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MICROSCOPIAS NAO LINEARES
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J. Adur et al. (2016) Chapter 6, Nonlinear microscopy techniques.... Intech Open Science

MICROSCOPIAS NAO LINEARES

As sinais ndo lineares dependem da probabilidade de encontrar
mais de um féton no espago e no tempo, o que aumenta
dramaticamente no foco de um laser pulsado.
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PROPRIEDADES
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MECANISMOS DE CONTRASTE

La microscopia de segundo y tercer armdnico se basan
en los efectos Opticos que son inducidos por las
propiedades fisicas inherentes de la muestra.
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-Permitido solo en moléculas sin simetria de inversion
-Favorecido en estructuras con alto grado de orientacién y
organizacion.

THG

-Permitido en cualquier medio
-Proviene de las interfaces épticas y las heterogeneidades.
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SEGUNDO HARMONICO
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CONTRASTE THG

- Permitido em qualquer médio

- Derivado de interfaces e heterogeneidades Oticas

TABLE 4 Optical properties of lipids and glycerol at 1180 nm and comparison with water

3 3
@ = ¥y, (M3y-n) A

(107 % m*v?) (1072w’ v a-awater [* | xP=x water®
Water 618 =36 1.68 = 0.08 0 0
NaCl Imol/L 639+42 1.79 £ 0.09 0012 441
Triglycerides 87+50 25805 08 40
Triglycerides + cholesterol 1% 837£50 258£05 0.8 480
Vegetable oil 90.0 =50 21035 L1 195
Glycerol 852%50 26305 09 550

D. Débarre et al 2006. Nature Methods 30(1): 47-53
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O contraste de uma determinada estrutura
depende do tamanho da mesma relativo ao
volume focal.
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IMPLEMENTACAO
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IMPLEMENTACAO
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APLICACOES NA DETECAO DO CANCER
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Nonlinear Optical Microscopy Signal Processing Strategies in Cancer

i 12 2 2 T 1
Javier Adur'<, Hernandes F. Carvalho?, Carlos L. Cesar< and Victor H. Casco CANCERNLORATICS 201643, L. 67

SAAID TACS FFT GLCM

Table 2. Summary of the different methods for the analysis of nonlinear images.

METHODS INDEX/VARIABLE VALUES MEANING CALCULATION
SAAID Collagen/elastinratio  Positive (more collagen) Cancer tissues have high collagen Integrated density
Negative (more elastin) concentration option
in measure menu of
ImageJ
TACS Fiber angle (relative TACS-2 (8 =0%) Normal tissues present TACS-2 while Angle tool of ImageJ
to epithelium) TACS-3 (8 =907) adenocarcinomas show TACS-3, which
may be indicative of the invasive and
metastatic growth potential
AR Fiber direction AR =0 (anisotropic) Normal tissues fibers show isotropic FFT process of ImageJ
AR =1 (isotropic) behavior. While in adenocarcinomas
the fibers are more anisotropic
GLCM C = 1 (displaced image = non Normal tissues show more defined and GLCM plugin of ImageJ
CORRELATION displaced one, non-periodic periodic fibers
(Fiber separation) fibers) While adenocarcinomas tissues show
ENERGY C 8 =0 (displaced image # non more random and non-periodic fibers.
displaced one, periodic fibers)  Energy is highest in images with uniform
[0, 1] gray level or uniform gray level differences

at the specified separation and lower for
those with more variation in gray levels

Abbreviations: SAAID, second harmonic o autofluorescence ageing index of dermis; TACS, lumor-associated collagen signatures; AR, aspect ratio; 8, angle;
€. correlation; FFT, fast Fourier transform; GLCM, gray level co-occurrence matrix.
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Table 2. Summary of TPEF and SHG imaging studies and techniques to probe collagen remodeling of the ECM in ovarian cancer.

TECHNIQUE RESULTS CONCLUSIONS AUTHORS
GLCM on SHG images, spatial GLCM Corrg, Variable redox ratios of high-risk women Kirkpatrick et al."
frequencies + TPEF redox ratios Normal and cancer statistically combined with collagen morphology may

different lead to improved detection

Spatial frequency:

Cancer tissues had increase in low
(=10 pm-") and decrease in high
(72-92 pm~') spatial frequencies

Redox rati

Low risk > high risk > cancer
Support vector machine (SVM) using  Classified cancer vs normal: SVM of GLCM and FFT is moderately Watson et al.3*
GLCM, FFT Sensitivity = 81.5% successful in classifying collagen

Specificity = 81.1% alterations of cancerous tissues.
TPEF, SHG, and THG combined with  FFT: Multimodal imaging approaches are Adur et al .3
FFT, TACS, and cellular signatures Normal: 0.65 + 0.12 useful in classifying normal, benign,

Benign: 0.74 + 0.1 borderline, and serous ovarian tissues

Boderline: 0.80 + 0.10
Serous: 0.79 + 0.11

TACS:
Normal and benign tumors
demonstrate

TACS-2
Serous demonstrate
TACS-3
Texton classification Classified normal and high-grade Highly specific and versatile approach Wen et al.*
serous with 97% accuracy to classify ovarian tissues
SHG creation and anisotropy () Type Feia B Cancer is denser and more organized Nadiarnykh et al.?®
——————— and has better packed fibrils than
Normal 93% 0.76  normal tissues
Cancer 7% 0.88
Intravital TPEF and SHG imaging Intrinsic tumor fluorescence is Intravital TPEF and SHG imaging provides  Williams et al.”
using STICK objective red-shifted relative to normal; a means to detect small neoplastic regions
Collagen is thicker in neoplasia using both collagen and cellular features

lesions than normal tissues

K Tilbury & P. J. Campagnola. Perspectives in Medicinal Chemistry 2015:7 21-32 doi: 10.4137/PMC.S13214.
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Theranostics 2021, Vol 11, Tssue 7 3225
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July 23, 2020; DOI- 10.1158/0008-5472 CAN-20-0348
Nonlinear Optics with Near-Infrared Excitation Enable
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RANSLATIONAL
FULL ARTICLE IPHOTONICS

Received: 30 April 2020 | Revised: 18 June 2020 | Accepted: 6 July 2020

Compact portable multiphoton microscopy reveals
histopathological hallmarks of unprocessed lung tumor
tissue in real time
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Imagens de varios tipos de tecidos tumorais
THG [/ SHG / 2PEF Histapathology
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Figure 1. Effects of chemotherapy on ET26 tumors in mice. (A) Tumor volume dynamics in response to cisplatin, paclitaxel, and
irinotecan. Mean +SEM, n = 3. *Statistically significant difference between treated and untreated tumors, P < 0.05. (B} Posttreatment
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