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Background and Motivation

Duodenal gastrinoma tumors (DGasts)
secrete the hormone gastrin which results in the
over-production of stomach acid, a condition
termed Zollinger-Ellison Syndrome (ZES).
ZES symptomology includes chronic diarrhea,
stomach ulcers, tissue adhesions with increased
risk of rupture, and malabsorption. DGasts
typically develop as small, diffuse, lesions within
the submucosa of the proximal small intestine
(Figure 1). 1]
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Figure 1:
lllustration of gastrinoma development and spread, showing the multifocal
nature of the tumor and gastric damage secondary to acid hypersection.

Difficult resection of DGasts shifts the focus of
treatment towards management of symptoms
(e.g. PPI to reduce acid production), which does
not mitigate the potential for tumor metastasis.
Aggressive surgical resection, such as the
Whipple procedure (Figure 2) is often
recommended for patients at high-risk for spread

of the cancer. [1]
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Figure 2:
Pancreaticoduodectomy (Whipple procedure) used to remove high-risk
lesions within the region of the duodenum and pancreas.

Hypothesis

Differences in the composition between DGasts
and normal duodenal tissue will provide contrast
with endogenous fluorescence optical imaging,
laying the ground work for augmented
diagnostic and targeted resection tools.
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Methods

Endogenous fluorescence was measured in formalin-fixed and

paraffinized (FFPE) Dgast samples from 12 patients using two-photon

microscopy (Zeiss LSM 880 NLO microscope).t Excitation wavelengths and

detection bands (Figure 3) were chosen to collect fluorescence from

molecules related to common markers of cancer:
* NADH: excitation: 700 nm; emission: 425 - 465 nm
 FAD: excitation: 925 nm:; emission: 465 - 600 nm
e lipofuscin: excitation: 830 nm; emission: 550 - 600 nm
 porphyrin: excitation: 800 nm; emission: 590 - 625 nm

The optical redox ratio is a measure of tissue metabolic state determined by
the ratio of NADH to FAD fluorescence.[2,3] Second-harmonic generation
(SHG) is a light-scattering phenomena that is elicited by collagen structures.

SHG was measured with 880 nm excitation and a 430 - 450 nm detection band.

Two-photon microscopy images and
tissue stains of DGast samples
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Figure 4:

Comparison of three of the imaging channels captured with two-photon microscopy and three
different types of staining used to validate tissue types. Gastrin/Synaptophysin are specific for
gastrin-producing cells and neuroendocrine tumors, respectively. PanCK/SYTO13/CD45 are
specific for epithelium, nucleic acids, and immune cells, respectively
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Fluorescence spectra of endogenous fluorophores used for image contrast in this
study. Note, fluorescence emission occurs at varying excitation light
wavelengths, allowing for overlapping detection bands without severe fluores-
cence crosstalk.

Regions of interest (ROIs) used for measurement of
relative fluorescence intensity between tissue types
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ROIs of different tissue classifications used to measure and compare relative fluorescence intensi-
ties. Note the morphologic changes that occur between the normal/abnormal Brunner’s glands
(BGs) and tumor, which are thought to originate from cells within BGs. The immunostained images
(shown on far right) were used to distinguish between sites of normal/abnormal glands.
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Figure 6:

Heat matrices showing com-
parisons of fluorescence in-
tensities measured between
the different tissue type within
each sample. Matrices are
calculated, and can be read,
by dividng the column
classification by the row.
Higher values suggest a
greater amount of the fluoro-
phore existing within the
tissue type, or in the case of
the optical redox ratio, a
variation in the metabolic
state between the tissue
types. ROls were thresholded
to remove fluorescence cross-
talk and background noise.
Comparisons between tissue
were only made from with-
in-sample ROIs to control for
variations in acquisitions and
samples.
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Conclusion

Significant differences in signal intensity of
endogenous fluorophores is measurable in
FFPE samples of DGast using two-photon
microscopy. This suggests that endogenous
fluorescence can be used as a label-free
approach for distinguishing DGasts from
healthy tissue due to differences in the
relative abundances of fluorophores
between tissue types. Specifically, our findings
show fluorescence signals related to tissue
metabolism, cell senescence, and local blood
concentrationp) (Figure 6) have significantly
different values when measured in DGast
tumors and normal tissue of the duodenum.

Future Directions

Current efforts are focused on image texture
analysis using Haralick feature extraction [ of
the fluorescence and SHG images, which pro-
vides statistics on the spatial relationship of
pixel gray-level values. Discriminant analyses
(Example Figure 7) from each of the five image
channels will provide insight into the type and
number of features required for adequate
discrimination of the DGast tumors from
their surrounding environment. This informa-
tion will inform further work in the development
of Iimaging systems used for in-vivo detection of
DGasts and other neuroendocrine tumors.
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Figure 7:

Two sets of linear discriminant analysis done in work by Sawyer et al [5], each
using two linear discriminants derived from Haralick feature extraction of SHG
and multi-photon fluorescence images of murine ovaries.
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