta.

Another important finding was that after elastin is produced and incorporated into 
an overall extracellular matrix structure, it is then actively crosslinked via biological 
processes that were hitherto unknown outside the cell. If these regulated, “intentional” 
crosslinking processes decline with age, the ensuing elastin would be friable and easily 
broken.

Drs. Clark and Stammers have additionally been conducting extensive in vitro and 
in vivo mechanical testing of tissues in an effort to gauge the functional impact of 
the changes detected in chemical analysis on tissues. They have confirmed previous 
researchers’ finding that the stiffness of the artery (as measured by pulse-wave 
velocity, the clinical gold standard) rises with age in mice as it does in humans. Finding 
ways to tie these rises in stiffness to each other and to specific crosslinks will be 
key to developing future rejuvenation biotechnologies to keep our tissues supple 
and youthfully functional, even as glucosepane crosslink-breakers enter into animal 
testing. 
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Engineering New Mitochondrial Genes to Restore Mitochondrial Function
SENS Research Foundation Research Center 
Principal Investigator: Dr. Amutha Boominathan
Research Team: Bhavna Dixit, Caitlin Lewis, Sanjana Saravanan, Carter Hall, 
Nana Abena Anti, David Begelman

Mitochondria are the power plants in our cells, and like other power plants, they 
generate waste as they work — free radicals, which over time damage mitochondrial 
DNA. A small but rising number of our cells get taken over by such dysfunctional 
mitochondria as we age. These damaged cells in turn export toxic molecules to far-
flung tissues, contributing to Parkinson’s disease, age-related muscle dysfunction, and 
other conditions.

The MitoSENS program at the SRF Research Center is dedicated to solving this grand 
engineering challenge, via the central strategy of allotopic expression (AE) of functional 
mitochondrial genes. AE involves placing backup copies of the mitochondria’s protein-
coding genes in the cell’s nucleus with the rest of our genetic material. From this safe 
harbor, the backup genes can then direct the cell’s machinery to produce engineered 
versions of the missing mitochondrial proteins and deliver them to the mitochondria. 

In 2016, the MitoSENS team demonstrated efficient, functional allotopic replacement 
of the missing mitochondrial ATP8 gene in cells from a human patient with an ATP8 
mutation. In the process, they observed and then verified that a change in the way AE 
genes are encoded can greatly increase the production of actual AE proteins and their 
ultimate ability to restore mitochondrial function. Mitochondria specify amino acids 
for protein synthesis differently from nuclear genes, meaning that even if we knew 
the exact sequence of a mitochondrial gene, the mammalian cell’s protein synthesizing 
machinery would misinterpret the unfamiliar mitochondrial language and produce 
defective proteins.

To overcome this problem, AE researchers have hitherto chosen which of several 
alternative nuclear spellings for a given amino acid to substitute for the mitochondrial 
choice of encoding based primarily on how frequently that spelling is used overall in the 
nuclear genome. In other fields of biotechnology, such tally-based minimally-recoded 
methods have long been known to work poorly for synthesizing human proteins in 
bacteria, as is done to produce therapeutic biological products like insulin and growth 
hormone. Scientists have learned that the particular choice of alternative coding for a 
given amino acid indirectly affects a number of characteristics of the resulting mRNA 
— the working copy of the gene that is actually used directly as a blueprint for protein 
production. Biotech has thus developed codon optimization algorithms to guide the 
engineering of recombinant genes according to these secondary effects of alternative 
codings for translating between human and bacterial cells.

The MitoSENS team realized that the insights of codon optimization from other 
fields of biotechnology could greatly improve the process of producing mitochondrial 
genes from the mammalian cellular machinery. They have since successfully created 
optimized versions of AE genes previously generated through the simple, frequency-
based minimal recoding method. When the optimized genes were engineered into 
human cells, eight of the thirteen proteins achieved sustained protein production, 
versus only a fraction of the conventionally-engineered genes— and the optimized 
proteins actually reached their mitochondrial targets. The MitoSENS team are now 
using codon-optimization technology to advance work on the mitochondrial subunit 
genes ND4 and ND1. Importantly, this will allow them to compare the minimally-
recoded versions of these genes used in prior work (including one that has advanced 
into clinical trials) to the codon-optimized versions with no other changes, as well 

as to versions that are further improved in other respects. The MitoSENS team also 
continues to fine-tune their process for engineering the allotopic ATP6 previously used 
to push the ATP8 mutation patient cells over the hump into functionality. 

Going forward, the ability of the SRF MitoSENS team and AE researchers around the 
world to optimize the sequence of their AE proteins should now accelerate progress 
toward success with all 13 mitochondrially-encoded genes. The next necessary step 
in applying AE genes as a human rejuvenation biotechnology is to move beyond cell 
models and demonstrate effective rescue of mitochondrial defects in living, breathing 
mammals. Thanks to the generous support of our donors through our partners at 
geroscience crowdfunding platform Lifespan.io, research is now underway to do just 
that. This will be the first time that any AE gene will be tested in mice with a mutation 
in their mitochondrial DNA.

This work will employ the Maximally Modifiable Mouse (MMM), created by SRF-
funded research over the last several years. Using these mice, the allotopic version 
of the mitochondrial subunit ATP8 was engineered into a safe “landing pad” in 
the nuclear genome — the same optimized AE ATP8 gene that the MitoSENS team 
previously proved effective in human cells. Then, these mice will be crossed with 
female C57BL/6J FVB mice, which have a mild but specific mutation in the ATP8 gene. 
The result will be a new MMM-derived mouse model with the defective FVB mouse 
ATP8 gene still in their mitochondria, but with the allotopic ATP8 construct engineered 
into their nuclear genomes and available to supplement the mutated mouse gene.

In previous work, the SRF MitoSENS team showed that cells from FVB mice that are 
engineered with our codon-optimized AE ATP8 produce significantly more actual ATP8 
protein than those engineered with a minimally-recoded version of the same gene. 
Moreover, the optimized AE protein works as intended. By now engineering the AE 
ATP8 gene into living MMM-FVB mice, we will be able to demonstrate that AE ATP8 can 
rescue their defective mitochondrial function in vivo, giving them energy-production 
capacity and metabolisms similar to healthy, normal mice. 

Rejuvenating Immune Surveillance of Senescent Cells
SENS Research Foundation Research Center 
Principal Investigator: Dr. Amit Sharma 
Research Team: Elena Fulton

Senescence is a state of cellular growth arrest, activated when cells are subjected to 
potentially cancer-promoting stresses. This helps protect the rest of the body from 
danger, but with a cost as senescent cells accumulate in our tissues with age. Rising 
numbers of senescent cells reduce our regenerative potential; moreover, they spew out 
a mixture of inflammatory signaling molecules, growth factors, and tissue-degrading 
enzymes called SASP. Senescent cells contribute to age-related disease, frailty, and 
death, and are specifically implicated in osteoarthritis, age-related diabetes, age-
related lung dysfunction, cancer, certain side-effects of conventional chemotherapy 
drugs, and neurodegenerative diseases of aging like Parkinson’s and Alzheimer’s.

Powerful evidence for the role of senescent cells in aging has emerged from studies 
using senolytic drugs: small molecules that selectively destroy senescent cells. Both 
in mice undergoing physiological aging, and in animal models of age-related disease, 
administration of senolytic drugs has led to sweeping rejuvenating effects and the 
prevention, arrest, or even reversal of some diseases of aging. Clinical trials of senolytic 
drugs in humans are still very preliminary, but may end up being the first steps toward 
making the earliest rejuvenation biotechnologies available for widespread clinical use.
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Still, as powerful as senolytic drugs are, they are not a perfect solution. Toxicity 
remains a risk, due to the incomplete specificity of these drugs for senescent cells. 
Fortunately, there is an alternative way to eliminate senescent cells — and it’s already 
built into us.

Scientists have known for over a decade that the body’s immune system can destroy 
senescent cells. This ability is centered on a type of immune cell called the Natural 
Killer or NK cell. Whereas T-cells and B-cells are specialists, focused on eliminating 
specifically-identified threats (such as cells infected with specific viruses), NK cells 
are more like sentinels patrolling the perimeter of a military camp, on the lookout for 
anything that looks like an intruder, rather than hunting for a specific enemy.

Fortunately, when cells go rogue — senescent, cancerous, or infected by viruses — 
they are programmed to show their colors to the NK cell authorities by raising flags 
(ligands) on their surface that interact with receptors on the NK cell surface. When 
an NK cell’s receptor locks on to a senescent cell’s corresponding ligand, the NK cell 
destroys the senescent target. Still, it is clear that senescent cells accumulate with 
age, despite the body’s reasonably effective system for detecting and eliminating 
them. Part of the explanation for this lies in the inherent imperfection of all of our 
inbuilt damage-repair mechanisms. Inevitably, there are tradeoffs involved in making 
these mechanisms more aggressive, numerous, or precise; small traces of damage are 
thus always left unaddressed, and accumulate over time. 

We also now know that both senescent and cancer cells use a variety of mechanisms 
to hide from NK cells, or inhibit NK cells’ ability to destroy them. Several such 
mechanisms have been uncovered by scientists, including our partners at the Buck 

Institute for Research on Aging, who are performing SRF-funded work to advance the 
target-discovery process. 

In 2019, Dr. Sharma’s team at the SRF Research Center (RC) discovered preliminary 
evidence of another such mechanism of NK evasion. This mechanism was already 
known to modify the immune response to other kinds of damaged cells, and to be 
elevated in the circulation and many human tissues with age. The Sharma team’s 
preliminary evidence suggests that senescent cells also exploit the mechanism. In 
2020, Dr. Sharma and his team will begin testing drugs and other molecules that block 
this mechanism from interfering with NK cell killing, to see if this enhances the NK 
cells’ senescent cell elimination ability.

Additionally, the Sharma team collected preliminary data in 2019 showing a significant 
decline in the proportion of NK cells exhibiting markers of strong cell-killing ability 
in older volunteers. In 2020, they will investigate whether this holds up in a larger 
sample. If so, they will also evaluate whether this decline translates into reduced 
ability to kill senescent cells, by comparing the performance of freshly isolated NK 
cells from younger humans, and running similar tests on NK cells from the spleens of 
young (6 months) and old (24 months) mice.

If these more rigorous studies validate the RC team’s preliminary finding, it will make 
the case that aging peoples’ NK cells have less capacity to eliminate senescent cells, 
independently of evasive maneuvers on the part of their senescent targets. The next 
step will therefore entail developing strategies to rejuvenate the NK cells themselves. 
Animal experiments are planned as a preliminary test of such rejuvenated NK cells’ 
potential. 
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