
New emerging advanced therapies invest in genetic, electronics and cell-based therapy for 
addressing unmet needs for the caregivers and the patient. Optogenerapy, a synergy between 
optogenetic and gene therapy holds promise of a new modern syringe era capable of producing 
a drug of interest at will directly inside the patient. Inside a bio-electronic implant, electronics 
and optogenetics are interfaced by light as a traceless inducer signal. By controlling a synthetic 
optogenetic pathway in the cell, therapeutics delivery can be fine-tuned with a precise spatiotemporal 
control. 

The device is built as a wireless-powered optogenetic implant, with a highly modular interface that 
couples electronics with living cells and enables electronic devices to directly and remotely control 
gene expression using Near Infrared Light (NIR). The novelty lies in the delivery of beta interferon 
(IFN-ß) through a membrane, overcoming current limitations of short drug half-life in vivo, adverse 
immune reactions, pain and irritation at the site of local injection.

The main objective of the Optogenerapy consortium is to develop the manufacturing of a new 
optogenetics cell-based implant to bring a pre-clinical proof of concept of a controlled beta interferon 
(IFN-ß) protein delivery for treating patients suffering from multiple sclerosis. The therapeutic 
optogenetic cell-line are developed (ETHZ and INSERM) for long term delivery of a recombinant 
glycosylated form of IFN-β. Manufacturing aspects of the implant integrating the cell chamber, the 
optoelectronics and the injection moulding are addressed (EURECAT, BOSTON SCIENTIFIC) 
together with the suitable sterilization protocol (TUL, Lodz University of Technology) including 
materials modelling and a clear business case for exploitation (BOSTON SCIENTIFIC).

The concept of optogenerapy emerged subsequent to the 
development of the domains of cell therapy, electronics and synthetic 
biology. Cell therapy, guided by the progress on encapsulated cells 
for diabetes therapy, opens the path of cell-based implant. Electronic 
medical devices characterized by the development of pacemakers 
leaded to devices capable of releasing therapeutics wirelessly. The 
Optogenerapy approach is based on the subcutaneous implantation 
of genetically engineered cells in a semi-permeable membrane that 
enables diffusion of small molecules and proteins. The physical 
integrity of the implant allows the device to be easily implanted or 
removed. At the same time, this membrane acts to prevent immuno-
rejection and offers long-term safety with regards to the biological 
agent associated with the therapeutic protein delivery.

The figure illustrates the optogenetic pathway in 
engineered mammalian cells proposed in the project: NIR 
light activates an engineered light dependent bacterial 
phytochrome-associated diguanylate cyclase (DGCL), 
which converts the mammalian cytosol guanosine 
triphosphate (GTP) to second messenger cyclic 
diguanylate monophosphate (c-di-GMP). c-di-GMP binds 
and activates the Stimulator of Interferon response Gene 
(STING) at the Endoplasmic Reticulum (ER) and specifies 
Tank-Binding Kinase 1 (TBK1)-mediated phosphorylation 
of the interferon regulatory transcription factor IRF3. 
Phosphorylated IRF3 translocates to the nucleus, binds 
cognate IRF3-specific operators and induces transcription 
of the optimized type-1 interferon promoters (PIFN-β) 
and thus, a recombinant glycosylated form of IFN-β 
therapeutic protein can be secreted.

The Optogenerapy consortium will further develop the manufacturing process and test the 
optogenetic cell-based implant  in rodent model of  multiple sclerosis. Further cell engineering 
research will be performed to define the best engraftment and neo-vascularization parameters 

that are essential for the success of implanted bio-electronic devices. The ultimate goal is to 
validate the bioavaibility of protein based therapeutic controlled delivery by the Optogenerapy 
bio-electronic cell based implant.

HEK-293T cells were co-transfected with pSO4 (PhCMV-DGCL-pA), pSTING (PhCMV-
STING-pA) and pSO3 (PIFN(ACD.)-SEAP-pA) and illuminated with NIR light (700 nm) for 
different periods of time before profiling the reporter secreted alkaline phosphatase (SEAP) in 
the culture supernatant after 24 h.

Synthetic biology and optogenetic permit the control of cells protein 
production simply by light. 
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Bio-electronic cell based implant to deliver beta interferon 

Optogenerapy: an innovative cell-based implant to orchestrate the administration of biologics.
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Fig. 1. Genesis of optogenerapy. The concept of optogenerapy emerged subsequent to the development of the domains of cell therapy, electronics and synthetic biology. Cell
therapy, guided by the progress in encapsulated cells for diabetes therapy, opens the path of cell-based implant. Electronic medical devices leaded by the development of
pacemakers abled the release of therapeutics wirelessly (Microchip). Finally synthetic biology and optogenetic permit the control of cells protein production capacity simply
by light. Optogenerapy, as a multidisciplinary approach, consists of a wireless powered bio-electronic cell based implant to create an embarked optoelectronic circuit. It
triggers the bio-manufacture and release of a therapeutic protein by the engineered cells.

Electronic medical devices

Electronic medical devices such as pacemakers exist for about
50 years (Fig. 1). Before being implantable, pacemakers consisted
of large portable devices able to deliver electric pulses. Then the
co-founder of Medtronic, Earl Bakken, developed the first wear-
able pacemaker operated by a battery in 1957.25 Innovations in
medical devices are continuously progressing, researchers at Har-
vard University developed a soft robot surrounding the heart and
capable of compressing functions to help the beating.26 The Carmat
bioprosthetic heart is now moving forward with phase III clinical
trials.2

Most of the implanted electronic devices deliver electricity
as therapeutic action (pacemaker, deep brain stimulators, gastric
stimulators). Using electronics précision to programme the drug
delivery would bring another control on the corrective action and
a better patient acceptance. Indeed repeated injections of thera-
peutics are painful for the patients and result in poor adherence to
treatment. Farra et al. achieved the control of a wireless drug deliv-
ery implant27 (Fig. 1). The MicroChip consists of multiple doses
of drugs divided into reservoirs that can open at will by electro-
thermal ablation of the enclosing membrane. Eight women were
implanted with the device for a period of four months and demon-
strated the efficient release of the human parathyroid hormone
as a treatment for osteoporosis.27 Another drug delivery device
from Medtronic, integrates a closed loop system where the insulin
pump is able to release insulin from a catheter programmed by a
wearable glucose biosensor.9 In the future, this machine biology
interface could be integrated into a web of connected biosensor
that will ultimately be linked to the Internet of Things (IoT) (Fig. 1).

It corresponds to the growing network of connected objects able to
communicate and to coordinate monitored parameters.

Innovations in electronics are continuing their progresses and
overcome the current problems preventing the translation towards
effective medical devices. One of the primary challenges in elec-
tronic medical devices is the constant need for powering. In the
case of miniaturized devices, the utilization of batteries inflicts dif-
ficulties due to their short lifetime and the large space required
for implementing this component.28 An old engineering principle,
discovered by Nicola Tesla is the transmission of energy through
air. The solution consists of transferring the power generator to
an external source wirelessly. The emitter-coil synchronizes the
electricity generation in the implant energy-harvesting antenna.
Wireless power transmission relies on an electromagnetic field
to transmit energy to a miniaturized implant.29,30 The technology
enables not only the electrical powering of the device but also a pos-
sible communication route between the emitter and the receiver.

The field of electrical engineering offers new possibilities and
tools to engineer implantable miniaturized devices capable of
operating as transceivers. For example, advanced Brain Computer
Interfaces (BCI) are connected to an articulated prosthesis (Fig. 1).
Paralyzed patients by focusing their attention on a brain task can
take control of a prosthetic arm.31 The electrical activity of the brain
is de-convoluted with the help of sophisticated algorithms and used
to programme a computer interface.

Synthetic biology and optogenetics

Synthetic biology engineering approach often employs an elec-
trical engineering vocabulary to describe gene network behavior19
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