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Abstract
AIM: To determine the expression of neurokinin-1 receptor (NK-1R), phosphorylated epidermal growth factor (pEGFR), cyclooxygenase-2 (Cox-2), and vitamin D receptor (VDR) in normal, inflammatory bowel disease (IBD), and colorectal neoplasia tissues from Puerto Ricans. 

METHODS: Tissues from patients with IBD, colitis-associated colorectal cancer (CAC), sporadic dysplasia, and sporadic colorectal cancer (CRC), as well as normal controls, were identified at several centers in Puerto Rico. Archival formalin-fixed, paraffin-embedded tissues were deidentified and processed by immunohistochemistry for NK-1R, pEGFR, Cox-2, and VDR. Pictures of representative areas of each tissues diagnosis were taken and scored by three observers using a 4-point scale that assessed intensity of staining. Tissues with CAC were further analyzed by photographing representative areas of IBD and the different grades of dysplasia, in addition to the areas of cancer, within each tissue. Differences in the average age between the five patient groups were assessed with one-way analysis of variance and Tukey-Kramer multiple comparisons test. The mean scores for normal tissues and tissues with IBD, dysplasia, CRC, and CAC were calculated and statistically compared using one-way analysis of variance and Dunnett’s multiple comparisons test. Correlations between protein expression patterns were analyzed with the Pearson’s product-moment correlation coefficient. Data are presented as mean ± SE.

RESULTS: On average, patients with IBD were younger (34.60 ± 5.81) than normal (63.20 ± 6.13, P < 0.01), sporadic dysplasia (68.80 ± 4.42, P < 0.01), sporadic cancer (74.80 ± 4.91, P < 0.001), and CAC (57.50 ± 5.11, P < 0.05) patients. NK-1R in cancer tissue (sporadic CRC, 1.73 ± 0.34; CAC, 1.57 ± 0.53) and sporadic dysplasia (2.00 ± 0.45) were higher than in normal tissues (0.73 ± 0.19). pEGFR was significantly increased in sporadic CRC (1.53 ± 0.43) and CAC (2.25 ± 0.47) when compared to normal tissue (0.07 ± 0.25, P < 0.05, P < 0.001, respectively). Cox-2 was significantly increased in sporadic colorectal cancer (2.20 ± 0.23 vs 0.80 ± 0.37 for normal tissues, P < 0.05). In comparison to normal (2.80 ± 0.13) and CAC (2.50 ± 0.33) tissues, VDR was significantly decreased in sporadic dysplasia (0.00 ± 0.00, P < 0.001 vs normal, P < 0.001 vs CAC) and sporadic CRC (0.47 ± 0.23, P < 0.001 vs normal, P < 0.001 vs CAC). VDR levels negatively correlated with NK-1R (r = -0.48) and pEGFR (r = -0.56) in normal, IBD, sporadic dysplasia and sporadic CRC tissue, but not in CAC.

CONCLUSION: Immunohistochemical NK-1R and pEGFR positivity with VDR negativity can be used to identify areas of sporadic colorectal neoplasia. VDR immunoreactivity can distinguish CAC from sporadic cancer.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: This study compares for the first time the expression of neurokinin-1 receptor, p-epidermal growth factor, cyclooxygenase-2, and vitamin D receptor in patients with sporadic colorectal neoplasia, colitis, and colitis-associated colorectal neoplasia in samples obtained from a Puerto Rican population. We believe that this knowledge could be of great use for the further identification of reliable markers of cancer risk and of potential therapeutic targets in a population where colorectal cancer is the deadliest cancer, and that our findings could be used in the day-to-day examination of colonic biopsies for establishing a diagnosis and distinguishing dysplasia from reactive inflammatory changes.
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INTRODUCTION
Not only is colorectal cancer (CRC) the second most commonly occurring cancer among Puerto Rican men and women combined but it is also the deadliest cancer in the Puerto Rican population[1]. This situation contrasts with that of both the general United States population – where CRC is less frequent than prostate, breast, and lung cancer and less deadly than lung cancer – and in United States Hispanics – where CRC incidence is surpassed by that of prostate and breast cancer and more people die from lung cancer than from CRC[2,3]. Although the exact cause remains unknown, this disparity is likely due to a complex interplay between several factors, such as differences in genetic admixture and environment. Facilitating an accurate diagnosis of CRC and its precursor lesions in Puerto Ricans could help mitigate the disparate incidence and mortality of CRC.
CRC encompasses several different modalities of cancer, ranging from familial syndromes to colitis-associated malignancy to sporadic cancer. The latter two serve as an example of how the same pathology can arise through different pathways: sporadic CRC arises from adenomatous polyps that progress to carcinoma, also known as the adenoma-carcinoma sequence. In contrast, colitis-associated colorectal cancer (CAC) begins with the chronic inflammation characteristic of inflammatory bowel diseases (IBD), such as ulcerative colitis and Crohn’s disease, and progresses to dysplasia and subsequently carcinoma, also known as the colitis-dysplasia-carcinoma sequence (Figure 1A)[4]. Dysplasia is a definite neoplastic change of the intestinal epithelium that does not penetrate the basement membrane[5-7]. The architectural changes that define colitis-associated dysplasia are analogous to those seen in adenomatous polyps[5]. Although dysplasia is currently the best marker of CRC risk in IBD, the wide range of variability between observers has led to a rising need for more reliable criteria and markers of cancer risk[8]. Interestingly, the prevalence of IBD in Puerto Rico has recently been estimated to be one of the highest among Hispanic groups[9], and Hispanics display phenotypic differences in the manifestations of IBD when compared to non-hispanic whites[10]. These two points emphasize the existence of differences not only between Hispanics and non-Hispanics but also between different Hispanic populations, thus indicating a need for studies that investigate disease processes in specific populations.
Much attention has been paid to signaling pathways and their components because of their involvement in carcinogenesis and their potential as therapeutic targets[11]. The substance P-neurokinin-1 receptor-epidermal growth factor receptor (SP-NK-1R-EGFR) pathway is of particular interest, since previous studies from our laboratory have shown that signaling components involved in these pathways are up-regulated in rat models of chronic inflammation and colitis-associated neoplasia[12-15]. SP and its endogenous receptor, NK-1R, are known to play a pivotal role in the pathophysiology of intestinal inflammation and are also involved in many processes related to oncogenesis[16,17]. Binding of SP and NK-1R causes transactivation of the EGFR, with subsequent activation of other pathways, such as Raf/MEK/ERK and PI3K/PDK/Akt, which can lead to increased inflammation and proliferation, along with decreased apoptosis and differentiation[18,19]. A downstream product of several of these pathways is cyclooxygenase-2 (Cox-2), an isozyme involved in the synthesis of prostaglandins. The expression of Cox-2 is normally minimal under basal conditions but is increased when it is stimulated by inflammatory cytokines, growth factors, and endotoxins[20]. 
There has been increasing awareness regarding the possible importance of vitamin D levels in various cancers, including CRC[21]. Interestingly, binding of calcitriol (1,2-dihydroxycholecalciferol, the active form of vitamin D) to the vitamin D receptor (VDR) has been shown to block the EGFR and to inhibit several of its pathways (particularly, Raf/MEK/ERK), resulting in an increase in apoptosis and a decrease in proliferation and angiogenesis[22]. 
Previous studies have assessed the expression of several of the aforementioned signaling components in chronic colitis and in CRC. Levels of NK-1R, EGFR, and Cox-2 have been shown to be elevated both in patients with colitis and in patients with CRC[17,23-27]. VDR levels have been shown to be decreased in patients with colitis but either minimally expressed or over-expressed in CRC[21,28]. Importantly, little is known regarding the expression of these proteins during dysplasia. Furthermore, no study to date has investigated the expression pattern of these proteins in either Puerto Ricans or United States Hispanics. A unique expression pattern for these proteins in dysplasia could further elucidate their potentially critical roles in the development of cancer. Therefore, the aim of this study was to determine and compare the expression of NK-1R, pEGFR, Cox-2, and VDR in patients with sporadic and colitis-associated colorectal neoplasia and how it compares to that found in normal tissues and in patients with IBD, in samples obtained from a Puerto Rican population. This knowledge could be of great use for the further identification of reliable markers of cancer risk and of potential therapeutic targets in a population where CRC is the deadliest cancer.

MATERIALS AND METHODS
Use of human subjects and Institutional Review Boards approval
This study was carried out in compliance with all NIH regulations concerning the Protection of Human Subjects and human tissue specimens were approved for use by Institutional Review Boards (IRB) as follows. The Ponce School of Medicine and Health Sciences Institutional Review Board approved this study under IRB protocol 080506-CA and the University of Puerto Rico Medical Sciences Campus Institutional Review Board approved this study under IRB protocol MSC IRB 1250112. Both institutional review boards waived the need for informed consent given that the samples were existing archived pathological specimens which were deidentified, and thus did not contain any identifiable information that could be linked to the subjects.

Patients and tissue samples
Archived pathology laboratory samples, embedded in paraffin and devoid of personal information, were obtained from pathology laboratories of local hospitals. Samples (paraffin blocks) of colonic tissue from 26 different patients were randomly selected by laboratory staff for each of the following diagnoses: normal (n = 5), IBD (n = 5), dysplasia (n = 5), cancer (n = 5) and CAC (n = 6; Table 1). Patients with a histopathologic diagnosis of CAC in biopsy or surgical specimens were identified in the UPR Center for Inflammatory Bowel Diseases database (Table 2). Corresponding archived paraffin-embedded tissue blocks were retrieved from UPR School of Medicine Pathology Laboratory and de-identified by two pathologists (WGM and CGK), with the identification list saved for re-identification. All blocks were transferred to the Gastrointestinal Research Laboratory at Ponce School of Medicine and Health Sciences. Tissue sections from each of the selected samples were stained with hematoxylin and eosin in order for an independent pathologist (AAI) to confirm the diagnosis.

Immunohistochemistry
Tissue sections were deparaffinized in two 15-min Hemo-De xylene-substitute baths. Graded ethanol dilutions and distilled water were used for tissue rehydration. Hydrogen peroxide (3%, aqueous) was used to block endogenous peroxidase activity. After washing with phosphate-buffered saline, antigen retrieval was achieved by placing sections in citrate-EDTA buffer (10 mmol/L; 2 mM EDTA, 0.05% Tween 20, pH 6.2) at 95-99 C for 40 min and at room temperature for 20 min. Sections were then washed with distilled water for 2 min (twice), phosphate-buffered saline for 5 min, and normal serum (Biogenex, San Ramon, CA) for 15 minutes before overnight incubation with the primary antibody. Antibodies used included NK-1R (sc-15323; Santa Cruz Biotechnology, dilution 1:100), pEGFR (#2236; Cell Signaling Technology, dilution 1:400), Cox-2 (#160106; Cayman Chemical Co., dilution 1:200), and VDR (Ab3508; Abcam Inc, dilution 1:2000). Secondary antibody was added to the sections for 20 minutes using the Super Sensitive Link-Label IHC Detection System (Biogenex, San Ramon, CA); sections were incubated with the biotinylated secondary antibody for 20 minutes and then with a streptavidin-peroxidase conjugate for 20 min. 3,3-Diaminobenzidine chromogen solution (Biogenex, San Ramon, CA) was used to achieve color development. Tissue sections were counterstained with hematoxylin for 20 s, dehydrated with graded ethanol dilutions, cleared with xylene, and mounted with a xylene-based mounting medium. Pictures were taken of representative areas containing the diagnosis of interest for each sample and blindly scored by three observers. A four-point scale ranging from 0 to 3 was used to assign scores according to staining intensity. In this scale, a score of 0 corresponds to the lightest, or absence of, staining, whereas 3 corresponds to the strongest staining for a particular antibody (Figure 1B). Additionally, areas diagnostic of IBD, dysplasia (mild, moderate, and severe), and cancer in tissue from CAC patients were photographed and scored.

Statistical analysis
Graphpad Prism V6.0a (Graphpad Software, San Diego, CA) was used to perform all statistical analyses. One-way analysis of variance and post hoc multiple comparisons tests were used to determine the statistical significance of the measured variables. A Tukey-Kramer multiple comparisons test was used to analyze differences between age distributions in the five patient groups. Dunnett’s multiple comparisons tests were used to analyze differences in protein expression. Pearson’s product-moment correlation coefficient was used to analyze the associations between expression of the four proteins measured. A difference was considered significant if P < 0.05. Data presented as mean ± SE.

RESULTS
There were no significant differences in gender between groups. As might be expected, IBD patients were significantly younger than normal, sporadic dysplasia, sporadic cancer, and CAC patients (P < 0.01, P < 0.01, P < 0.001, and P < 0.05 respectively; Table 1). There were no significant differences in age between any of the other groups.

NK-1R levels are increased in colonic neoplasia
All diagnoses showed higher NK-1R expression when compared to normal tissues, although this failed to reach statistical significance (Figure 2A). NK-1R levels doubled in sporadic cancer and CAC when compared to normal. In normal tissues, staining was found in the glands and surface epithelium. In IBD, staining was found predominantly in the columnar cells of the glands, with some additional staining in the surface epithelium (in 40% of the samples). Sporadic dysplasia stained predominantly in the cytoplasm of columnar cells of the glands, whereas in sporadic cancer the staining was mostly found in the cytoplasm of poorly differentiated cancer cells. In CAC, staining was mainly observed in the cytoplasm of transformed glandular epithelial cells, and did not vary significantly between different diagnostic areas (Figure 2B).

pEGFR levels are significantly increased in sporadic and colitis-associated colorectal cancer
For pEGFR, a 15-fold increase and a 19-fold increase in expression were observed in IBD (1.00 ± 0.10) and sporadic dysplasia (1.27 ± 0.34), respectively, when compared to normal patients (0.07 ± 0.07; Figure 3A). Patients with sporadic cancer or CAC had significantly higher expression levels than those found in normal tissues (P < 0.05 and P < 0.001, respectively). In normal tissues, minimal to no staining was found, with only one sample showing nonspecific staining in the surface epithelium. Staining in IBD, sporadic dysplasia, sporadic cancer, and CAC tissues was observed in the columnar cells of the glands, mainly in the cytoplasm. Areas of cancer within CAC tissue had higher levels of pEGFR than other diagnostic areas present, but these differences were not statistically significant (Figure 3B). Figure 1B (top row) shows an example of pEGFR staining.

Cox-2 levels are significantly increased in sporadic colorectal cancer
Cox-2 expression had an increasing trend similar to that of pEGFR, with higher expression occurring with worsening diagnosis. In patients with sporadic cancer, levels more than doubled (2.20 ± 0.23) and were significant when compared with normal tissues (P < 0.05; Figure 4A). Cox-2 levels in CAC tissue were not as elevated as in tissues with sporadic cancer. No significant differences were found between the other groups. In normal tissues, staining was observed in the glands and surface epithelium, when present. Tissues from patients with IBD, sporadic dysplasia, sporadic cancer, and CAC showed staining in the columnar cells of the glands, mainly in the cytoplasm. In CAC tissues, Cox-2 expression did not vary significantly between different diagnostic areas (Figure 4B) and negatively correlated with increased disease duration (r = -0.87, P < 0.05).

VDR levels are significantly decreased in sporadic neoplasia of colonic epithelium
The highest levels of VDR expression were found in normal tissues. In patients who had been diagnosed with sporadic dysplasia, no expression was found (P < 0.001 vs normal), with minimal VDR expression occurring in sporadic CRC (P < 0.001 vs normal; Figure 5A). VDR levels in CAC tissue were significantly higher than those of sporadic dysplasia and cancer (P < 0.001) and more similar to those found in IBD and normal tissue. Normal tissues stained in the cytoplasm of the columnar cells of the glands. In IBD tissues, staining was found in the cytoplasm of the columnar cells of the glands and the acute inflammatory cell infiltrate. In sporadic cancer, 4 out of 5 tissues had no staining in the glands; 3 of these had light staining limited to inflammatory infiltrate within the areas of necrosis. Only 1 of the samples had slight staining in the columnar cells of the glands. In CAC, staining was mostly in the cytoplasm of glandular epithelial cells and inflammatory lamina propria cells and was consistent across the different diagnostic areas (Figure 5B). Figure 1B (bottom row) shows an example of VDR staining.

VDR levels negatively correlate with NK-1R and pEGFR levels in colonic epithelium
Statistical tests showed that VDR expression had a significant negative correlation with NK-1R (r = -0.48) and pEGFR (r = -0.56) expression (P < 0.05) when CAC tissue was excluded. These associations were lost when analysis included results from CAC tissue.

DISCUSSION
Our laboratory has previously studied the role of NK-1R, EGFR, Cox-2, and VDR in a rat model of colitis-associated dysplasia and cancer[12]. We demonstrated that antagonizing either the NK-1R or the EGFR delayed progression to dysplasia, decreased Cox-2 levels, and reduced inflammation[13,14]. Also, we demonstrated that delaying the transition to dysplasia by administering probiotics was associated with an increase in VDR expression[29]. In the present study, we report the comparative expression patterns of NK-1R, EGFR, Cox-2, and VDR in colonic tissue from Puerto Rican patients with IBD, sporadic colorectal neoplasia, and colitis-associated colorectal neoplasia.
Prior reports have demonstrated that there is an alteration in the expression of NK-1R, pEGFR, Cox-2, and VDR both in chronic colitis and in neoplasm of the colon. However, the expression of these proteins in Hispanic patients has never been studied. Furthermore, NK-1R has been found to be increased in tissue from patients with IBD and colon cancer[30,31]. Here, we showed that NK-1R levels were increased in colonic inflammation and neoplasia samples from Puerto Rican patients, although these results were not significantly different, most likely due to the small sample size. Finding tissue from Puerto Rican patients with colitis-associated dysplasia or cancer was extremely difficult. After 2 years of actively seeking said tissue, we were able to find only those tissues that were used in this study. Curiously, NK-1R levels in sporadic dysplasia did reach statistical significance, but only if the CAC group was excluded. Nevertheless, our results suggest that NK-1R is a relevant player in colonic inflammation and neoplasia in Puerto Rican patients. Gillespie et al[32] demonstrated that a truncated form of NK-1R, rather than its full-length counterpart, is increased in colectomy tissue from patients with CAC who were treated at the Boston University Medical Center. Our present study, however, seems to indicate that levels of the full-length NK-1R were increased in both sporadic and colitis-associated colorectal neoplasia tissue samples from Puerto Rican patients.
The role of EGFR in inflammatory and malignant pathologies of the colon has long been known: Sottili et al[24] (1995) demonstrated that EGFR is upregulated in experimental colitis, and Malecka-Panas et al[25] (1997) demonstrated that EGFR is increased in the colonic mucosa of patients with ulcerative colitis, adenomatous polyps, and CRC, The relevance of EGFR in CRC is such that anti-EGFR antibodies are currently being used as adjuvant therapy in metastatic CRC. Our current findings in samples from Puerto Rican patients are consistent with the aforementioned studies: pEGFR is increased in colonic inflammation and neoplasia, with significantly elevated levels found in tissue from both sporadic CRC and CAC. It is interesting to note that the increased pEGFR expression does not exactly match the increase in NK-1R levels. This suggests that a factor other than NK-1R may account for the marked increase seen in CAC. One possibility is that, in Puerto Rican patients, EGFR might become an oncogene in the colitis-dysplasia-carcinoma sequence of CAC through a mechanism different from that which takes place in the adenoma-carcinoma sequence of sporadic CRC. Our present findings also suggest that therapies directed against EGFR might be of benefit to Puerto Rican CAC patients, thus warranting further investigation. Our findings also underscore the necessity to include different ethnic groups in clinical trials, since these may respond differently to the same treatment.
In ulcerative colitis, Cox-2 expression is up-regulated in the inflamed mucosa, and there is evidence showing an overexpression of Cox-2 in cancer tissues, suggesting an important role in tumorigenesis[26,27,33,34]. Several epidemiological studies have found that these levels are reduced in individuals with CRC who are taking non-steroidal anti-inflammatory drugs[35]. Our findings show that, although expression is increased in tissue from IBD and CAC patients, Cox-2 levels are highest in sporadic CRC. Intriguingly, Cox-2 levels in CAC patients negatively correlated with disease duration, leading us to speculate that medications used to ameliorate the inflammation of IBD could alter the expression of Cox-2. Unfortunately, we were unable to confirm this suspicion due to the limited patient information available to us.
VDR is expressed in early-stage neoplasias but is repressed in high-grade and metastatic cancers[28,36]. Wada et al[21] (2009) demonstrated that VDR expression decreases in ulcerative colitis, dysplasia, and cancer. We have also shown that, in Puerto Rican patients, there is a significant decrease in VDR expression in sporadic dysplasia and in CRC, but not in CAC, when compared to normal tissue. In sporadic CRC, it is highly likely that without VDR, calcitriol cannot regulate the EGFR-related pathways, resulting in uncontrolled proliferation in the absence of differentiation and apoptosis[22]. Although the exact cause of the reduced VDR expression is yet to be elucidated, one possibility is that cellular signaling events may culminate in the nuclear translocation of certain factors that inhibit the transcription of the VDR gene. A possible candidate is SNAIL, a transcription factor that represses VDR expression and whose upregulation in colonic tumors has been associated with VDR downregulation[37]. Intriguingly VDR levels in CAC were not significantly lower than those seen in normal or IBD tissues. Although it has been reported that VDR can negatively regulate EGFR-related pathways[22], this does not seem to be the case in CAC, since both VDR and pEGFR are overexpressed. Perhaps another factor is affecting VDR expression in CAC. Although vitamin D deficiency is common among patients with IBD[38], the effect of this deficiency on colonic VDR expression is not clear. A possible explanation may lie in the different molecular mechanisms responsible for the development of CAC and sporadic CRC. Cancer-associated mutant p53 can affect VDR-mediated transcriptional activation and repression[39]. Both CAC and sporadic CRC tend to have p53 mutations; however, these mutations tend to occur at later stages in sporadic CRC and at very early stages in CAC[4]. Therefore, the long-term effects of mutant p53 could be responsible for the increased VDR levels seen in Puerto Rican patients with CAC.
To our knowledge, this study is the first to address NK-1R, pEGFR, Cox-2, and VDR expression in Puerto Ricans or any other Hispanic group. It is also one of the few studies to examine and compare changes in expression for these proteins in sporadic and colitis-associated neoplasia. Doing so allowed us to determine the expression pattern for these proteins in IBD, sporadic dysplasia, sporadic CRC, and CAC. Of particular interest is the differential expression of pEGFR and VDR in sporadic CRC. Negative or weak immunohistochemical staining for VDR and strong immunohistochemical staining for pEGFR in colonic gland cytoplasm in conjunction with architectural changes can be very useful in distinguishing areas of sporadic colonic dysplasia from cancer and from non-neoplastic changes. These stains can further help the pathologist pinpoint the regions in which the presence of atypical mitosis and/or invasion will render a diagnosis of malignancy, and absence of these findings will establish the diagnosis of dysplasia. This should greatly aid in reducing inter-observer variability in establishing these crucial diagnoses, and, by doing so, may help mitigate the current disparity in CRC incidence and mortality between Puerto Ricans and the general United States population. Unfortunately, these changes are not as useful in colitis-associated neoplasia. Whether these findings are limited to Puerto Rican patients or generalizable to other Hispanic groups or the general population remains to be determined. Finally, although inflammation is involved in sporadic neoplasia[40] as well as in colitis-associated colorectal neoplasia, our findings further emphasize the different molecular events underlying the pathogenesis of sporadic CRC and CAC.
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COMMENTS
Background
Colorectal cancer (CRC) is the deadliest cancer in the Puerto Rican population and the second deadliest cancer in both the general United States population and in United States Hispanics. Signaling components of the substance P (SP)–neurokinin-1 receptor (NK-1R)–epidermal growth factor receptor (EGFR) pathway are involved in development of intestinal inflammation and in processes related to oncogenesis. Calcitriol and the vitamin D receptor (VDR) can regulate EGFR and its pathways and may antagonize the neoplastic process. 

Research frontiers
Expression of these signaling components has not been examined in Puerto Ricans or United States Hispanics, populations where colorectal cancer is one of the deadliest cancers, in colon tissues with cancer and/or with the different histopathological changes that lead up to cancer. This knowledge might be important for CRC prevention and treatment.

Innovations and breakthroughs
This is the first study to address the expression of NK-1R, pEGFR, Cox-2, and VDR in colonic tissue from Puerto Rican patients. In these patients, pEGFR was significantly increased in sporadic and colitis-associated colorectal cancer (CAC), Cox-2 was significantly increased in sporadic CRC, and VDR was significantly decreased in sporadic dysplasia and sporadic CRC. Overall, VDR levels negatively correlated with NK-1R and pEGFR in tissues without CAC.

Applications
 Our findings suggest that, in these patients, NK-1R and pEGFR immunohistochemical positivity together with VDR immunohistochemical negativity could be used to identify areas of neoplastic change in sporadic colorectal neoplasia, with changes in VDR immunoreactivity distinguishing CAC from sporadic cancer.

Terminology
Sporadic CRC is the type of cancer of the colon and rectum that tends to develop in the general population after the age of 50. In contrast, CAC is a type of colorectal cancer that arises in patients with Inflammatory Bowel Disease (IBD). The risk of developing CAC increases with the duration, extent, and severity of colonic inflammation. Dysplasia of the colon and rectum is defined as a neoplastic change of the epithelium that is not invasive, and therefore non-cancerous or benign. Nonetheless, dysplastic epithelium may eventually become cancerous, and therefore malignant and invasive. Neoplasia includes both benign changes, such as dysplasia, and malignant changes, such as CRC.

Peer review
In this article, the authors compared for the expression of NK-1R, pEGFR, Cox-2, and VDR with sporadic colorectal neoplasia, colitis, and colitis-associated colorectal neoplasia from a Puerto Rican population. The findings suggest that NK-1R and pEGFR immunohistochemical positivity together with VDR immunohistochemical negativity could be used to identify areas of neoplastic change in sporadic colorectal neoplasia, with changes in VDR immunoreactivity distinguishing CAC from sporadic cancer. This is a well-written paper containing interesting results which merit publication.
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Figure 1 Histologic images depicting stages in the colitis-dysplasia-cancer progression of colitis-associated cancer. A: Colitis-associated colorectal cancer (CAC) is thought to arise through the chronic colitis-dysplasia-carcinoma sequence; B: Examples of immunohistochemistry scoring for phosphorylated epidermal growth factor receptor (pEGFR; top row) and vitamin D receptor (VDR; bottom row). A score of 0 indicates minimal or absent staining, whereas a score of 3 indicates strongest staining for a particular antibody. For pEGFR, the pictures scored as 0, 1, 2, and 3 correspond to tissues with a diagnosis of normal, inflammatory bowel disease (IBD), sporadic dysplasia, and sporadic colorectal cancer (CRC), respectively. For VDR, the pictures scored as 0, 1, 2, and 3 correspond to tissues with a diagnosis of sporadic dysplasia, sporadic colorectal cancer, IBD, and normal, respectively. Scale bars = 100 µm.
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Figure 2 Expression of neurokinin-1 receptor in colonic tissue. A: Neurokinin-1 receptor (NK-1R) expression in tissue from normal, inflammatory bowel disease (IBD), sporadic dysplasia, sporadic colorectal cancer, and colitis-associated colorectal cancer (CAC) patients (n = 5 patients per group); B: Expression of NK-1R in different diagnostic areas found within tissue from CAC patients. Each patient is identified by a unique symbol (Table 2). IHC: Immunohistochemistry.
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Figure 3 Expression of phosphorylated epidermal growth factor receptor (pEGFR) in colonic tissue. A: Phosphorylated epidermal growth factor receptor (pEGFR) expression in tissue from normal, inflammatory bowel disease (IBD), sporadic dysplasia, sporadic colorectal cancer, and colitis-associated colorectal cancer (CAC) patients (n = 5 patients per group except CAC, where n = 6). aP < 0.05 and bP < 0.01 vs normal; B: Expression of pEGFR in different diagnostic areas found within tissue from CAC patients. Each patient is identified by a unique symbol (see Table 2). IHC: Immunohistochemistry.

[image: ]
Figure 4 Expression of cyclooxygenase-2 in colonic tissue. A: Cyclooxygenase-2 (Cox-2) expression in tissue from normal, inflammatory bowel disease (IBD), sporadic dysplasia, sporadic colorectal cancer, and colitis-associated colorectal cancer (CAC) patients (n = 5 patients per group except CAC, where n = 6). aP < 0.05 vs normal; B: Expression of Cox-2 in different diagnostic areas found within tissue from CAC patients. Each patient is identified by a unique symbol (Table 2). IHC: Immunohistochemistry.
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Figure 5 Expression of vitamin D receptor in colonic tissue. A: Vitamin D receptor (VDR) expression in tissue from normal, inflammatory bowel disease (IBD), sporadic dysplasia, sporadic colorectal cancer, and colitis-associated colorectal cancer (CAC) patients (n = 5 patients per group except CAC, where n = 6). bP < 0.01 vs normal and dP < 0.01 vs CAC; B: Expression of VDR in different diagnostic areas found within tissue from CAC patients. Each patient is identified by a unique symbol (see Table 2). IHC: Immunohistochemistry.



	Table 1 Patient sex and age distribution

	

	Diagnosis
	Sex
	Mean age (range, yr)

	Normal
	3 M + 2 F
	63.2 (42-75)b

	IBD
	4 M + 1 F
	34.6 (23-56)

	Dysplasia
	3 M + 2 F
	68.8 (52-76)b

	Cancer
	3 M + 2 F
	73.6 (60-83)b

	CAC
	3 M + 3 F
	57.5 (40-77)a

	aP < 0.05, bP < 0.01, younger patients vs normal, sporadic dysplasia, sporadic cancer, and CAC patients. CAC: Colitis-associated colorectal cancer; IBD: Inflammatory bowel disease; M: Male; F: Female (n = 5-6 patients per group). 

	







	Table 2 Colitis-associated colorectal cancer patient information

	Sample ID
	IBD diagnosis
	Duration of disease (yr)
	Sex
	Age (yr)
	Graph symbol

	1
	UC
	9
	M
	61
	●

	2
	UC
	7
	M
	61
	

	3
	CD
	20
	F
	49
	▲

	4
	UC
	27
	F
	40
	▼

	5
	UC
	35
	M
	57
	

	6
	UC
	57
	F
	77
	

	Graph symbol indicates the unique symbol used to identify each patient in Figures 2B-5B. Duration of disease indicates duration at the time of biopsy. IBD: Inflammatory bowel disease; UC: Ulcerative colitis; CD: Crohn’s disease. 
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