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Executive Summary 

 
The 2021 NIH SynBio Consortium was held virtually on November 4 and 5. The first day began 
with two parallel sessions. The first parallel session consisted of speakers who have been 
funded by the National Institute of Biomedical Imaging and Bioengineering (NIBIB) and National 
Cancer Institute (NCI) Synthetic Biology and Cancer Program. In this session, the presenters 
discussed synthetic biology (SynBio) approaches to cancer diagnostics and therapeutic delivery 
across T-cells, RNA, and bacteria modalities. The other parallel session provided an overview of 
relevant NIH grant mechanisms and discussion of grant writing and technical writing basics. The 
consortium then held a series of presentations by representatives of nine NIH Institutes and 
Centers (ICs) and the BRAIN Initiative on SynBio-related programs and funding opportunities 
offered by their respective ICs. The first day was concluded with an office hours session during 
which attendees could interact with the IC representatives in breakout rooms and discuss 
questions and potential areas of programmatic interest. 
 
The second day of the consortium began with a keynote address by Drs. Timothy Lu and Gary 
Lee from Senti Biosciences. The speakers discussed their company’s efforts to design and 
manufacture intelligent cells and gene therapies, as well as translational challenges and lessons 
learned. The keynote talk was followed by two research showcase sessions. The first showcase 
focused on efforts to engineer mammalian cells for therapeutic purpose. The second showcase 
session highlighted efforts to design engineered as therapeutic interventions. The consortium 
concluded with a talk by representatives from the Food and Drug Administration (FDA) on the 
basics of FDA review and approval of biomedical products and an overview of the FDA 
resources and programs available to researchers throughout the product development life 
cycle. 
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Meeting Summary 

 
Welcoming Remarks 
David Rampulla, PhD, Director, Division of Discovery Science & Technology, NIBIB 
 
Dr. Rampulla welcomed attendees to the second annual NIH Synthetic Biology Consortium, which 
was held virtually via videoconference. The goal of the consortium is provide a glimpse of current 
NIH-funded SynBio research, provide researchers a view of how their work might fit within NIH 
programs, and offer tips on how to successfully manage federally-funded SynBio research, from 
the grant proposal stage through FDA approval of biomedical products. The consortium began 
with two parallel sessions on NIH-supported cancer-related SynBio applications and grant and 
technical writing for trainees. 
 
Parallel Session: Grant/Technical Writing Session – Trainees 
Manana Sukhareva, PhD, Director, Office of Scientific Review, NIBIB 
Leslie Frieden, PhD, Program Director, NIDCR 
 
In addition to conducting research in its Intramural Research Program and the Clinical Center, NIH 
is a grant-giving institution which provides funding to individuals and institutions through its 
Extramural Research Program. Each IC supports different types of research and uses particular 
grant mechanisms in unique ways. Funding Opportunity Announcements (FOAs) announce the 
intention to award competitive grants and include comprehensive information on all aspects of 
the awards. Most of NIH’s research training support focuses on three career stages: predoctoral, 
postdoctoral, and junior faculty. Two FOAs were emphasized during this session: the Katz Early 
Stage Investigator Research Project R01 Grant and the NIBIB Trailblazer R21 award. In the area of 
undergraduate training, NIBIB supports team-based design projects (R25) and the Design by 
Biomedical Undergraduate Teams (DEBUT) Challenge. NIBIB also participates in diversity awards 
and programs aimed to enhance workforce diversity within the academic biomedical research 
workforce. The NIH Extramural Loan Repayment Program is available to offset qualified 
educational debt, and the NIH-wide Research Training and Career Development website organizes 
grant activities and funding announcements by career stage. Grant application contacts including 
program officers, scientific review officers, and grants management officers are available for 
support throughout the application process. 
 
Successful applicants present strong and exciting ideas in a compelling way, match those ideas to 
the right places within NIH, and communicate scientific content accurately and concisely. The 
specific aims page of a grant should outline an important problem and the applicant’s timely 
solution, define the application’s challenge, explain the competencies of the team and resources, 
and address next steps. Applications are reviewed by one of over 200 Scientific Review Groups or 
Study Sections in the Center for Scientific Review before proceeding to the relevant IC Advisory 
Council and then the Institute Director. Applicants who come close but are ultimately not 
accepted should not give up; instead, they should absorb the critiques, make suggested changes, 
and revise and resubmit their application. 
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Parallel Session: Collaborative Approaches to Engineer Biology for Cancer Applications - 
Principal Investigators 
Moderators: Michelle Berny-Lang, PhD, Program Director, Center for Strategic Scientific Initiatives, 
National Cancer Institute (NCI) 
 
Dr. Berny-Lang provided an overview of NIBIB’s and NCI’s Synthetic Biology and Cancer Program, 
which was established this year with the goal of expanding the integration of SynBio approaches 
to advance understanding and management of cancer. The program solicited applications from 
collaborative teams across a broad range of expertise to confront challenging cancer research 
questions uniquely suited for SynBio approaches. Dr. Berny-Lang invited principal investigators 
from the six Synthetic Biology and Cancer Program awardees to deliver short presentations on 
their recently funded research initiatives.  
 
AND-gated Synthetic Biomarkers for Early Detection of Liver Metastasis 
Gabriel Kwong, PhD, Georgia Institute of Technology 
 
Dr. Kwong’s team works to improve detection of early-stage tumors that are very difficult to 
detect or are below the imaging limit of detection. For many in situ tumors, there are not enough 
tumor-shed biomarkers circulating in the blood to allow for early detection using current 
diagnostics. Dr. Kwong’s team is designing biosensors that are engineered to drive production of 
synthetic biomarkers that are activated by the tumor microenvironment (TME) and thus enable 
early detection of metastases. Dr. Kwong’s group chose protease-activated synthetic biomarkers 
for this purpose because of protease variety and their molecular amplification qualities. The team 
uses existing peptide-based proteomic methods for designing synthetic systems to enhance 
sensitivity and specificity. The team’s work thus far has successfully shown that sensitivity can be 
engineered through molecular amplification and that specificity can be enhanced via multiplexed, 
multi-input sensing. Another focus of this project is improving tumor localization through artificial 
intelligence and machine learning techniques. For this grant specifically, the team is applying its 
technique to colorectal liver metastases. Looking at differential expression, the team found that 
protease expression is cancer-, organ-, and cell-type specific, which can be leveraged in synthetic 
system design to help infer tumor location. The team then developed AND-gated synthetic 
biomarker sensors that can determine the presence of tumor cells and T-cells and whether the T-
cells are killing the tumor cells. The team’s future plans are to build out a combinatorial library of 
AND-gated sensors, strengthen the mathematical modeling, and conduct preclinical validation in 
liver metastasis mouse models.  
 
Synthetic Circuits that Drive Infiltration of Therapeutic T Cells into Immunologically Cold Tumors 
Wendell Lim, PhD, University of California, San Francisco 
 
Dr. Lim’s team is focused on engineering immune cell trafficking circuits to solve the problem of 
how to get engineered chimeric antigen receptor T-cells (CAR T-cells) into immune-excluded solid 
tumors. This is a major problem in treating cancers, such as pancreatic ductal adenocarcinoma, 
where tumor-reactive T-cells are unable to infiltrate the tumor because of the tumor’s 
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suppressive microenvironment. Dr. Lim’s group believes that solving this problem is not just about 
engineering tumor cell killing but engineering a system and at multiple scales (i.e., cancer cell 
recognition and cancer cell infiltration). Cancers have evolved mechanisms to evade natural and 
synthetic immune responses. When identifying molecular levers that can be used to confront this 
problem, Dr. Lim’s team focused on several key immune system processes: adhesion, chemotaxis, 
and localized T-cell proliferation. Dr. Lim’s team aims to develop modular, spatially inducible T-cell 
trafficking circuits comprised of chemotaxis, adhesion, and proliferation subcircuits to mimic and 
bring to bear a systemic immune response. In this schema, chemokines attract cells to the target 
site, adhesion molecule interactions retain cells at the target, and proliferation cytokines expand 
the T-cell population. Dr. Lim briefly described how preliminary syngeneic mouse model studies 
with prototype circuits and anti-mesothelin CAR T-cells suggest it is possible to alter trafficking. 
The team is using a combinatorial computational-experimental preclinical design strategy to 
identify circuits with different trafficking behaviors that may be advantageous to various types of 
tumors.  
 
Personalization and Failure Testing of Dual Switch Gene Drives in Lung Cancer 
Justin Pritchard, PhD, Pennsylvania State University  
 
Dr. Pritchard’s group is developing dual-switch selection gene drives to understand and overcome 
cancer treatment resistance. Selection gene drives focuses on biased selection in asexually 
reproducing organisms, such as cancer cells. Targeted therapies offer significant clinical benefit 
over standard chemotherapies, but their effectiveness wanes over time as resistance develops. 
The mechanisms of drug resistance are myriad, but the pharmaceutical industry response has 
been to develop secondary therapeutics that target the resistance mechanisms. Nevertheless, 
sequential single-agent therapy frequently fails to reach sustained disease control. Combination 
therapies are limited by the inability to predict resistance, and combinations involving 
chemotherapy are complicated by off-tumor toxicity. Dr. Pritchard’s group is attempting to 
forward-engineer resistance, as opposed to traditional reverse-engineering, which they hope will 
offer a novel solution to overcome these hurdles of secondary resistance and toxicity by crafting a 
more tractable tumor cell population. Dr. Pritchard’s group has devised dual-switch selection gene 
drives that are introduced into an engineered cell population. In this model, Switch 1 is a 
transient, inducible resistance gene that acts as an in vivo selection marker, and Switch 2 is a 
therapeutic payload gene that is encoded to allow gene drive cells to manufacture local 
chemotherapy with bystander effect. To maximize safety of the treatment, system fail-safes can 
be encoded to minimize risk. The research team’s next steps are to expand the panel of kinase 
drug targets, evaluate and better understand the system of clonal dynamics in vivo, and utilize 
spatial agent-based models to predict design risks, among other activities. 
 
Immunotherapy via Engineered Therapeutic Programs in Tumors using RNA 
Darrell Irvine, PhD, Massachusetts Institute of Technology 
 
Dr. Irvine’s team is developing local treatments in tumors that induce a change in the TME and 
promote immunogenic cell death and activate systemic anti-tumor T-cell responses. These 
approaches can treat both local tumors and distant metastases. The team has focused on 
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engineered self-replicating RNAs for sustained expression of therapeutic programs. This design 
utilizes replicon RNAs derived from alphaviruses that enable the encoding of a variety of payloads 
over a long period of time. Dr. Irvine described in vivo studies that showed how therapeutic 
payloads can dramatically remodel the TME and reduce distal untreated tumors. To continue this 
research, Dr. Irvine’s Synthetic Biology and Cancer Program U01 proposes to engineer cell-type-
specific RNA expression in tumors, design small molecule-regulated RNA expression to create 
staged or timed therapeutic programs, and to conduct testing in established and novel models of 
lung cancer. Dr. Irvine briefly described the current status of these efforts using lipid nanoparticle 
replicons. 
 
Precise Tumor Targeting with Logic CAR Circuits 
Wilson Wong, PhD, Boston University 
 
Engineering tumor-seeking T-cells has shown to be a promising field of research, but significant 
problems related to toxicity, specificity, and disease relapse remain. Dr. Wong’s group first 
focused on addressing the specificity question. Combinatorial classification is the best approach to 
enhancing cancer specificity, but most therapeutics, such as chemotherapy or antibodies, cannot 
perform the necessary logic operations. However, Dr. Wong’s team believes a cell-based therapy 
can be designed to perform complex logic. They developed a system called SUPRA CAR T-cells 
which splits conventional CAR T-cell signaling into multiple CARs that each recognize one antigen 
and only activate the T-cell when two antigens are present through an AND circuit. Subsequent 
development has also enabled the system to perform NOT logic in circuits to prevent targeting of 
non-cancer tissues. The team has also developed a means of delivering the SUPRA CAR T-cells 
directly into tumors by implanting nanofiber surgical mesh. Dr. Wong plans to use the U01 grant 
to investigate how well these systems work at reducing toxicity while continuing to improve 
specificity. Dr. Wong briefly described in vivo models that will be employed to measure off-target 
effects for both AND- and NOT-gated systems.  
 
Engineering Native E. coli to Detect, Report, and Treat Colorectal Cancer 
Amir Zarrinpar, MD, PhD, University of California, San Diego 
 
Colorectal cancer is the fourth most commonly diagnosed cancer in the U.S. While the overall 
incidence has been decreasing over time, there has been a notable increase in cases in people 
under the age of 50. Improved early detection, prevention of progression from adenoma to 
carcinoma, and localized therapeutic modalities are some of the critical needs in CRC research. Dr. 
Zarrinpar’s team believes synthetic biology tools to functionally manipulate the gut microbiome 
and modify the luminal environment can address these gaps. There are limitations to this 
approach, however, particularly the challenge of colonizing engineered bacteria. Thus far, most 
engineered microbial chassis used to introduce transgenes have not been able to survive longer 
than 48 hours. This U01 aims to address the critical needs for better chassis that localize to 
cancer, environmental signals to identify cancerous tissue, and a plan to design biosensors and 
biotherapeutics to deliver the final product. The proposal hypothesizes that native bacteria 
already adapted to the host environment, such as E. coli, can be engineered to colonize the host 
and to detect and treat CRC. Dr. Zarrinpar briefly described the team’s proof-of-concept studies 
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that used bile salt hydrolase (BSH) as the transgene of interest. The engineered native bacteria 
(ENB) in these early studies were shown to have long survival rates and the ability to affect host 
physiology. Dr. Zarrinpar reviewed the three aims of the team’s proposal: to develop and test the 
ability of engineered bacteria to detect, sense, and treat CRC tumors; assess the influence of the 
TME on the colonization and performance of ENBs; and develop ENB that can detect and report 
progression from adenoma to cancer, based on proteases. Dr. Zarrinpar noted that this project 
emerged from a collaboration that originated at a 2020 SynBio and Cancer Jumpstart supported 
by NIH. Ultimately, the team hopes that ENB will allow for the perpetual colonization of 
conventionally raised hosts and functional manipulation of the gut microbiome and host 
physiology. Given the development of a successful chassis, Dr. Zarrinpar also hopes ENBs will one 
day be used for therapeutic interventions for adenoma and CRC, among other applications. 
 
Panel Session Q&A 
Dr. Berny-Lang led a discussion with the panel around barriers to clinical translation and ways to 
overcome those hurdles. Dr. Wong said that one major barrier is the amount of time it takes to 
perform each design-build-test cycle, particularly as systems become more complicated. Dr. Lim 
said the regulatory and manufacturing bottlenecks often influence researchers to be more modest 
in their aims. One of the advantages of SynBio is its ability to relatively quickly adjust and iterate 
designs based on experimental results, but this benefit is attenuated by the costly and time-
consuming regulatory process. CBER’s new regulation allowing for review of multiple cell 
therapies in a single IND is a step in the right direction. The panel also discussed the potential of 
academia-industry partnership to speed up the translational process, the role of the federal 
government in supporting pre-competitive design and assembly of core technologies, and ways to 
support reproducibility. 
 
Panel Session: Overview of Synthetic Biology at the NIH 
 
National Institute of Biomedical Imaging and Bioengineering (NIBIB) 
David Rampulla, PhD, Director, Division of Discovery Science & Technology, NIBIB 
Tatjana Atanasijevic, PhD, Division of Applied Science and Technology, NIBIB 
 
Dr. Rampulla began by briefly reviewing NOSI NOT-EB-20-017, Synthetic Biology for Biomedical 
Applications, which is a broad multi-IC announcement supported by eight NIH ICs interested in 
supporting SynBio research. Because there are subtle differences between the missions and 
priorities of participating NIH ICs, Dr. Rampulla advised interested parties to begin by contacting 
individual IC program officers. NIBIB’s mission is to integrate the physical sciences and engineering 
with life sciences to advance medical care. Unlike most other ICs, NIBIB is not disease- or 
physiology-specific. For this reason, NIBIB has a strong focus on developing modular platform 
technologies, particularly those with clinical trajectories. Some current SynBio research supported 
by NIBIB includes sensors, processors, actuators, molecular agents, and imaging probes for 
diagnostic and therapeutic uses. Drs. Rampulla and Atanasijevic described specific interests of the 
Engineering and Imaging Divisions, respectively, and encouraged potential applicants to reach out 
for more information. 
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National Center for Complementary and Integrative Health (NCCIH) 
Hye-Sook Kim, PhD, Basic and Mechanistic Research Branch, NCCIH 
 
Like NIBIB, NCCIH is not organ- or disease-specific. NCCIH’s mission is to determine the 
fundamental mechanisms, usefulness, and safety of complementary and integrative health 
interventions and their roles in improving human health and healthcare. Complementary and 
integrative health is a group of diverse medical and healthcare interventions, practices, products, 
or disciplines that have not historically been considered part of conventional modern medicine, 
such as natural products and mind and body approaches. Dr. Kim briefly noted NCCIH’s definition 
of natural products, which are the focus of NCCIH’s SynBio interest. Through the SynBio NOSI, 
NCCIH hopes to leverage the use of systems biology technology to better understand the 
fundamental biosynthesis and beneficial functions of natural products. Dr. Kim listed some 
examples of possible research, such as exploring the use of SynBio tools to improve the 
production of plant-based natural products from their natural sources. 
 
National Cancer Institute (NCI) 
Kelly Crotty, PhD, Center for Strategic Scientific Initiatives, NCI 
 
NCI’s previous investments in synthetic biology include research on new approaches to 
understanding cancer progression, metastasis, and resistance to therapy and developing new 
detection, diagnostic, and therapeutic systems. Dr. Crotty discussed how NCI recently created the 
Synthetic Biology and Cancer Program to expand NCI’s SynBio investment to all aspects of its 
mission area. As discussed in the previous session, the program is a highly interactive, 
collaborative network of six multidisciplinary research teams focused on areas of high impact 
SynBio research. NCI also funds the Innovative Molecular Analysis Technologies (IMAT) program, 
which is a grant program focused on early-stage cancer-related technology development, which 
includes SynBio applications. Dr. Crotty reviewed some of the active NCI SynBio-related funding 
announcements, including new IMAT RFAs, and FOAs for nanotechnology, bioengineering, and 
microbiome research approaches, among others.  
 
National Human Genome Research Institute (NHGRI)  
Stephanie Morris, PhD, Director, Division of Genome Sciences, NHGRI 
 
NHGRI supports cutting-edge research and development of new technologies to achieve its vision 
to improve human health through advances in genomics research. NHGRI seeks comprehensive 
approaches at the genome-wide scale and research that aims to produce generalizable methods 
and knowledge. NHGRI’s participation in the NIH SynBio NOSI encourages synthetic biology 
approaches, such as the development of synthetic genomic tools and approaches for the genome-
wide study of genome organization and function. NHGRI also has RFAs on novel synthetic nucleic 
acid technology development, which seeks to support technologies for generating synthetic 
nucleic acid constructs and currently funds novel enzymatic, biological, chemical, and physical 
approaches and instrumentation.  
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National Heart, Lung, and Blood Institute (NHLBI) 
Rahul Thakar, PhD, Advanced Technologies and Surgery Branch, NHLBI 
 
Dr. Thakar provided an overview of NHLBI and its SynBio opportunities. NHLBI’s Advanced 
Technology & Surgery Branch (ATSB) supports an integrated basic and clinical research program 
and manages most of the IC’s SBIR programs. Related to SynBio, NHLBI’s NOSI NOT-HL-21-024, 
Bold New Bioengineering Research for Heart, Lung, Blood and Sleep Disorders and Diseases, 
supports R21 grants that seek discovery- and design-driven bioengineering research ideas and 
emphasizes development of first-generation prototypes. This NOSI encourages the development 
of new ideas for diagnostics, therapeutics, computational modeling tools, and smart biomaterials, 
among other applications. Dr. Thakar also announced that NHLBI will be holding a Synthetic 
Biology Workshop in May/June 2022. This workshop will explore synthetic biology and 
engineering biological systems in advancing heart, lung, blood, and sleep research and clinical 
applications. NHLBI hopes the workshop will align and guide SynBio research efforts in support of 
NHLBI’s overarching mission. 
 
National Institute on Aging (NIA) 
Ronald Kohanski, PhD, Director, Division of Aging Biology, NIA 
 
Dr. Kohanski briefly described NIA’s mission. He noted that aging is not a disease but a broad loss 
of function and decrease in the body’s ability to fight disease. NIA is also one of the two NIH ICs 
tasked with addressing Alzheimer’s disease. Dr. Kohanski described how there are multiple 
molecular hallmarks of aging but one of the challenges for the field is developing biomarkers for 
aging. NIA believes SynBio approaches will be critical in this effort and has signed onto the NIH 
SynBio NOSI. Dr. Kohanski described some possible avenues of approach in this arena, such as 
engineering cellular reporter circuits to report aging phenotypes. 
 
National Institute of Allergy and Infectious Diseases (NIAID) 
Brigitte Sanders, PhD, Division of AIDS, NIAID 
 
NIAID’s mission is to conduct and support basic and applied research to better understand, treat, 
and prevent infectious, immunologic, and allergic diseases. NIAID also has a unique mandate to 
respond to emerging public health threats, as illustrated by the COVID-19 pandemic. Dr. Sanders 
briefly reviewed the Institute’s structure and noted that NIAID currently funds 49 investigator-
initiated grants involving synthetic biology. NIAID’s participation in the SynBio NOSI seeks to 
support basic research to better understand the complexities of infectious disease and immune 
disorders and to facilitate the design and development of novel sensors, therapeutics, antibodies, 
or vaccine approaches to confront challenges in infectious disease diagnosis, prevention, 
treatment, and eradication. Dr. Sanders briefly described other RFAs supported by NIAID.  
 
Eunice Kennedy Shriver National Institute of Child Health and Human Development (NICHD) 
Tuba Fehr, PhD, Developmental Biology and Structural Variation Branch, NICHD 
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NICHD supports and conducts research and training to understand human development, improve 
reproductive health, enhance the lives of children and adolescents, and optimize abilities for all. 
NICHD seeks to support synthetic biology efforts in developmental biology, regenerative 
medicine, synthetic microbiome, drug development, and synthetic chromosome. Dr. Fehr 
discussed some potential NICHD-relevant research topics that would fall under the SynBio NOSI, 
such as transgenic synthetic biology tools and approaches in animal model systems for the study 
of embryonic development, engineered pluripotent cells and organoids to advance birth defects 
research; development of diagnostic or therapeutic synthetic biomarkers; and delivering 
therapeutic payloads to targeted tissue niches, among other areas.  
 
National Institute of General Medical Sciences (NIGMS) 
Michele Bond, PhD, Division of Pharmacology, Physiology, and Biological Chemistry, NIGMS 
 
NIGMS supports basic research that increases understanding of biological processes and lays the 
foundation for advances in disease diagnosis, treatment, and prevention. Additionally, NIGMS 
provides leadership in training the next generation of scientists, enhancing scientific workforce 
diversity, and developing the nation’s research capacity. In addition to participating in the SynBio 
NOSI, NIGMS supports other investigator-initiated FOAs that might be of interest to SynBio 
researchers, such as the Exploratory Research for Technology Development R21, which is 
designed for the early and conceptual stages of novel project development, and the Focused 
Technology Research and Development R01, which provides supports for a project that needs 
technical support to produce a working prototype. NIGMS also has SBIR/STTR grants that offer 
early-stage R&D capital for promising small businesses looking to expand commercialization. 
 
NIH Brain Research through Advancing Innovative Neurotechnologies (BRAIN) Initiative  
Ryan Richardson, PhD, Office of the BRAIN Director, NIH BRAIN Initiative  
 
The BRAIN Initiative is a congressionally-mandated trans-NIH program that aims to support 
technological innovations to foster new discoveries in brain function, leverage these advances to 
enable new therapeutic strategies for human brain disorders, and disseminate and democratize 
technologies for basic discovery and clinical applications. Dr. Richardson listed some examples of 
many active RFAs relevant to the field of SynBio, most of which are technology-focused and 
emphasize precision medicine. Dr. Richardson also highlighted the BRAIN Initiative’s efforts to 
promote scientific excellence by enhancing diversity, equity, and inclusion.  
 
Day 1 Closing Remarks 
David Rampulla, PhD, Director, Division of Discovery Science & Technology, NIBIB 
 
Dr. Rampulla thanked the NIH IC representatives for their presentations. The consortium then 
held an office hours session where attendees could converse with the IC representatives in 
breakout rooms about questions and potential areas of programmatic interest.  
 
Day 2 - Welcoming Remarks 
Michelle Berny-Lang, PhD, Program Director, Center for Strategic Scientific 
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Dr. Berny-Lang welcomed attendees to the second day of the SynBio Consortium and briefly 
reviewed the grant writing, scientific, and informational sessions from Day 1, which were 
engaging and well-attended. Day 2 will focus on clinical translation, SynBio research showcases, 
and the FDA regulatory process.  
 
Keynote Speaker: Designing Intelligent Cell and Gene Therapies 
Timothy Lu, MD, PhD, Co-founder and Chief Executive Officer, Senti Biosciences 
Gary Lee, PhD, Chief Scientific Officer, Senti Biosciences 
 
Dr. Lu began the presentation by providing an overview of Senti Biosciences, which designs gene 
circuits for next-generation cell and gene therapies. Building on advances in the field over the past 
decade, Senti Bio’s proprietary gene circuit technology platform enables the development of a 
wide variety cell types and gene therapy vehicles with enhanced efficacy, safety, and control. This 
technology works across multiple therapeutic modalities, including NK cells, T-cells, and mRNA, 
among others. Senti believes this technology has the potential to help patients with unmet needs 
in oncology, immunology, genetic diseases, and other disease areas. The company anticipates 
filing for INDs in 2023 for two oncology candidates: SENTI-202 for acute myeloid leukemia (AML) 
and SENTI-301 for hepatocellular carcinoma (HCC). Senti’s intelligent circuits fall into four 
categories: logic gating, multi-arming, regulator dials, and smart sensors. The company believes 
these technologies have the potential to overcome fundamental disease challenges such as target 
heterogeneity and disease evasion. For example, multi-arming can enable mixing and matching of 
payloads to target multiple disease pathways within a single all-in-one drug to combat disease 
evasion. Logic gating can address target heterogeneity by allowing for highly specific therapies 
that can recognize multiple antigens whereby safety antigen engagement can enable protection 
of healthy cells. Dr. Lu discussed how Senti’s technology can incorporate regulator dial circuits 
that can deliver cell therapies using FDA-approved drugs via multiple drug switches, improving 
control of drug delivery. Smart sensors can be used to facilitate precise and dynamic recognition 
of diseased cells via signals transcription factor signals. As a specific example, Dr. Lu described 
how Senti designed and engineered its NOT gate circuits, which have been shown successfully 
target and kill cancer cells and spare healthy cells in in vivo studies. Dr. Lu noted that Senti 
believes that NOT logic gates are less susceptible to tumor escape than AND gate functions. Other 
studies have shown that multi-armed CAR-NK cells exhibit significantly improved killing of cancer 
cells. Dr. Lu then briefly reviewed Senti’s candidate pipeline being developed with pharmaceutical 
industry partners. 
 
Dr. Lu invited Dr. Lee to talk more about how Senti utilizes NK cell-based SynBio approaches in its 
candidate to address AML. Recent research has shown that engineered NK cells are an ideal 
modality for gene circuit-enhanced cancer cell therapy because of their innate killing ability, 
immune activation response, and favorable safety profile, among other factors, when compared 
to T-cell therapy. Dr. Lee then described how Senti’s proprietary calibrated release IL-15 
constructs enhance NK cell persistence and tumor killing functions. The SENTI-202 candidate is a 
novel calibrated release platform designed to address unmet needs in the treatment of AML while 
also using logic gates to overcome target heterogeneity and toxicity disease challenges. 
Ultimately, Senti Bio believes this allogeneic logic-gated CAR-NK construct offers the potential for 
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an AML cure without bone marrow transplant. Dr. Lee presented data from studies that show that 
FLT3 or CD33 NK cells significantly suppressed tumor growth, reduced tumor burden, and 
improved survival in mouse models. Studies further indicate that the NOT logic gate enables 
protection of cells expressing endomucin while maintaining on-target killing of FLT3+ leukemia 
cells. Finally, Dr. Lee discussed important considerations for translational research involving 
advanced therapeutics, such as risk involved in developing novel technology, the importance of 
communication with the regulatory and patient community, and the limitations of preclinical 
models.  
 
SynBio Consortium Showcase: Part I 
Moderator: Nichole Daringer, PhD, Rowan University 
 
Dr. Daringer provided an introduction of the showcase session, which will focus on engineering 
mammalian cells as therapeutics.  
 
Engineered Cells for In Situ Synthesis of Therapeutic Proteins 
Parijat Bhatnagar, PhD, SRI International 
 
Dr. Bhatnagar opened his talk by noting that cell-based diseases such as cancer, viral diseases, and 
autoimmune disorders are characterized by their ability evade the human immune system. Dr. 
Bhatnagar’s team hopes to overcome this challenge by developing a living medicine called a T-cell 
biofactory that assembles where it is needed when it is need, without passing through heavy 
tissues. These T-cell biofactories transform primary T-cells into vectors for in situ calibrated 
synthesis of desired proteins. Dr. Bhatnagar described a use case involving an anti-tumor T-cell 
biofactory degrades extracellular matrix (ECM), which prevents the entry of anti-tumor agents 
into the TME. Dr. Bhatnagar presented data from in vitro and ex vivo experiments that have 
validated this approach. Another use case for this construct is an antiviral T-cell biofactory that 
produces interferon (IFN) to help combat SARS-CoV-2 and is only activated when it comes in 
contact with infected cells and provide protection at early stages of infection. Dr. Bhatnagar 
discussed a third potential use for this approach, which would be as engineered cell-based 
diagnostics. As an example, Dr. Bhatnagar described an engineered T-cell that could be used as a 
diagnostic cell for SARS-CoV-2 antigen and serology tests. The advantages of this approach would 
be ease of use and ease of manufacturing since the cells are self-replicating. 
 
Engineering Cell-based Therapies that Sense and Modulate the Tumor Microenvironment 
Josh Leonard, PhD, Northwestern University 
 
The creation of engineered CAR T-cells was one of the first big wins for engineered cell therapies, 
but a key limitation is that they rely on the existence and knowledge of a unique tumor antigen. 
Thus, there is a need for an antigen-independent, specific activation of cell-based therapies in the 
TME. Dr. Leonard’s team has been attempting to build tumor-specific therapies that recognize the 
tumor by sensing one or more features that distinguish the TME from other parts of the cell. To 
fulfill the sensing function, the team designed the Modular Extracellular Sensor Architecture 
(MESA), originally developed by Dr. Daringer, which is a self-contained receptor and signal 
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transduction platform. It has modular input sensing that is compatible with various binding 
domains and can sense soluble ligands. MESA also allows for modular outputs such as 
transcription factor, chromatin modifier, nuclease, or enzyme, for example. Dr. Leonard described 
how he and his partners designed a computational protein design strategy called SPORT for 
adjusting reconstitution propensity to optimize split protein reconstitution in sensing 
technologies. This shows how computation-guided design of novel parts can help enable the 
design of high performing, robust receptors. Dr. Leonard’s group also developed a platform to 
help design gene circuit processors called COMET (COmposable Mammalian Elements of 
Transcription), which a library of engineered transcription factors and promoters. Dr. Leonard’s 
team found that COMET-informed designs can reliably yield circuits that work across topologies, 
implementations, and level of complexity. One of the research team’s next steps is to design 
hypoxia-sensing tumor sensors as a reliable engineered tumor-sensing technology.  
 
Advancing Therapeutics by Reprogramming Cells to Direct Cell Fate Outcomes 
Tara Deans, PhD, University of Utah 
 
Dr. Deans’ lab is interested in directing hematopoiesis to make platelets in vitro. Because they are 
anucleate, platelets offer innate storage, trafficking, and release capacities that make them 
promising candidates for next generation therapeutic delivery vehicles. To engineer platelets, Dr. 
Deans’ team had to first determine what drives cell fate decisions. Transcription factor level is an 
important determining factor but controlling and reliably recapitulating the results from 
hematopoietic stem cells (HSCs) can be difficult and cost-prohibitive. Dr. Deans’ lab is building 
genetic circuits to allow for regulation of transcription factor expression in support of scalable 
production of megakaryocytes (MKs), from which platelet-like particles are derived. Dr. Deans 
described some of the tools her team is developing as part of this effort. Because HSCs do not 
survive very long in vitro, the team decided to start with pluripotent stem cells to utilize gene 
circuits to direct cell fate decision. In addition, for engineering platelets as therapeutic delivery 
vehicles for metabolic disorders and tumor cells, clinical trajectories for the platform technology 
include treatments for thrombocytopenia, excessive bleeding, surgical blood loss, and bone 
marrow dysfunction.  
 
SynBio Consortium Showcase: Part II 
Moderator: Jiahe Li, PhD, Northeastern University 
 
Dr. Li introduced Part II of the Consortium Showcase, which focuses on SynBio research on 
engineered bacteria that can be harnessed for therapeutic interventions.  
 
Regulated Microbial Production of DOPA 
Andy Ellington, PhD, University of Texas at Austin 
 
Dr. Ellington’s presentation was on the use of bacteria engineered to release levodopa (L-DOPA) 
as treatment for Parkinson’s disease. He described how his lab used a technique called 
compartmentalized partnered replication (CPR) to perform directed evolution of a L-DOPA 
responsive transcription factor called PP2551 that had previously been identified and 
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characterized in E. coli. The team then used the evolved L-DOPA responsive transcription factor to 
design a genetic circuit to evolve the E. coli gene HpaBC to improve the production of L-DOPA. Dr. 
Ellington then described how his team tested the controlled production of L-DOPA in Nissle E. coli 
strain in mouse models. These in vivo results confirmed the potential of utilizing engineered 
bacterial constructs for therapeutic purposes. Dr. Ellington’s group then designed a more complex 
T7 RNA polymerase (RNAP) regulation circuit, which it calls a homeostasis circuit. These 
homeostasis circuits enable the modulation of gene expression and have been shown to work 
across both E. coli Nissle and S. typhi species. This research shows that directed evolution can 
facilitate the development of synthetic gene circuit production and microbiome-mediated 
therapies. The modular construction of circuitry also holds promise for a number of regulatory 
paradigms. Going forward, Dr. Ellington’s team plans to assess different controlled release 
modalities in mouse models and examine the feasibility of horizontal gene transfer as a delivery 
method.  
 
Predicting and Controlling the Human Gut Microbiome 
Ophelia Venturelli, PhD, University of Wisconsin-Madison 
 
Dr. Venturelli discussed how her lab has been working to construct synthetic human gut microbial 
communities in the hopes of identifying communities with beneficial functions and furthering 
understanding of the chemical transformations that are mediated by microbial interactions. There 
are many challenges to designing engineered species, which need sensors, actuators, and the 
selection of a chassis with sufficiently high fitness. Dr. Venturelli’s lab has focused much of their 
research into beneficial microbial functions on butyrate, which is a metabolite associated with a 
number of health benefits. The team used computational modeling to develop a predictive model 
that accurately forecasts butyrate production and can be used to identify molecular mechanisms 
and inform design of support communities that enhance butyrate production. Dr. Venturelli’s 
team is also working to engineer highly abundant commensal species that incorporate biosensors, 
selective antimicrobial actuators, and novel mechanistic control knobs to be utilized as next-
generation therapeutics. In addition to therapeutic applications, synthetic communities can be 
used to understand the mechanisms of community-level functions.  
  
Engineered Bacteria for Cancer Therapy 
Tal Danino, PhD, Columbia University 
 
Bacteria have historically been used to fight cancer but concerns about safety and advances in 
other anticancer modalities led this field of study to fade away. Dr. Danino described how certain 
species of bacteria have been shown to selectively grow in tumor environments. Most 
promisingly, bacteria have the ability to colonize almost all types of solid tumors. Studies by Dr. 
Danino and other researchers have also shown that the systemic delivery of bacteria can colonize 
multiple syngeneic and xenograft mouse tumor models. Dr. Danino’s group is working to design 
engineered bacteria, which they call intratumoral bioreactors, that reside in tumors and can 
provide local production and release of therapeutics within tumors. The ultimate goal of this 
research is to create engineered living medicines that can engage in continuous sense-and-
respond therapeutic behavior. Dr. Danino then described studies in which his team used 
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synchronized lysis circuits (SLC) for therapeutic delivery of bacteria engineered to produce a CD47 
nanobody. Experiments showed a therapeutic effect that induces a tumor antigen-specific CD8+ 
T-cell response in untreated tumors as well as treated tumors. Another study that used a 
genomically integrated SLC expressing PD-L1 and CTLA-4 nanobodies demonstrated efficacy with a 
single dose and improved efficacy compared to antibody delivery. Dr. Danino believes bacterial 
constructs have a unique niche in cancer immunotherapy and described how his group has 
designed probiotically-guided CAR T-cells (ProCARs) which could help overcome antigen-related 
CAR T-cell limitations.  
 
Keynote Speaker: FDA’s role in Biological Product Review and Development 
Karen Elkins, PhD, Center for Biologics Evaluation and Research (CBER), FDA 
Carolyn Yong, PhD, Office of Tissues and Advanced Therapies (OTAT), CBER, FDA 
 
Dr. Elkins began her talk by reviewing FDA’s mandate and purpose, which is to protect the public 
health by assuring the safety, efficacy, and security of drugs, biological products, and medical 
devices, among other products. During this process, FDA reviews manufacturing data, product 
testing data, and data from clinical studies to inform its decisions about product approval. FDA 
performs its own research and testing, inspects production facilities, and assures that the public 
receives accurate, science-based information about new products. OTAT is responsible for 
reviewing most SynBio-related products, such as blood products, human tissues and cellular 
products, gene therapies, vaccines, and devices related to biologics. Dr. Elkins then reviewed the 
regulatory phases involved in developing a new biological drug product. These phases include pre-
IND, IND, Biologics License Application (BLA), post-approval activities. For new research teams 
with a candidate product getting ready to gear up for clinical product development, Dr. Elkins 
recommended seeking experienced collaborators, such as a regulatory affairs professional, a 
Current Good Manufacturing Practice (cGMP) contract manufacturer, and partners with strong 
clinical trial and statistical analysis experience. Dr. Elkins then discussed product testing and 
quality control, the importance of clinical testing and developing strong IND submission rationales 
and support. Researchers must provide justification for their first-in-human clinical trial, details on 
the dosing regimen, route of administration, establish feasibility and safety, justify patient 
eligibility criteria, and identify potential toxicities and physiologic parameters to help guide clinical 
monitoring. Dr. Elkins described the IND review process from the FDA side, which is conducted by 
a review team comprising a Regulatory Project Manager, pharmacology reviewer, clinical 
reviewer, statistics reviewer, and chemistry, manufacturing, and control reviewer. She then briefly 
reviewed the clinical trial development phases, from small Phase 1 exploratory trials to large 
Phase 3 confirmatory trials. The stage of product development informs the review, with safety 
being the primary concern at all stages. Dr. Elkins noted that FDA expectations are highly product-
dependent since manufacturing procedures, technologies, and methods can differ widely and the 
product risk depends on these factors. Upon successful completion of the clinical trial phase, FDA 
scrutinizes the clinical trial data for true safety and efficacy outcomes, assures controlled 
manufacturing and product stability have been demonstrated.  
 
Dr. Yong then discussed interaction opportunities offered by FDA and CBER. FDA encourages 
research teams to communicate with FDA early and often. FDA’s INTERACT (INitial Targeted 
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Engagement for Regulatory Advice on CBER producTs) program offers preliminary, informal 
consultation with CBER for innovative investigational products in early stage of development, 
before the pre-IND stage. Dr. Yong also discussed the criteria for engaging in the official pre-IND 
stage. The Prescription Drug User Fee Act (PDUFA) reauthorizations have provided for further, 
more formal meetings with FDA at various stages of the product development cycle. Dr. Yong also 
provided a brief overview of various expedited programs offered by the FDA, such as Priority 
Review Designation and Breakthrough Therapy Designation, that are available for products that 
meet certain criteria, such as offering substantial improvement over existing products on the 
market. Researchers involved in developing advanced technology should contact the CBER 
Advanced Technologies Team (CATT). Finally, Dr. Yong reviewed guidance and compliance 
documents and resources available to researchers.  
 
Closing Remarks 
David Rampulla, PhD, Director, Division of Discovery Science & Technology, NIBIB 
 
Dr. Rampulla thanked the participants and attendees for taking time to join the 2021 SynBio 
Consortium. He thanked the NIH staff for helping to coordinate the successful meeting across two 
days. Finally, Dr. Rampulla announced that NIH plans to host the 2022 SynBio Consortium in-
person on November 7-8, 2022, on the NIH campus in Bethesda, Maryland. 
 



 

 

 
 
 

Agenda – Day 1: November 4, 2021 (all times Eastern Daylight Time) 
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11:00am – 
11:15am 

Welcoming Remarks 
 

Dave Rampulla, NIBIB, Division of Discovery Science and Technology (Bioengineering) 
11:15am – 
12:45pm 

Parallel Sessions 

 Collaborative Approaches to Engineer Biology for Cancer Applications - 
Principal Investigators 

 
Discussion of awarded projects and consortium connections followed by 
interactive Q&A session with panel speakers. 

 
Moderator: Michelle Berny-Lang, NCI, Center for Strategic Scientific 
Initiatives 

 
Presentations: 
AND-gated Synthetic Biomarkers for Early Detection of Liver Metastasis 

•   Gabriel Kwong, Georgia Institute of Technology 
Synthetic circuits that drive infiltration of therapeutic T cells into 
immunologically cold tumors 

•   Wendell Lim, University of California, San Francisco 
Personalization and Failure Testing of Dual Switch Gene Drives in Lung 
Cancer 

•   Justin Pritchard, Pennsylvania State University 
Immunotherapy via engineered therapeutic programs in tumors using RNA 

•   Darrell Irvine, Massachusetts Institute of Technology 
Precise tumor targeting with logic CAR circuits 

•   Wilson Wong, Boston University 
Engineering Native E. coli to Detect, Report, and Treat Colorectal Cancer 

•   Amir Zarrinpar, University of California, San Diego 

Grant/Technical Writing 
Session - Trainees 

 
Discussion of T's, K's, and F's 
and how these are different 
from other research grants 
followed by interactive Q&A 
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Manana Sukhareva, NIBIB, 
Office of Scientific Review 
Leslie Frieden, NIDCR, Division 
of Extramural Research 

12:45pm - 
1:00pm 
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1:00pm - 
1:45pm 

Synthetic Biology at the NIH: Overview 
Brief presentations from NIH ICs with interest in Synthetic Biology 

 
1.    NIBIB 

•   Dave Rampulla, NIBIB, Division of Discovery Science and Technology (Bioengineering) 
•   Tatjana Atanasijevic, NIBIB, Division of Applied Science and Technology (Bioimaging) 

2.    NCCIH 
•   Hye-Sook Kim, NCCIH, Basic and Mechanistic Research 

3.    NCI 
•   Kelly Crotty, NCI, Center for Strategic Scientific Initiatives 

4.    NHGRI 
•   Stephanie Morris, NHGRI, Division of Genome Sciences 

5.    NHLBI 
•   Rahul Thakar, NHLBI, Advanced Technologies and Surgery Branch 
 
 
 
 



 

 

 
 
 

 6.    NIA 
• Ronald Kohanski, NIA, Division of Aging Biology 

7.   NIAID 
• Brigitte Sanders, NIAID, Division of AIDS 

8.    NICHD 
•   Tuba Fehr, NICHD, Development Biology and Structural Variation Branch 

9.    NIGMS 
•   Michelle Bond, NIGMS, Division of Pharmacology, Physiology, and Biological Chemistry 

10.  BRAIN 
•   Ryan Richardson, NINDS, Office of the BRAIN Director 

1:45pm - 
2:00pm 

Break 

2:00pm - 
3:00pm 

NIH IC “Office Hours” 
 

Talk with Program Officers about your research, grant mechanisms, and IC missions 
 

1.    NIBIB 
•   Dave Rampulla, NIBIB, Division of Discovery Science and Technology (Bioengineering) 
•   Tatjana Atanasijevic, NIBIB, Division of Applied Science and Technology (Bioimaging) 

2.    NCCIH 
•   Hye-Sook Kim, NCCIH, Basic and Mechanistic Research 

3.    NCI 
•   Jerry Li, NCI, Structural Biology and Molecular Applications Branch 
•   Kelly Crotty, NCI, Center for Strategic Scientific Initiatives 
•   Michelle Berny-Lang, NCI, Center for Strategic Scientific Initiatives 

4.    NHGRI 
•   Stephanie Morris, NHGRI, Division of Genome Sciences 

5.    NHLBI 
•   Rahul Thakar, NHLBI, Advanced Technologies and Surgery Branch 

6.   NIA 
•   Ronald Kohanski, NIA, Division of Aging Biology 

7.    NIAID 
•   Brigitte Sanders, NIAID, Division of AIDS 
•   Reed Shabman, NIAID, Division of Microbiology and Infectious Diseases 

8.    NICHD 
•   Tuba Fehr, NICHD, Development Biology and Structural Variation Branch 

9.    NIGMS 
•   Michelle Bond, NIGMS, Division of Pharmacology, Physiology, and Biological Chemistry 

10.  BRAIN 
•   Ryan Richardson, NINDS, Office of the BRAIN Director 
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Time Session 
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Michelle Berny-Lang, NCI, Center for Strategic Scientific Initiatives 

11:15am – 12:00pm Keynote Speaker 
 
Designing Intelligent Cell and Gene Therapies 
Tim Lu, Massachusetts Institute of Technology  
Gary Lee, Senti Biosciences 

12:00pm – 12:15pm Break 

12:15pm – 1:00pm 
SynBio Consortium Showcase: Part I 
 
Moderator: Nichole Daringer, Rowan University 

12:15pm – 12:25pm Engineered cells for in situ synthesis of therapeutic proteins 
Parijat Bhatnagar, SRI International 

12:25pm – 12:35pm Engineering cell-based therapies that sense and modulate the tumor microenvironment  
Josh Leonard, Northwestern University 

12:35pm – 12:45pm Advancing therapeutics by reprogramming cells to direct cell fate outcomes  
Tara Deans, The University of Utah 

12:45pm – 1:00pm 
Q&A panel 

1:00pm – 1:45pm 
SynBio Consortium Showcase: Part II 
 
Moderator: Jiahe Li, Northeastern University 

1:00pm – 1:10pm Regulated Microbial Production of DOPA 
Andy Ellington, University of Texas at Austin 

1:10pm – 1:20pm Predicting and controlling the human gut microbiome 
Ophelia Venturelli, University of Wisconsin-Madison 

1:20pm – 1:30pm Engineering bacteria for cancer therapy 
Tal Danino, Columbia University 

1:30pm – 1:45pm 
Q&A panel 

1:45pm – 2:00pm Break 

2:00pm – 2:45pm 

Keynote Speaker 
 
FDA’s role in Biological Product Review and Development 
Karen Elkins, Center for Biologics Evaluation and Research, FDA 
Carolyn Yong, Center for Biologics Evaluation and Research, FDA 

2:45pm – 3:00pm 
Closing Remarks 
 
Dave Rampulla, NIBIB, Division of Discovery Science and Technology (Bioengineering) 

 
 


