
Surg. Gastroenterol. Oncol. 2017;22(4):303-312

Surgery, Gastroenterology and Oncology, 22 (4), 2017 303

ORIGINAL PAPER  

Copyright © Celsius Publishing House
www.sgo-iasgo.com

DOI: 10.21614/sgo-22-4-303

Corresponding author:
Adrian Sãftoiu, MD, PhD, MSc, FASGE
Visiting Clinical Professor
Gastrointestinal Unit, Copenhagen
University Hospital Herlev, Denmark
Professor of Diagnostic and Therapeutic
Techniques in Gastroenterology
Research Center of Gastroenterology
and Hepatology of Craiova, Romania
University of Medicine and Pharmacy
Craiova, Romania
2 Petru Rares str., Craiova, Dolj
200349, ROMANIA 
Fax: +40 0251 310287 
E-mail: adrian.saftoiu@umfcv.ro or

adriansaftoiu@aim.com 

ABSTRACT

Background: Colorectal cancer is one of the most common diagnosed malignancies in the
world. Successful treatment is related not only to the resection of the main tumor mass but
also to the destruction of colorectal cancer cells which are highly resistant to chemoradio-
therapy, with unlimited self-renewal and tumor-initiating capacities. CD44 is an important
adhesion molecule and one of the proposed stem cell markers in colorectal cancer known to
be involved in cell growth, differentiation and survival. 
Aim: We conducted a prospective study with the aim of evaluating the feasibility of confocal
laser endomicroscopy (CLE) to identify and assess the distribution patterns of CD44, taking
into consideration further directions related to the role that CD44 might play in improving
tumor assessment, individualized cancer therapy and better tumor control.
Methods: Fresh biopsies from tumor and normal tissue were collected from 13 patients 
previously diagnosed with primary colorectal adenocarcinoma during routine colonoscopy
procedures, with pathology confirmation. A series of optical slices were immediately collected
after staining each sample with fluorescent anti-CD44 antibodies, using a dedicated CLE system
and analyzed using Image J. The images with the most pronounced fluorescent signal and a
clear display of the tissue and stem cells were selected. 
Results: Our study included 13 patients, with an average age of 60±14,2 years. A number
of 537 slides were analyzed, stacked and the most relevant were selected for cell counting.
Standard biopsy sections from normal mucosa showed a well defined layout of the mucosal
structures while this characteristic was lost among the tumor samples. CLE evaluation of the
selected images revealed 34,92±16 cells/slide for the tumor tissue and 22,77±11,65
cells/slide for the normal tissue (p=0,037). 
Conclusion(s): Targeted CLE based on fluorescent anti-CD44 antibodies was found to be
feasible for real-time imaging and evaluation of CD44 positive cells in CRC patients, although
further extended studies are required.
Core TIP: An increasing amount of data regarding the immunohistochemical or genetic
assessment of putative cancer stem cell in colorectal cancer is available, stating their 
importance in tumor development, metastasis or tumor relapse. In our study we evaluated
one of the main cancer stem cell biomarkers that literature is proposing, CD44. To our 
knowledge, this is the first time when a state-of-the-art technique such as confocal laser
endomicroscopy was used to describe the expression patterns of CD44 in fresh human 
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colorectal cancer specimens. Our results suggest that  targeted
CLE is feasible for real-time imaging and evaluation of CD44
positive  cells in CRC patients.
Key words: confocal laser endomicroscopy (CLE), biomarkers,
CD44, putative cancer stem cells, colorectal cancer

INTRODUCTIONINTRODUCTION

Colorectal cancer (CRC) is the third most frequently
diagnosed cancer worldwide, recording approximately
1.4 million new cases in 2012 (1). The number of newly
diagnosed cases is expected to increase in parallel with
the aging of the population, a phenomenon which is
already occurring in all developed countries (2,3).
Although an improvement of relative survival is
observed in western countries, the problem of 
treatment failures and tumor recurrence remains a 
keystone. Multiple therapeutic protocols have been
dedicated to CRC and several research studies have
determined conventional prognostic factors, without
yielding a complete cure in all cases (4).

Recently, the proposed identification of colon 
cancer stem cells (CSCs) has received a major attention
due to their potential in improving cancer treatment.
The hypothesis considers that chemoresistant cells are
molecularly and phenotypically distinctive, overexpressing
markers of CSC (5), while on the other side CSCs display
characteristics of cells which shows resistance to 
standard chemotherapy treatment, hence its impor-
tance (6). Only few studies target the alterations of CSCs
after treatment. In a pilot study including 99 patients
with rectal cancer, tumor regression was observed after
preoperative radio- and chemotherapy. Biopsy and
tumor specimens were compared regarding the 
fractions of CD133 positive cells, showing that patients
presenting an increased number of CD133 positive cells
which was associated with high rate of distance 
recurrence, worse disease free survival and overall 
survival (7).  

Opposite to the conventional stochastic model 
(stating that any cell has an equivalent potential of 
cancer initiation and promotion), the newly concept of
cancer stem cells (CSCs) brings additional data stating
that intratumoral heterogeneity can result from a 
functional diversity among cells in various states of 
differentiation. Accordingly, the tumors are organized in
a definite hierarchical degree and only CSCs are the 
cancer progenitors, requiring the accumulation of
genetic/epigenetic alterations and acquiring sub-
sequently the potential of tumor initiation, growth and

therapy resistance (8). Regarding the identification of
CSCs, the gold standard assay is represented by serial
transplantation in animal models, a laborious and time
consuming method. Isolation of CSCs from colorectal
cancer can be accomplished through hematopoietic or
embryonic stem cell development methods by selecting
a subpopulation cells based on the expression of one or
multiple cell surface markers.  Hence, reliable markers
that identify CSCs will enhance the understanding 
signaling pathways and other regulatory mechanisms.
Proposed specific antibodies directed at the protein
markers present on the cell surface include CD44,
CD133, CD166, beta1 integrin-CD29, CD24, Lgr5, EpCAM
(ESA), Msi-1, EphB, DCAMLK1 or ALDH-1 receptors (8).
CD44 is a transmembrane glycoprotein, a unique 
adhesion molecule, being proposed as one of the main
colorectal CSCs markers, considering its involvement in
several cellular processes as cell growth, motility, tumor
differentiation and patient prognosis  (9). 

Immunohistochemical staining, direct stem cell 
labeling with flow cytometry and fluorescence
microscopy, as well as reporter-gene imaging, represent
some of the means used for visualizing CSC. Overall, 
optical, nuclear, and magnetic resonance imaging are
current methods of identifying and investigating the
sophisticated mechanisms behind CSC behavior. Among
the optical options for cell visualization, confocal laser
endomicroscopy (CLE) is an innovative endoscopic 
imaging method enabling real time histological examina-
tion of the gastrointestinal tract mucosa. Not only that it
provides "optical" biopsies but is also offers to the endo-
scopist the opportunity of prompt interpretation and
intervention. It has high sensitivity and specificity, being
proposed as an alternative endoscopic method to 
differentiate neoplastic from non-neoplastic lesions (10). 

With an accuracy of 99.2%, CLE can predict the 
neoplastic character of a lesion based on the altered cells
and blood vessels architecture thus enabling virtual 
histology of living cells (11,12). Immunoendoscopy, the
association of CLE with targeted biomarkers (fluorescently
labeled antibodies and peptides which directly bind to their
targets) has been proven to be feasible with the 
possibility of being translated into clinical practice. It has
the potential to distinguish and characterize the 
molecular changes appearing in neoplasia, thus the 
possible role to be played for diagnosis and therapeutic
innovations (13).  

Aim

We conducted a prospective study with the aim of
evaluating the distribution patterns of CD44 positive
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cells by CLE, considering the role that it might play in
colorectal cancer assessment,  prognosis evaluation, as
well as personalized cancer therapy and enhanced
tumor control. Taking into consideration the rising 
evidence regarding the critical role that CSCs play in
both tumor initiation and drug resistance, but also in
relapse following chemotherapy, we examined the
putative CSC expression in tumor tissue as well as in
normal colonic mucosa.

MATERIAL AND METHODSMATERIAL AND METHODS

Patients and specimens

This prospective pilot study was based on a series of
13 patients, diagnosed with different stages of colo-
rectal adenocarcinoma during routine colonoscopy
procedures and confirmed by conventional pathology
assessment. CRC staging was determined based on the
association of radial endoscopic ultrasound (EUS) and
computer tomography (CT). At least four fresh biopsies
from tumor and normal mucosa were collected during
pretreatment colonoscopy evaluation. The normal 
samples were collected circumferentially from approxi-
mately 10 cm away from the tumor margins. 

CLE immunostaining protocol

Two paired samples of fresh human biopsies with an
approximate diameter of 3 mm were harvested during
colonoscopy from normal mucosa and tumor tissue of
each patient and immersed in Phosfate Buffered Saline
(PBS) solution 0.1 M. ph 7.2. The fresh biopsies were

incubated in the dark with a mouse monoclonal 
antibody to MEM-85, 1∶25 dilution, directed against
human CD44/PGP-1 (Exbio, Prague, Czech Republic)
labeled with Alexa-Fluor 488, for 1 hour at 37°C. This
antibody recognizes both cell surface-expressed and
soluble form of human CD44 as an antigen (Phagocyte
glycoprotein 1). In order to optimize the staining 
technique, various antibody dilutions were formerly
investigated on fresh specimens and viewed with a
motorised fluorescence microscope (Nikon 90i, Tokyo,
Japan) equipped with dedicated narrow band filter sets
(Chroma Technology Corp., Bellows Falls, VT, USA), a
high-quantum efficiency monochrome Rolera-XR cooled
CCD camera (QImaging, Surrey, British Columbia,
Canada), and the Image ProPlus AMS analysis and 
control software (Media Cybernetics, Bethesda, MD,
USA). The optimum time framework was settled at 60
minutes, permitting the proper bind of the antibody to
its target and an appropriate imaging of the samples,
without tissue degradation. Before CLE imaging, the
antibody solution was decanted and afterwards the
samples were cleansed three times for 1-2 minutes
with ice cold PBS in order to discard any unbound 
antibody molecules (fig. 1). 

CLE imaging

In this study, we used the EC-3870 CIFK, Pentax,
Tokyo, Japan CLE system whose components are based
on the integration of a scaled-down confocal laser
microscope mounted in the tip of a conventional
colonoscope, enabling confocal microscopy in addition
to standard colonoscopy (fig. 2a). The confocal lens is

Figure 1 - CLE immunostaining and imaging protocol for fresh colorectal biopsies 
[modified after (13)]
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positioned slightly forward, outside the distal tip of the
endoscope, allowing targeted scanning of the mucosal
structures. The CLE scope was firmly fastened onto 
a steady device, whilst the samples were placed in
direct contact with the tip of the scope and gently
maneuvered by the endoscopist with a small forceps
for assessing the entire tissue, by shifting it on all its
sides (fig. 2b). The tissue was controlled by the user
during the examination for optimal imaging acquisition.
The images were obtained by pressing the foot switch
pedal and were digitally stored on the system’s hard
disk drive as standard grey-scale images (150–300 for
each biopsy sample) for download and processing.
During the investigation, the argon ion laser discharges
an excitation wavelength of 488 nm with a maximum
laser power output of ≤1 mW at the tissue surface. The 
maximum depth of imaging is 250 µm from the surface
of the mucosa. The resulting optical sections have a 
lateral resolution of 0.7 µm for a 7 µm thick slice and a
field of view of 475×475 µm. 

CSC imaging and counting method

We analyzed the CLE images by using Image J soft-
ware (National Institutes of Health, Bethesda, Maryland,
USA). At least five images presenting the most intense
fluorescent signal and a clear display of CD44 positive
cells  or tissue architecture were selected to be analyzed
for the expression patterns of the studied marker. In

order to enhance the intensity of the fluorescent 
contrast agent, a color overlay was superimposed,
obtaining in the end a satisfying distinction of CD44 
positive cells (fig. 3 a, b). The cell count tool from ImageJ
was utilized to manually mark and immediate count the
number of cells located in the intestinal stroma. The
results were automatically registered, exported in Excel
files and recorded as the mean ± standard deviation for
the selected images in each case. 

Statistical analysis

Statistical analysis was performed using Microsoft
Office Excel® and the results were expressed as 
averages ± standard deviation (SD) of the mean. The
two-tailed Student or paired t test was used to 
determine the significance of the differences between
the cancer stem cells count in the paired biopsies. All
analyses were performed at a significance of 5% (p ≤
0.05). Pearson’s correlation coefficient (R) calculation
was used to evaluate the linear rapport between pairs
of quantitative variables.

RESULTSRESULTS

A total number of 13 patients were prospectively
enrolled. The overall ratio female: male ratio was 1: 4,1
with an average age of 59,84±14,5. Overall, 11 cases
were diagnosed with rectal cancer and 2 cases with 

Figure 2 - (a)- CLE optical system diagram [modified after (13)] (b) - The endomicroscope 
had a fixed position on a tripod. Objective lens was outpointed and in direct contact with the 

tissue during the scanning.

a

b
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sigmoid cancer. Five cases were well differentiated (G1),
6 cases were moderately differentiated (G2), and 2
cases were undifferentiated (G3). Taking into account
the EUS tumor extension 1 case was staged as Tis, 2
cases were staged as T1, 3 as T2, 7 as T3/T4, while the
description of the regional lymph nodes revealed 7
cases staged as N0; 5 cases as N1 and 1 cases as N2
(table 1).

CLE patterns of CD44 positive cells

A number of 537 image captures were analyzed,
stacked and the most appropriate 65 were selected for
cell counting using Image J. The distinct fluorescent 
signal was analyzed with the CLE scope in all biopsies,

both in normal and in tumor tissue samples. Standard
biopsy sections from normal tissue revealed a well
defined layout of the mucosal structures, with normal
size and regular arrangement of crypts and a reduced
number of CD44 positive cells (fig. 4). These characteristics
were lost in tumor samples, the architecture had an 
irregular arrangement with destroyed crypts and 
unrecognizable structures, while the presence of CD44
positive cells was increased (fig. 5). The signal was
mostly membranar, both in the epithelial cells of the
tumor arrangements, but also in the adjacent stroma, a
pattern common to that observed by classical immuno-
histochemistry on tissue fragments further processed
by paraffin embedding and staining (fig. 3B). 

CLE evaluation of the selected images revealed

Figure 3 - (a) - Confocal laser endomicroscopy image of control colon tissue marked with 
fluorescently labeled anti-CD44 antibody (originally visualized as grey scale by the camera, 

and pseudo colored in green in  ImageJ); (b) - Pathological confirmation of the staining pattern 
at the tissue level in a moderately differentiate CRC. A diagnostic-grade anti-CD44 antibody 
elicits on the same biopsy specimen a membranous stining pattern that is present in both 

tumor epithelial cells, but also in stromal cells.

b

a
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34,92±16 CD44 positive cells/slide for the tumor tissue
and 22,77±11,65 CD44 positive cells/slide for the 
normal tissue (p=0,037). Regarding the correlation
between CLE cell count and tumor T or N staging, the
highest number of patients was found in T3, N0 or N1
stage category. CD44 expression was higher in tumor
versus normal tissue and statistical relevant in stage
T3/4: p= 0,028, r= 0,622, whilst non-significant for N0:
p=0,1, r= 0,92 and for N1: p= 0,1, r= 0,8. The average
CD44 positive cell count in tumor tissue, according to
tumor grading, was as it follows: for G1 grade 42,8±18,8
cells/slide, for G2 34,7±13 cells/slide and for G3
19±9,89 cells/slide. The differences regarding tumor
grading were not statistical relevant.

DISCUSSIONDISCUSSION

Guidelines for the surveillance of colorectal cancer
after curative treatment have been clearly established

Table 1 - The assessed parameters in the study group considering
the age, tumor location, TN staging and tumor grading

Parameters
No. of patients 13
Age (years) 59,84±14,5
Tumor location
Rectum 11
Sigmoid 2
Staging
Tis 1
T1 2
T2 3
T3 6
T4 1
N0 7
N1 5
N2 1
Tumor grading
G1 5
G2 6
G3 2

Figure 4 - Confocal laser endomicroscopy image of normal mucosa visualized with 
fluorescently labeled anti- CD44 antibody (ordered architecture of the mucosal structures 

and several round/oval shape putative CSC with a clear membrane staining pattern)

Figure 5 - Confocal laser endomicroscopy image of tumour mucosa visualised with fluorescently
labeled anti- CD44 antibody (several round/oval shape CSC with a clear membrane staining pattern)
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by gastroenterology, surgery or oncology professional
associations, but there are no similar evidence-based
papers regarding the assessment of therapy response
(16,17). Except colonoscopy, the current imaging 
techniques used for the follow-up of neoadjuvant
chemotherapy effects in colon cancer are represented
by CT or PET-CT, whilst the recommended methods for
assessing the effects of neoadjuvant chemoradiotherapy
for rectal cancer are EUS, MRI and/or PET-CT. All these
techniques do have several advantages but also 
different boundaries, including: costs, radiations risks,
limited capacity to differentiate layers of the gut wall,
missing small lesions under 1 cm, false positive rate for
the uninvolved lymph nodes, inter-observer variations,
etc. (18). 

Currently, CRC treatment involves surgical resection
in early stages, associated or followed by chemotherapy
and/or radiotherapy in avanced stages. Oncologic proto-
cols comprise as first line chemotherapy 5-fluorouracil
(5-FU), irinotecan or their combination with folinic acid,
being referred to as FOLFIRI therapy. Oxaliplatin, an
analogue to cisplatin or carboplatin, in combination
with 5-FU and folinic acid is known as FOLFOX therapy
(19). Despite the improvement of neoadjuvant drugs,
survival is less than 3 years among patients with
metastatic colorectal cancer. Furthermore, the response
to systemic therapy is not durable, in some cases lasting
under 1 year (20). Along with the progress registered
during the last decades in the domain of neoadjuvant
therapy, an increased necessity was observed for the
development of objective ways of accurately measuring
treatment response. This might play a major role 
in distinguishing the patients who are responding 
properly to therapy from those requiring therapeutic
adjustments.

Chemotherapy often has positive results initially
but, at some point, malignant cells become refractory,
with several mechanisms being blamed. These include
ABC transporter expression, aldehyde dehydrogenase
(ALDH) activity, B-cell lymphoma-2 (BCL2) related
chemoresistance, enhanced DNA damage response
and activation of key signaling pathways (21). One 
theory states that tumors have a heterogeneous 
architecture of cancerous cells (22,23). Out of this mass
of tumour cells, only a subpopulation of CSCs is
believed to survive chemotherapy due to heightened
protective mechanism and slower division rate.
Evidence suggests that this small sub-population of
cells represents 0.1-10% of all tumor cells (24) out of
which only a few have the potential to form tumors
(25). When compared to normal stem cells, CSCs are
considered not to possess any limitation regarding 

proliferation, but because it’s a slow rate process it
might be one of the factors connected to chemo-radio-
theraphy resistance and also to tumor recurrence(26,
27). Cell cycle analysis has revealed that CSCs are slow
cycling compared to the bulk of tumour cells, hence the
need of identifying and assessing CSC (28), whilst the
classic chemotherapy relies on the trademark that the
cancer cells are proliferating with a high rate (29). Even
the niches that CSCs reside in are considered itself a
shelter from xenobiotics, radiation and ions. The
detailed mechanisms of CSC radioresistance, chemo-
resistance, invasiveness and metastatic activity are
already described amply in the literature (30-34).

In the present study, we have used a state–of-the-
art imaging technique, (CLE), for visualizing the 
expression of CD44 positive cells from fresh biopsies of
normal and malignant colorectal tissue, in order to 
analyze and compare the results. To our knowledge,
this is the first report on putative CSCs imaging
obtained with a state-of-the-art technique such as CLE,
utilized for describing the expression patterns of a 
fluorescently labeled antibody targeting a cancer stem
cell marker (CD44) in fresh human CRC specimens. One
previous CLE study involved animal models and Lgr5+
intestinal stem cell marker, described as a promising
molecular marker for early diagnosis of colon adenomas.
The combination of CLE and Lgr5 had the potential 
of predicting colonic tumors growth much earlier as
compared to conventional colonoscopy (35).

We selected as molecular target a cell surface 
biomarker, labeling normal and tumor cancer stem cells
in order to obtain a distinctive evaluation of the expres-
sion patterns. CD44 is a 80-95 kDa transmembrane 
glycoprotein, a member of hyaladherin family present
on endothelial cells, leukocytes or mesenchymal cells
surface (36). CD44 is activated by binding to hyaluronic
acid (HA), process which adjusts stem cells homing.
CSCs synthesize HA (the primary CD44 ligand) a reason
for CD44 to be a common component of the stem cell
niche. Also, HA attracts tumor-associated macrophages,
together recruiting stromal cells in the CSCs niches.
Stromal cells generate multiple growth factors that
adjust stem cells activity and multiplication. (37-39)
Hence, CD44 is thought to be responsible for cell to cell
and cell-matrix interactions and is involved in cell-
adhesion and the assembly of growth factors on the cell
surface (40). The literature regarding the tumorigenicity
of CD44 in CRC concurs, although the specific role of
CD44 variants in the malignant cells is not well 
established yet. Thus, different experiments lead to
incoherent results, sometimes even contradictory, one
of the limitation that literature is recalling being that
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surface markers might not be reliable enough in 
differentiating CSC from normal stem cells or even
other non-stem cells populations (41-47). 

In our study, the CLE imaging showed through 
visual inspection obvious differences between the 
normal and tumor tissue architecture and CD44 
positive CSCs patterns. Normal mucosal biopsy revealed
a regular size and pattern of the crypts opening with
equal distances between it. Luminal opening of the
crypts appears as black holes. In tumor samples, the
proper layout of normal mucosa structure was replaced
by a disorganized architecture with unrecognizable clear
structures as crypts. The literature is also describing the
CLE aspects of colorectal malignant tissue as loss of
crypts, irregular epithelial layer and blood vessels 
number, diameter, distribution, tortuosity, overall major
disorders in cells architecture (12,36,48). A higher 
proportion of putative CSCs in tumor tissue as compared
to normal mucosa was also obvious, indicating that the
absolute number of CD44 positive cells identified in 
real-time through CLE might represent a useful 
surrogate biomarker for the evaluation of prognosis and
survival during chemoradiotherapy. These findings 
support even more the previous research studies, 
stating that endoscopy has advanced from predicting
the histology of a tissue based on morphologic patterns
to real-time histology through the visualization of 
cellular and subcellular details (48,49).

The results obtained were not statistical relevant in
all cases (probably due to the low number of patients
included in the study groups or due to the limitation of
a new staining and imaging technique, lacking the
opportunity to compare and verify the preliminary
results with other similar studies) and only a partial 
correlation with tumor staging and grading was
observed. Nevertheless, several positive aspects 
regarding CLE should be taken into consideration.  Using
fresh tissue avoids the appearance of artifacts due to
processing but the main advantage is represented by
real time imaging of positive CD44 cells, performed
within a short time after specimen harvest, which might
considerably accelerate the diagnosis procedures. 

In vivo CLE molecular imaging might not only 
facilitate the process of selecting the patients who could
benefit from targeted therapies but also screen 
treatment response and patient evolution. Patients are
more often diagnosed in already advanced stages. In
T3/T4 rectal cancer, the established neoadjuvant
radiochemotherapy is recommended, whilst the
patients with locally advanced colon cancer also appear
to benefit from the promising neoadjuvant chemo-
therapy (50). In both situations, drug resistance may

influence the therapeutic response and concur to 
recurrent disease. Furthermore, recent studies propose
various nanoparticles as a treatment option able to
inhibit CSCs by targeting signaling pathways or specific
biomarkers (51). In vivo follow-up of treatment results is
therefore needed and CLE might be the imaging method
to answer this need.

The findings of our proof of concept pilot study
prove the utility of the CLE technique and establish a
reliable background for additional research. The 
diminished timespan between sample collection and
CLE imaging of the CD44 marked biopsies (a process 
settled to one hour in the present study), along with the
usage of a predefined staining protocol for fresh tissue,
makes the targeted molecular CLE method suitable
within the clinical framework. Two other CSCs biomarkers
(CD133 and CD166) were tested for evaluating their CLE
expression but without relevant results. Improvements
might be required regarding the CLE immunostaining
technique, taking into consideration one of our 
previous histology study centered on CD133 and CD166
putative stem cells antibodies which registered 
consistent outcomes (52).

Once the advantages and applicability in clinical
practice of immuno-CLE are settled, further studies
should assess more than one CSCs biomarker, this 
representing one important limitation of the present
study. It is already established by other studies involving
standard immunohistochemical or molecular genetics
techniques, that the combined use of biomarkers was
effective in identifying CSCs and poor prognosis tumors
(53-56). Identifying the optimum combination of 
biomarkers might be important in increasing the cancer
detection rate, but also developing individualized 
therapy (8), thus representing viable research 
directions especially in the field of in vivo targeted CLE
based on specific CSCs fluorescent antibodies.

CONCLUSIONSCONCLUSIONS

This is the first study showing that CLE imaging can
highlight the presence and expression patterns of the
biomarker CD44. More importantly, our data show that
the association of immuno-CLE with EUS might be a 
reliable pathway to be followed for both real-time 
diagnosis and staging, as well as tumor evaluation in
CRC patients, especially during follow-up of advanced
CRC patients undergoing neoadjuvant chemoradio-
therapy protocols. Further studies involving a combina-
tion of CSC biomarkers evaluated through CLE, backed
by immunohistochemistry and/or molecular biology
validation, are required. 
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