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Molecular imaging is a technique for imaging the processes occurring in a living body at a molecular level in real-time, com-
bining molecular cell biology with advanced imaging technologies using molecular probes and fluorescence. Gastrointestinal
endoscopic molecular imaging shows great promise for improving the identification of neoplasms, providing characterization
for patient stratification and assessing the response to molecular targeted therapy. In inflammatory bowel disease, endoscopic
molecular imaging can be used to assess disease severity and predict therapeutic response and prognosis. Endoscopic mo-
lecular imaging is also able to visualize dysplasia in the presence of background inflammation. Several preclinical and clinical
trials have evaluated endoscopic molecular imaging; however, this area is just beginning to evolve, and many issues have not
been solved yet. In the future, it is expected that endoscopic molecular imaging will be of increasing interest among clinicians
as a new technology for the identification and evaluation of colorectal neoplasm and colitis-associated cancer. (Intest Res

2021;19:33-44)
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INTRODUCTION

An endoscope for the diagnosis of digestive diseases was in-
vented 150 years ago by Kussmaul.' Having undergone rapid
development, endoscopy is now used for diagnosing and
treating many gastrointestinal (GI) diseases, with optical de-
velopments allowing very detailed observations. Although
current endoscopy is able to achieve very high image quality,
it is still on the path to becoming a more complete diagnostic
device. White light endoscopy (WLE) plays an important role
in early diagnosing of GI lesions, but many studies have re-
ported that the rate of missed lesion detections has not yet de-
creased.”” The latest technological and scientific developments
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of GI endoscopy have created new imaging devices, such as
virtual chromoendoscopy techniques, chromoendoscopy, nar-
row-band imaging, autofluorescence imaging, Raman spec-
troscopy and confocal laser endomicroscopy (CLE), all of
which can help to improve the characterization and detection
of early neoplasms.” Although these advances, endoscopy is
diagnostically limited because it discriminates based on mor-
phological changes. Recently, molecular mechanisms at the
cellular level have been revealed for many physiological and
pathological conditions such as cancer and inflammation.
Therefore, to significantly increase the early detection rate of
endoscopic examination, a method of searching for changes
at the cellular level, rather than for morphological changes,
has been devised.

Molecular imaging is a technique for imaging the processes
occurring in a living body at the molecular level, combining
advanced imaging technology with molecular cell biology.
Molecular imaging has evolved, and it is now able to reveal the
molecular pathogenesis of many diseases. It has developed
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particularly rapidly in the field of nuclear medicine, where it is
used for the clinical diagnosis of many important diseases
such as cancers, dementia, and Parkinson disease. Much re-
search has been expended to apply molecular imaging to the
field of endoscopy, with studies describing applications in
cancer screening and surveillance, as well as its use for the
evaluation of pathological conditions such as gastric intestinal
metaplasia, Barrett esophagus, colitis-associated cancer
(CAC), flat and depressed sporadic colonic adenomas, and
indeterminate biliary strictures.’

The principles of endoscopic molecular imaging and its ap-
plications in intestinal diseases have been summarized in pre-
vious reviews.” The uses of molecular imaging in intestinal
diseases include increasing the diagnosis rate of precancerous
lesions, confirming the characteristics of the lesions, and con-
firming the response to treatment with anticancer drugs. In
this review, we summarize the use of molecular imaging for
the early detection and evaluation of colonic neoplasia and
CAC in inflammatory bowel disease (IBD).

DEVICES AND PROBES FOR ENDOSCOPIC MO-
LECULAR IMAGING

When using disease-specific biomarkers as molecular probes,
it is important to consider several aspects in selecting them,
including rapid binding kinetics, the ease of labeling with fluo-
rophores, target specificity, low immunogenicity and deep tis-
sue penetration. Recent studies used fluorescence-labeled ex-
ogenous molecular probes such as peptides, antibodies, acti-
vatable probes, and nanoparticles.’

For molecular imaging in the GI tract, the imaging device
should be able to detect the molecular probes at a concentra-
tion that binds to the region of interest in a minimally invasive
manner and that is enough to distinguish molecular changes
in the early stage of neoplasms. Using highly sensitive wide-
field endoscopes is integral part if cellular details are to be de-
tected during a procedure. Recently, customized or experi-
mental endoscopes have been developed for the detection
and characterization of GI lesions using molecular imaging
techniques such as fluorescence endomicroscopy, CLE, and
optical coherence tomography.”

CLE shows enormous potential to replace biopsy and histo-
logical diagnosis. That is, we can proceed to the next therapeu-
tic stage of clinical practice without waiting for pathologic re-
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sults.”" However, most clinical trials used only fluorescein for

fluorescent staining in morphological distinction.”” The U.S.
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Food and Drug Administration approved the use of intrave-
nous fluorescein for ophthalmological imaging of blood ves-
sels, and this method therefore offers the advantage of ensur-
ing safety but it only allows better morphological distinction; it
does not target tumors directly, and new fluorescent probes
need to be developed in the future.

Photoacoustic tomography (PAT) is the most advanced
form of research in the field of molecular imaging. By acousti-
cally detecting optical absorption contrast, Yao and Wang" re-
ported that PAT broke the penetration limits of traditional
high-resolution optical imaging and conventional molecular
imaging. Through spectroscopic analysis of the target’s optical
absorption, PAT can identify a wealth of endogenous and ex-
ogenous molecules and is therefore inherently capable of mo-
lecular imaging with high sensitivity. The molecular sensitivity
of PAT is accompanied by the advantages of no ionizing radia-
tion, high spatial resolution, and deep penetration of biological
tissues, which other optical imaging modalities cannot yet
achieve. Yang et al."" also demonstrated simultaneous func-
tional photoacoustic and ultrasonic dual-mode endoscopy,
and showed its ability to image internal organs in vivo. Photo-
acoustic endoscopy is ideal for soft tissue imaging because it
has high optical contrast and spatial resolution, even in rela-
tively deep tissues.

Because of these advantages, photoacoustic endoscopy can
surmount the limitations of ultrasound endoscopy. Moreover,
the benefits of photoacoustic imaging do not sacrifice the ad-
vantages of existing ultrasound functions; photoacoustic en-
doscopy systems are inherently compatible with ultrasound
imaging, enabling multimodality imaging with complementa-
ry contrast.

EARLY DETECTION OF COLONIC NEOPLASIA
USING MOLECULAR IMAGING

The adenoma missing rate remains about 22% (15%-32%),’
with depressed and flat adenoma being frequently missed.
Molecular imaging can improve the detection rate of missed
adenoma including flat/depressed lesions, and residual ade-
noma after endoscopic resection.

In a study using adenomatous polyposis coli (APC) gene-
mutated mice, a cathepsin-sensing near-infrared probe was
used for fiberoptic endoscopic detection of colorectal adeno-
mas,"” demonstrating that tumor-specific dequenching of
smart probes can be used for endoscopic imaging. In a recent
study, Miller et al."® and Joshi et al."” used an in vivo phage dis-
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play to recognize peptides that bind adenoma in a colorectal
tumorigenesis mouse model. Morphologic and molecular
studies have shown that the histopathologic manifestations of
colorectal tumors in the APC mouse model mimic those of
human colorectal tumors. Fluorescently labeled peptides
bound dysplastic epithelium in mouse model. APC mice were
monitored through a wide-field endoscope. Multispectral
peptides can be used to obtain colorful images of tumor’s mo-
lecular profiles."**

Near-infrared fluorescence (NIRF) imaging was carried out

21,22

by Yoon et al.”* using a matrix metalloproteinase (MMP)-ac-
tivatable probe to discover colorectal neoplasm at an early
stage of disease. NIRF signal intensities correlated closely with
each stage of disease from adenoma to adenocarcinoma. In
addition, NIRF imaging allowed differentiation of inflamma-
tory mucosa from tumors. This strategy made it possible to
evaluate therapeutic effects earlier, before morphological
changes. NIRF imaging combined with a polymeric nanopar-
ticle-based probe improves detection rate of tumor and allows
estimation of the possibility of malignant change of the tumor.

Burggraaf et al”’ developed an intravenously administrable
fluorescent probe specific for a polyp biomarker that is safe
and well tolerated in humans. GE-137 is a water-soluble probe
consisting of a 26-amino acid cyclic peptide conjugated to a
fluorescent cyanine dye that binds to human tyrosine kinase
(c-Met). Intravenous administration of GE-137 leads to its spe-
cific accumulation in c-Met-expressing tumors in mice. In pa-
tients receiving GE-137 intravenously, fluorescence colonos-
copy enabled visualization of all neoplastic polyps that could
be seen with white light, as well as additional polyps that
could not be seen with white light. This first-in-human pilot
study shows that molecular imaging with an intravenous fluo-
rescent agent is safe and feasible and can detect polyps not
detectable by WLE (Fig. 1).

During GI endoscopy, fluorescence probes for molecular
imaging can be applied topically and even systemically, al-
though it is more difficult to ensure the safety of intravenously
administered probes. The safety of probes should be tested ex-
tensively through in vitro genotoxicity and phototoxicity stud-
ies. Biodistribution, pharmacology, and general toxicity stud-
ies can only be performed in humans after no adverse event
has been observed in studies conducted on rats and monkeys.
After drug administration, endoscopic fluorescence measure-
ments of healthy volunteers should be performed, including
repeated examinations to estimate the optimal dose, optimal
time interval, or optimal imaging time point between drug ad-
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ministration and endoscopy. In addition, blood levels and
clearance rates after dosing should also be considered.

Because of these difficulties, many spraying-type probes
have been developed, and their effectiveness has been dem-
onstrated in the laboratory. Park et al** developed antibody-
quantum dots (Ab-QDs) that were sprayed and washed si-
multaneously onto colon tumor tissues inside live animals,
and the tissues were then subsequently excited and imaged
by endoscopy. The QDs were conjugated to various Abs, such
as MMP9, MMP14, and carcinoembryonic antigen. Ab-QD
probes can diagnose tumors in the mouse colon ex vivo and
in vivo, as well as in human tissues. The imaging can be com-
pleted in 30 minutes, and tissue can be imaged to a depth of
100 pm. The probes successfully detected areas of hyperplasia
and adenoma, as well as tumors clearly are visible to the hu-
man eye.

In addition, antibody-type probes, such as the indocyanine-
based fluorescent probe that is readily activated by the tumor-
enriched enzyme y-glutamyltranspeptidase (yGT),” anti-CC-
SP (colon cancer secreted protein)-2 antibody,” and PSP1
(phosphatidylserine-recognizing peptide 1) as an apoptosis-
targeting probe,”” have been developed, and their usefulness
has been demonstrated in the laboratory. The advantage of
these ex vivo experiments is that they are relatively free from
safety issues in comparison to intravenous administration.
However, spraying-type probes can only be applied where di-
rect access to the subject is possible and the area of interest is
restricted. In addition, in vivo studies are still limited because
of safety concerns, and these probes have only currently been
tested in small animal models. Spray-type probes also require
long staining times and offer only shallow tissue penetration.

1.24

Recently, Park et al.” reported a study that made up for the
QD-Ab shortcomings of marginal specificity and a long time-
requirement. They demonstrated a ratiometric fluorescent
probe, crystal violet (CV)-glutamic acid (Glu), which responds
to yGT activity, and was developed and co-used with an
MMP14 Ab-biocompatible AgInS2/ZnS QD conjugate probe.
This work demonstrated the potential for endoscopic early co-
lon cancer diagnosis by the multiplexed and complementary
detection of colorectal tumors and precancerous regions such
as adenoma and hyperplasia.”® The CV-Glu probe clearly indi-
cated tumor sites within 5 minutes on fresh mouse colon tis-
sues and human colon adenoma specimens. The co-use of
CV-Glu and MMP14-Ab-QD probes further enhanced diag-
nostic power, as the probe signals showed different spatial
distributions, thereby facilitating exploitation of complemen-

35



Nam Seok Ham, et al. ®* Endoscopic molecular imaging in IBD I N T E S TI N A L R E s E ARC H

(0]
©

50 200 - TN NS 200 ‘ @ L
T 1T
40 |- = =
0 E 150 - E 150 -
-g-’_ 30 Fluorescence § §
S Il Clear increase $ 100 - € 100 |-
“§ 20 L I Mild increase g g
ZO [1Background o o
= 50 - 3 50
10 (9] 4
0 0 0
Normal  Hyperplastic Adenoma Background  Mild Clear Normal Hyperplastic Adenoma
. increase increase .
Histology Histology

Fluorescence

Fig. 1. Simultaneous white light (WL) and fluorescent light (FL) images of representative lesions of various morphological and histologi-
cal subtypes found. (A-C) The lesions shown are clearly visible in WL and show clearly increased fluorescence. (D) A lesion that, although
it was visible in WL, had enhanced visibility in FL. (E, F) Images representative of the 9 lesions that were only visible in FL. Polyps are indi-
cated by the white arrows. (A) A 2-cm pedunculated (Paris 0-Ip) tubular adenoma. (B) A 4-cm subpedunculated (Paris 0-Isp) tubulovillous
adenoma. (C) A 2-cm sessile (Paris 0-Is) serrated polyp. (D) A 5-mm flat elevated (Paris 0-lla) tubular adenoma. (E, F) Flat (Paris 0-1lb) tu-
bular adenomas, 5 mm and 4 mm in diameter, respectively. (G) Graph showing the relationship between the degree of fluorescence and
the histological diagnosis. (H) Graph showing the relationship between c-Met expression and the degree of fluorescence. (I) Graph show-
ing the relationship between c-Met expression and histological diagnosis. Error bars are means +standard error of the mean. °P<0.001,
mixed-model analysis of variance. Adapted from Burggraaf J, et al. Nat Med 2015;21:955-961, with permission from Springer Nature.”

tary information (Fig. 2). EARLY DETECTION OF COLITIS-ASSOCIATED
These various devices and probes provide a significant ad- CANCER IN IBD

vantage for the detection of the small or flat tumors that may

be missed on conventional endoscopic examinations, and they 1. Current Strategies for Detection of Neoplasm in IBD

provide a strategy for the improvement of cancer diagnosis. Fig. 3 shows that the techniques and equipment used for en-
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Fig. 2. (A) Schematic diagram of sequential ex vivo staining with crystal violet (CV)-glutamic acid (Glu) and matrix metalloproteinases 14
(MMP14) antibody-quantum dot (Ab-QD) probes. (B) White light images (left panel) and in vivo imaging system images (right panel) of
(from left) a normal colon tissue treated with the MMP14 Ab-QD probe, a tumor tissue treated with lgG-QD conjugates, and two other
tumor colons treated with the MMP14 Ab-QD probe. Five regions were histopathologically analyzed (arrows 1, 2, 3, 4, and n). (C) Two-
photon microscopy (TPM) images of mouse tumor colon stained by the MMP14 Ab-QD probe. Upper image: autofluorescence (Auto-FL)
imaging, lower image: MMP14 Ab-QD probe signals (yellow pseudo-color). (D) Ratiometric signals after spraying all tissues with the CV-
Glu probe at 5 and 30 minutes after treatment. (E) Overlay images of the CV-Glu probe radio frequency signal at 30 minutes (green pseu-
do-color) and MMP14 Ab-QD probe signal (red pseudo-color). (F) Time-dependent TPM images of the CV-Glu probe in the same area
shown in panel (C). First row: CV-Glu; second row: CV; third row: overlay images; fourth row: ratiometric images. (G) TPM fluorescence
images recorded moving down in the z-direction. First row: MMP14 Ab-QDs (yellow pseudo-color); second row: overlay images of CV-Glu
probe. Scale bar: 50 um. AOM, azoxymethane; DSS, dextran sodium sulfate. Adapted from Park Y, et al. Acs Nano 2014;8:8896-8910, with
permission from John Wiley and Sons.”*
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Fig. 3. Representative example of endoscopic submucosal dissection for colitis-associated dysplasia. (A) Large, non-ulcerated Paris type
0O-lla dysplasia with a distinct border in the rectum. (B) Mucosal incision was performed after submucosal injection. (C) Mild but diffuse
submucosal fibrosis and submucosal fat deposition. (D-F) The colonoscope was changed into a gastroscope to expose the submucosal
layer more effectively, and en bloc resection was achieved. The final histology revealed low-grade dysplasia (42 x 40 mm in size, with clear
lateral and vertical margins). Adapted from Yang DH, et al. Clin Endosc 2019:52:120-128.%

doscopic submucosal dissection (ESD) for sporadic colorectal
neoplasia is also applicable to ulcerative colitis (UC)-associat-
ed dysplasia.”’ To make this possible, the endoscopic special-
ist must be highly trained in colorectal ESD, taking into ac-
count the lesions and the current condition of the IBD pa-
tients. In this section, we introduce and summarize the molec-
ular pathobiology of CAC, the current guidelines, and the lat-
est international consensus statement for detection and man-
agement of CAC.

Colorectal cancer is a serious complication of long-standing
IBD, as demonstrated by meta-analyses of population-based

cohort studies,™”'

and the incidence of cancer in IBD patients
is raising in Korea.” The risk of colorectal cancer in patients
with IBD is six times higher than that in the general population
and accounts for 10%-15% of deaths in patients with IBD.”
Unlike sporadic colorectal cancer, CAC is preceded by clini-
cally detectable IBD, such as Crohn’s disease (CD) or UC.*"*

The importance of screening and follow-up monitoring through

38

colonoscopy is emphasized for the early diagnosis and treat-
ment of CAC. However, CAC typically occurs at a younger age
than sporadic colorectal cancer (40s-50s vs. 60s), and shows
a high incidence of multiple-concurrent colon cancer. Fur-
thermore, early detection is difficult because of the flat form
and the inflammation of the surrounding mucosa.

Carcinogenic process in the inflamed colon looks different
from the sequence of genetic alterations observed in sporadic
colorectal cancers.” A study of CAC showed increased levels
of oxidative injury, which occurs especially in cancer sites.
Chronic colonic inflammation can lead to oxidative DNA
damage, which can cause cancer development when it in-
volves key gene of growth regulation.”

The molecular pathobiology of CAC has a lot of the identical
abnormalities in the factors of cell cycle regulation such as
APC, p53, Ki-ras, and the mismatch repair genes (e.g, hMSH2),

3839

as those found in sporadic colorectal cancer.”” Despite these

similarities, distinctive features of CAC arise due to differences
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in when and how often these mutation occur."*"

Among major colorectal cancer markers, APC and p53
show critical dissimilarity in when function loss occurs be-
tween sporadic colorectal cancer and CAC. In sporadic
colorectal cancer, the development of a nonfunctional APC
gene, which usually happens before early adenoma, occurs
much later in CAC just before the development of carcinoma.

p53 plays an important role in regulating the cell cycle. Loss-
of-function mutations in this gene happen the identical mech-
anism and with a similar frequency in both CAC and sporadic
colorectal cancer. However, the p53 mutations generally take
place late in sporadic colorectal cancer, whereas they develop
much earlier in CAC.” In addition, p53 mutations are often
discovered in the normal mucosa of IBD patients. This differ-
ence in pathogenesis results in morphological differences be-
tween the 2 neoplastic forms."

The aim of colonoscopy for colorectal cancer screening is to
find premalignant lesions early to allow resection to avoid the
problems of invasive cancer.”” Dysplasia in IBD can be found
at sites distant from the cancer itself, or before the cancer de-
velops, and it is difficult to recognize on colonoscopy because
it often arises from flat normal-appearing mucosa.”

Current guidelines recommended that patients with IBD
undergo regular surveillance colonoscopy for the early detec-
** Both American and British Gastrointesti-

nal guidelines recommend a screening colonoscopy in all pa-
45-47

tion of dysplasia.

tients with IBD 8-10 years after diagnosis.

Traditional surveillance strategy recommends random bi-
opsy throughout the colon. This is because neoplasms in IBD
patients have flat and faint feature that may elude detection
and progress quickly into advanced cancer.”** Over the past
30 years, the recommendation has been to perform at least 33
randomized biopsies in all 4 quadrants every 10 cm along the
colon for colitis-related cancer screening. However, such a
random biopsy can only sample about 0.03% of the whole
mucosal surface, and there are problems such as the low de-
tection rate of less than 2 per 1,000 biopsies and the excessive-
ly high cost. The limited utility of this strategy dictates the need
for a more reliable approach to this important problem.

Newer endoscopic technologies, including high-definition
endoscopy"’ and chromoendoscopy,™" have significantly im-
proved the detection and characterization of neoplastic le-
sions, and have the potential to alter the surveillance paradigm
in IBD in favor of targeted neoplasia detection with endoscop-
ic resection of even advanced precancerous lesions.”

With the development of devices such as high-resolution

www.irjournal.org
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endoscopy, the experience that endoscopy doctors have with
flat adenomas and dysplasia in IBD has accumulated. Wata-
nabe et al.”” conducted a randomized controlled trial to com-
pare rates of neoplasia detection between targeted and ran-
dom biopsies in patients with UC. They found that targeted
and random biopsies detected similar proportions of neopla-
sia, and that targeted biopsy appears to be more cost-effective.
Accordingly, target biopsy using chromoendoscopy has been
recognized as a standard test method." On the basis of these
findings, the UK. guideline recommends targeted biopsy with
chromoendoscopy.

Indeed, investigators are now reporting that most dysplasia
discovered in patients with IBD is visible.”*** This observation
will likely have a significant impact on the surveillance of dys-
plasia.

The recent international consensus statement on the Sur-
veillance for Colorectal Endoscopic Neoplasia Detection and
Management in Inflammatory Bowel Disease Patients (SCE-
NIC) proposed a new classification system for dysplasia which
was identified during surveillance colonoscopy.”” First, dys-
plasia should be divided by visibility, with flat dysplasia being
classified as visible dysplasia. Second, other inaccurate terms,
including DALM (dysplasia-associated lesion or mass), non-
adenoma-like dysplasia, and adenoma lesion or mass were no
longer used. The Paris classification for sporadic colorectal
neoplasia has been adopted to report visible dysplasia. Third,
ulcerations and the distinctness of borders are proposed as
aspect of endoscopically unresectable dysplasia.”® This new
classification will be used as more uniform communication
tool among endoscopists comparing with previous descrip-
tions for dysplasia.

Total proctocolectomy has been considered as the standard
treatment for UC-associated dysplasia.”” This is because there
are high prevalence of synchronous or metachronous cancer,
as well as the technical limitations in confident identification
and complete resection of flat dysplastic lesions. However, re-
cent studies have supported the therapeutic role of endoscopic
resection for flat dysplasia in IBD patients, and SCENIC have
suggested endoscopic resection as a key modality for the treat-
ment of visible and resectable dysplasia in such patients.”****

Several studies have shown that ESD can be used to treat
colitis-associated dysplasia. ESD can increase the rate of en
bloc and curative resection rates, and reduce the risk of com-
plications.”* Nevertheless, such studies were carried out only
in specialized centers. Furthermore, the rates of recurrence
were relatively high, and data of long-term outcome are still
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Fig. 4. Dysplastic lesion. (A) White light endoscopic view showing a polypoid lesion (Paris O-Is) of the transverse colon. (B) After resection
and coloration with the 100 uM VRPMPLQ peptide solution, confocal laser endomicroscopy shows active binding of the peptide to dys-
plastic colonocytes is observed. This along with passive accumulation of the peptide determines an increase in fluorescence. (C) Conven-
tional histology (H&E, x 106) showing low-grade dysplasia. VRPMPLQ is a synthetic peptide conjugated with fluorescein, which shows
more selective binding to dysplastic tissue than to normal mucosa. Adapted from De Palma GD, et al. PLoS One 2017;12:¢0180509.”

lacking. Therefore, after careful discussion with patients in co-
operation with a multidisciplinary IBD team including physi-
cians, surgeons, and pathologists, ESD should be performed
for colitis-associated dysplasia.

In summary, the newer endoscopic imaging modalities us-
ing molecular imaging are needed to improve the detection
and characterization of dysplastic neoplasms in IBD patients,
allowing precise targeted access to detection of neoplasm
without interval random biopsies,” and enabling endoscopic
en bloc and curative resection rather than proctocolectomy.

2. Identification of Dysplasia in IBD Using Endoscopic
Molecular Imaging
As described above, despite the development of new devices,
techniques, and guidelines, acceptance in the real world has
been very slow, and techniques, such as those used for the detec-
tion and treatment of dysplasia in IBD patients, can only be im-
plemented in a small number of centers. Because of these diffi-
culties, new modalities such as molecular imaging are needed.
Gounaris et al.” reported that cathepsin substrate-based
probe imaging precisely recognizes dysplastic lesions within
chronically inflamed colons. Cathepsins are lysosomal cyste-
ine proteases that contribute to the proteolytic network in tu-

mor microenvironments.” Gounaris et al.*’

reported that ca-
thepsin activity of dysplastic tissue could be detected using an
endoscope modified to image simultaneously white light and

light in the near-infrared spectrum in the colons of colitis-in-

40

duced mice after cathepsin hydrolyzed substrate-based probe
injection. Considering that NIRF emission in the local area of
dysplasia is much brighter than in the surrounding area of
colitis, Gounaris et al. suggested that detection of cathepsin
activity allows discrimination of dysplastic tissue from benign
areas of active colitis in human biopsies.

Mitsunaga et al.”

suggested that topical application of an
enzymatically rapid-activatable probe (y-glutamyl hydroxy-
methyl rhodamine green, gGlu-HMRG) can improve endo-
scopic detection of CAC. yGT, a cell surface enzyme of gluta-
thione metabolism, is expressed at a higher level in colon can-
cer cells than in normal colon cells in human.” gGlu-HMRG
becomes fluorescent after cleavage of a yGT-specific sequence,
Mitsunaga et al. showed that gGlu-HMRG fluorescence colo-
noscopy can be used to image a high cancer to background
ratio in a murine colitis-associated colon cancers model. All
tissues imaged using this technique included cancer and/or
low-to-high grade dysplasia. This cancer-specific, topically
sprayed fluorescence probe in conjunction with guided en-
doscopy will allow the screening of CACs in patients with long-
standing IBD who have to undergo repeated screening colo-
noscopies.

De Palma et al.” reported that ex vivo staining of UC-associ-
ated dysplasia using a fluorescent labeled molecular probe
and CLE is feasible. This technology, in combination with
WLE and chromoendoscopy, can be used to more precisely
predict lesion histology and help decision making for lesion

www.irjournal.org
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resectability.”**

In this study, a phage-derived heptapeptide
with predicted high binding affinity for dysplastic tissue was
synthesized and labeled with fluorescein. Dysplasia was asso-
ciated with active binding of the peptide to dysplastic colono-
cytes (Fig. 4). Despite these advantages, CLE is limited to ex-
pert centers because of its high device price and significant

training requirements.

3. Evaluation of Disease Activity and Prediction of
Therapeutic Response in IBD Using Endoscopic
Molecular Imaging

Despite the fact that endoscopy and barium radiological ex-
aminations are the gold standards of IBD diagnosis, both tech-
niques require particular preparations, and they are not al-
ways tolerated or practicable. Molecular imaging with single-
photon emission tomography™ and positron emission tomog-
raphy (PET)" seem to be trustworthy, noninvasive, precise,
and easily reproducible tools which are able to evaluate the
location, extent, and activity grade of IBD. However, prospec-
tive multicenter studies on larger patient samples are needed
for validation.”

Wang et al.” reported that ultrasonography with clinically
translatable dual-targeted (P- and E-selectin) contrast micro-
bubbles specifically enables detection and quantification of
inflammation in a murine acute colitis model, leveraging the
natural pathway of leukocyte recruitment in inflammatory tis-
sue. They also demonstrated that ultrasonography imaging
with contrast shows a correlation well with fluorodeoxyglu-
cose uptake on PET/computed tomography imaging.

Applying the concept that defects in intestinal barrier func-
tion is related with IBD, increased intestinal permeability is
also a prognostic indicator of IBD relapse. Kiesslich et al.” re-
ported that cell shedding and barrier loss identified by CLE
can predict IBD recurrence and be used as a tool for IBD
management.

Atreya et al.” reported that molecular imaging with fluores-
cent antibodies has the possibility to forecast therapeutic re-
sponses to biological treatment and can be used for personal-
ized therapy in CD and inflammatory or autoimmune disor-
ders. Based on this, it is possible to predict treatment algo-
rithms through molecular imaging in IBD before biologic
treatment.

CONCLUSIONS

Molecular imaging endoscopy is expected to develop into a
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very important test for early detection of GI neoplasms, espe-
cially flat and depressed adenoma, and dysplasia in IBD pa-
tients. It will also be important for the monitoring of therapy,
prediction of therapeutic responsiveness, and determination
of treatment methods. An automated precision diagnostic
platform will also be developed to help with this. This area is
currently in its infancy and many problems remain to be
solved. There are potential problems associated with using
this probe for molecular imaging, such as poor penetration of
the mucus covering the intestinal mucosa, weak binding to
specific tissue, and the long time required to acquire an image.
In addition, confirming the safety of new markers and con-
ducting a clinical trial in patients are as challenging as obtain-
ing approval of a new drug.

There are many bio-researchers and entrepreneurs devel-
oping new technologies, and it is important that clinicians
who understand the disease work together to develop new
technologies. In the future, many digestive clinicians and re-
searchers will be interested in new technologies such as mo-
lecular imaging, with the hope that these new technologies
can be used in clinical practice.
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