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Abstract
AIM: To evaluate neoangiogenesis in patients with colon cancer by two fluorescently labeled antibodies on fresh biopsy samples imaged with confocal laser endomicroscopy (CLE).

METHODS: CLE is an imaging technique for gastr​ointestinal endoscopy providing in vivo microscopy at subcellular resolution. An important question in validating tumor angiogenesis is what proportion of the tumor vascular network is represented by pre-existing parent tissue vessels and newly formed vessels. CD105 (endoglin) represents a proliferation-associated endothelial cell adhesion molecule. In contrast to pan-endothelial markers, such as CD31, CD105 is prefe​rentially expressed in activated endothelial cells that participate in neovascularization. Thus, we evaluated CD105 and CD31 expression from samples of ten patients with primary rectal adenocarcinoma, using a dedicated endomicroscopy system. A imaging software was used to obtain the Z projection of the confocal serial images from each biopsy sample previously combined into stacks. Vascular density and vessel diameters were measured within two 50 m x 475 m rectangular regions of interest centered in the middle of each image in the horizontal and vertical direction. The results were averaged over all the patients and were expressed as the mean ± se.

RESULTS: The use of an anti-CD105 antibody was found to be suitable for the detection of blood vessels in colon cancer. Whereas anti-CD31 antibodies stained blood vessels in both normal and pathologic colon equally, CD105 expression was observed primarily in malignant lesions, with little or no expression in the vessels of the normal mucosa (244.21 ± 130.7 vessels/mm3 in only four patients). The average diameter of anti-CD105 stained vessels was 10.97 ± 0.6 m in tumor tissue, and the vessel density was 2787.40 ± 134.8 vessels/mm3. When using the anti-CD31 antibody, the average diameter of vessels in the normal colon tissue was 7.67 ± 0.5 m and the vessel density was 3191.60 ± 387.8 vessels/mm3, while in the tumors we obtained an average diameter of 10.88 ± 0.8 m and a vessel density of 4707.30 ± 448.85 vessels/mm3. Thus, there were more vessels stained with CD31 than CD105 (p < 0.05). The average vessel diameter was similar for both CD31 and CD105 staining. A qualitative comparison between CLE vs immunohistochemistry lead to similar results.

CONCLUSION: Specific imaging and quantification of tumor microvessels are feasible in human rectal cancer using CLE examination and CD105 immunostaining of fresh tissue samples.
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Core tip: We evaluated CD105 expression from fresh tissue samples of human rectal adenocarcinoma, using confocal laser endomicroscopy (CLE). While vessels marked with fluorescent CD31 were visible in both normal and malignant tissue, CD105 was predominantly expressed in tumor lesions, having reduced affinity for normal rectal mucosa. Our data showed that CLE using CD105 antibody for tumor vascular network imaging is feasible and that CD105 represents a more specific marker for rectal cancer neoangiogenesis than panendothelial markers. To our knowledge, this is the first study to report the use of fluorescently-labeled CD105 antibody in conjunction with CLE in patients with rectal tumor.
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INTRODUCTION
Tumor neoangiogenesis, defined as the neo-formation of blood vessels from pre-existing microvessels, represents an attractive target for both imaging and therapeutic strategies. It is thought that neovascularization is first activated by an “angiogenic switch” during premalignant phases of carcinogenesis, before tumors emerge (Folkman et al[1]; Bolontrade et al[2]; Huss et al[3]). An important question in validating tumor neoangiogenesis is what proportion of tumor vascular network is repre​sented by pre-existing vs newly formed vessels. In this respect, new imaging and diagnostic techniques which differentiate tumors vascularization at different stages are desired[4].

Antihuman panendothelial cells antibodies are used to identify all types of blood vessels in a given tissue sample, irrespective of being mature or immature. Commonly used panendothelial markers such as CD31, CD34 or von Willebrand factor detect the parent vessels as well as the tumor vasculature, but they are not always expressed in all tumor blood vessels. Moreover, these antibodies seem to have a higher affinity for large than for microvessels[5].

Endoglin (CD105) is a co-receptor for various TGF- family members and therefore a target for tumor vas​culature[6]. The role of endoglin and the indispensable role for the TGF- signaling pathway in developmental angiogenesis has been studied on genetically modified mice[7-9]. Unlike all other markers, endoglin mediates direct pro-angiogenic effects of TGF- on endothelial cells and is specifically overexpressed in tumor ves​sels, on proliferating endothelial cells, at sites of active angiogenesis. Its expression has also been associated with metastasis and patient survival[6,10,11]. Recent reports suggest that elevated plasma levels of endoglin in patients with colorectal cancer correlate with poor prognosis (Li et al[7]; Duff et al[12]). As a result, endoglin could represent a valuable tool for the diagnosis, tumor vasculature visualization and targeted treatment of solid cancers[4].

Since endoglin is highly and specifically expressed on tumor endothelial cells, in the present study we hypothesized that it could be used as an appropriate marker to assess the vascularization of a tumor. 

Confocal laser endomicroscopy (CLE) gained an important role in the study and real-time histopatholo​gical diagnosis of various gastrointestinal diseases, such as celiac disease, Barrett esophagus, microscopic colitis, inflammatory bowel disease, and recently Clostridium Difficile associated colitis[13]. Recent meta-analyses performed to determine the diagnostic accuracy of CLE in the detection of colorectal neoplasia showed high sensitivity and specificity of the method[14,15].

Recently, we have used CLE to assess tumor vas​culature by fluorescence labelled antibodies tar​geted against endothelial markers[16,17]. In the present fea​sibility study, we used CLE to compare the selective expression of fluorescently labeled anti-CD105 anti​bodies in newly-formed vessels to fluorescently labeled anti-CD31 total vessel staining, and the gold stand​ard of histopathology. More specifically, we aimed to answer the following questions: (1) Can the use of CLE in association with CD105 offer a more adequate quantitative and qualitative analysis of newly formed vessels than the commonly used panendothelial markers in human rectal cancer? and (2) Can this method be used in vivo for a rapid characterization of tumor microvascularization?

MATERIALS AND METHODS
Subjects

The current study was conducted according to the Code of Ethics of the World Medical Association (Declaration of Helsinki, 1964, as revised in 2004) and approved by the local Ethics Committee. All the patients included read and accepted the written informed consent prior to study entry.

Tissue specimens from ten patients 47-80 years old (mean age of 65.2 ± 9.9 years), with histologically diag​nosed rectal cancer, were collected during colonoscopy before undergoing surgical resection or neoadjuvant therapy to avoid artifacts (e.g., false positive resulted from fibrosis or inflammation increased in case of radio-chemotherapy). Fresh tissue samples from these patients were immediately processed for both CLE and immunohistochemistry assessment.

The ten patient population contained stage Ⅱ-Ⅲ (according to AJCC staging system) rectal adenocar​cinomas without metastatic spread.

The main clinical signs the patients presented at admission in the hospital were alternating diarrhea and constipation, accelerated intestinal transit, recent constipation, unintended weight loss, rectal bleeding, abdominal pain or discomfort. Only three patients accused rectal bleeding as a single symptom, also confirmed by the physical examination (digital rectal examination). Seven patients had nonspecific findings for the laboratory tests such as moderate elevated hematological values of erythrocyte sedimentation rate (three patients), slightly elevated white blood cells count (two patients) and moderate anemia (two patients). Two patients presented slightly elevated values of both tumor markers CEA and CA19-9, while three of them had only slightly elevated CEA value. Computed tomography scan excluded the presence of metastases in all ten patients and described rectal wall thickening in four cases. Histological examination findings from endoscopic samples are summarized in Table 1. 
CLE 

The biopsy samples collected with a standard colonoscope (CFQ160ZL, Olympus, Tokyo, Japan) were processed following a standardized protocol. During the endoscopic procedure, for every patient, six biopsies were taken from tumor, avoiding the ulcerated areas (paired biopsies for CLE assessment, standard immunohistochemistry and histopathological examination, respectively), as well as four biopsies from macroscopically normal surrounding tissue samples (paired biopsies for both CLE processing and standard immunohistochemistry). The biopsies were immersed immediately in 10% neutral buffered formalin for histopathological analysis, as well as in saline solution for the ex vivo immunohistochemical processing. Samples from saline solution were thoroughly washed and incubated for one hour in the dark, at 37 ℃, with Alexa-Fluor 488-labeled anti-CD31 (PECAM) antibody (mouse anti-human IgG1, Exbio, Prague, Czech Republic) or respectively FITC-labeled anti-CD105/Endoglin antibody (mouse anti-human IgG2a, Exbio), diluted as 1:15 and 1:5 in saline with 1% bovine serum albumin (BSA, Sigma-Aldrich, Munich, Germany). Afterwards, the excess antibodies were washed away in saline and the samples were immediately visualized in CLE imaging to assess the microvascularization ex vivo up to a maximum depth of 250 m. CLE images were acquired using Pentax EC-3870 CIFK, Tokyo, Japan, a dedicated endomicroscopy system with an excitation wavelength of 488 nm and with a maximum laser power output of ≤ 1 mW at the surface of the tissue[16,17].
To assess both endothelial markers more accurately, we used the color overlay function in the ImageJ image processing software (National Institutes of Health, United States). This software was used to obtain the Z projection of the confocal serial image stacks from each biopsy sample (60-250 images per biopsy sample). The vascular density and the vessel diameters were measured from the Z projections within two 50 m × 475 m rectangular regions of interest (ROI) centered in the middle of each image in the horizontal and vertical direction as before[17]. 

Statistical analysis

The results were averaged over all the patients and were expressed as the mean ± se. We used unpaired two-tailed Student’s t-test, with the level of significance set at p ≤ 0.05 to evaluate the variation of CD105 expression vs CD31 expression in microvessels from the normal mucosa tissue and from the rectal tumors.

Immunohistochemistry 

To confirm the role of CD105 vs CD31 in tumor neo​angiogenesis, adjacent samples from the same patient were processed for immunohistochemistry, for normal and tumor samples as described previously[16,17]. Briefly, after formaldehyde fixation and paraffin embedding, 4 m tissue sections were sliced from these blocks, deparaffinized, re-hydrated and processed for antigen retrieval by microwaving for 20 min in citrate buffer pH 6. Endogenous peroxidase was next blocked utilizing 1% H2O2 for 30 min, and the false antigenic sites were further blocked by incubating the slides in 5% skimmed milk (Bio-rad, München, Germany). Paraffin-certified antibodies were next incubated alternatively on the slides overnight at 4 ℃ (rabbit anti-human CD105 polyclonal antibody diluted as 1:50, LabVision, Fremont, CA, United States; and mouse anti-human CD31, IgG1, clone JC70A, Dako, Glostrup, Denmark). Next day the sections were washed in saline, signal amplified with a multi-species polymeric HRP system (EnVision, Dako), and finally vessels were visualized by adding the 3-3’ diaminobenzidine substrate (DAB, Dako). Afterwards, the sections were counterstained with Hematoxylin and 3-4 hotspot high vessel density areas were captured using a Nikon Eclipse 55i microscope equipped with a 5 Megapixel CCD color camera (Nikon, Tokyo, Japan). There were selected images from the regions with the highest vascular density (“hot-spots”- according to Weidner et al[18]). Under constant illumination conditions, images were obtained using the 40 × objective, and saved as uncompressed TIF files using the Image ProPlus AMS 6 software (Media Cybernetics Inc., Bethesda, Maryland, United States). The contour for each microvessel was drawn separately with a dedicated hand tool in Adobe Photoshop software, and these ROI were filled with black RGB color and saved as layers. Images were brought back in Image ProPlus and after distance-to-pixel calibration, they were utilized for automated measure​ments. Total vascular area, and total vessel count were normalized to 1 mm2 and automatically measured, considering a total area of the field of 36527.48 m2. Inflammatory plasma cells or tumor cells picking up the signal have been excluded from this interpretation by two pathologists (DP and CG).
RESULTS
Targeted anti-CD31 antibodies expression on the confocal laser images

To analyze CD31 expression in rectal cancer, we evaluated tumor rectal cancer tissue and normal rectal mucosa for the vascular morphometric assessment. The CD31 antibody stained blood vessels in both normal and tumor rectal mucosa. In normal mucosa, the average diameter of vessels was of 7.67 ± 0.5 m and the vessel density was 3191.6 ± 387.8 vessels/mm3. In the tumor sample, we obtained an average diameter of 10.88 ± 0.8 m and a vessel density of 4707.3 ± 448.8 vessels/mm3 (Figure 1A and B).

Targeted anti-CD105 antibodies for CLE imaging of normal colorectal tissue and tumor microvasculature

In the CLE samples that were fluorescently labeled with both CD31 and CD105 antibodies, the typical tumor vasculature pattern was observed, with tortuous, dilated and branched vessels, but the expression of CD105 in tumor tissue was generally lower compared to CD31 vessel staining (Figure 1C and D).
Staining for CD105 was low or absent in normal mucosa (244.21 ± 130.7 vessels/mm3 in only four patients), whereas the microvascular network was visua​lized using CD31 as a control on samples from the same patients. The average diameter of anti-CD105 antibody stained vessels was 10.97 ± 0.6 m in tumor tissue, and average density was 2787.4 ± 134.8 vessels/mm3. 

Next we analyzed the relationship between the vascular expression with CD31 and CD105 in colorectal tumors. There were more vessels stained with CD31 than CD105 (p = 0.0006 for vascular density) in tumor. The average vessel diameter was similar for both CD31 and CD105 staining (p = 0.018 in normal samples, and p = 0.932 in malignant tissue).

The vascular density and the average diameter in tumor samples were significantly higher than the control in the 3D confocal reconstruction and in immuno​histochemistry images. This fact was demonstrated by using both markers. In contrast, CD105 expression in colorectal tissues from the same patients was strongly enhanced in tumor vessels suggesting detection of the endoglin is an indication of angiogenesis particularly in malignant disease (Table 2).

Immunohistochemistry results

The CD105 and CD31 vascular expressions were studied in normal rectal mucosa and rectal cancer specimens. The immunohistochemical analysis revealed that the samples from normal tissue showed low detectable CD105 expression. CD105 was rarely expressed in normal mucosa, while in tumor specimens, CD105-positive vascular endothelial cells were clearly identified (Figure 2).

In normal tissue images CD31-stained we measured an average of 202.9 ± 91.8 vessels/mm2, with a significantly lower density of 56.5 ± 35.1 vessels/mm2 for the vascular network stained with CD105 (p = 0.00017). The intratumoral MVD average was about 298.04 ± 132.6 vessels/mm2 on CD31 stained images and on CD105 images - 205.7 ± 100.06 vessels/mm2 (p = 0.048) (Figure 3).
The values for the vascular area when using the panendothelial marker CD31 were 3.4% ± 1.3% in normal rectum and 9.4% ± 3.3% in tumors (p < 0.001). On CD105 stained sections, the total vascular area was 1.3% ± 1.4% in healthy tissue and 6.9% ± 3.1% in malignant tissue (p < 0.001). 

DISCUSSION
Rectal cancer is one of the cancers which can benefit from antiangiogenic therapy with high chances of cura​bility when the treatment is applied at an early stage. To date, no appropriate tissue biomarkers exist for staging, prediction or monitoring of the clinical response to a therapeutic intervention (e.g., antiangiogenic therapy). Beyond its already presumed roles (higher affinity for microvascularization, prognostic role), recent in vitro studies suggested that endoglin targeting could improve treatment and could reverse resistance to bevacizumab in some refractory cancer patients[19].

We hypothesized that the use of fluorescently-labeled CD105 antibodies will be suitable for identifying microvessels specific to tumor tissue. Indeed, while vessels marked with fluorescent CD31 were visible in both normal and malignant tissue, CD105 was predo​minantly expressed in tumor lesions, having reduced affinity for normal rectal mucosa. Thus, specific imaging and quantification of tumor microvessels were feasible using CLE examination and CD105 immunostaining of samples.

Our study proves that fluorescently labeled endoglin antibodies stained intensively intratumoral vessels, whereas vessels in non-neoplastic tissue did not or weakly expressed CD105. These results are consist​ent with previous observations that endoglin reacts specifically with angiogenic endothelial cells from the malignant tissues[5]. Though, the endoglin expression on macroscopically normal mucosa in four of the patients could be explained by either the existent inflammation, or the tumor spread to normal surrounding tissue.

Endoglin, as a specific marker for activated en​dothelium, mainly reacts with fresh or frozen tissue, while its activity in paraffin-embedded specimens is dependent on fixation[17]. In the present study, a qualit​ative comparison between the two methods (CLE vs IHC) lead to similar results. The major advantage of the CLE method is time efficacy and less artifacts in comparison to common IHC regarding the processing techniques[20].

Due to CD105 specific overexpression in malignant vessels, the endoglin antibodies for tumor imaging have the potential of becoming an optimal target for antica​ncer treatment, to improve rectal cancer diagnosis and to monitor the therapy[4]. As there are already studies regarding tumor aggressiveness and the prognostic value of vascular density on IHC when using anti-CD105 antibodies, CLE opens the possibility of applying CD105 targeted therapy, which until now was only tested in vitro and on animal models, to in vivo human subjects. Its luminal distribution on newly formed vessels makes CD105 readily accessible for the antibodies and, consequently, an interesting candidate for CLE in vivo[11]. 

CLE monitoring of the relationship between endot​helial presence of CD105 and survival of patients would be of great interest. In our group of patients, we observed an inter-patients variation in MVD endoglin expression in tumor tissue. On one hand, this could be related to the tumor grading or staging, as an increase in MVD was demonstrated by using CD105 during progressive stages of colorectal carcinogenesis[21]. On the other hand, reduced endoglin expression could also be caused by a decreased tumor vascularization in endoglin haploinsufficiency cases[22]. There are also differences in reactivity to endothelial cells depending on tumor localization[22-24]. However, in colorectal cancer, other studies showed that, with cancer progression, endoglin signaling was lost in most of the epithelial cancer cells which became refractory to the TGF-growth inhibiting properties[25-29]. All these factors could lead to differences in diagnostic, prognostic and therapeutic efficacy. 
To our knowledge, no other studies using fluore​scently-labeled CD105 with CLE imaging in patients with rectal cancer have been reported prior to this study. A larger number of patients is needed to study the correlation between MVD and tumor differentiation grade and stage, with great potential for CD105 staining combined with CLE analysis to provide a more reliable evaluation of the angiogenetic status of patients with colorectal cancer. Other studies are needed to investigate if the same CLE method could be applied to other tumor types. 

In conclusion, our data showed that CLE using CD105 targeted antibodies for tumor vascular network imaging is feasible and, moreover, that this proangio​genic molecule represents a more specific marker for rectal cancer neoangiogenesis than commonly used panendothelial markers.

COMMENTS
Case characteristics

The main clinical signs the patients showed were alternating diarrhea and constipation, accelerated intestinal transit, recent constipation, unintended weight loss, rectal bleeding, abdominal pain or discomfort. 

Clinical diagnosis

Only three patients accused rectal bleeding as a single symptom, also confirmed by the physical examination (digital rectal examination).

Differential diagnosis

Other common digestive diseases such as hemorrhoidal disease, inflammatory bowel disease or irritable bowel syndrome were excluded.

Laboratory diagnosis

Seven patients presented nonspecific laboratory tests findings such as moderate elevated hematological values of erythrocyte sedimentation rate (three patients), slightly elevated white blood cells count (two patients) and moderate anemia (two patients); two patients presented slightly elevated values of both tumor markers CEA and CA19-9, while three of them had only slightly elevated CEA values. 

Imaging diagnosis

Computed tomography scan excluded the presence of metastases in all ten patients and described rectal wall thickening in four cases.

Pathological diagnosis

Histological examination of endoscopic samples revealed moderately differen​tiated adenocarcinoma (G2) in five cases, well differentiated adenocarcinoma in two cases (G1), mixed subtypes in three cases (G1/G2- two cases, G1 with mucinous areas - one case).

Treatment

Tissue samples from patients with histological diagnosis of rectal cancer were collected during colonoscopy before undergoing surgical resection or neoadjuvant therapy.

Term explanation 

Immunoendoscopy: Targeting markers of angiogenesis in association with confocal laser endomicroscopy (CLE) examination; Panendothelial markers: Present equal staining intensity in both small and large vessels and comparable reactivity in both frozen and paraffin sections, with obvious disadvantages regarding antigen specificity and sensitivity. They can identify all types of blood vessels in a given tissue sample, irrespective of being mature or immature.
Experiences and lessons

Specific imaging and quantification of tumor microvessels are feasible in human rectal cancer using CLE examination and CD105 immunostaining of fresh tissue samples. A larger number of patients is needed to study the correlation between MVD and tumor differentiation grade and staging, with great potential for CD105 staining combined with CLE analysis to provide a more reliable evaluation of the angiogenetic status of patients with colorectal cancer. CLE monitoring of the relationship between endothelial presence of CD105 and survival of patients would be of great interest.
Peer-review

The manuscript has original results. This is an interesting study on “Tumor neoangiogenesis detection by confocal laser endomicroscopy and anti-CD105 antibody: Pilot study”. The research is limited to a small number of patients and, for this reason, this study should be considered pilot.
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Figure 1  Confocal laser endomicroscopy. A: CLE images with AF488 anti-CD31 antibodies expression on vascular network from both normal; B: Tumor rectal mucosa; C: CLE image showing low expression of the fluorescently labeled anti-CD105 antibodies in normal rectal mucosa; D: Image from the same patient showing microvessels in rectal adenocarcinoma visualized by using CD105 staining as a specific endothelial marker. CLE: Confocal laser endomicroscopy.
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Figure 2  Immunohistochemistry on CD105 stained sequential sections from rectal cancer tissue samples (magnification 40 ×), CD105-positive vascular endothelial cells were clearly identified by their brown staining (A) and normal rectal mucosa displays the absence of endoglin expression (B).
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Figure 3  Graphic representation of vascular density (microvessel density) obtained from CD31-immunostained images and CD105-immunostained images of normal mucosa in comparison with tumor mucosa (vessels/mm2). MVD: Microvessel density.
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Table 1  Patient characteristics


Patient


�
Gender


�
Age


�
Tumor grading


�
Preoperative stage


�
RT


�
CTX


�
�
  1


�
F


�
67


�
G1


�
T3N0M0


�
No


�
No


�
�
  2


�
M


�
65


�
G2


�
T3N0M0


�
Neoadj


�
No


�
�
  3


�
M


�
47


�
G2


�
T3N0M0


�
Neoadj


�
No


�
�
  4


�
M


�
66


�
G2


�
T4N0M0


�
Adj


�
Adj


�
�
  5


�
M


�
54


�
G2


�
T3N0M0


�
No


�
No


�
�
  6


�
M


�
67


�
G1/G2


�
T3N1M0


�
Neoadj


�
Neoadj


�
�
  7


�
F


�
80


�
G1 + Mucinous areas


�
T3N0M0


�
Neoadj


�
Neoadj


�
�
  8


�
F


�
78


�
G2


�
T3N2M0


�
Neoadj


�
No


�
�
  9


�
M


�
59


�
G1


�
T3N1M0


�
No


�
No


�
�
10


�
M


�
69


�
G1/G2


�
T3N0M0


�
Neoadj


�
No


�
�
RT: Radiotherapy; CTX: Chemotherapy; Neoadj: Neoadjuvant therapy; Adj: Adjuvant therapy; F: Female; M: Male.





Table 2  Quantitative results of vascular parameters from confocal laser endomicroscopy images


�
CD31


�
CD105


�
P-value


�
�
Vascular


�
Normal


�
  7.67 ± 0.5


�
  3.46 ± 1.5


�
  0.01


�
�
Diameter


�
Tissue


�
�
�
�
�
(μm)


�
Tumor


�
10.88 ± 0.8


�
10.97 ± 0.6


�
0.9


�
�
Vascular


�
Normal


�
  3191.6 ± 387.8


�
  244.21 ± 130.7


�
 < 0.001


�
�
Density


�
Tissue


�
�
�
�
�
(vessels/mm3)


�
Tumor


�
  4707.3 ± 448.8


�
  2787.4 ± 133.8


�
    0.001


�
�
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