Cytoplasmic CD133 Expression is a Reliable Prognostic Indicator of Tumor Regression after Neoadjuvant Concurrent Chemoradiotherapy in Patients with Rectal Cancer
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RUNNING HEAD： CD133 is an indicator for tumor regression

ABSTRACT
Background. Despite development in therapeutic strategies, such as neoadjuvant concurrent chemoradiotherapy (CCRT), the prognosis of colorectal cancer remains relatively poor. Cancer stem cells (CSC) with several characteristics can lead to therapeutic resistance. CD133 has been identified as a putative CSC marker in colorectal cancer; however, its functional role still needs elucidation. We verified the role of CD133 with emphasis on expression location and correlated the results of CD133 with clinical outcome in colorectal cancer. 
Methods. We used immunohistochemistry to investigate the expression of CD133 in samples from 157 patients with colonic adenocarcinoma and from 76 patients with rectal adenocarcinoma who received neoadjuvant CCRT. We also correlated the expression location of CD133 with the clinicopathological parameters and prognosis.

Results. CD133 protein was variably overexpressed in colorectal cancer tissues and was present in three locations: apical and/or endoluminal surfaces, cytoplasm, and lumen. Cytoplasmic CD133 expression level correlated significantly with tumor local recurrence (P = 0.025) and survival of patients with colorectal cancer (P = 0.002), and correlated inversely with tumor regression grading (P = 0.021) after CCRT in patients with rectal cancer.
Conclusions. The expression of CD133 in the cytoplasm is closely associated with local recurrence and patient survival, and may provide a reliable prognostic indicator of tumor regression grading in patients with rectal cancer after CCRT. Cytoplasmic CD133 expression may also help identify the surviving cancer cells in areas with nearly total regression after CCRT.
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Colorectal cancer is the third most common malignancy, and the morbidity and mortality due to colorectal cancer are increasing worldwide.1 Despite substantial progress in both the diagnosis and therapy in recent decades, the prognosis for colorectal cancer remains poor. One of the leading causes of cancer-related death is therapy resistance.2 Neoadjuvant concurrent chemoradiotherapy (CCRT), introduced in the past decade, has become a common treatment for stage II and III rectal cancer.3 Neoadjuvant CCRT may improve patient survival, decrease the local recurrence rate, and downstage the disease.4,5 However, despite significant improvement in the management of rectal cancer, the rate of local recurrence or distant metastasis remains as high as 15–20% for rectal cancer treated with neoadjuvant CCRT.4,6 Identification of predictive markers is urgently needed and may improve the clinical outcome and potential treatment stratification for such patients.
Cancer stem cells (CSCs) are a small subpopulation of cancer cells that are present in various types of cancers and exhibit characteristics of self-renewal and the ability to differentiate into multiple cell types.7,8 It is hypothesized that CSCs possess several characteristics that make them resistant to conventional chemo- and radiotherapy, including high expression of drug transporters, relative cell cycle quiescence, high levels of DNA repair machinery, and resistance to apoptosis.9,10 
CD133 (prominin-1) is a five-transmembrane glycoprotein that was described initially as a surface antigen specific to human hematopoietic stem cells.11 CD133 was recognized as an important marker of colon CSCs because CD133-positive colon cancer cells can initiate tumor growth after xenotransplantation.12,13 These CD133-positive cancer cells retain their tumorigenicity as spheroid cultures in vitro and are more resistant to chemotherapeutic drugs than those of CD133-negative cancer cells.13,14 The high CD133 expression correlates with poor prognosis and worse survival in patients with colorectal cancer.15,16 Controversially, knockdown of CD133 neither prevented clonal formation nor inhibited tumorigenicity in a xenograft model.17 One study found that CD133 is expressed ubiquitously in differentiated colonic epithelium and human primary colon cancer epithelial cells.18 In addition, siRNA-mediated knockdown of CD133 has no significant effect on biological characteristics such as proliferation, migration, and invasion of colon cancer cell lines.19 Although the functional role of CD133 in tumor progression and the CSC phenotype remains controversial, the significance of CD133 as a CSC marker has been actively studied in recent years. Recent studies reported two distinct staining patterns: apical/endoluminal membrane staining in the malignant glandular epithelia and cytoplasmic positivity in the nonepithelial tumors.20 Some studies suggest that cell with cytoplasmic CD133 staining are putative CSC. However, There are limited reports regarding cytoplasmic CD133 expression in colorectal cancer.21,22
We attempted, for the first time, to explore whether there is a direct link between the cytoplasmic CD133 expression and outcomes in patients with rectal cancer treated with neoadjuvant CCRT and to correlate the expression location of CD133 with clinicopathological parameters and prognosis in colorectal cancer. We also evaluated the characteristics of CD133 expression patterns by focusing on their expressed locations.
MATERIALS AND METHODS

Clinical Samples

From 2003 to 2006, tissue specimens of 172 patients with colonic adenocarcinoma and 83 patients with rectal adenocarcinoma who received neoadjuvant CCRT were collected and retrieved from the archives of the Department of Pathology, Tri-Service General Hospital, Taipei, Taiwan. All of the samples were collected using methods that conformed to the ethical guidelines of and that were approved by the Institutional Review Board (Board No. 097-05-209). Twenty-two cases (15 colonic and seven rectal cancers) were either lost to follow-up or had insufficient clinicopathological data for analysis and were therefore excluded, leaving a total of 233 cases of colorectal adenocarcinoma that were included in the study. All patients selected were followed up for up to 5 years or until death. Only deaths attributable to recurrent cancer were counted as events. These were assessed clinically for signs of metastasis or local recurrence, which were confirmed by histopathology. Tumor differentiation was graded by a qualified pathologist according to the World Health Organization classification system. Tumor stage was determined according to the sixth edition of the Cancer Staging Manual by the American Joint Committee on Cancer. Clinical records and radiology reports were reviewed by two surgeons.
Tumor Regression after Neoadjuvant CCRT
To identify the residual primary tumor, a minimum of 3–5 paraffin blocks was processed. If no tumor was visible, the whole (mostly fibrotic) area suggestive of disease was sliced (4–6 (m thickness) and embedded. Regression of the primary tumor was determined semiquantitatively by comparing the amount of viable tumor with the amount of fibrosis, and this was recorded in a range from no evidence of any treatment effect to a complete response with no viable tumor identified.23 The following were characteristics of each grade: tumor regression grade (TRG) 0, no regression; TRG 1, minor regression (dominant tumor mass with obvious fibrosis in (25% of the tumor mass); TRG 2, moderate regression (dominant tumor mass with obvious fibrosis in 26–50% of the tumor mass); TRG 3, good regression (dominant fibrosis outgrowing the tumor mass, i.e. >50% tumor regression); and TRG 4, total regression (no viable tumor cells, only fibrotic mass). Evaluation of the pathology was performed independently by two pathologists blinded to the patients’ clinical information. Discrepancies between the pathologists were resolved by consensus.

Immunohistochemistry

Immunohistochemistry was performed on 4 (m thick paraffin-embedded sections of rectal specimens. After deparaffinization and dehydration, specimens were brought to the boil in 10 mM sodium citrate buffer (pH 6.0) for 40 minutes for antigen retrieval and then blocked in peroxidase-blocking solution (Dako Cytomation, Glostrup, Denmark). Rabbit monoclonal anti-CD133 antibody (clone C24B9, Cell Signaling Technology, Danvers, MA) was diluted to 1:200 and incubated at 4(C overnight, and the staining was detected using an Envision detection system (Envision detection system, peroxidase/DAB+, rabbit/mouse, Dako Cytomation). The specimens were counterstained with Mayer’s hematoxylin.

Evaluation of Immunohistochemistry

We select one of the most representative and adequate sections from total positive tissue sample and then counted this whole chosen section twice for intensity and distribution. Any evaluated section consisting of cancerous cell(s) or tissue(s), immunoreactive to CD133 was defined as a positive cell(s) or tissue(s). In addition, a section treated for immunohistochemistry but without the primary antibody was used as a negative control, and a human retina with immunoreactivity was used as a positive control. The intensity of CD133 immunoreactivity of tumor cells was classified into four categories: 0 (no staining), 1 (weak staining, less intense than retinal staining), 2 (moderate staining, seen in retinal staining), and 3 (strongest intensity, more intense than retinal staining). We also chose the most frequent proportion intensity as the final intensity in each section. The distribution of CD133 labeling was also measured as the percentage of positively stained tumor cells (from 0% to 100%) in the total tumor volume in each section. To compare CD133 immunoexpression for each case, the percent of CD133-positive cells at each level of intensity was multiplied by the corresponding intensity to obtain an immunoreactivity score ranging from 0 to 300. 24 The staining results were evaluated independently by two pathologists blinded to the patients’ clinical and radiology treatment information. Discrepancies between the pathologists were resolved by consensus.
TUNEL Assay of Apoptotic Cells

The sections were deparaffinized with xylene twice for 10 minutes each, hydrated with 100% ethanol twice for 10 minutes each and 95% ethanol for 10 minutes, and rinsed in distilled water. The sections were then pretreated by the proteinase K digestion method by incubation with 0.2% Triton X-100 in phosphate-buffered saline with Tween 20 (PBST) for 30 minutes; 3% H2O2 was used to block endogenous peroxidase activity. The sections were incubated in an equilibration buffer for 10 minutes and then in a TdT reaction mixture for 1 hour at 37(C in a humidified chamber. The sections were rinsed in a stop wash buffer for 10 minutes to stop the reaction, rinsed in PBST three times for 5 minutes, incubated with anti-digoxigenin conjugate for 30 minutes at room temperature, and then rinsed in PBST. The sections were incubated with DAB for 2 minutes, immediately rinsed in tap water, and counterstained with Gill’s hematoxylin.

Mucin Staining
The sections were deparaffinized, hydrated to distilled water, incubated with Mayer’s hematoxylin for 10 minutes, and washed in running tap water for 5 minutes. The sections were incubated with mucicarmine solution for 45 seconds and then rinsed quickly in distilled water. They were then dehydrated quickly with three changes of absolute alcohol.

Statistical Analysis

All calculations were performed using the statistical software SPSS, version 13.0 (SPSS Inc., Chicago, IL). The associations between CD133 scores and clinicopathological bivariables were analyzed by the Mann–Whitney U test. Clinicopathological multivariables were calculated by the Kruskal–Wallis H test with the Bonferroni multiple comparison procedure. Survival was evaluated using the Kaplan–Meier method. The log-rank test was used to compare the cumulative survival duration in the patient groups.

RESULTS

Pattern of CD133 Expression in Human Colorectal Tissue

In normal and dysplastic colorectal tissues, CD133-positive cells were rare and were observed only at the bases of the crypts with faint immunoreactivity at the apical surface and/or endoluminal surfaces. Expression of CD133 was greater in the 233 cases of colorectal cancer than in the normal and dysplastic colorectal tissues. Expression of CD133 without distinct location but including any staining intensity and distribution was estimated at 84.1% (196 of 233) of the case samples. CD133 was variably overexpressed in the colorectal cancer specimens and was observed at three different locations: at the apical and/or endoluminal surfaces, in the cytoplasm, and in the lumen (Fig. 1). Individualization of each expression pattern and combinations showed expression only at the apical and/or endoluminal surfaces in 22.5% of specimens; only in the cytoplasm in 13.7%; at the apical and/or endoluminal surfaces and cytoplasm without luminal content in 38.2%; and at the apical and/or endoluminal surfaces and in the cytoplasm within the luminal content in 9.7%. No specimen comprised only luminal content without the presence of apical and/or endoluminal surface and cytoplasmic staining.
Correlation between CD133 Expression and Clinicopathological Features and Prognosis
Table 1 shows a comparison of the expression of CD133 according to the staining at the apical and/or endoluminal surfaces and in the cytoplasm. In patients with colorectal cancer, the immunoreactivity scores of CD133 staining at the apical and/or endoluminal surfaces and in the cytoplasm correlated significantly with age and tumor differentiation. Greater CD133 expression at the apical and/or endoluminal surfaces and in the cytoplasm was also significantly associated with well-differentiated and moderately differentiated adenocarcinoma in the older age group. However, the CD133 expression at the apical and/or endoluminal surfaces and in the cytoplasm did not correlate significantly with gender, size or extent, location, status of lymph node metastasis, distant metastasis, or clinical staging. Comparison of the predictors of tumor local recurrence (Table 2) showed significant correlations between local tumor recurrence and cytoplasmic CD133 expression (P = 0.025) but not apical and/or endoluminal surfaces CD133 expression (P = 0.303). Follow-up of 233 cases from the initial diagnosis to 60 months after diagnosis produced a significant correlation between the overall survival and cytoplasmic CD133 expression (P = 0.002) (Fig. 2). High cytoplasmic CD133 expression (immunoreactivity score >150) indicated poor patient survival.

Correlation between CD133 Expression and Treatment Outcome after CCRT for Rectal Cancer
Seventy-six patients with rectal cancer who received neoadjuvant CCRT were also included in the study. Of the 76 cases examined for TRG, 29 (38.2%) showed no viable tumor cells in the rectal wall (TRG 4), 33 (43.4%) were graded as TRG 3, seven (9.2%) were graded as TRG 2, six (7.9%) were graded as TRG 1, and one (1.3%) was graded as TRG 0. The expressions of CD133 before CCRT and TRG after CCRT were correlated significantly in the cytoplasm (P = 0.021) but not at the apical and/or endoluminal surfaces (P = 0.525). Patients with greater cytoplasmic CD133 expression had an unfavorable outcome. Conversely, patients with lower cytoplasmic CD133 expression tended to respond more effectively to the treatment, as shown by a higher TRG (Fig. 3a).

Characteristics of CD133 Expression after CCRT in Rectal Cancer
To understand further the characteristics of the cells surviving after CCRT in rectal cancer, we used immunohistochemistry, mucicarmine staining, and the TUNEL assay to analyze the tissue specimens after CCRT. Forty-seven patients (excluding 29 patients with total regression) had residual surviving cancer cells after CCRT. There was a tendency toward gradual morphological alterations with decreasing size and contour of the abnormal glands surrounded by fibrotic bands due to regression after CCRT. Residual TUNEL-positive cancer cells along with mucicarmine-positive and dense CD133 expression in the luminal content were indicative of apoptotic changes after CCRT (Fig. 3b). Cytoplasmic CD133 appeared to indicate the surviving cancer cells, which were barely identifiable by CK20, p53, or Ki67 in the nearly total regression area after CCRT (Fig. 3c).
DISCUSSION
CD133 is now recognized as a potential marker of CSCs in various cancer types. However, there is debate because this molecule by itself has been shown to lack functional importance to tumor initiation despite its clinical contribution to tumor progression and metastasis.17–19 CD133-positive colorectal cancer cells are not more resistant to 5-fluorouracil (5-FU) than those of CD133-negative cells, suggesting that CD133 should not be used as a single marker of CSCs in colorectal cancer.25, 26
Based on the nature of tumor heterogeneity, cancer tissues may represent complex antigenic expression even in the same location. An immunoreactivity score comprising two main factors such as the intensity and distribution of staining may help avoid these drawbacks and produce more accurate indicators. Our measurement encompasses most changes in CD133 immunoreactivity and may be useful for comparing CD133 immunoexpression for each case. This might provide both qualitatively and quantitatively better measures of the immunoexpression of CD133. 
The rate of overall CD133-positive staining was reported as 15.3–24.5% in colorectal cancer in one series, 27.5% in non-CRT specimens, and 70% of CRT specimens in other studies.15,21,27,28 In our studies, CD133 expression was assessed without distinction between locations or staining intensity and distribution. This gave an estimate of 84.1%, which was slightly higher than that in previous reports. We found that CD133-positive cells appeared variably in colorectal cancer specimens in three different patterns: at the apical and/or endoluminal surfaces, in the cytoplasm, and in the lumen. These three distinct patterns and mixed combinations were seen easily in our data. CD133 expression in the cytoplasm, but not at the apical and/or endoluminal surfaces, correlated significantly with local tumor recurrence and survival in patients with colorectal cancer, suggesting that the expression of CD133 is more important functionally in the cytoplasm than at the plasma membrane. 
The underlying cellular mechanism should be traceable back to its embryology. CD133 has been implicated in cell polarity in many ductal and acinar embryonic structures, which are required for cell movement, that are associated with processes such as chemotaxis, embryonic development, mobility, and the still debated stem cell property.29–31 We hypothesized that through the process of “endocytosis”, CD133 protein may be transported dynamically from the plasma membrane to the cytoplasm or metabolized, and possibly secreted into the ductal lumen through glycosylation. Consistent with the possible explanations mentioned above, the presence of CD133 protein at different locations in the cytoplasm or at the plasma membrane may reflect its specific cellular functions during endocytosis.

There was a gradual increase in cytoplasmic expression from weak to dense staining before CCRT, which corresponded to different treatment outcomes shown by the TRG after CCRT. Weak or faint cytoplasmic expression of CD133 before CCRT was usually associated with a better outcome and a higher TRG. A review of the slides for tumor regression grading in all 76 patients with rectal cancer who received neoadjuvant CCRT found that the total case number of TRG 4 was slightly higher than those had been previously reported.21,32,33 This discrepancy may relate to different treatment guidelines or strategies and treatment responses between populations or to underestimation of the TRG. According to our treatment guideline in comparison with other facilities, we persistently use high-dose chemotherapeutic agents with 5-FU and tegafur–uracil, accompanied by a prolonged postradiation waiting period for 8 weeks before surgery, which may help increase the total case number of TRG 4. The four-tier TRG system instead of three-tier tumor regression classification is commonly used in our medical center.34 However, a review of all the cases graded TRG 4 showed one patient whose specimen was initially graded as total regression after CCRT but who unexpectedly developed metastasis to the liver 15 months after surgery. A thorough review of all slides identified that the few surviving cancer cells with atypical morphology showing small and round cell nests in the markedly fibrotic bands after CCRT were found in postoperative specimens. These scant atypical cells were identified clearly by cytoplasmic CD133 immunoreactivity, which had been overlooked because of their negative reaction with CK20, p53, and Ki67 in the nearly total regression area after CCRT.
Neoadjuvant CCRT is the treatment of choice for rectal cancer. Many of these patients do not respond and experience unnecessary toxicity and surgery delay.34 Unfortunately, no specific prognostic factors can predict the response to neoadjuvant CCRT. We suggest that in patients assessed clinically as candidates for neoadjuvant CCRT, tissue samples obtained at the first biopsy before CCRT should be evaluated for cytoplasmic CD133 immunoreactivity. In patients evaluated as TRG 4 after CCRT, cytoplasmic CD133 immunoreactivity in tissue sections may also help reveal the hidden, not easily identified, and transformed residual cancer cells.

In conclusion, the functional role of CD133-bearing CSC properties of colorectal cancers may need further verification. However, expression of CD133 in the cytoplasm, but not at the apical and/or endoluminal surfaces, correlates closely with the patients’ survival and local recurrence. Cytoplasmic CD133 may be used as a reliable prognostic indicator of the TRG after CCRT in patients with rectal cancer.
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FIGURE LEGENDS
FIG. 1 Few CD133-positive cells were observed in the normal epithelia at the bases of the crypts (arrows) shown in A (magnification, (200), along with pale immunoreactivity at the apical and/or endoluminal surfaces in dysplastic epithelia shown in B (magnification, (400). Comparison of H&E and immunohistochemical staining identified three distinct CD133 expression locations: the apical and/or endoluminal surfaces shown in C and D, in the cytoplasm shown in E and F, and in the luminal content shown in G and H (magnification, (400).
FIG. 2 The apical and/or endoluminal surface CD133 expressions did not correlate significantly with the patients’ overall survival, however cytoplasmic CD133 expression correlated significantly with the patients’ overall survival (P = 0.002). Greater cytoplasmic CD133 expression indicated shorter survival in patients with colorectal cancer than in those with lower cytoplasmic CD133 expressions.

FIG. 3 a Immunohistochemical staining for CD133 with comparisons of five representative cases of rectal cancer showed a gradient of increase in the cytoplasmic expression from weak to dense staining before CCRT (top panel A–E, magnification, (200) and corresponding to different treatment outcomes shown by the TRG after CCRT (bottom panel F–J, magnification, (100). On the left two upper and lower panels, faint cytoplasmic expression of CD133 before CCRT usually corresponded to persistent cytoplasmic expression, which was associated with a better outcome and a higher TRG. Conversely, denser cytoplasmic expression of CD133 before CCRT was associated with increased cytoplasmic expression, which was associated with a worse outcome with lower TRG, as shown in the right three upper and lower panels. b Microscopic photographs show residual TUNEL-positive cancer cells (H&E, (200) and mucicarmine-positive luminal contents with dense CD133 expression. c Few surviving cancer cells are identified by cytoplasmic CD133 immunoreactivity in the nearly total regression area after CCRT; these cells could be easily overlooked because they were barely identifiable and were negative for Ki67 and p53.
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=64 102 43.8 42,35 5.89 0.002% 57.11£5.85 0.001*
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Male 126 54.1 56.901 5.98 0.608 75.40% 6.20 0.491
Female 107 459 52.621 6.41 68.041 5.70
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