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Real-time in vivo microscopic imaging has become a reality with the advent of confocal and
nonlinear endomicroscopy. These devices are best utilized in conjunction with standard white
light endoscopy. We evaluated the use of fluorescence endomicroscopy in detecting microscopic
abnormalities in colonic tissues. Mice of C57bl/6 strain had intraperitoneal injection with
azoxymethane once every week for five weeks and littermates, not exposed to azoxymethane
served as controls. After 14 weeks, intestines were imaged by fluorescence endomicroscopy. The
images show obvious cellular structural differences between those two groups of mice. The
difference in endomicroscopy imaging can be used for identifying tissues suspicious for neoplasia
or other changes, leading to early diagnosis of gastrointestinal track of cancer.

Keywords: Endomicroscopy; fluorescence imaging; one-photon fluorescence imaging; gastroin-
testinal cancers; goblet cells; neoplasia.

1. Introduction

Cancer is one of the main causes of death in the
world. But if they are detected early, most common
cancers are easier to treat and cure.! By using a
variety of screening tests, it is possible to prevent

and treat the disease long before symptoms appear.
Gastrointestinal (GI) tract cancers, including oeso-
phageal cancer, stomach cancer, gall bladder can-
cer, GI stromal tumors, liver cancer, pancreatic
cancer, colon cancer, rectal cancer and anal cancer,
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are the most common group of cancers. Detection of
GI cancers at early stage is essential for the outcome
of survival rate, which could increase by a factor of 5.1

GI endoscopy, where a doctor is able to see the
inside lining of the digestive tract, is the most
effective method for GI disease detection.”® How-
ever, traditional endoscopy only measures organ
surface morphology with image resolution on the
order of 10 gm. Three-dimensional (3D) imaging of
cellular layers and intracellular organs, which could
be a very useful clue for early diagnosis of diseases,
is missed by traditional endoscopy. Alternatively,
biopsy has been used for GI cancer diagnosis.* But
the overall diagnostic accuracy by biopsy is limited
by the fact that it cannot test all the samples needed
to be surveyed and only a small portion of samples
are tested.

Advances in this field have resulted in the devel-
opment of new one-photon-excited fluorescence
(OPF) or two-photon-excited fluorescence (TPF)
endoscopy which could achieve 3D anatomical and
functional fluorescence imaging of organs with high
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resolution and visualize cellular-level details of tissue
in real time without having to remove tissue.”® GI
cancers begin when abnormal cells grow out of con-
trol and have a defined series of pre-malignant con-
ditions which evolves with the accumulation of
aberrant genetic events.” These pre-malignant
lesions have presented the change of the cell struc-
ture in tissue, which can be used for early diag-
nosis.'’"1? In this work, we use fluorescence
endomicroscopy to detect those cell structure chan-
ges. Mice were induced with GI lesions by injecting a
colon carcinogen. The cell architecture variation of
the mice compared with the control mice is spotted
by fluorescence endoscopy imaging of intestine of the
mice. The cellular structure difference could be used
for establishing a procedure of diagnosing GI cancers
and determining the stage of their development.

2. Endomicroscopy

A laser source fluorescence endoscopy system
(Fig. 1) was used for identifying the cell architecture

Fig. 1. OPF or TPF imaging endomicroscopy.
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change at early stage of cancer. Figure 1 shows the
schematic diagram of the fluorescence endomicro-
scope and the endoscopy probe. 3D OPF imaging
and TPF imaging can be obtained through the same
endomicroscopy system by using different lasers and
optical fibers. A passive mode-locked Ti:Sapphire
laser with a pre-chirp unit and a double clad fiber
are employed for TPF imaging®~® while a CW laser
with a wavelength of 488 nm and a single mode fiber
are used for OPF imaging.®'® The laser beam is
delivered from the laser source to the tested tissue
by the optical fiber. A small endoscopy probe is
attached to the end of the optical fiber. Inside the
probe, a multiple element micro-lens focuses the
laser beam delivered from the fiber to the samples.
The end of the optical fiber is mounted on an elec-
tromagnetically driven resonant tuning fork which
scans the optical fiber in the horizontal axis (Fig. 1,
inset). The fork is also part of a cantilever, which
provides vertical axis movement of the fiber tip.
Raster scanning of fiber tip in horizontal (z) and
vertical (y) axis is realized by the tuning fork. The
image depth axis is controlled by a compact actuator
based on shape memory alloy technology. 3D ima-
ging with imaging volume > 475 x 475 x 250 ym?3 is
achieved by the miniaturized probe. The fluor-
escence signal excited by the laser from the specimen
is collected by the optical fiber and sent to a photo-
multiplier tube (PMT) for detection and displaying
images. The micro-scanner and imaging display are

synchronized and controlled by electronic system in
the control box.

3. Mouse Preparation

C57bl/6 strain black mice are used for the detec-
tion. Figure 2 shows the time line and how the mice
were treated before imaging. The mice were divided
into a test group and a control group. The test
group of mice were injected with a colon carcinogen,
azoxymethane (AOM), once every week for five
weeks. At week five, both groups of mice were
treated with dextran sulfate sodium salt (DSS) for
24 h. The mice were imaged by the endomicroscope
on 2, July which is 14 weeks since initial AOM
injection.

4. Imaging Results

The mouse was anesthetized and injected 0.3—0.4 ml
of the fluorescein by tail vein injection (1% solution
diluted in saline). After 5min, when the fluorescein
has been circulated around the whole body of the
mouse, tissue was freshly harvested from the mouse
body for endoscopic imaging. Figure 3 displays
hematoxylin and eosin (H&E) image, OPF endoscopy
image and TPF nonlinear image of large intestine of a
mouse in the control group. The fluorescence endo-
microscopy images show the luminal openings of the
crypts and regular epithelial cells, where epithelial

Test mouse Control mouse
Time Line
"
26/03 Initial AOM injection No injection
L ]
0 1 1’04 AOM injection 100 pl No injection
¥
08/04 AOM injection 100 pl No injection
8
15/04 AOM injection 100 pl No injection
¥
22/04 AOM injection 100 pl No injection
DSS treatment DSS treatment
02/07 Endoscopy imaging Endoscopy imaging
Fig. 2. Time line for preparing the test mouse and the control mouse.
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Fig. 3. Images of large intestine of a control mouse. (a) H&E image. (b) OPF image. (c) TPF image. Size of images (b) and (c):
200 x 200 pm.

Fig. 4. H&E and OPF endomicroscopy images of large intestine of test mouse. (a2) Highly irregular glands and nuclei. (b2) Strong
leakage with pooling of fluorescein within the lamina propria. (c2) Dysplasia of cell structure and leakage of fluorescein. Size of
images (a2), (b2) and (c2): 475 x 475 pm.
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columnar cells present as bright white cells. Goblet
cells present as dark ovoids in the fluorescence images
[Figs. 3(b) and 3(c)], and white ovoids at the H&E
image [Fig. 3(a)]. Compared with Fig. 3(b), the TPF
image [Fig. 3(c)] shows sharper subcellular structure
and higher contrast. The image resolution of Fig. 3(c)
was gained through nonlinear dependence of the flu-
orescence signal on excitation laser power in the two-
photon excitation, while the fluorescence signal has
linear relation with the excitation laser power in
the one-photon excitation case. The high contrast
[Fig. 3(c)] was due to the localization of the two
photon excitation where the fluorescence signal only
generated at focal spot of excitation laser beam and
background noise from out of the focal area excitation
was dramatically diminished.

Figure 4 displays H&E images and OPF images
of large intestine of a mouse from the test group.
Compared with Fig. 3(a), the H&E images do not
show difference between a control mouse and a test
mouse. However OPF images reveal obvious polyps
and odd vascular on the surface of the tissue in
Figs. 4(a2)—4(c2). Compared with Fig. 3(b), the
border of the cells in Figs. 4(a2)—4(c2) becomes
obviously blurred and cellular details in the images
start to disappear. Figure 4(b2) displays crowds of
dark cells of irregular size and leakage of fluorescein.
Compared with Fig. 3(b), irregular crypt openings
and disorganized cell architecture of the epithelial
layer are obviously shown in Fig. 4(c2). Suspicious
mucosal abnormalities are presented in the fluor-
escence endomicroscopy images.

5. Conclusion

Obvious cellular change of large intestine areas
between the mouse in the test group with polyps
induced by AOM injection and the mouse in the
control group can be identified by fluorescence
endomicroscopy. The images show that small and
subtle dysplastic lesions can be detected by fluor-
escence endomicroscopy. Therefore, in conjunction
with broad field techniques such as chromoendo-
scopy to identify regions of interest, it may provide
a useful tool for early detection of cancers by iden-
tifying dysplasia. Identification of dysplasia using
real-time techniques will enable targeted biopsies
rather than more costly random biopsies used in
screening for dysplasia of the colon in conditions
such as inflammatory bowel disease.
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