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ABSTRACT: Biofluid ansiyss by optical spectoscopy tedhniques
is attracting considerable interest due 1o its potentia to
revolutionize disgnostics and precision medicing, particularly for
neurodegenerative diseases. However, the lack of effective
biomarkers combined with the snaccomplisched identification of
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convenient bioluids has drastically hampered optical advance .nmt'::]ﬁnm
ments in dinical diagnoss and monitoring of newrodegenerative Scleroaia?
disorders. Here, we show that vibrational spectroscopy applied to

hueman tears opens a new route, offering a non-invasive, hibel-free i’:‘s“?

identification of 3 dewastating dissase such as amyotrophic lateral
sclerosis (ALS). Our proposed approach has been validated ung
two widespread techniques, namely, Fourler tmnsfom infared
(FTIR) and Raman microspectroscopies. In conjunction with
multivadate analysis, this vibrational ap proach made it possible to discriminate between tears from ALS patients and healthy controls
(HCs) with high specificity (~97% and ~100% for FTIR and Baman spectosoopy, respectively) and sensitivity (~88% and ~ 100%
for FTIR and Raman spectroscopy, respectively). Additionally, the investigation of tears allowed us to disdese ALS spectroscopic
markess related to protein and lipid alterstions, as well as to a reduction of the phenylahinine level, in comparison with HCs. Our
findings show that vibrational spectroscopy is a new potential ALS diagnostic approach and indicate that tears are a reliable and non-

invasive source of ALS biomarkers.
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B INTRODUCTION

Amyotrophic bitersl scercsis (ALS) is one of the most severs
nevrodegenerative disorders characterized by degeneration of
upper and lower motor newrons, leading to death in 3 median
time of 3 pears from onset. Most ALS cases are sporadic
(~90—95%), while the remaining 5—10% are Ernilial, with the
most common mutatons affecting superoxide dismutase 1
(S0D1), transactive response DMA-binding protein 43 (TDP-
43), RNA-binding protein FUS, and the bexanucleotide repeat
expansions in COORFTL™ Mon-motor pathways are also
affected, and up to 0% of patients have detectable cognitive
and belavioral dunges, ]udlng% in about 15% of cages to a
frank frontotemporal dementia.

The diagnosis of ALS is achieved by the combination of
clindcal data and nevrophysiclogical evidence of motor newon
degeneration, together with symptom progresson, lkeadingto a
delay between onset and diagnods that limits prompt
intervention. Therefore, the discovery of new blomadkers
easlly accessble and quickly detectable represents a priosty for
early diagnosss, patient stratification, and evaluation of the
therapeutic and rehabilitative effectiveness.” Moreover, bio-
markers that ensure 3 precise discimination between dissased
and healthy individuals can lead to radically new diagnestic
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took and offer crucal insdghts into the pathogenic molecular
moechandems*

Wibrational spectroscoples relylng on Raman scattering and
infrared absorption are labeliree and non-invasve took that
already gpir an enommnos interest within biology and medidne
alike. Interestingly, Fourier transfm infrared (FTIR) and
Raman spectroscoples can be applied not only to the
charactedzation of isclated biomolecules but also of intact
cells and Hssues When combined with multivariate analysis
these complementary vibrational techniques offer 2 powerdul
dizgnostic tool for rapid “spectroscopic fingerprinting” of the
sample offering 3 snapshot of the composition and structure of
its main blomolecules. Then, the wse of a microscope allows
collecting the signal from a selected sample area with a spatial
regpolution that depends on the ingrument characteristics. This
property makes this approach particularly suitable for the
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Introduction

Conditions that produce alteration in tear film’s components may lead to
ocular surface damage
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Amyothrophic Lateral Sclerosis

ALS is a progressive degeneration of motoneurons
Diagnosis is difficult and possible by body signs and
EMG

Blood biomarkers are assessed as prognosis factors
(e.g. emoglobine, creatinine and urea)
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The purpose of this study

Stokes shift Rayleigh Scattering Anti-Stokes Shift
Exploiting Raman Spectroscopy as an effective iy
technique to compare healthy and ALS tears in : —) =k "
order to evaluate a possible difference () ° o
level (v, Rayleigh
2 Stokes
g Anti-Stokes
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capillary: 19 ALS and 20 HCs h d formation on BaF,
ASST Grande Ospedale Metropolitano Biosciences, University of Milano-Bicocca
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Table 3. Tentative Assignment of Some Bands Found in

Spectral peaks assignment T R S f Bl Spsime

Band
Numbering Frequency
(cf. Fig. 1B) {cm'L} Assignment’
1 ~3059 (C=C—H)yrom, str
2 ~2975 CH; str
12000 - 3 ~2935 CH, and CH, str
4 ~2870-2890 CH, str
5 ~1735 »C=0 ester str
O ~1650-1680 Amide |
7 ~1614 Tyrosine
75 10000 8 ~ 1606 Phenylalanine
S I 9 ~1575 Guanine, adenine (ring stretching)
= e p ~ 14401460 C—H def
= \ / \ 11 ~1205 CH, def
M 12 ~1230-1295 Amide IIT
13 ~1129 C—N and C—C str
8000 W 14 ~1102 >PO; str (sym)
15 ~ 1085 C—0O str
16 ~1061 C—N and C—C str
= p ~ 1004 Phenylalanine
18 ~852 “Buried” tyrosine
6000 ' ' ' ' ' ' ' ' ' ' 213 ﬂv?gg CETEZT;{? ug::(ijlu(rj]'ﬁlg. str)
800 1000 1200 1400 1600 1800 21 720 Adeﬂine
Raman shift (cm™) 22 ~665 Guanine
23 ~640 Tyrosine (skeletal)
24 ~620 Phenylalanine (skeletal)
25 ~520-540 58S str

4 main peakS Of Interest allgned Wlth “Naumann, D. FT-infrared and FT-Raman spectroscopy in biomedical

literature and a ssigned according to chart research. Applied spectroscopy reviews 2001, 36(2-3), 239-298.
https://doi.org/10.1081/ASR-100106157"
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Application of Biotech MatLab routine for non linear background subtraction
+

Integral normalization to 1000 cm™ of all spectra
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Differential Analysis

]
o

differential average spectra of the two classes
identifying ALS-specific molecular markers:

ALS patients demonstrate on average a marked
reduction of the Raman band at ~1000 cm™!
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Figure 4. Comparison of the mean Raman spectra obtained by considering all the measured tears from ALS patients and HCs (a). The shadowed
area refers to the standard deviation of the data. (b) Spectrally resolved differential average Raman spectra of the two investigated groups.
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* The positive maximum at ~1003 cm™
in fern-like patterns due to overtake of
urea in ALS patients

Normalized intensity

. . . 950 1000 1050 1100 1150
e Sign reversal in the external ring due to Raman Shift (cm")

defICIenCy Of phenylalanlne Vlbratlons Figure 5. Differential average Raman spectra of ALS patients and
HCs measured in the fern-like patterns at the center of the dried drop
(red line) and in the coffee ring (blue line).




Multivariate Analysis

a PLS-DA | xgbTree 100 P Amide |
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aman spectra. (A) Overall performances of PLS-DA and xgbTree met
are reported as in Figure 2. (B)

range. In particular, the resampjed area under the curve (auc), sensitivity (sens.), and specificity (spec.
Wavenumber importance (domfin 0—100) for PLS-DA method in the 900—1800 cm™" spectral range.

Figure 6. Multivariate analysis of]

The PLS-DA analysis shows a high Spectral components discriminating ALS from HCs:
classification accuracy with a specificity and ohenylalanine and amide | are the most important
sensitivity of ~100% signatures for the classification

Analysis of PhD.Paolo Mereghetti




Conclusions

: metabolic dysfunctions and
alterations of the whole protein structures and/or content
might play a crucial role in this neurodegenerative disease

in biomarkers proved to be high in
sensitivity and specificity

* Interpretation on the origin of this possible
difference is still to be pursued
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Thank you for your attention!




