








Fig. 15

(Fig. 15) So if we take mice injected with MPTP then we make them “Parkinson’s” quote
unquote. Their activity is reduced biologically so they have deficits at the level of the
mitochondria and at the level of dopaminergic cells. So the treatment of those animals could
be easy, just by exposing them to 670 nm NIR, using a lamp if you want, and we see that as
compared to the behavioral result, we checked it with saline which are very active exploring
in their cage, the MPTP treated animals are very akinetic. I think they don’t move too much,
while those that have been irradiated with Nir did not record the same activity, the normal
ones did much better. On the biological side, if we look at the number of TH cells in the
substantia nigra reticulata, this is normal animals injected with saline, here the animals
treated with MPTP-NIR have very significant loss of their TH-stained cells, while those that

received MPTP have been preserved clearly as compared to normal animals.
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(Fig. 16) So then we designed a prototype to be used in patients. This prototype is made of
a battery, the one we use for DBS, which powers a laser source, which is connected to an
optical fiber which is introduced by tracing a way close to the substantia nigra sites. This
system has been implanted in monkeys. We see the track of the laser fiber and when you turn
on the stimulation, we display into the endoventricular space, the infrared light which
encompasses the two substantia nigras.
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Fig. 17

(Fig. 17) Look at the data of the monkeys that have been treated this way. Those who have
received MPTP only are extremely disabled. This is a score of disability. We see that it
increases to a higher level. Here the animals have to be treated, nursed, even given drugs,
while those animals treated the same way but treated with MPTP and NIR are still
exhibiting behavior which is close to normal. At the level of histology, we see again that
MPTP treated plus NIR animals have TH-stained cells close to normal as compared to those
which received MPTP. Same at the level of striatum, where the number of TH terminals is
relatively preserved as compared with the untreated animals.
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(Fig. 18) So this tends to substantiate the neuroprotective effect of near-infrared light and
led us to go to human medical trials. You see here the device which is connected to a
stimulator, such as the ones used in DBS which powers the device, with the fiber going into
the third ventricle close to the substantia nigra reticulata. When we turn on the stimulation
there is emission of infrared light which is visible here, the tip of the fiber coming out of the
laser source which has been designed and produced at Clinatec. Then we went to the clinical
trial, which was not easy to present and defend, but finally we obtained the clearance and
protocol had been submitted in 2016 and three years later we had the OK from the
committees. We implanted the first patient in March of this year, 2021, and the second
patient was operated on very recently, in mid-September of the same year. The idea is to see if
it is curative in addition to neuroprotective. For this first patient, and since we have observed,
at three weeks after the beginning of the illumination, part of her symptoms was that she had
difficulty putting on her shoes and tying the laces, now she is able to do it, this is not enough

for publication but it is in a good direction.
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(Fig. 19) So the clinical trial will look using a PET scan at what may happen. PET scan
PU2I is able to monitor the number of dopaminergic cells in the substantia nigra. In
Parkinson’s disease we know that patients lose about 70% of their cells at the beginning of
the symptoms and they continue to lose them at a rate of 10% per year. So the goal is to
protect, to save those 30% remaining dopaminergic neurons. The left image is a PET scan of a
normal person and the right image is a PET scan of advanced Parkinson’s. There are very few
remaining. And normally, over the four years of the clinical trial, this is compared to the
beginning, this is what we expected to see in untreated patients. With the infrared, the
pessimistic approach would be that it does not improve significantly, so maybe this decrease
of 10% being less, but what we hope is much more important, slowing of the decrease, coming

close to curing this disease.
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CLINATEC CEA University Hospital Grenoble

Fig. 20
(Fig. 20) This is CLINATEC at CEA, linked to Grenoble University Hospital. This building
is devoted to this kind of studies. We have the clinical area for the patients before and after
surgery. We also have teaching rooms, the offices of the researchers, and buildings where the

experiments are done.
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Fig. 21
(Fig. 21) These are the people at CLINATEC CEA who are involved, in the NIR team, and
they are responsible and I am grateful to them for all the data they presented to me. I thank

you for your attention.
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Regarding Recent Research: Brain Computer Interfaces
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(Fig. 22) As we say we have a very fortunate circumstance, because the brain is very selfish.
If I want to do something which activates cortical neurons in the expected motor area. But
what happens is that if I want to do it or if I do it, the cortical neurons involved in this fire
independently of what happens at the lower levels, particularly in the spinal cord. So I used

to say that the brain talks and no-one listens.
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(Fig. 23) With the power of Clinatec in the CEA facilities, we have designed an implantable,
cordless, wireless system which is implanted in front of the sensory motor area. It has the
power of recording the activities on 64 electrodes and then it is digitized, transformed and
sent away by radio module and you see that it looks like the visor of a cap, it is a silicon flap
which comprises the antenna to emit the data but also an antenna which receives energy
through a link which makes everything work without any external connection and there is no
risk of infection. The implantation is extradural, epidural, which makes it safe in terms of
infection. If some infection happens at a higher level, it will not go into the brain or even the
subarachnoid place space because the implanted system just lies on the dura mater which is
a very strong barrier. And we made it not only non-invasive but also surgeon-proof because it

reduces strongly the possibility of malpractice.

20



What about a Tetraplegic Patient
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(Fig. 24) The three images on MEG analysis and functional MRI show us very nicely where
the activity is happening on the level of the cortex when we ask the patient to move the leg or
to move their hands, although they are tetraplegic (all indications for the moment are that
they are tetraplegic patients). And you see the MRI of the patient on the three segments: the
medulla and spinal cord at levels C5 and C6 are totally destroyed.
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Fig. 25

(Fig. 25) This slide shows that from that we designed an exoskeleton, as you can see in the

upper left image, which is handling the patient. It does not have further movements for
automatic equilibrium and when the patient is suspended from the ceiling for security
reasons, when we ask the patient to walk, which is shown by the green light, then he initiates
the walking sequence for the lower limbs and he will then stop when the light turns red. We
still have a lot of progress to do, and for that we need a lot of administrative authorizations
that we don’t have for the moment. Then just lower than that you see the patient with the
exoskeleton sitting in front of a panel which has different targets which are LEDs in red or
green and he has to touch the lighted targets which become lighted in sequence. He can do
that with his upper limb. We calculate the efficiency of that by measuring the distance done
followed by the index of the exoskeleton from zero, which is the starting point, to P, which is
the target. We can measure the actual distance which is followed and then calculate the
distance from the direct trajectory. You can see on the right side what happens for different
attempts. The lower left diagram shows the efficiency of this approach. With time, with
repetition and with training, we see that after a few months of training the patient is able to

do quite precise reaching. So I think it is one of the last.
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(Fig. 26) This is the last slide and it’s the same as the one before. The interesting thing
about Clinatec is that you put in the same place medical and physiological techniques as well
as engineering and technological solutions. It needs a different set of workers, and you see
them there essentially showing the multidisciplinary approach which is realized in the
system. We think that, although this is not necessarily understood or wanted by the upper
layers of command, we think it is an important approach that we find a way, and Clinatec is
this kind of way, where medical people, biomedical persons and technological persons are
working together on the same project and fusing their own qualities and potentialities. This
is easy to say but it is not easy to achieve and to run, but it is the motto of Honda Foundation.
All of this, difficult or not, is mostly if not uniquely aimed at the better being of patients and
particularly those who lost their motricity. And I'm sure this is what Honda has understood,
because what they do is provide machines which allow us to change our place on the map of
the earth and this is for their benefit and this is the same direction as you felt it, which is
taken by Clinatec. And I thank you for giving us this wonderful prize because it means that
you share—of course, this is your motto—this goal of improving the being of patients who
have lost their motricity, particularly because of quite often traumatic events. I thank you
again for this award, it rewards us, but I would say, further than that, you are doing
wonderful impact which would be understood by the authorities handling and directing this
institution that were working for the benefit of patients, giving them back what they have
lost, which is important, it looks like stupid but motricity is very important.
I thank Honda Foundation for having backing this work. Thank you again. I'm very honored

and very impressed and very humbled and very moved by this. Thank you.
M This report can be viewed in the Honda Foundation’s website.

You may not use the proceedings for the purposes other than personal use without the express

written consent of the Honda Foundation.
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