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Engineer custom red blood cells to optimize warfighter physiology
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Impact: Can maximize performance and survivability 
by giving engineered red blood cells to warfighters 

before deploying to operational environments
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Red blood cells are a compelling substrate to engineer
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Feedback BUT short-lived

Engineered Bacteria

Feedback AND long-term

Smart-RBCs
No Feedback AND short-lived

Pharmaceuticals

Long-term BUT no feedback

Long-circulating particles

RBC – Red blood cell

BLUF: Smart-RBCs could contain feedback AND circulate up to 120 days in vivo
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Insight: Red blood cells have many desirable characteristics

Conclusion: RBCs are ideal for using biological circuits to optimize human physiology

1. RBCs are abundant & durable
• >80% of human cells are RBCs
• Circulate for ~120 days
• Coordinate host physiology 

2. Engineered RBCs are safe
• Accurate animal models
• Minimal risks of genetic engineering (no nucleus)

3. Blood products are familiar to the DoD
• Efficient handling, storage, & transport

BLUF: Red blood cells are abundant, safe, and familiar

7-8 um

2.5 um

Hemoglobin

Cytoplasm

Actin

Cell
membrane

Lipid bilayer
Trans-
membrane 
protein

5RBC – Red blood cell Dist A: Public Release, Distribution Unlimited



1 10 100 1000 10,000Time for 
effect

(hours)

Diet, exercise, 
& sleep

SoA to alter physiology are inadequate for modern warfighting
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Natural 
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Simulated 
acclimation

PharmaceuticalsEmergency 
MCM

-- Fast but incomplete & risk of side effects -- Natural and safe, but slow

SoA – State of the art Dist A: Public Release, Distribution Unlimited



“Smart Red Blood Cells” as an extensible platform

Smart-RBCs
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Sense, Decide, & Act
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Notional workflow for performers
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RBC – Red blood cell; SRBCs – Smart red blood cells; 
HSC – hematopoietic stem cell; TC – Technical Challenges
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Successful
Capability
Demo of 
SRBCs

TC#1 – Produce, position, and retain circuit components

TC#2 – Develop SRBCs containing biological circuits

Capability Demo

Te
ch

ni
ca

l 
Ch

al
le

ng
es

Dist A: Public Release, Distribution Unlimited



• TC#1 - Produce, position, and retain novel proteins in 
mature RBCs

• TC#2 - Develop biological circuits with sense, decide, 
and act capabilities

• CD - Demonstrate a biological circuit with integrated 
Sense, Decide, and Act functions in SRBCs

Possible workflows must address scientific questions

Performer Problem Set & Design Space

RBC – Red blood cell; SRBCs – 
Smart red blood cells;

1. What are the limits of expressing 
new proteins in human red blood 
cells by engineering precursors?

2. What type of novel biological 
circuits are possible to build in a 
human red blood cell and what 
impact can they impart?

3. What is the impact of modifying 
red blood cells to contain novel 
circuits on RBC function and 
physiology?

Open Scientific Questions
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Program schedule & milestones

Components
Phase I; Technical Challenge #1
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Phase II; Technical Challenge#2 and CD
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Capability Demo CD

Sense, Decide, Act 2.1Edit genes of progen. 1.1

Produce proteins 1.2

Position & Retain proteins 1.3

Optimize protein position/ret. Optimize “Sense, Decide, Act” & biol. circuitSimulate impact on RBC metabolism S.2S.1

Inherent risks Mitigation plan Final assess.EAA
Assessments

Regulatory
Engagement

Eng. cells Manufacturing

RBC – Red blood cell; TC – Technical challenge; T&E – Testing 
and Evaluation EAA – Eligibility, Adoption, and Adherence; PFP – 
Pull Forward Plan

Make biological circuit 2.2

S.3

G
ov
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Capability Demo Overall Goal Potential Test Beds Potential Metrics

Increase exercise 
tolerance in pre-

clinical model

• In Vitro – N/A
• Organ-on-a-Chip – 

Microfluidic muscle models 
coupled with oxygenation

• In Vivo – Humanized mice or 
humanized pigs

Organ-on-a-Chip

• Reduce lactate production by 25%

• Increase mitochondrial oxidative 
capacity by 33%

In Vivo

• Increase exercise resistance by 
>10%

Accelerate 
hemostasis after 

bleeding

• In Vitro – Clotting time
• Organ-on-a-Chip – 

Vascular & capillary beds with 
flowing RBCs

• In Vivo – Humanized mice or 
humanized pigs

In Vitro
• Activated clotting time <30 sec
Organ-on-a-Chip
• Accelerate platelets activation <2 

hours
In Vivo
• Decrease blood loss after injury 

<0.005 g/weight

Capability demos to test performance level metrics
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Metrics – Program Objectives

12RBC – Red blood cell; KD – Binding affinity; 

Technical 
Challenge DARPA-defined Proposer-defined

TC#1
(Produce, 
Position, & 

Retain)

• Produce: ≥10 new proteins
• Produce: >80% gene editing efficiencya

• Position: Proteins at 2 locations (cytoplasm & membrane)

• Produce: # of protein 
copies per cell

• Retain: % proteins 
during RBC 
differentiation

TC#2
(Sense, Decide, & 

Act)

Sense

Limit of detection 
(LOD) 1%b

• Sense: Receptors-
Ligand affinity (KD)

• Decide: ON/OFF ratio 
for switch

Dynamic range 1% to 1000%b

Minimum 
concentration 

resolution
1%b

Number of 
biomarkers 2

Decide Logic elements Integrate ≥2 logic gates (AND / OR)
Switch ON-OFF ratio >10xb

Act Signal gain >100xb

a – Average for one gene modification
b – Relative to normal baseline physiological valuesDist A: Public Release, Distribution Unlimited
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Metrics – Cell Fitness and Safety

Category Metrica Example Methodology

Cell Fitness
Circulation time: ±10% Microfluidics devices
Clotting time (hemostasis): ±10% Activated clotting time
Shape and size: ±1%; MCV<80fL Blood smear assay, MCV

Safety

Inflammation & immunity biomarkers: ±10% ELISA and/or flow
Hemoglobin and saturation: MCHC 32-36g/dL Oximetry, MCHC
Non-specific interactions: Albumin binding @ 
<100 ng-cm-2 (or equivalent)

Incubation assays coupled with 
fluorescence

Oxidative Stress: ±10% RoxyScan

Lifetime 
maintenance 

Longevity: CD 47 ≤250 molecules/um2 and/or 
Phosphatidylserine (PS) <1%

Protein analysis

MCHC – mean corpuscular hemoglobin concentration; MCV – 
mean corpuscular volume a – Compared to a normal red blood cellDist A: Public Release, Distribution Unlimited



Smart-RBCs will enable blood products for many CONOPS

Smart-RBCs
(platform)Personalize
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Sense, Decide, & Act
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Program Comparison: RBC-Factory vs. Smart-RBC

15RBC – Red blood cell; 

RBC-Factory Smart-RBC

Overall 
Vision

Protect warfighters by maximally inserting 
medical countermeasure cargo(es) into 

RBC

Optimize warfighter physiology by creating 
engineering custom RBC with novel biological 

circuits

Notional 
CONOPS

Include hemostatic agent into RBC to 
protect against bleeding after trauma 

Optimize metabolic pathways based on the 
external environment

Program 
Effort

Engineer medical devices to maximize 
cargo insertion in RBC at scale

Synthetic biology and cell manufacturing to 
create custom RBC with Sense, Decide, and 

Act layers

Impact
• Novel devices to protect our forces at 

scale
• New knowledge into RBC biophysics

• Revolutionary strategies to use synthetic 
biology for operational overmatch

• Understanding limits of cell engineering

RBC-Factory is designing medical devices to maximize force protection 
Smart-RBC is engineering cells to optimize human physiologyBLUF
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Program Logistics and Tips 
Timeline and Contact Information

Critical Considerations
• The award vehicle will be an Other Transaction for Prototype (OT) with 

Milestone Payments
• The Oral Presentation Package (OPP) phase is by DARPA’s Invitation 

ONLY

Tips for Successful Abstract Submission
• Read the Program Solicitation (PS-26-02) carefully
• Email questions to Smart-RBC@darpa.mil before November 3, 2025; 

12:00 PM ET
• Form complete teams with comprehensive expertise & capabilities

• Teaming is strongly encouraged
• Industry expertise desirable
• Teams are encouraged to have a program coordinator/project manager
• There is no bias for teams internal to one institution or across multiple 

institutions, but effective communication and collaboration between 
teams is key

PS Released
October 17, 2024

Proposers Day
October 20, 2025

Abstracts Due
November 12, 2025

OPPs Due
January 14, 2025

Invitations to 
submit OPPs
December 2, 2025

Oral Presentations 
in Arlington, VA
January 21-22, 2026
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Abstract Evaluation Criteria
All Criteria Must Be Addressed

Technical Comprehension
The proposed technical plan aligns to Smart-RBC’s desired outcomes, the proposed approach 
is clearly described, and key technical challenges and risks are identified.

Technical Ability
The proposer’s team expertise and organization(s), including the Program Manager and 
Principal Investigator roles defined with the lines of effort support the ability to achieve the 
objectives of the program.

Potential Contribution and Relevance to the DARPA Mission
DARPA’s mission is to make pivotal early technology investments that create or prevent 
strategic surprise for U.S. National Security

Cost Realism
Costs are realistic for the technical and management approach and accurately reflect the 
technical goals and objectives of the solicitation.
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Data sharing
Proposals must include the description of a plan to share information with 
DARPA, Smart-RBC T&E teams and U.S. Government stakeholders

Human Subjects Research (HSR)
Proposals must not contain clinical trials or direct human testing. Proposals may 
use donor blood or blood products. See diagram to the right. 

Animal Care and Use Review Office (ACURO)
Proposals may contain ASR (particularly for the capability demo) but ASR is not 
required for a Smart-RBC proposal.
All United States Department of Defense (DoD) funded research involving 
laboratory animals must be reviewed for compliance with Federal and 
Department of Defense (DoD) Animal Care and Use Review Office 
(ACURO) and approved by the Office of Research Protections (ORP).
You will not be allowed to initiate animal work until you receive 
approval from the Animal Care and Use Review Office (ACURO).

Additional Requirements
All Requirements Must Be Addressed

Source
# 
donors

IRB 
review

OHRO 
Review

Commercial >1 No No

Commercial 1 Yes^ Yes

Non vendor* ≥1 Yes Yes
^Local IRB are likely to respond that these 
types of samples do not require review; 
submit their written denial for secondary 
review
*Non-vendors include private blood banks, 
in-house and research clinics, compensated 
donor draws, etc.

Table showing review 
requirements for human donor 
blood or blood products
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DARPA Team

Government & Contract Support Staff
Name Role Contact
Christopher J. Bettinger Program Manager Christopher.Bettinger@darpa.mil
Cody Thornton Deputy Program Manager Cody.Thornton@darpa.mil
Sarah Ackerman Lead Technical SETA Sarah.Ackerman.ctr@darpa.mil
Kerry Leehan Technical SETA Kerry.Leehan.ctr@darpa.mil
Jillian Swilley Business Financial Manager (BFM) Jillian.Swilley.ctr@darpa.mil
Lianne Parr Chief of Staff Lianne.Parr.ctr@darpa.mil
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Q&A

16:30-16:50
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