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Abstract

Background:

Nerve growth factor (NGF) is known for playing a critical protective role on a number of brain
neurons in mammals, including humans. NGF can be delivered to the CNS via nasal route and
has a neuroprotective action in case of neurodegenerative diseases.

Objective:

The aim of this study is to investigate for the first time whether purified NGF can play a
neuroprotective role on human brain neurons affected by neurodegenerative diseases when
administered via nasal route.

Methods:

Two female patients, both affected by frontotemporal dementia (FTD) associated with
corticobasal syndrome (CBS) at different stages of disease progression, received a daily
intranasal NGF spray for one year. Clinical/neurological aspects were observed over time. The
follow-up study was performed using 18 FDG PET.

Results:
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This case study seems to demonstrate that IN-NGF slows down the common decline caused by
FTD/CBS.

Conclusions:

These findings suggest the potential neuroprotective role of IN-NGF administered in case of
neurodegenerative diseases.

INTRODUCTION

Nerve growth factor (NGF) is the first discovered and best characterized member of the
neurotrophin family [1], known for playing a critical protective role in the development and
survival of sympathetic, sensory and basal forebrain cholinergic neurons in mammals,
including humans [2—4]. For over three decades, studies conducted on NGF have been focusing
on its biochemical and molecular characterization. Since the discovery by Rita Levi-Montalcini,
other researchers demonstrated the potential therapeutic role of NGF in the treatment of
human diseases in the central nervous system (CNS) and peripheral nervous system (PNS) [5—
7], and some trials have shown encouraging results. Inevitable loss of neurons and synapses in
neurodegenerative diseases occurs over time, leading to cognitive decline. NGF plays a
neuroprotective role for basal forebrain cholinergic neurons, improves memory, and reduces
cognitive deficits in animal models of Alzheimer’s disease [3, 8—10]. NGF does not cross the
blood-brain barrier if injected subcutaneously or intravenously; therefore, an alternative
delivery method is required. Intranasal delivery of NGF has so far been sufficiently investigated
in animal models [11-21] and only recently in humans, as demonstrated in a recent study on
intranasal administration of NGF in a brain injury [22]. Some of these studies demonstrated
that NGF has the ability to rescue recognition memory deficits in mice [16] and to slow amyloid
neurodegeneration [12]. Intranasal administration is the most effective and non-invasive way
to deliver NGF to the CNS [11, 17-19]; NGF has a neuroprotective action in Alzheimer’s and
Parkinson’s diseases, as showed by several studies in animal models and humans [10, 12, 16,
24-27]. Furthermore, recent studies have shown an active link between the nasal pathway and
the spinal cord in the delivery of NGF to the CNS, thus demonstrating the neuroprotective
ability of NGF to support injured neurons in a model of spinal cord injury [13—15, 21]. Different
ways of direct delivery of NGF to the CNS have been investigated in humans and animal
models, including direct CNS infusion [26, 28], gene therapy approaches [24-25], cell-based
delivery using stem cells [29], and application of an encapsulated cell biodelivery device [30].
All these approaches have the restriction of being invasive. Hence, the aim of this study is to
investigate for the first time whether purified NGF would play a neuroprotective role on human
brain neurons affected by neurodegenerative diseases when administered via nasal cavity.

What is nerve growth factor?

NGF is the founding member of the neurotrophins family of proteins. In 1953, while working in
the Victor Hamburger laboratory at Washington University, Rita Levi-Montalcini discovered
that sarcoma tissue in mice produced a soluble factor that promoted the growth of nearby
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sensory and sympathetic ganglia [1, 5]. Working on a team with Stanley Cohen, they isolated
the substance responsible for this phenomenon and named it nerve growth factor. In the CNS,
the greatest amount of NGF is produced in the following brain areas: cortex, hippocampus, the
basal ganglia, thalamus, and the pituitary gland; significant quantities of this neurotrophin are
also produced in other areas, including spinal cord and in the retina [31]. Many cells of the
immune-hematopoietic system also produce and utilize NGF: keratinocytes, fibroblasts, and
mast cells [32]. Furthermore, the largest source of NGF is inside the mouse salivary glands [33].
The biological action of NGF is mediated by two NGF-receptors, the historically recognized
high-affinity receptor trkANCFR having a tyrosine kinase activity, and the low-affinity
transmembrane glycoprotein, a non-selective pan-neurotrophin receptor p75N'R that regulates
signaling through trkANCFR [34]. The effect of NGF on target cells depends on the ratio of these
two receptors co-distributed on cell surface [35]. More recent studies have shown a novel
interaction between trkANTR and CD2-associated protein (CD2AP) during NGF-induced
signaling. These data place CD2AP as a major intracellular signaling molecule coordinating
NGF signaling to regulate collateral sprouting and structural plasticity of intact adult axons
[36]. Moreover, CD2AP would seem to be a genetic risk factor for Alzheimer’s disease [37].

Frontotemporal dementia

Frontotemporal dementia (FTD) is a neurodegenerative disease characterized by atrophy and
progressive loss of nerve cells in the frontal and temporal lobes of the brain resulting in a
gradual and progressive decline in behavior and/or language [38-39]. It was previously known
as Pick’s disease and considered rare [38—39]. FTD is now one of the most common forms of
dementia in persons younger than 65 years [40]. About 55% of patients have FTD with
ubiquitin-positive inclusions while 45% have FTD with tau-positive inclusions. FTD with Pick’s
bodies is still called Pick’s disease [41]. Recent studies have identified the presence of TAR
DNA-binding protein (TDP-43), which may be the primary disease protein underlying the
ubiquitin-positive cases [42]. The most common neuropathologic substrates of frontotemporal
lobar degeneration (FTLD) are FTLD-tau, FTLD-TDP, and FTLD-FUS. The three genes most
commonly associated with FTD are COORF72, MAPT, and GRN [38, 43, 44].

There are three subtypes/variant of frontotemporal dementia: 1) behavioral variant FTD; 2)
Primary progressive aphasia (PPA): nonfluent/agrammatic variant, semantic variant, logopenic
variant (a recent variant usually associated with Alzheimer’s disease) [23, 45-47]; and 3) Motor
associated disorders FTD: corticobasal syndrome (CBS), progressive supranuclear palsy, and
FTD with motor neuron disease.

This study analyzes the effects of intranasal NGF administration in two cases of FTD associated
with CBS at different stages of disease.

Corticobasal syndrome
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CBS is a progressive neurological disorder that may involve the motor system, cognition or both
[48-49]. Typically, it starts as a movement disorder, with affected individuals showing a
unilateral paucity of movement and muscle rigidity with or without a tremor. Previously
considered as a distinct clinicopathologic entity [50], then termed corticobasal degeneration
(CBD) [51]. The pathology of CBD is predicted antemortem in only 25% to 56% of cases [52-53].
Clinicopathologic studies have since revealed that the originally described clinical features of
CBD, now called CBS, are often due to other pathologies. CBS is often associated with FTD and
progressive aphasia [54], and the extrapyramidal-apractic syndrome of CBS often appears in
FTD and PPA [49, 54-55]. From recent studies, 4 CBD phenotypes emerged: CBS, frontal
behavioral-spatial syndrome, nonfluent/agrammatic variant of primary progressive aphasia,
and progressive supranuclear palsy syndrome [56].

Motor signs of CBS [49] include akinesia/bradykinesia, rigidity, tremor, and limb dystonia. The
cognitive associated signs [49] are alien hand syndrome, apraxia, acalculia, and visual-spatial
impairment. CBS language associated signs [49] include progressive aphasia.

METHODS

The rationale of nasal route delivery

Nasal delivery is easy and non-invasive and the olfactory mucosa is in direct contact with the
brain and cerebrospinal fluid by the olfactory and trigeminal pathways [57].

An accurate literature review shows that NGF (and other large molecules) can reach neurons of
the CNS, particularly the brain, via nasal route [11, 17-19]. These studies (Frey Il et al.) led to a
new non-invasive solution of reaching the CNS via nasal route. Subsequent studies about
intranasal delivery of NGF and others molecules NGF-like to the brain have reinforced the
concept [15, 16, 20, 21]. The anatomical connection between the nasal cavity and central
nervous system structures consists of two possible routes. One is associated with the peripheral
olfactory system connecting the nasal passage with the olfactory bulbs and rostral brain
regions; the other goes through the peripheral trigeminal system connecting the nasal passage
with the brainstem and spinal cord region [15, 21, 57, 58]. Following these tracks and driven by
the need to use a non-invasive method of delivering NGF to the CNS, we tested the effect of
intranasal administration of purified NGF on two patients, both affected by FTD/CBS but at
different stages of disease progression (early stage; middle stage).

NGF purification and administration

The NGF was purified in our laboratory from submaxillary salivary gland of the adult male mice,
following Bocchini and Angeletti method and stored at —70°C until used [59]. Patients received
10 pl of NGF (concentration 200 pug/ml) dissolved in physiological saline solution daily. 5 pl per
each nostril daily (via nasal spray) for a 1-year period (range 12-18 months). For further details
of purification see: Lambiase et al. [60].

Study design, setting, and treatment intensity
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The subjects included four female patients affected by FTD/CBS, aged 58 to 64 years and with
an average duration of FTD/CBS diagnosis of 8+4 years. Informed consent was provided by their
caregivers. The study was approved by the Maria Rosaria Maglione Foundation Human Research
Protection Program Ethics Committee (Protocol-no: 1405-NGF-07). History, neurological
examination, review of magnetic resonance brain imaging, and PET-scan within recent years,
clinical dementia rating, Mini-Mental State Examination (MMSE), Simpson-Angus scale, and
verbal fluency test were performed. Two female patients at different stages of FTB/CBS disease
(early stage; middle stage) received NGF via nasal route daily (1 spray per nostril once daily over
a 12-18 months period, two daily sprays) and no other drug was administered. Memantine and
idebenone therapy was discontinued 6 months before the beginning of NGF-treatment in the
experimental NGF-study Group (Case 1; Case 2), in order to be clearly and sufficiently
convinced that the observed effect was due to the action of NGF. The control group consisted of
two female FTD/CBS patients (early stage; middle stage) treated using memantine and
idebenone therapy only. During the treatment, purified NGF was stored at +4°C for daily use.
Clinical/neurological aspects were observed over time. The authors have limited the long-term
administration of NGF to once daily, 1 spray per nostril (two daily sprays) in the morning to
avoid the undesired effects (as reported in Table 1).

Table 1

Dose-dependent adverse effects

Dosage Testing: 5 ul of 2 daily sprays (1 4 daily sprays (2 6 daily sprays (3 sprays per
NGF per spray spray per nostril) sprays per nostril) nostril)
Mild Rhinitis (in Mild Rhinitis (in L
Rhinitis (in Case 1)
Case 1) Case 1)
Slight Rigidity (in
& gidity ( Rigidity (in both Cases)
Case 1)

Moderate Psychomotor

agitation (in both Cases)
Dosage testing: The long-term administration of NGF was limited only 1 time daily, 1 spray per nostril
(two daily sprays) in the morning to avoid the undesired effects. Patients received 10 pl of NGF
(concentration 200 ug/ml) dissolved in physiological saline solution daily, 5 ul of NGF per each nostril
daily for 1 year period. Increasing dosage some adverse effects have occurred as reported in Table 1. All

adverse effects were attenuated 3-4h after onset.

Case 1

Start of IN-NGF-Study (2008): Female aged 63 in middle stage of FTD/CBS. Clinical Dementia
Rating (CDR) scores 2.0=moderate. Non-L-dopa responsive extrapyramidal syndrome on the
right side (upper limb>lower limb) without tremor and with stiffness and shakiness of the right
arm, paraphasias (progressive aphasia), akinesia, poor coordination, apraxia, agraphia,
acalculia, visual-spatial deficit. Start of disease (2000): short-term memory deficit, hesitant and
halting speech, dysgraphia, dyscalculia, non-L-dopa responsive extrapyramidal syndrome on
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the right side (upper limb>lower limb) without tremor and with stiffness and shakiness of the
right arm. Anti-varicella zoster virus antibodies high, VZV/IgG=780mIU/ml (reference values:
<135mIU/mL=negative;>165mIU/mL=positive); VZV/IgM=negative. Heart arrhythmia in
treatment with beta-blockers. Advanced disease: rigidity at 4 limbs, myoclonus, epileptic crisis,
mutism. Duration of disease: 18 years (2000-present).

Case 2

Start of IN-NGF-Study (2008): Female aged 58 in early stage of FTD/CBS. CDR scores 1.0=mild.
Non-L-dopa responsive extrapyramidal syndrome on the right side with a mild right hand

tremor, dysgraphia, dyscalculia, speech disorder (progressive aphasia). Start of disease (2004):

short-term memory deficit, hesitant and halting speech, dysgraphia, dyscalculia, non-L-dopa
responsive extrapyramidal syndrome on the right side. Advanced disease: rigidity at 4 limbs,
myoclonus, mutism. Absence of other associated pathologies. Duration of disease: 14 years
(2004-present).

Control group

Two female FTD/CBS patients treated using memantine and idebenone therapy only. Case 3:
Start NEG-study (2008): Aged 60, in early stage (CDR scores 1.0=mild) of FTD/CBS. Signs and
symptoms overlapping with Case 2. Duration of disease: 2004-present. Case 4: Start NGF-study
(2008): Aged 64, in middle stage (CDR scores 2.0=moderate) of FTD/CBS. Signs and symptoms
overlapping with Case 1. Duration of disease: 2000—2014. Absence of other associated

pathologies in both patients.
Amyloid PET-scan was negative in all patients.

Search antibodies included: anti-VZV, anti-HSV-1, anti-HSV-2, anti-HSV-6, anti-CMV, anti-
EBV.

Search result: High values of anti-VZV in Case 1 (no previous history of encephalitis), no other
antibodies in all patients (NGF-treated and untreated). The author’s guidelines always require
the search for antiviral antibodies, according to the new trends in literature [61-63]. In recent
years, evidence of the microbial origin of various chronic inflammatory disorders, including
several neurodegenerative, neuropsychiatric and other systemic disorders, has been steadily
growing. New and historical observations provide evidence of an association between
Alzheimer’s disease and certain infectious agents. The same hypothesis could be applied to all
neurodegenerative diseases.

PET-scan study

Follow-up was performed using 18 FDG PET-scan. Exam technique: PET images were performed
on an empty stomach 30min after intravenous injection of 300 MBq 18 FDG. Images of tracer
distribution were acquired over a 30-60min period. The tomographic images were acquired in
the axial, coronal and sagittal sections with a thickness of 4.25mm. Flame scale indicates FDG
use/100g tissue/min. Red color indicates more 18 FDG-use than blue.
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Statistical analysis

Statistical evaluations were performed using the GraphPad 5 software (GraphPad Software Inc.,
San Diego, CA, USA) and the data were expressed as mean*SEM. Comparison of pre-treatment
and post-treatment rates (MMSE and Verbal Fluency test) were made using paired t-tests, with
a significance level of p-value<0.05. PET statistics: Regionally specific effects were compared
using linear contrasts. The resulting voxel values represented a parametric mapping of t-
statistics, SPM (t), which were transformed into the unit normal distribution SPM (z) and
thresholded at t=2.12, p< 0.05. Resulting foci were characterized in peak height (u). The
significance of each region was estimated based on the probability that the observed peak
height could have occurred by chance p (Zmax >u).

RESULTS

Clinical aspects

The long-term treatment via IN-NGF showed an enhancement of brain performances in both
cases, improving cognitive and motor abilities. Patients were more responsive, had slight
improvement in speech and in motor rigidity. A greater responsiveness (mood and eye opening)
was observed during the first 15-20 days of each monthly treatment. Over time the
denaturation of the molecule pushed down neurological performances (mood and eye opening).

Cognitive assessment

Cognitive dysfunction in patients affected by FTD/CBS does not always change linearly, but the
patients who participated to this study showed a cognitive decline which resulted linear to the
intermediate stage of the disease. MMSE scores before NGF-treatment showed a mean annual
rate of decline 4.0%2.0 points per year, based on pre-treatment assessment over a 14 months
period (range 12-18 months). In the post-treatment phase, the mean rate of MMSE decline was
2.0£1.0 points per year in Case 2; a patient in an early stage of the disease who showed a 50%
reduction of MMSE decline compared to the pre-treatment MMSE rate, i.e., a reversal of usual
decline in neurodegenerative diseases. In Case 1, a patient in a middle stage of disease
progression, the post NGF-treatment MMSE score was steady, unchanged and showed no
decline compared with the pre-treatment MMSE score, i.e., a slow down of disease progression,
considering the average rate of decline before NGF treatment. During the first 3 months of
stopping NGF-treatment, a decrease in levels of attention and mood tone was observed. After 1
year of stopping NGF-treatment and no other conventional medication, there was a general
worsening of the patients. MMSE scores worsened again with a mean annual rate of decline
4.0%2.5 points per year, based on post-treatment assessment over a 14 months period (range
12-18 months). This marked a clear return to pre-treatment conditions. Comparison between
pre-treatment and post-treatment decline rates of the MMSE were made using paired t-tests,
with a significance level of p< 0.05. The hypothesis of the positive effect due to NGF is also
suggested by the case of two other patients (in the control group) who were treated with
memantine and idebenone therapy and did not show similar improvements. In these untreated
NGF patients, the average MMSE decline rate continued to decrease 4.0+2.7 points per year.
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Rigidity assessment

Rigidity assessment was performed using the Simpson-Angus Scale, currently used to assess
pseudoparkinsonism. The severity grades of each item are rated using a 5-point scale. We
focused only on the evaluation of elbow rigidity. The elbow joints are separately bent at right
angles and passively extended and flexed, with the subject’s biceps observed and
simultaneously palpated. The resistance to this procedure has also been rated. Post-treatment
assessment (after a 14-month period of NGF-treatment) showed a slight improvement in
rigidity: a reduction of 1.0 in both patients, compared with pre-treatment assessment over a 14
months period (range 12-18 months). In Case 1 (patient in middle stage), rigidity improved
from marked to moderate. In Case 2 (patient in early stage), rigidity improved from moderate to
slight. The control group did not show similar improvements. After 1 year of stopping NGF-
treatment and no other medication, there was a clear return to pre-treatment conditions.

Speech assessment

Post-treatment Verbal Fluency Test (after 14 months NGF-treatment) showed a score
improvement of 2.0+1.0 points in NGF-treated patients, compared to the pre-treatment score
(range 12-18 months). Comparison of pre-treatment and post-treatment improvement rates
were made using paired f-tests, with a significance level of p< 0.05. In detail, Case 1 (middle
stage) showed improvement in word recruitment and a decrease in phonemic paraphasias; e.g.,
“wap” for wrap or “triger” for tiger or “deks” for desk. Case 2 (early stage) showed improvement
in fluency and word recruitment. The control group did not show similar improvements. After 1
year of stopping NGF-treatment and no other medication, speech assessment showed a score
worsening of 2.0£1.5 points. This marked a clear return to pre-treatment conditions.

Dose-dependent adverse effect

The following undesirable effects were observed: 1) temporary adverse effects with one spray
administration per nostril once daily (two daily sprays): mild rhinitis; and 2) temporary/dose-
dependent adverse effects in case of more than one spray per nostril daily: rhinitis, moderate
psychomotor agitation, rigidity of the four limbs.

Dosage testing

Nasal administration once daily (1 spray per nostril) did not give significant side effects, except
for a sporadic/mild rhinitis in a single case (Case 1). Conversely, increasing the dosage caused
some side effects (as reported in Table 1). All adverse effects were attenuated within 3-4h
maximum following the administration. No side effects were observed in a 18—24 months
period of follow-up after the last dose of NGF was administered.

PET-scan results

Before IN-NGF was administrated to the patients, PET-scans showed a reduction of FDG uptake
in fronto-temporal areas (left>right), basal ganglia, cerebellum and occipital lobe in all patients
(Figs. 1A and 2A). After 3 months of NGF treatment, the PET-study shows a significant increase
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in FDG-uptake compared to the first scans (p< 0.05) (Figs. 1B and 2B). After 1 year of NGF
treatment, the PET-scans show a further enhancement of brain metabolic activity, compared to
the previous PET (p< 0.05) and particularly in the following brain areas: fronto-temporal lobes,
cingulate gyrus, thalamus, basal ganglia, para-hippocampal and para-olfactory area,
cerebellum, dentate nucleus, occipital lobes, i.e., a reversal of usual decline in
neurodegenerative diseases (Figs. 1C and 2C). One year after the interruption of NGF treatment
(and no other medication), PET-images show a clear deterioration of the global framework,
compared to the previous PETs. The brain areas show a significant reduction of the activities
(Figs. 1D and 2D). Both NGF-treated patients showed a similar 18 FDG-PET evolution.

Fig.1

18 FDG PET-scan coronal sections. Matching of representative coronal sections showed a significant
increase in the brain metabolism during NGF-treatment (10 ul NGF daily). Flame scale indicates FDG
use/100g tissue/min. Red color indicates more FDG-use than blue. A) Before treatment, note the FDG-
uptake reduction in the following brain areas: frontotemporal lobes left>right, basal ganglia, cerebellum
and occipital lobes. B) After 3 months of NGF-treatment (5 ul NGF per nostril daily), note a significant
increase in FDG-uptake (p< 0.05) in the following brain areas: frontotemporal lobes, thalamus, basal
ganglia, occipital lobes, cerebellum, and dentate nucleus. C) After 1 year of NGF-treatment (5 ul NGF
per nostril daily), the PET scans showed further enhancement of FDG-uptake (p< 0.05) in the same
brain areas as in (B) and also in the parahippocampal areas. D) After 1 year of stopping NGF-treatment,

the brain areas showed a significant reduction in global activities.
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Fig.2

18 FDG PET-scan sagittal sections. Matching of representative sagittal sections showed a significant
increase in the brain metabolism during NGF-treatment (10 ul NGF daily). Flame scale indicates FDG
use/100g tissue/min. Red color indicates more FDG-use than blue. A) Before treatment, note FDG-
uptake reduction in the following brain areas: frontotemporal lobes left>right, basal ganglia,
cerebellum. B) After 3 months of NGF-treatment (5 ul NGF per nostril daily), note a significant increase
in FDG-uptake (p< 0.05) in the occipital and frontotemporal lobes. C) After 1 year of NGF-treatment (5
ul NGF per nostril daily), the PET scans showed further enhancement of FDG-uptake (p< 0.05) in the
same brain areas as in (B) and also in paraolfactory area, posterior cortex of cingulate gyrus,
cerebellum. D) After 1 year of stopping NGF-treatment, the brain areas showed a significant reduction

in global activities.
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DISCUSSION

As reported above, NGF is an endogenous neurotrophin that exerts trophic and differentiative
activity on neurons of the central and peripheral nervous systems with neuroprotective and
regenerative effects observed in neurodegenerative diseases or following injury. Intranasal
administration of NGF in animal models has shown to protect neurons of the brain and spinal
data show the protective role of NGF in case of neurodegenerative diseases in human models
too. Despite that, invasive routes of administration are not optimal for clinical use [24-26, 28,
30], i.e., direct CNS infusion [26, 28], gene therapy approaches [24, 25], the application of an
encapsulated cell biodelivery device [30]. In this study we report the case of two patients, both
affected by FTD/CBS, who had clinical improvements after intranasal administration of NGF in
each nostril for one year (range 12—18 months) and without reporting significant side effects
except for rhinitis, rigidity and moderate psychomotor agitation (as reported in Table 1). Any
adverse effect was attenuated 3-4h after the administration and no side effects were observed
in a 18-24 months period of follow-up after the last dose of NGF was administered. This study
aims at showing how NGF would slow down the common decline of FTD/CBS, such as it was
observed in PET-study after 3 months of treatment and confirmed in PET-study and in
cognitive, rigidity and speech assessment after 1 year of NGF-treatment (range 12-18 months).
These neuroprotective properties of NGF make it a strong candidate for the future treatment of
neurodegenerative diseases (FTD/CBS-like). However, the clinical observation presented in this
report needs to be confirmed on a large scale clinical trial to better understand the potential
neuroprotective role of NGF in neurodegenerative diseases and other pathologies of central
nervous system (brain injury, spinal cord injury, ischemic damage) when administered via nasal
route. This pilot study confirms the possibility of using NGF via nasal route in order to reach
human brain neurons in safe, non-invasive way, supporting the potential clinical use of
intranasal NGF therapy for neurodegenerative diseases (as FTD/CBS) which are currently
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considered untreatable. We are aware that NGF would not be able to cure the FTD/CBS but our
observations support the hypothesis that NGF slows down the usual decline of the disease. In
the last years some authors have demonstrated the possibility to synthesize in a laboratory a
recombinant human NGF for clinical use [64]. Some clinical trials are currently working on it
[65]. This innovation could solve the issue of NGF recruitment for clinical use.

Conclusions

A number of previous and recent findings have shown that NGF administration can protect
basal forebrain cholinergic neurons and that the olfactory/trigeminal pathway is a promising
and non-invasive route for drug delivery to the brain. This means choosing a safe route also for
NGEF to selected brain areas in case of neurodegenerative disease, with no significant side
effects (as reported in Table 1). The present study showed that intranasal administration of
NGF could slow down neurodegenerative progression and improve cognitive abilities in two
female patients both affected by FTD/CBS at different stage of disease, in comparison with
other NGF-untreated patients. For ethical reasons and based on the Declaration of Helsinki,
control group patients were not treated with NGF vehicle solution (placebo), but were treated
using memantine and idebenone therapy only and did not show improvement comparable to
patients who received daily nasal NGF administration for 1 year and no other medication.
Nonetheless, we are aware that in order to fully evaluate the potential neuroprotective role of
recombinant human NGF, there is so much work to do and we intend to pursue these studies to
fully characterize the role of NGF administration via nasal route in patients with
neurodegenerative diseases. Meanwhile, we would like to call your attention to the novel
findings obtained from our pilot study.
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