Abstract  


	Eberhart et al. have recently shown that cyclooxygenase (COX) -2 mRNA levels exhibited a significant increase in human colorectal carcinomas compared with normal mucosa; however, there were no significant differences in the levels of COX-1 mRNA in carcinomas and normal mucosa.  Sano et al. also found that COX-2, but not COX-1, immunoreactivity was markedly increased in human colorectal carcinomas.  Tissue levels of prostaglandins have also been shown to be significantly elevated in colorectal carcinomas.  The aim of this study was to measure the amounts of COX-1 and COX-2 proteins and their activities, as measured by the amount of prostaglandin E2 (PGE2) produced, in colorectal adenomatous polyp, colorectal carcinoma, adjacent normal mucosa, and distant normal (uninvolved) mucosa.  Immunohistochemistry was used to assess the amounts of COX-1 and COX-2 proteins and PGE2 in specimens of colorectal adenomatous polyp, colorectal carcinoma, adjacent normal mucosa, and distant normal mucosa from 9 patients.  COX-1 and -2 protein expression was primarily cytoplasmic and perinuclear; whereas, PGE2 appeared to be plasma membrane associated.  The level of COX-2 protein expression was increased in cells located in adjacent normal mucosa relative to those found in distant normal mucosa.  The highest expression of COX-2 was seen in normal mucosa adjacent to adenomas.  Normal mucosa adjacent to adenomas from all 9 patients exhibited increased intensity of staining compared to distant normal mucosa while normal mucosa adjacent to carcinomas from 6 of 8 patients (tissue specimen from one patient was missing adjacent normal mucosa) exhibited an increase.  Tumor cells located in adenomas and carcinomas exhibited only a slight increase.  The pattern of staining in adenomas and carcinomas appeared to be more diffuse and homogeneous than that seen in either adjacent or distant normal mucosa, where the pattern appeared to be more patchy.  The content of PGE2 paralleled the level of COX-2 protein, although PGE2 appeared to be plasma membrane associated.  In contrast to COX-2 protein, the level of COX-1 protein expression remained relatively unchanged during the histological transformation from normal mucosa to colorectal carcinoma.  These results indicate that the increased expression of COX-2 protein and PGE2  content is associated with the histological progression of colorectal carcinoma and, therefore, may be indicators for the early stages of colorectal carcinogenesis.


�
Introduction


	Cyclooxygenase is a rate-limiting enzyme in the biosynthesis of active prostanoids (mostly prostaglandins) from arachidonic acid (1).  It exhibits both fatty acid cyclooxygenase and prostaglandin hydroperoxidase activities (2,3).  There are two isozymes of this synthase, cyclooxygenase-1 (COX-1) and cyclooxygenase-2 (COX-2) (4-6).  Both are glycoproteins associated with the endoplasmic reticulum and nuclear envelope (7,8).  


	COX-1 is constitutively expressed in most tissues as well as in many cultured cells.  The expression of COX-1 is regulated within a relatively narrow range by growth factors and proinflammatory cytokines (9).  Prostaglandins produced as the result of the activation of COX-1 protein are involved in normal physiological functions such as coordinating the actions of circulating hormones and regulating cellular homeostasis (2,10,11).  


	Under normal physiological conditions, COX-2 is expressed at extremely low levels in most tissues.  The increased expression of COX-2 is induced in a variety of cell types by mitogens, cytokines, tumor promoters, viruses, and inflammatory stimuli (4,9,12,13).  Prostaglandins produced as the result of the activity of COX-2 protein may be involved specifically in cellular differentiation and proliferation, tissue injury, and inflammation (9,14-16).    


	Recently, Eberhart et al. (17) have shown that there is a significant increase in COX-2 mRNA levels in colorectal carcinomas compared with normal mucosa, but no significant differences in the levels of COX-1 mRNA in colorectal carcinomas and normal mucosa.  Sano et al. (18) also found that COX-2, but not COX-1, immunoreactivity was markedly higher in human colorectal carcinomas.  Furthermore, tissue levels of prostaglandins have also been shown to be significantly elevated in colorectal carcinomas (19-21).  However, the above results have all been shown in separate, independent studies, and there has been little information on the association between COX-2 protein expression and prostaglandin levels in colorectal tumors.  Similarly, little information is available on the expression of COX in the precursor lesion of colorectal carcinoma, the colorectal adenomatous polyp. 


	In the current study we studied the expression of COX-1 and COX-2 proteins and prostaglandin E2 (PGE2) in normal human colorectal mucosa, adenoma, and carcinoma by immunohistochemistry.  We found increases in the levels of COX-2 and its product prostaglandin E2 (PGE2) with the histological transformation from normal mucosa to adenoma and, finally, colorectal carcinoma.  The levels of COX-1 do not appear to change with the histological transformation from normal mucosa to carcinoma.  These observations suggest that COX-2 and its enzymatic product PGE2, but not COX-1, may be involved in the processes of malignant transformation and may thus be useful as markers of this process or targets for prevention and/or intervention.


�
Materials and Methods


	Tissue specimens.  Surgical specimens were obtained from the pathology archives at the Dallas Veterans Affairs Medical Center.  They were fixed in 10 % neutral buffered formalin for at least 24 hours and then placed in 70 % ethanol.  Fixed tissues were dehydrated with a series of ethanol (80 %, 90 %, and 100 %), cleared in xylene, and embedded in paraffin blocks.  The blocks were cut into 4-mm sections and mounted on silanated glass slides.  


	Specimens from a total of 9 patients were evaluated (all male) (Table 1).  Specimens were classified as adenoma (adenomatous polyp), carcinoma (colonic adenocarcinoma), adjacent normal mucosa (normal appearing mucosa adjacent to the adenoma or carcinoma, but which still retaining a normal histology), and distant normal mucosa (uninvolved colon mucosa at least 10 cm away from the tumor).  Histologic confirmation of normal mucosa, adenoma, and carcinoma was done on hematoxylin and eosin-stained sections. 


	Controls.   Positive and negative controls were performed for each antibody used.  Both COX-1 and COX-2 have been reported to be present in rat kidneys by both immunohistochemistry and in situ hybridization (22).  Therefore, rat kidneys were used as the positive control for these antibodies.  The intensity of staining and signal to noise ratio were both high.  Negative controls were performed on parallel kidney sections where the primary antibody was omitted.  These sections were virtually devoid of any immune reaction product (data not shown).


	Immunohistochemical staining.  Immunohistochemical staining was performed as previously described from our laboratory (23).  The antibodies used were monoclonal mouse anti-COX-1 antibody (Cayman Chemical Company, Ann Arbor, MI), polyclonal rabbit anti-COX-2 antibody (Oxford Biomedical Research, Oxford, MI), and polyclonal rabbit anti-PGE2 antibody (Oxford Biomedical Research, Oxford, MI).  All procedures were carried out at room temperature unless otherwise noted.


	Antigen retrieval technique.  An antigen retrieval procedure was performed when anti-COX-2 antibodies were used as the primary antibody.  Antigen retrieval was performed as previously described by Shi et al. (24).  After a 3-minute wash in distilled water, slides were placed in a glass slide rack immersed in a microwaveable pressure cooker filled with 10 mM sodium citrate solution, pH 6.0.  The pressure cooker was sealed, then placed in the center of a histology microwave oven and heated at 800 watts for 8 minutes.  After heating, the pressure cooker lid was removed and the pressure cooker allowed to cool at room temperature for 30 minutes.  Slides were rinsed once in distilled water and twice in PBS for 3 minutes each.  Treated tissue sections were incubated in primary antibody and the immunohistochemical staining procedures continued as described above.


	ABC-CBA enhancement technique.  An enhancement technique was performed when anti-COX-1 and anti-COX-2 antibodies were used as primary antibodies.  Tissue sections were incubated in ABC complex for 30 minutes, instead of 1 hour, followed by three 3-minute washes in PBS.  Slides were then incubated in CBA complex (one drop of solution A and five drops of solution B in hsPBS) for 15 minutes.  After three 3-minute washes in PBS, slides were again incubated in ABC complex for 15 minutes, followed by three 3-minutes washes in PBS and the immunohistochemical staining continued as described above.


	Grading of intensity of staining.  Each specimen was coded and graded by six independent blinded observers using a scale of 0 to 4+ (0, 1+, 2+, 3+, and 4+) according to the extent and intensity of staining with anti-COX-1, anti-COX-2, and anti- PGE2 antibodies.  A grade of 0 indicated that staining was either poor or absent throughout the entire tissue specimen.  A grade of 1+ indicated that there was slight staining in less than half of the tissue specimen.  A grade of 2+ indicated that there was moderate staining in at least half of that tissue specimen.  A grade of 3+ indicated that there was moderate staining throughout most (at least 75 %) of the tissue specimen.  A grade of 4+ indicated that staining was very intense throughout most (at least 75 %) of the tissue specimen.  An average score was then calculated from the six independent grades for each specimen.


	Statistical analysis.  The Kruskal-Wallis  one-way analysis of variance, with the Student-Newman-Keuls test for multiple comparisons, was used to analyze the differences between staining intensities of the different experimental groups.  (SigmaStat software, Jandel, San Rafael, CA).  Statistical significance was defined as p ( 0.05.


�
Results


	COX-1 protein


	COX-1 protein was present in the cytoplasm (cytoplasmic and perinuclear) at low levels in distant normal mucosa (uninvolved colon mucosa at least 10 cm away from tumor).  Staining was detected in both surface epithelium and crypts (Figure 1, E).  The level of COX-1 protein remained unchanged in adenomas and carcinomas compared to normal mucosa (Figure 1, A and B).  In distant normal mucosa (Figure 1, E), as well as adjacent normal mucosa (mucosa adjacent to the adenoma or carcinoma, but which still retaining a normal histology) (Figure 1, C and D), a similar low intensity of staining was detected in both the surface epithelium and the crypts.  Staining appeared to be diffuse in adenomas and carcinomas; however, the intensity of staining was not uniform.


	COX-2 protein


	COX-2 protein was present in the cytoplasm (cytoplasmic and perinuclear) at low levels in distant normal mucosa.  Staining was detected mainly in the surface epithelium and was barely detectable in the crypts (Figure 2, E).  Unlike COX-1 protein, normal mucosa adjacent to both adenomas and carcinomas exhibited approximately three-fold increases in the intensity of staining for COX-2 protein (Figure 2, C and D).  Normal mucosa adjacent to adenomas exhibited the highest intensity of staining.  Normal mucosa adjacent to adenomas from all 9 patients exhibited increased intensity of staining compared to distant normal mucosa, while normal mucosa adjacent to carcinomas from 6 of 8 patients (tissue specimen from one patient was missing adjacent normal mucosa) exhibited an increase.  In contrast to the staining seen in distant normal mucosa, staining was detected in both the surface epithelium and the crypts in normal mucosa adjacent to adenomas and carcinomas with similar intensities.  The increase in the intensity of staining in adenomas and carcinomas compared to normal mucosa was no more than two-fold and not quite as dramatic as that seen in adjacent normal mucosa (Figure 2, A and B).  Adenoma from 5 of 9 patients and carcinoma from 7 of 9 patients exhibited increased intensity of staining compared to distant normal mucosa.  However, staining appeared to be diffuse and uniform in adenomas and carcinomas, unlike cells in adjacent normal mucosa where the intensity of staining varied from one cell to another.


	PGE2 content


	PGE2 immunostaining appeared to be associated with the plasma membrane in all tissue specimens examined (Figure 3) and outlined cells located in both the surface epithelium and the crypts.  Staining for PGE2 was also found in the lamina propria which may be explained by the fact that PGE2 is secreted by the cell into the extracellular space.  Low levels of PGE2 were present in distant normal mucosa (Figure 3, E).  Similar to COX-2, normal mucosa adjacent to both adenomas and carcinomas exhibited greater than three-fold increases in the intensity of staining (Figure 3, C and D) compared to distant normal mucosa.  Normal mucosa adjacent to the adenoma from 7 of 9 patients and normal mucosa adjacent to the carcinoma from 6 of 8 patients (tissue specimen from one patient was missing adjacent normal mucosa) exhibited increased intensity of staining compared to distant normal mucosa.  Adenomas and carcinomas exhibited approximately two-fold increases (Figure 3, A and B).  Adenoma from 5 of 9 patients and carcinoma also from 5 of 9 patients exhibited increased intensity of staining compared to distant normal mucosa. 


	The production of PGE2 appeared to parallel the expression of COX-2.  Normal mucosa adjacent to the adenoma exhibited the highest intensity of staining for both COX-2 protein and PGE2.  Normal mucosa adjacent to both adenomas and carcinomas exhibited a higher intensity of staining for COX-2 protein and PGE2 than adenomas, carcinomas, and distant normal mucosa.  Distant normal mucosa exhibited the lowest intensity of staining for COX-2 protein and PGE2.


�
Discussion


	In distant normal mucosa COX-1 and COX-2 proteins were present at low levels in the cytoplasm. PGE2 was also present at low levels in distant normal mucosa, but appeared to be associated with the plasma membrane.  In normal mucosa adjacent to adenomas, there was a marked increase in the intensity of staining for COX-2 protein and PGE2 compared to distant normal mucosa.  COX-2 protein and PGE2 content exhibited only a slight increase in adenomas and carcinomas compared to distant normal mucosa.  The intensity of staining for COX-1 protein remained unchanged in all tissues examined.


	The increase in the levels of COX-2, but not COX-1, protein suggests that there is increased expression of functional COX-2 in adjacent normal mucosa.  The concurrent increase in the production of PGE2, which is a major prostaglandin produced as the result of the activation of COX-2 protein (9,15), is consistent with this assumption.  The decrease in the levels of both COX-2 protein and PGE2 in adenomas and carcinomas, compared to adjacent normal mucosa, suggests that COX-2 expression and PGE2 production may be an early phenomenon during human colon carcinogenesis, but may decline during malignant progression.


	Eberhart et al. (17) have recently shown that the levels of COX-2, but not COX-1, mRNA increased markedly in carcinomas compared with accompanying normal mucosa.  Sano et al. (18) have also shown that the intensity of COX-2, but not COX-1, immunoreactivity was markedly greater in colorectal carcinomas compared to normal mucosa.  They found that normal tissues surrounding colorectal cancers (or normal mucosa adjacent to carcinomas) exhibited lower intensity of COX-2 immunoreactivity compared to cancer cells (or carcinoma), and not greater than that of normal tissues 5 cm away from colorectal carcinoma.  However, we found that normal mucosa adjacent to both adenomas and carcinomas exhibited greater intensity of COX-2 immunoreactivity than that of adenomas, carcinomas, and distant normal mucosa (at least 10 cm away from tumor).  


	We suggest that colonic mucosa 5 cm away from colorectal carcinoma may be normal with respect to the histological appearance, but may have already undergone some changes with respect to biochemical activities.  Furthermore, normal mucosa adjacent to adenomas, not carcinomas, exhibited the greatest intensity of COX-2 immunoreactivity.  This, again, suggests that COX-2 expression may be highest during the early stages of human colon carcinogenesis, but may decline during malignant progression.


	Several laboratories have also shown that there is a significant increase in tissue levels of prostaglandins in colorectal carcinomas (19-21).  Our study shows that there is an association between the expression of COX-2 and the production of PGE2.  The increased levels of COX-2 and PGE2 in adjacent normal mucosa and adenomas suggest that COX-2 and PGE2 may play a role in the early phases of malignant transformation from normal mucosa to colorectal carcinoma in humans.  COX-2 and PGE2 may also be useful markers of the early stages of colorectal carcinoma.  Prevention and/or treatment of colorectal carcinoma may also be possible with the use of inhibitors of COX-2 such as non-steroidal anti-inflammatory drugs (NSAIDs). 
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