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2. Its use in Creutzfeld-Jacob disease



NASAL BRUSHING AND CREUTZFELD-JACOB DISEASE

Orrù CD, et al. NEJM 2014
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SUPPLEMENTARY FIGURES

 

Figure S1. Olfactory mucosa brushing procedure. The operator inserts a rigid fiber‐optic rhinoscope into 

the nasal cavity of the patient to locate the OM  lining the nasal vault, easily distinguishable from  

respiratory mucosa because of its yellowish appearance. A sterile brush is inserted alongside the 

fibroscope and olfactory neurons are collected by gently rolling the brush on the mucosal surface (Panel 

A). Nasal brush cells obtained from  two control subjects were immunostained with anti‐olfactory marker 

protein (OMP) antibody, showing clusters of OMP positive olfactory neurons (Panel B, X 40 and panel C, 

X 100). An aliquot of OM  pellet was immersed in 4%  paraformaldehyde solution for 10min at room  

temperature and centrifuged for 6min at 700rpm  in a cytocentrifuge. Cytocentrifuged preparations 

were stained either with hematoxylin and eosin to assess the cellularity or immunocytochemically by 

using a rabbit polyclonal antibody to olfactory marker protein (1:100, clone ab62144; Abcam, 

Cambridge, UK) to detect olfactory neurons.  
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2. Its use in Creutzfeld-Jacob disease

3. The previous attempts at using the OM in neurodegenerative 
disorders



Biopsy (associated with side effects
such as bleeding, fistulization, etc) 

▪ Alzheimer’s disease: Beta-amyloid
and Tau

▪ Parkinson’s disease: Alpha-
synuclein

▪ Frontotemporal dementia: Tau

Crino PB et al. Ann Otol Rhinol Laryngol. 1995; Attems J et al. J Alzheimers Dis. 2005; Hock C, et al. European Neurology 1998; Witt M, Movement Disorders 2009; 

Arnold SE et al. Ann Neurol. 2010; 67:462-9; Ayala-Grosso CA, et al. Brain Pathology 2015.

ACCUMULATION OF PATHOLOGIC PROTEINS IN THE OM
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4. Data on the lymphatic drainage from the CNS



CNS “FUNCTIONAL” LYMPHATIC VESSELS

Louveau A, et al. Nature 2015





LYMPHATIC DRAINAGE FROM THE CNS
YELLOW MICROFILL IN THE CSF

Johnston M, et al. Cerebrospinal Fluid Res 2004



Kaminski M, et al. J Leuk Biol 2012

Monocytes migrated from the 

lesion site (endothorinal

cortex) to deep CLNs, 

peaking in number at Day 7, 

but they were virtually 

absent in spleen and in 

superficial CLNs and inguinal 

LNs until Day 21 after 

lesion/injection. In whole-

head sections, GFP 

monocytes were found 

attached to the olfactory 

nerves and located within 

the nasal mucosa at 48 hpi. 

Thus, monocytes are capable 

of migrating from lesioned 

brain areas to deep CLNs 

and use the cribriform plate 

as an exit route 



WHY THE OLFACTORY MUCOSA?

1. The other parts of the body were already taken…

2. Its use in Creutzfeld-Jacob disease

3. The previous attempts at using the OM in neurodegenerative 
disorders

4. Data on the lymphatic drainage from the CNS

5. Data on the NALT in SIV-infected macaques



NASAL ASSOCIATED LYMPHOID TISSUE (NALT)

Santangelo PJ, et al. Nature Methods 2015



NASAL ASSOCIATED LYMPHOID TISSUE (NALT)
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STRUCTURE OF THE OM

Thuret S, et al. Nature Reviews Neuroscience 2006; Salazar I, et al. Handbook of Clinical Neurology 2019



MICROSCOPY OF THE OM

Holbrook EH, et al. The Laryngoscope 2011



THE SOLFAMU STUDY
STUDY OF NASAL BRUSHING COLLECTED OLFACTORY MUCOSA
SAMPLES IN THE DIAGNOSIS OF HUMAN ENCEPHALOPATHIES
NCT02951559

1. Primary Outcome : 

• Diagnostic concordance with gold standard diagnostic 

procedures

2. Secondary Outcomes:

• Side effects of the nasal brushing

• Cytology and immunohistochemistry

• OM markers of neuronal damage and amyloid deposition 

[tau, p-tau, 1-42 beta amyloid, S100beta, alpha 

synuclein, TDP-43 on cell blocks and supernatant]

PLWH

CNS 

Disorders

Dementias

HVs



HIV + HIV -

n (%) or median (IQR)

n 90 32

Male gender 64  (71.9%) 19 (59.4%)

Age (years) 51 (45-57) 47.6 (36.1-60.7)

• Caucasian

• SouthAmerican

• Arican

78 (88%) 30 (93.75%)

6 (6.7%) 1 (3.15%)

5 (5.6%) 1 (3.15%)

BMI (Kg/m2) 23.5 (19.8-26.6) ----

HCV+ 14 (15.7%) 0

HBV+ 9 (10.1%) 1 (3.15%)

Cirrhosis 4 (4.5%) 0

• MSM

• MSW/WSM

• IVDU

32 (35.9%) ----

27 (30.3%)

17 (19.1%)

BASELINE CHARACTERISTICS



DIAGNOSIS
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TOLERABILITY

83%

Yearly test?

43%

Yearly test?
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IMMUNE-HISTOCHEMISTRY



Updated from Bertero L, et al. AIDS 2019
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GENETIC 
DIVERSITY IN THE 
OM/CSF/SERUM

Bertero L, et al. AIDS 2019
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Calcagno A, et al. CROI 2019 #476

-80°C

o 40µl of internal standard (marked with stable isotopes) working solution plus 500 µl 

of water:methanol solution (30:70 v:v);  

o vortex-mixed 10 sec and sonicated for 10 minutes at 40°C; 

o The dry extracts were dissolved in 110 µL of water:acetonitrile:acetic acid 

(94.9:5:0.1 v:v:v) solution and 10 µl of acid phosphatase (0.5 X) and incubated for 

1 hour at 37°C

___ ug

___ ug
HPLC/MS-MS

PK ON OLFACTORY MUCOSA
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Calcagno A, et al. CROI 2019 #476

PK ON OLFACTORY MUCOSA (2)



Unpublished

BLOOD BRAIN BARRIER STATUS ON THE OM

Zo-1 MoAb



Infos from the 

Lymphatic system??

Infos from the Brain 

Pranchyma??



Olfactory 

ensheathing glial 

cells
Way of entry of 

bugs into the CNS?

Influenza

HSV-1?

HHV-6

Cryptococcus

Van Riel D, et al. J of Pathology 2015



ONGOING STUDIES

▪ Env deep sequencing on OM, nostrils, tonsils and CSF 

▪ Metagenomics on CSF and OM

▪ Tau, p-tau and Beta1-42 on CSF and OM

▪ Targeted Proteomics → AD vs. HAND
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