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Original Research Article 
 

Does AMACR and Cyclin D1 Immunohistochemical expression Vary on Comparing Mismatch Repair Proficient 

versus Deficient Colorectal Carcinomas? 

 

Abstract  

AMACR & Cyclin D1 expression in relation to different clinicopathological features was compared in MMR proficient versus 

deficient CRC subgroups.MLH1 & MSH2 immunostaining was used to sort studied carcinomas. AMACR, cyclin D1 & ki67 

expression was evaluated in neoplastic & non-neoplastic lesions too. Of studied carcinomas, 40% were MMR proficient & 

60% were MMR deficient. Low AMACR expression was detected in 50% & 66.7% of MMR proficient &deficient subgroups 

respectively. Cyclin D1 displayed high expression in 66.7% of MMR proficient & low expression in 53.3% of MMR deficient 

subgroups. AMACR is significantly related to gender, grade, extracellular mucin and dirty necrosis in MMR deficient while 

only to circumscription in MMR proficient subgroups. Cyclin D1 associated significantly with location, gross features, 

histologic type, pT, and pN in MMR proficient, and with location, histologic type, pT, pN, tumor stage, extracellular mucin, 

buds and dirty necrosis in MMR deficient subgroups. Correlations between AMACR and both cyclin D1 and Ki67 expression 

were significant in MMR deficient but were insignificant in MMR proficient subgroups. In both subgroups, the correlation 

between cyclin D1 and Ki67 expression was significant. AMACR and cyclin D1 seem to have a role in CRC carcinogenesis & 

genomic status influences their expression. 
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Key points 

● Colorectal carcinoma (CRC) seems to be a heterogenous disease. 

● AMACR and cyclin D1 seem to have a role in carcinogenesis of CRC. 

● Genomic status of tumour cells influences pathological features & marker expression. 

● Molecular classifications should be used on larger scale prospective studies to validate their predictive & 

prognostic value. 

1. Introduction 

Colorectal cancer (CRC) is the third most prevalent cancer in men and the second most common cancer in women 

[1]. Despite advances in the diagnostic and therapeutic approaches, local recurrence or distant metastasis occurs early in a 
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considerable proportion of patients [2]. The significant variability in the clinical outcome of CRC patients could be 

explained by tumor molecular heterogeneity. Accordingly, CRC molecular subtypes could be employed to identify patients 

at risk of recurrence and could aid in individualizing the treatment for better response [3]. 

One of the important molecular hallmarks in CRC is microsatellite instability (MSI). MSI, caused by mutations in 

DNA mismatch repair genes such as MLH1, MSH2, MSH6, and PMS2, is detected in 10-15% of sporadic CRCs [4]. CRC 

patients with MSI were reported to have better survival compared with that of microsatellite stable (MSS) CRC patients 

[5].  

Alpha-methylacyl-CoA racemase (AMACR), an enzyme currently adopted in prostate cancer diagnosis, is a 

mitochondrial and peroxisomal enzyme that is implicated in the beta-oxidation of branched-chain fatty acids and 

cholesterol metabolites [6]. However, AMACR is not tissue specific as its expression is not confined to prostatic 

adenocarcinoma. AMACR was found to be highly expressed in a variety of premalignant lesions as well as other 

carcinomas such as hepatocellular carcinoma, renal cell carcinoma, and squamous cell carcinoma of head and neck [7].  

Cyclin D1 regulates cell cycle progression via its binding partners, cyclin-dependent kinases (CDKs). Cyclin D1 

overexpression induces cells to switch from G1 to S phase during mitosis [8]. Cyclin D1 has been implicated in the 

carcinogenesis of several cancers including CRC as one third or more of CRC displayed overexpression of cyclin D1 [9]. Ki67 

is a proliferation biomarker that can be used in immunohistochemistry (IHC)-based surrogate assays to determine the 

need for cytotoxic therapy; however, the precise biological role of Ki67 remains uncertain [10]. Cyclin D1 is another 

frequently applied protein biomarker of cell proliferation in routine clinical practice. Because the role of cyclin D1 in cancer 

initiation and progression appears to be complex and multifaceted, more research is needed to gain a thorough 

understanding of therapeutic interventions targeting cyclin D1 dependent mechanisms. 

So, the aim of this study was tostratify CRC cases into MMR proficient & deficient subgroups and accordingly 

compare AMACR & Cyclin D1 expression in relation to different clinicopathological features. Moreover, the correlations 

between AMACR, cyclin D1 and Ki67 expression in CRC were analysed together with evaluating their expression in 

precancerous & non neoplastic colorectal lesions.  

Materials and Methods 

1.1. Study design and data collection:  

This is a retrospective cross-sectional study that included colonic tissue specimens of 12 normal colonic mucosa, 

18 hyperplastic colonic lesions, 51 colonic adenomas (CAs) and 75 CRCs collected from archives of the Pathology 
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Department. Clinical data about patient age, gender, tumor location and gross pathologic features were retrieved from 

pathology reports. The study was performed in accordance with the Declaration of Helsinki. This work was approved by 

the institutional research ethics committee with ethical approval code number 35597/7/22. 

1.2. Histopathologic evaluation: 

Whole slide sections stained with hematoxylin and eosin from studied cases were examined to confirm diagnosis 

and report different histopathologic features to be assessed in this study. Adenoma and CRC cases were assessed for the 

histologic type and grade according to the World Health Organisation (WHO) 2019,5
th

 edition [11]. Tumor staging was 

assigned according to the American Joint Committee on Cancer (AJCC) staging manual [12]. The evaluation of other 

histopathological criteria like lymphovascular (LVI), tumor circumscription, presence of extracellular mucin, tumor 

infiltrating lymphocytes (TILs), dirty necrosis and tumor buds were assigned as reported [13].  

1.3. Tissue microarray (TMA): 

Tissue Microarray (TMA) was performed using the TMA builder mould (CAT# TMA-001, Thermo Fisher Scientific, 

Runcorn, UK) producing recipient paraffin blocks. The areas of interest on paraffin blocks of the studied specimens were 

identified, then tissue cores were punched out and injected into the holes on the recipient blocks to form TMA Blocks. The 

selected areas were representative of tumors with good cellular preservation. Areas with necrosis, crushing artifacts, or 

poor cellular preservation were avoided. 

1.4. Immunohistochemical staining: 

Immunohistochemical staining TMA blocks were sectioned (5 µm thick) on positively charged slides and were 

dried for 30 min at 37°C. The slides were placed in a Dako PT Link unit for deparaffinization and antigen retrieval. 

EnVisionTM FLEX Target Retrieval Solution with a high pH was used at 97°C for 20 minutes. Immunohistochemistry was 

performed using Dako Autostainer Link 48. For 10 minutes, slides were immersed in Peroxidase-Blocking Reagent, 

incubated with MLH1 (clone (ESO5) and MSH2 (clone FE11), AMACR (clone 13H4), Cyclin D1 (clone EP12), Ki67 (clone MIB-

1), FLEX Ready-to-Use primary antibodies from Agilent, Santa Clara, United States for 20–30 min. Following that, the slides 

were treated for 20 minutes with horseradish peroxidase polymer reagent and 10 minutes with diaminobenzidine 

chromogen. After that, the slides were counterstained with hematoxylin.  

1.4.1. Evaluation of MMR proteins immunostaining:  
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MMR proteins (MLH1 and MSH2) immunostaining was detected as brownish nuclear staining. Tumors that lacked 

nuclear MLH1 or MSH2 expression were labelled MLH1 or MSH2 negative. Internal positive controls included nuclear 

immunostaining of normal epithelial cells, lymphocytes, and stromal cells [14]. 

Considering the importance of MSI, we classified CRCs cases according to MMR proteins immune staining results 

into two groups: pMMR group; CRCs positive for both MLH1 and MSH2 immune staining and dMMR group; CRCs with loss 

of nuclear staining of MLH1 and/or MSH2. 

1.4.2. Evaluation of AMACR immunostaining:  

AMACR expression was detected as brownish staining in the cytoplasm of tumor cells. Both the intensity and the 

percentage of positively stained cells were evaluated. The intensity of positivity was scored as follows: 0, negative; 1, 

weak; 2, moderate; and 3, strong intensity. The percentage of positive cells was scored as follows: 0, 0-5%; 1, 6-20%; 2, 21-

40%; 3, 41-60%; 4, 61-80% and 5, 81-100%. The final score was obtained by multiplying the intensity and the percentage 

of positivity scores, which yielded a range score from 0 to 15. The scores of AMACR expression were graded as negative 

(Score 0), poor (Score 1-5), moderate (Score 6-10), strong (Score 11-15). For statistical purpose, negative and poor were 

considered as low expression whereas moderate and strong were regarded as high expression [7].  

1.4.3. Evaluation of Cyclin D1 immunostaining:  

Cyclin D1 immunostaining was detected as nuclear brownish staining. Both intensity of staining and percentage of 

positive tumor cells were considered. The intensity of staining was scored as follows: 0, no staining; 1, mild; 2, moderate; 

and 3, marked staining. The percentage of positive cells was reported as follows: 0, less than 5%; 1, 5–25%; 2, 26–50%; 3, 

51–75%; and 4, more than 75%. Both scores were added to yield the final score from 0 to 7. Scores 0-2 indicated low 

expression, whereas scores 3-7 indicated high expression [9]. 

1.4.4. Evaluation of ki67 immunostaining:  

Ki67 immunostaining was detected as nuclear brownish staining. For statistical analyses, the staining results were 

categorised into two groups (low and high) according to the percentage of Ki67 positive tumor cells as follows: low, 0% 

reaching up to 25% and high, 25% and more [15]. 

1.5. Statistical analysis: 

Statistical analysis was carried out using Statistical Package for Social Science (SPSS version 23.0). Frequencies were used 

to present categorical variables, whereas numerical variables were presented as mean±standard deviation (SD). 
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Comparing categorical variables was performed using Chi-square test. Fisher exact and Monte-Carlo tests were used when 

indicated. Student’s t-test was applied to compare means of two groups.  Correlations between variables were evaluated 

using Spearman’s rank coefficient. P values of <0.05 were considered statistically significant.  

2. Results 

2.1. Clinicopathological features of studied cases: 

The current study was carried out on 156 colorectal tissue specimens that included 12 normal colonic mucosa, 18 

hyperplastic colonic lesions, 51 adenomas and 75 CRCs. Table 1 summarises the clinicopathologic characteristics of the 

studied CRC cases. 

Figures 1 and 2 demonstrate MLH1 and MSH2 expression in the studied cases.  CRC cases were classified according to 

MLH1 and MSH2 immunostaining results, 30 cases (40%) were pMMR whereas the remaining 45 cases (60%) were dMMR.  

2.2. MMR status, AMACR, cyclin D1 and Ki67 expression in normal colonic tissue, hyperplastic lesions, adenoma and 

CRC  

As regards MMR status, pMMR could be identified in all normal tissue, and hyperplastic lesions, 36 out of 51 adenoma 

cases (70.6%) and 30 out of 75 CRC cases (40%). Whereas dMMR cases included 15 out of 51 adenoma cases (29.4%) and 

45 out of 75 CRC cases (60%) as demonstrated in table 2. 

Analysing AMACR expression revealed significant differences between groups (p<0.001) (Table 2, Fig 3). All normal colonic 

tissue and hyperplastic lesions displayed low AMACR expression. Adenoma cases showed low expression in 45 cases 

(88.2%) and high expression in the remaining 6 cases (11.8%). CRC cases displayed low AMACR expression in 45 cases 

(60%) and high expression in the remaining 30 cases (40%). On pairwise comparison, AMACR expression in CRC cases was 

significantly different compared to normal tissue, hyperplastic lesions and adenomas (p=0.007, <0.001 and 0.001 

respectively). 

Similarly, cyclin D1 expression was significantly different among the studied groups (p<0.001). All normal colonic tissue 

and hyperplastic lesions displayed low cyclin D1 expression. The majority of adenomas (36 cases; 70.6%) showed low 

expression of cyclin D1 whereas the remaining cases showed cyclin D1 high expression. CRCs cases revealed low cyclin D1 

expression in 34 cases (45.3%) and high expression in the remaining 41 cases (54.7%). On pairwise comparison, cyclin D1 

expression in CRC cases was significantly different compared to normal tissue, hyperplastic lesions and adenomas 

(p<0.001, <0.001 and 0.006 respectively as shown in table 2. Representative images of cyclin D1 expression in the studied 

cases are demonstrated in Figure 4 
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As regards Ki67 expression, low Ki67 expression was detected in all normal colonic tissue, 6 cases (33.3%) of hyperplastic 

lesions, 21 cases (41.2%) of adenoma cases and 30 cases (40%) of CRC cases whereas the remaining cases displayed high 

expression of Ki67 (Table 2 and Fig 5). On pairwise comparison, Ki67 expression in CRC cases was significantly different 

compared to normal tissue (p<0.001). 

2.3. AMACR, cyclin D1 and Ki67 expression in pMMR and dMMR CRC groups 

No significant difference could be detected in AMACR, cyclin D1 and Ki67 expression between pMMR and dMMR groups 

(p=0.149, 0,088 and 1 respectively). Low AMACR expression was detected in half of cases in the pMMR group and in 30 

cases (66.7%) of dMMR group. Cyclin D1 displayed high expression in 20 cases (66.7%) of pMMR group whereas 24 cases 

(53.3%) of dMMR group showed cyclin D1 low expression. Ki67 was similarly expressed in both groups as 60% of pMMR 

and dMMR groups displayed high Ki67 expression as illustrated in table 3. 

2.4. AMACR expression in relation to clinicopathologic parameters in pMMR and dMMR CRC groups 

As demonstrated in table 4, the relation between AMACR expression and clinicopathologic parameters in the pMMR 

group were all insignificant except for tumor circumscription as all circumscribed tumors displayed high AMACR expression 

(p=0.001). On the other side, in the dMMR group, significant relations were identified between AMACR expression and 

gender, tumor grade, extracellular mucin and dirty necrosis (p=0.014, <0.001, 0.020 and 0.001 respectively). Low AMACR 

expression was associated with male gender, high tumor grade, the presence of extracellular mucin and the absence of 

dirty necrosis. 

2.5. Cyclin D1 expression in relation to clinicopathologic parameters in pMMR and dMMR CRC groups 

Studying cyclin D1 expression in pMMR group revealed significant associations with tumor location, gross features, 

histologic type, pT, and pN (p=0.030, 0.009, 0.034, 0.03 and 0.038 respectively). Whereas, in dMMR group, cyclin D1 was 

significantly associated with tumor location, histologic type, pT, pN, tumor stage, extracellular mucin, tumor buds and 

dirty necrosis (p=0.047, 0.010, <0.001, 0.001, 0.004, 0.002, 0.041 and 0.014 respectively) as summarized in table 5. As 

regards histologic type, high cyclin D1 was detected in 70.8% of conventional adenocarcinoma cases in pMMR group and 

half of conventional adenocarcinoma cases in dMMR group. All mucinous cases, both in pMMR and dMMR groups, 

displayed low cyclin D1 expression. Dealing with pT, all pT2 cases in pMMR group displayed low cyclin D1 expression while 

all pT2 cases in dMMR groups showed cyclin D1 high expression. In addition, 75% of pN2 cases in the pMMR group 

showed cyclin D1 high expression whereas all pN2 cases in the dMMR group displayed cyclin D1 low expression. 

2.6. Correlation between AMACR, cyclin D1 and Ki67 expression in pMMR and dMMR CRC groups 



 

7 
 

A significant positive weak correlation was detected between AMACR and cyclin D1 expression in dMMR group (r=0.376, 

p=0.011) whereas their correlation in pMMR group was weak, negative and insignificant (r=-0.247, p=0.189). The 

correlation between AMACR and ki67 expression was significant, moderate and negative (r=-0.441, p<0.002) in dMMR 

group, while in pMMR group this correlation was insignificant, very weak positive correlation (r=0.105, p=0.581). As 

regards the correlations between cyclin D1 and Ki67 expression, they showed significant positive correlations in both 

groups. However, these correlations were weak in the dMMR group and moderate in the pMMR group as illustrated in Fig 

6. 

3. Discussion 

Colorectal carcinoma is the third commonest cancer representing about 10% of global cancer incidence. To 

personalize treatment for patients with CRC, it is essential to understand its nature and carcinogenesis mechanisms that 

can promote tumor progression. This unique biological signature of CRC can be investigated by identifying the involved 

biomarkers and evaluating their expression [16]. 

In this study, the expression of AMACR and cyclin D1 was investigated in non-neoplastic and neoplastic colorectal 

lesions using TMA. Both AMACR and cyclin D1 expression varied significantly among the studied groups (p<0.001 for both); 

where they showed low expression in all normal and hyperplastic cases as well as in the majority of adenoma cases 

(88.2%, 70.6% respectively), while their expression was high in 40% and 54.7% of CRC cases respectively. 

 These findings for AMACR go with others [7, 17-19]. Jiang et al. [17] proposed a link between AMACR expression 

in colonic adenomas and high red meat intake and explained it by possible attribution of AMACR in oxidation of branched 

fatty acids present in red meat. Because adenomas are antecedents of CRCs and have higher AMACR expression than non-

neoplastic tissue, Shukla et al. [7] reported that this suggests the role AMACR may play in colorectal carcinogenesis. This 

even shows that AMACR could be used as a diagnostic marker for neoplastic transformation. 

Cyclin D1 showed sequential overexpression from normal to adenoma to carcinoma indicates an oncogenic role 

of cyclin D1 in colorectal carcinogenesis. This was similar to others [20-24]. Further accordant results were reported in the 

studies of Toru et al. [25] and Nassrat et al. [26] on colonic adenomas and CRCs which had stated that cyclin D1 is 

responsible for the pathological changes in the mucosa, adjunctive indicator for the risk of malignancy in adenomas as 

cyclin D1 overexpression disrupts the cell cycle and is associated with progression to cancer.  
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Müller et al. [27] reported that CRC is not a homogeneous disease but can be classified into different subtypes 

distinguished by specific molecular and morphological alterations. CRC is characterised by genetic instability, which can 

occur through at least two different mechanisms: Microsatellite instability and chromosomal instability. 

Ten Hoorn et al. [28] recommended inclusion of molecular subtyping in future studies to validate prognostic and 

predictive associations. They added that refining the subtype classification with prognostic biomarkers could lead to a more 

in-depth understanding of the various subtypes. That is what the current study attempted to do. 

Some CRCs are accompanied by microsatellite instability. This is caused by a defect in the DNA mismatch repair 

mechanism as a consequence of a germline/somatic mutation in the MMR genes [4]. MMR genesstatus, whether deficient 

or proficient, is considered as a useful prognostic indicator [29]. However, the effect of MMR genes on clinicopathological 

features and its relation to AMACR and cyclin D1 expression remains unclear.  

Accordingly, CRC cases included in this study were sorted into pMMR (30 cases) and dMMR (45 cases) molecular 

subgroups according to their MLH1 and MSH2 expression. There was no statistically significant difference in frequency of 

AMACR (p= 0.149) nor in cyclin D1 (p=0.088) expression when comparing both molecular subgroups. In contrast, Chen et 

al. [30] observed a statistically significant difference in the expression of AMACR between MSI versus non-MSI colon 

carcinomas. Nosho et al. [31] reported that the identification of molecular correlates of cyclin D1 activation is critical for 

understanding carcinogenic pathways in different molecular subtypes of CRC. Few studies, however, have thoroughly 

investigated the relationship between cyclin D1, CDK inhibitors, and MSI in colorectal cancer [31]. 

The expression of the studied markers in each molecular subgroup was furtherly investigated in relation to 

clinicopathologic parameters included in this study. dMMR carcinomas showed statistically significant lower AMACR 

expression in male gender (p=0.014), high tumor grade (p<0.001), mucinous phenotype (p=0.020) and the absence of dirty 

necrosis (p=0.001). On the other hand, pMMR carcinomas showed no significant associations between AMACR expression 

and different clinicopathological parameters except for significant higher expression in well circumscribed tumors 

(p=0.001).   

These findings suggest that AMACR can be considered a good indicator for early carcinogenesis. The decrease of 

AMACR expression in higher grade poorly differentiated CRCs can be attributed to the involvement of AMACR in 

providing energy for neoplastic cells via degradation of branched chained fatty acids. When the tumors become 

dedifferentiated, they require no more of these sources of energy. Poorly differentiated tumors may employ other 

mechanisms to achieve the same impact as branched fatty acid oxidation [7].   

      In approval with our results, Chen et al [30]. and Lin et al. [19] reported significant correlations between absent or 

weak AMACR staining and mucinous histology, poorer differentiation, and lymphovascular invasion. Other factors 

including age, sex, tumor location, and staging were not significantly related to AMACR expression in their studies. Their 
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results also suggested the involvement of AMACR in early tumorigenesis and also led to the speculation of a link between 

AMACR expression and MSI status.  

      Marx et al. [32] noticed AMACR positivity in 81.7% of their studied cases. Reduced AMACR expression was substantially 

related to high tumour grade and stage but had no association to nodal status. In contrast to our findings, AMACR 

positivity was more common in tubular carcinoma than in other histological subtypes such as mucinous or signet cell 

carcinoma. AMACR expression was substantially higher in the left-sided CRCs in their study than in the right-sided CRCs. 

They hypothesised that in patients with hereditary non-polyposis colon cancer syndromes or sporadic colorectal cancers 

with MSI, which are more commonly seen in the right colon, pathways leading to elevated AMACR expression are less 

frequently activated [33]. 

      These previous studies were in accordance with Kuefer et al. [34], Atef and Bedeer [35] andAdil et al. [36] who 

demonstrated high AMACR expression in well to moderately differentiated CRCs and weak expression in poorly/anaplastic 

CRCs. Their data also suggested that AMACR expression can be a marker of tumor differentiation. 

Shukla et al. [7] reported AMACR positivity in 65.9% of their CRC cases with significant difference of expression in 

different tumor grades, tumor stage and nodal status. Their study showed no significant distinction between adenoma and 

carcinoma cases, but their AMACR expression was higher than in normal colonic epithelium, suggesting that AMACR may 

play a role in colorectal carcinogenesis. 

      On the other hand, Bagheri and Ghafghazi [37] observed that all patients with colorectal cancer highly expressed 

AMACR. The staining intensity was more than +2 in more than half of the cases, and more than 90% of the patients 

showed a strong positive reaction to the AMACR marker with no significant relation to tumor grade.  

      The variability in results between our study and some of other involved studies can be attributed to different 

antibodies, different scoring systems, different techniques and different ethnicities and races. 

Regarding the relation between cyclin D1 expression and clinicopathologic parameters, the results of the present 

study showed that tumor location was significantly associated with cyclin D1 expression in both pMMR and dMMR groups 

(p=0.03, =0.047 respectively) This was consistent with the work of Sharma et al. [38] which noted that Cyclin D1 

expression was shown to be higher in tumours on the colon's left side, particularly in the sigmoid and descending colon. 

On the contrary, Jiang et al. [22], Al-Maghrabi et al. [9] and Albasri et al. [24] found such a relation was not statistically 

significant. 

As regards histologic type, cyclin D1 varied significantly in both pMMR and dMMR molecular subgroups (p=0.034, 

=0.01 respectively). High cyclin D1 was detected in 70.8% of conventional adenocarcinoma cases in pMMR subgroup and 

half of conventional adenocarcinoma cases in dMMR subgroup, while all mucinous cases, both in pMMR and dMMR 
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subgroups, displayed low cyclin D1 expression. Sharma et al. [38] showed almost the same results with conventional 

adenocarcinoma while only 30% cases of their included mucinous adenocarcinoma showed high cyclin D1 expression. 

However, Albasri et al. [24] reported no significant relation found between cyclin D1 expression and histologic type of 

CRCs.   

The results of the present study addressing cyclin D1 expression with regard to staging parameters were 

significantly different according to the MMR studied group, where all pT2 cases in pMMR subgroup displayed low cyclin 

D1 expression while all pT2 cases in dMMR subgroup showed cyclin D1 high expression. In addition, 75% of pN2 cases in 

the pMMR subgroup showed cyclin D1 high expression whereas all pN2 cases in the dMMR subgroup displayed cyclin D1 

low expression. 

Our results were concordant with Albasri et al. [24] that found cyclin D1 to be significantly correlated with lymph 

node metastasis, lymphovascular invasion, distant metastasis, and AJCC stage reporting. Their study was also concordant 

with previous studies of Assaad et al. [39], Belcerczak et al. [40] and Almaghrabi et al. [9] that showed similar correlation 

between pathological tumor stage and cyclin D1 over-expression. On the contrary, the study of Sharma et al. [38] reported 

that cyclin D1 expression was almost equal with the number of lymph nodes that showed metastatic or reactive 

pathology, hence no statistical significance was found. 

These heterogenic results could be explained by the molecular signature of the studied CRCs cases which we 

aimed to spotlight on its significance when evaluating the prognostic influence of studied markers’ expression. It worth 

mentioning that Kawakami et al. [3] demonstrated that when compared to pMMR tumours, dMMR CRCs have distinct 

clinical and pathologic features, such as poor differentiation and/or mucinous histology, proximal colon location, and 

increased tumour infiltrating lymphocytes. In their study, CRC with dMMR was more common in stage II than in stage III 

and was relatively uncommon in metastatic tumours. This emphasises the significance of MSI testing in early-stage 

tumours where patients can be cured with surgery alone or in combination with adjuvant chemotherapy. 

MSI status reflects genetic abnormalities in tumour cells and influences CRC molecular characteristics and 

phenotypes. The genetic status of tumour cells is anticipated to influence both pathogenic features and cyclin D1 

expression [31]. Moreno-Bueno et al. [41]previously reported a link between cyclin D1 overexpression and MSI in 

endometrial carcinoma. In terms of colorectal cancer, Ortega et al. [42] has reported that cyclin D1 expression was 

generally low in 11 MSI-high tumours, but higher expression levels were observed in 37 MSS/MSI-low tumors
. 

This 

disparity could be attributed to differences in sample sizes as well as methods and criteria for interpreting cyclin D1. 
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In addition to our previous findings, the relation between AMACR expression and tumor proliferation, 

represented by Ki67 expression, in dMMR cases showed statistically significant negative correlation (r= -0.441, p=0.002). 

AMACR expression was lower in CRCs with higher tumor proliferation which was in support of the low AMACR expression 

in high grade tumors. Meanwhile, AMACR expression in pMMR cases positively correlated to Ki67 expression but didn’t 

reach statistical significance. This was in line with results observed by Takagi et al. [43] who found that Ki67 expression 

was significantly higher in the MSI-positive tumors than that in the MSI-negative ones. 

The correlation between cyclin D1 and Ki67 expression in the present study showed significant positive 

correlations in both molecular subgroups. However, this correlation was weak in the dMMR group and moderate in the 

pMMR group. Similarly, there was a significant correlation between cyclin D1 levels and Ki67 expression in the study of 

Kouraklis et al. [44] and Ayerden et al. [45] on CRCs suggesting Ki67 role in oncogenesis and the role contributed cyclin D1 

for tumor proliferation suggesting that both can be used to predict the prognosis in CRCs. 

The results of this study showed a significant positive weak correlation between AMACR and cyclin D1 expression 

in dMMR group (r=0.376, p=0.011) whereas their correlation in pMMR group was insignificant, weak, negative and (r=-

0.247, p=0.189). This might be attributed to the effect of microsatellite status on the expression of AMACR and or cyclin 

D1. However, further studies should address such influence in order to reach a consensus.  

Conclusion: 

CRC is a heterogeneous disease. AMACR and cyclin D1 seem to have attribution in carcinogenesis of CRC, however they as 

well as pathological features are influenced by genomic status of tumour cells. Further prospective larger scale studies 

that use molecular classifications should be done to validate these classifications and evaluate their prognostic and 

predictive value. 

Abbreviations 

AJCC: American Joint Committee on Cancer; AMACR: Alpha-methylacyl-CoA racemase; Cas: colonic adenomas; CDKs: 

cyclin-dependent kinases; CRCs: colorectal carcinomas; dMMR: MMR deficient; IHC: Immunohistochemistry; LVI: 

lymphovascular invasion; MSI: microsatellite instability; MSS: microsatellite stable; pMMR: MMR proficient; SD: Standard 

deviation; SPSS: Statistical Package for Social Science; TILs: tumor infiltrating lymphocytes; TMA: Tissue Microarray; WHO: 

world health organization  

 

Statements and Declarations: 

Availability of data and material 



 

12 
 

The datasets used and/or analysed during the current study are available from the corresponding author on reasonable 

request. 

Ethics Approval and Consent to Participate:  

The study was performed in accordance with the Declaration of Helsinki & has been approved by the institutional research 

ethics committee with ethical approval code number 35597/7/22.  

 

References  

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. (2021) Global Cancer Statistics 2020: 

GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA: a cancer 

journal for clinicians; 71: 209-49.https://doi.org/10.3322/caac.21660 

2. El-Guindy DM, Mwafy SE (2017) Prognostic value of CD74 and p53 expression in colorectal cancer. Egypt J 

Pathol; 37. https://doi.org/10.1097/01.XEJ.0000527755.42637.94 

3. Kawakami H, Zaanan A, Sinicrope FA (2015) Microsatellite instability testing and its role in the management of 

colorectal cancer.Curr Treat Options Oncol; 16:30. https://doi.org/10.1007/s11864-015-0348-2 

4. Zeinalian M, Hashemzadeh-Chaleshtori M, Salehi R, Emami MH (2018) Clinical Aspects of Microsatellite 

Instability Testing in Colorectal Cancer. Adv Biomed Res; 7:28. https://doi.org/10.4103/abr.abr_185_16 

5. Kang S, Na Y, Joung SY, Lee SI, Oh SC, Min BW (2018) The significance of microsatellite instability in colorectal 

cancer after controlling for clinicopathological factors. Medicine; 97.  

6. Lee H, Kim M, Kim SH, Tran Q, Kong G and Kim C (2020) Alpha-Methylacyl-CoA Racemase (AMACR), a Potential 

New Biomarker for Glioblastoma.Front Oncol;10. https://doi.org/10.3389/fonc.2020.550673 

7. Shukla N, Adhya AK, Rath J (2017) Expression of Alpha - Methylacyl - Coenzyme A Racemase (AMACR) in 

Colorectal Neoplasia.J Clin Diagn Res; 11: Ec35-ec38. https://doi.org/10.7860/jcdr/2017/25303.9727 

8. Montalto FI, De Amicis F (2020) Cyclin D1 in Cancer: A Molecular Connection for Cell Cycle Control, Adhesion 

and Invasion in Tumor and Stroma. Cells; 9. https://doi.org/10.3390/cells9122648 

9. Al-Maghrabi J, Mufti S, Gomaa W, Buhmeida A, Al-Qahtani M, Al-Ahwal M (2015) Immunoexpression of cyclin D1 

in colorectal carcinomas is not correlated with survival outcome.J Microsc Ultrastruct; 3:62-7. 

https://doi.org/10.1016/j.jmau.2015.01.001 

https://doi.org/10.3322/caac.21660
https://doi.org/10.1097/01.XEJ.0000527755.42637.94
https://doi.org/10.1007/s11864-015-0348-2
https://doi.org/10.4103/abr.abr_185_16
https://doi.org/10.4103/abr.abr_185_16
https://doi.org/10.4103/abr.abr_185_16
https://doi.org/10.3389/fonc.2020.550673
https://doi.org/10.3389/fonc.2020.550673
https://doi.org/10.3389/fonc.2020.550673
https://doi.org/10.7860/jcdr/2017/25303.9727
https://doi.org/10.7860/jcdr/2017/25303.9727
https://doi.org/10.7860/jcdr/2017/25303.9727
https://doi.org/10.3390/cells9122648
https://doi.org/10.3390/cells9122648
https://doi.org/10.3390/cells9122648
https://doi.org/10.1016/j.jmau.2015.01.001


 

13 
 

10. Juríková M, Danihel Ľ, Polák Š, Varga I (2016) Ki67, PCNA, and MCM proteins: Markers of proliferation in the 

diagnosis of breast cancer. Acta histochemica; 118:544-52. https://doi.org/10.1016/j.acthis.2016.05.002 

11. Nagtegaal ID, Arends MJ, Odze RD, Lam AK (2019) Tumours of the Colon and Rectum. In: WHO classification of 

tumours of the colon and rectum. 5th ed: IARC Press 157-62. 

12. Amin MB, Edge SB, Greene FL, Byrd DR, Brookland RK, Washington MK et al. (2017) AJCC Cancer Staging Manual. 

8th edition ed. Springer.  

13. Lugli A, Kirsch R, Ajioka Y, Bosman F, Cathomas G, Dawson H et al (2017) Recommendations for reporting tumor 

budding in colorectal cancer based on the International Tumor Budding Consensus Conference (ITBCC) 

2016.Mod Pathol; 30:1299-311. https://doi.org/10.1038/modpathol.2017.46 

14. Lanza G, Gafà R, Maestri I, Santini A, Matteuzzi M and Cavazzini L (2002) Immunohistochemical pattern of 

MLH1/MSH2 expression is related to clinical and pathological features in colorectal adenocarcinomas with 

microsatellite instability.Mod Pathol; 15:741-49. https://doi.org/10.1097/01.mp.0000018979.68686.b2 

15. Tong G, Zhang G, Liu J, Zheng Z, Chen Y, Niu P et al (2020) Cutoff of 25% for Ki67 expression is a good 

classification tool for prognosis in colorectal cancer in the AJCC‑ 8 stratification. Oncol Rep; 43:1187-98. 

https://doi.org/10.3892/or.2020.7511 

16. Bărbălan A, Nicolaescu AC, Măgăran AV, Mercuţ R, Bălăşoiu M and Băncescu G (2018) Immunohistochemistry 

predictive markers for primary colorectal cancer tumors: where are we and where are we going? Rom J 

Morphol Embryol; 59:29-42.  

17. Jiang Z, Fanger GR, Banner BF, Woda BA, Algate P, Dresser K et al (2003) A dietary enzyme: alpha-methylacyl-

CoA racemase/P504S is overexpressed in colon carcinoma.Cancer Detect Prev; 27:422-6. 

https://doi.org/10.1016/j.cdp.2003.07.003 

18. Nassar A, Amin MB, Sexton DG and Cohen C (2005) Utility of alpha-methylacyl coenzyme A racemase (p504s 

antibody) as a diagnostic immunohistochemical marker for cancer.Appl Immunohistochem Mol Morphol; 

13:252-5. https://doi.org/10.1097/00129039-200509000-00007 

19. Lin A, Weiser MR, Klimstra DS, Paty PB, Tang LH, Al-Ahmadie H et al (2007) Differential expression of α-

methylacyl-coenzyme A racemase in colorectal carcinoma bears clinical and pathologic significance. Hum 

Pathol; 38: 850-6. https://doi.org/10.1016/j.humpath.2006.12.016 

https://doi.org/10.1016/j.acthis.2016.05.002
https://doi.org/10.1016/j.acthis.2016.05.002
https://doi.org/10.1016/j.acthis.2016.05.002
https://doi.org/10.1038/modpathol.2017.46
https://doi.org/10.1097/01.mp.0000018979.68686.b2
https://doi.org/10.1097/01.mp.0000018979.68686.b2
https://doi.org/10.1097/01.mp.0000018979.68686.b2
https://doi.org/10.3892/or.2020.7511
https://doi.org/10.3892/or.2020.7511
https://doi.org/10.1016/j.cdp.2003.07.003
https://doi.org/10.1016/j.cdp.2003.07.003
https://doi.org/10.1097/00129039-200509000-00007
https://doi.org/10.1097/00129039-200509000-00007
https://doi.org/10.1097/00129039-200509000-00007
https://doi.org/10.1016/j.humpath.2006.12.016


 

14 
 

20. Arber N, Hibshoosh H, Moss SF, Sutter T, Zhang Y, Begg M et al (1996) Increased expression of cyclin D1 is an 

early event in multistage colorectal carcinogenesis.Gastroenterology; 110:669-74. 

https://doi.org/10.1053/gast.1996.v110.pm8608874 

21. Bahnassy AA, Zekri A-RN, El-Houssini S, El-Shehaby AM, Mahmoud MR, Abdallah S et al (2004) Cyclin A and cyclin 

D1 as significant prognostic markers in colorectal cancer patients.BMC Gastroenterology; 4:22. 

https://doi.org/10.1186/1471-230X-4-22 

22. Jiang J, Wang J, Suzuki S, Gajalakshmi V, Kuriki K, Zhao Y et al (2006) Elevated risk of colorectal cancer associated 

with the AA genotype of the cyclin D1 A870G polymorphism in an Indian population.J Cancer Res Clin 

Oncol;132:1 93-9. https://doi.org/10.1007/s00432-005-0039-7 

23. Li Y, Wei J, Xu C, Zhao Z, You T (2014) Prognostic Significance of Cyclin D1 Expression in Colorectal Cancer: A 

Meta-Analysis of Observational Studies.PLOS ONE; 9:e94508. https://doi.org/10.1371/journal.pone.0094508 

24. Albasri AM, Elkablawy MA, Ansari IA, Alhujaily AS (2019) Prognostic Significance of Cyclin D1 Over-expression in 

Colorectal Cancer: An Experience from Madinah, Saudi Arabia.Asian Pac J Cancer Prev; 20:2471-6. 

https://doi.org/10.31557/apjcp.2019.20.8.2471 

25. Toru S, Bilezikçi B (2012) Early changes in carcinogenesis of colorectal adenomas.West Indian Med J; 61:10-16. 

https://doi.org/10.7727/wimj.2011.136 

26. Nassrat F, Ali H, Qasim B (2016) Immunohistochemical expression of cyclin D1 in colorectal adenomas: a 

clinicopathological study. Kasr El-Ainy Med J; 22:115-22. https://doi.org/10.4103/1687-4625.195891 

27. Müller MF, Ibrahim AE, Arends MJ (2016) Molecular pathological classification of colorectal cancer. Virchows 

Archiv; 469:125-34. https://doi.org/10.1007/s00428-016-1956-3 

28. Ten Hoorn S, de Back TR, Sommeijer DW, Vermeulen L (2022) Clinical Value of Consensus Molecular Subtypes in 

Colorectal Cancer: A Systematic Review and Meta-Analysis.J Natl Cancer Inst; 114:503-16. 

https://doi.org/10.1093/jnci/djab106 

29. Sun Z, Yu X, Wang H, Zhang S, Zhao Z, Xu R (2014) Clinical significance of mismatch repair gene expression in 

sporadic colorectal cancer.Exp Ther Med; 8:1416-22. https://doi.org/10.3892/etm.2014.1927 

 30. Chen ZM, Ritter JH, Wang HL (2005) Differential expression of alpha-methylacyl coenzyme A racemase in 

adenocarcinomas of the small and large intestines. Am J Surg Pathol; 29:890-6. 

https://doi.org/10.1097/01.pas.0000167364.90899.59 

https://doi.org/10.1053/gast.1996.v110.pm8608874
https://doi.org/10.1053/gast.1996.v110.pm8608874
https://doi.org/10.1186/1471-230X-4-22
https://doi.org/10.1186/1471-230X-4-22
https://doi.org/10.1007/s00432-005-0039-7
https://doi.org/10.1007/s00432-005-0039-7
https://doi.org/10.1007/s00432-005-0039-7
https://doi.org/10.1371/journal.pone.0094508
https://doi.org/10.1371/journal.pone.0094508
https://doi.org/10.1371/journal.pone.0094508
https://doi.org/10.31557/apjcp.2019.20.8.2471
https://doi.org/10.31557/apjcp.2019.20.8.2471
https://doi.org/10.7727/wimj.2011.136
https://doi.org/10.7727/wimj.2011.136
https://doi.org/10.4103/1687-4625.195891
https://doi.org/10.4103/1687-4625.195891
https://doi.org/10.4103/1687-4625.195891
https://doi.org/10.1007/s00428-016-1956-3
https://doi.org/10.1007/s00428-016-1956-3
https://doi.org/10.1007/s00428-016-1956-3
https://doi.org/10.1093/jnci/djab106
https://doi.org/10.1093/jnci/djab106
https://doi.org/10.3892/etm.2014.1927
https://doi.org/10.3892/etm.2014.1927
https://doi.org/10.3892/etm.2014.1927
https://doi.org/10.1097/01.pas.0000167364.90899.59
https://doi.org/10.1097/01.pas.0000167364.90899.59


 

15 
 

31. Nosho K, Kawasaki T, Chan AT, Ohnishi M, Suemoto Y, Kirkner GJ. et al (2008) Cyclin D1 is frequently 

overexpressed in microsatellite unstable colorectal cancer, independent of CpG island methylator 

phenotype.Histopathology; 53:588-98. https://doi.org/10.1111/j.1365-2559.2008.03161.x 

32. Marx A, Simon P, Simon R, Mirlacher M, Izbicki JR, Yekebas E, et al (2008) AMACR expression in colorectal cancer 

is associated with left-sided tumor localization. Virchows Archiv; 453: 243-8.  

33. Mobley JA, Leav I, Zielie P, Wotkowitz C, Evans J, Lam YW, et al (2003) Branched fatty acids in dairy and beef 

products markedly enhance alpha-methylacyl-CoA racemase expression in prostate cancer cells in vitro.Cancer 

Epidemiol Biomark Prev; 12: 775-83.  

34. Kuefer R, Varambally S, Zhou M, Lucas PC, Loeffler M, Wolter H et al (2002) alpha-Methylacyl-CoA racemase: 

expression levels of this novel cancer biomarker depend on tumor differentiation.Am J Pathol; 161:841-

8.https://doi.org/10.1016/s0002-9440(10)64244-7 

35. Atef A and Bedeer A (2016) Expression of α-methyl coenzyme A racemase Fand p16 in colorectal adenoma and 

adenocarcinoma. Egyptian J Pathol; 36:54-60.  

36. Adil SAK SN and Bharathi M (2020) Expression of Alpha-Methylacyl-Coenzyme A Racemase (AMACR) in Colo-

Rectal Neoplasms. J Med Sci Clin Res; 8:650-5.  

37. Bagheri S and Ghafghazi R (2019) Immuno-histochemical Evaluation of -methylacyl-CoA Racemase Expression in 

Colorectal Carcinoma. Ambient Science; 6:82-6. 

38. Sharma N, Singh T, Kaur A, Manjari M, Bashir S (2021) Cyclin D1 expression and its correlation with 

clinicopathological variables in colorectal carcinoma.J Pathol Nepal; 11:1868-72. 

https://doi.org/10.3126/jpn.v11i1.29291 

39. Asaad NY, Kandil M and Mokhtar NM (2000) Prognostic value of Cyclin D1 and p53 protein in colorectal 

carcinoma. J Egypt Nat Cancer Inst; 12:283-92.  

40. Balcerczak E, Pasz-Walczak G, Kumor P, Panczyk M, Kordek R, Wierzbicki R et al (2005) Cyclin D1 protein and 

CCND1 gene expression in colorectal cancer.Eur J Surg Oncol; 31:721-6. 

https://doi.org/10.1016/j.ejso.2005.04.005 

41.   Moreno-Bueno G, Rodríguez-Perales S, Sánchez-Estévez C, Marcos R, Hardisson D, Cigudosa JC et al (2004) Molecular 

alterations associated with cyclin D1 overexpression in endometrial cancer. Int J Cancer; 110:194-200. 

https://doi.org/10.1002/ijc.20130 

https://doi.org/10.1111/j.1365-2559.2008.03161.x
about:blank
about:blank
https://doi.org/10.3126/jpn.v11i1.29291
https://doi.org/10.3126/jpn.v11i1.29291
https://doi.org/10.1016/j.ejso.2005.04.005
https://doi.org/10.1016/j.ejso.2005.04.005
https://doi.org/10.1002/ijc.20130


 

16 
 

42. Ortega P, Morán A, de Juan C, Frías C, Hernández S, López-Asenjo JA et al (2008) Differential Wnt pathway gene 

expression and E-cadherin truncation in sporadic colorectal cancers with and without microsatellite 

instability.Clin Cancer Res; 14:995-1001. https://doi.org/10.1158/1078-0432.ccr-07-1588 

43. Takagi S, Kumagai S, Kinouchi Y, Hiwatashi N, Nagashima F, Takahashi S et al (2002) High Ki-67 labeling index in 

human colorectal cancer with microsatellite instability.Anticancer Res; 22:3241-4.  

44. Kouraklis G, Theocharis S, Vamvakas P, Vagianos C, Glinavou A, Giaginis C et al (2006) Cyclin D1 and Rb protein 

expression and their correlation with prognosis in patients with colon cancer. World J Surg Oncol; 4:5. 

https://doi.org/10.1186/1477-7819-4-5 

45. Ayerden D, Tayfur M, Balci M (2021) Comparison of histopathological findings of the colon adenomas and 

adenocarcinomas with cyclin D1 and Ki-67 expression. Niger J Clin Pract; 24:1737-41. 

https://doi.org/10.4103/njcp.njcp_68_21 

 

 

Table 1: Clinicopathologic characteristics of colorectal carcinoma cases 

 
Total N (%) 

Age (years) 

 mean + SD 58.79+10.54 

Gender 

Male 39 (52) 

Female 36 (48) 

Location 

Right side 18 (24) 

Left side 54 (72) 

Multicentric 3 (4) 

Gross picture 

Endophytic/Ulcerative 30 (40) 

Exophytic /Cauliflower 36 (48) 

Endophytic /Annular 9 (12) 

Histologic type 

Conventional adenocarcinoma 60 (80) 

Mucinous  9 (12) 

Signet ring cell 3 (4) 

 Medullary carcinoma 3 (4) 

Pathologic grade 

Low 45 (60) 

High 30 (40) 

pT 

pT2 12 (16) 

pT3 54 (72) 

pT4 9 (12) 
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pN 

pN0 30 (40) 

pN1 27 (36) 

pN2 18 (24) 

Stage 

II 30 (40) 

III 45 (60) 

Lymphovascular invasion 

No 6 (8) 

Yes 69 (92) 

Circumscription 

No 36 (48) 

Yes 39 (52) 

Extracellular mucin 

No 48 (64) 

Yes 27 (36) 

Tumor buds 

No 24 (32) 

Yes 51 (68) 

TILs 

No 24 (32) 

Yes 51 (68) 

Dirty necrosis 

No 30 (40) 

Yes 45 (60) 

 

 

 

TILs: Tumor infiltrating lymphocytes 

 

 

Table 2: MMR status, AMACR, cyclin D1 and Ki-67 expression in normal colonic tissue, hyperplastic lesions, adenoma 

and carcinoma 

 
 

Normal 
N=12 (%) 

A 

Hyperplastic 
N=18 (%) 

B 

Adenoma 
N=51 (%) 

C 

Carcinoma 
N=75 (%) 

D 
P value 

MMR status 

Proficient 81 12 (100) 18 (100) 36 (70.6) 30 (40) 

<0.001* Deficient 60 0 (0) 0 (0) 15 (29.4) 45 (60) 

Pairwise comparison AC=0.031*, AD<0.001*, BC<0.007*, BD<0.001*, CD=0.001* 

AMACR 

Low 120 12 (100) 18 (100) 45 (88.2) 45 (60) 

<0.001* High 36 0 (0) 0 (0) 6 (11.8) 30 (40) 

Pairwise comparison AC=0.585, AD=0.007*, BC=0.328, BD<0.001*, CD=0.001* 

Cyclin D1 

Low 100 12 (100) 18 (100) 36 (70.6) 34 (45.3) 

<0.001* High 56 0 (0) 0 (0) 15 (29.4) 41 (54.7) 

Pairwise comparison AC=0.031*, AD<0.001*, BC<0.007*, BD<0.001*, CD=0.006* 

Ki-67 

Low 69 12 (100) 6 (33.3) 21 (41.2) 30 (40) 
<0.001* 

High 87 0 (0) 12 (66.7) 30 (58.8) 45 (60) 
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Pairwise comparison AC<0.001*, AD<0.001*, BC=0.779, BD=0.789, CD=1 

*significant (p value<0.05), MMR: Mismatch repair 

Table 3: AMACR, cyclin D1 and Ki-67 expression in MMR proficient and MMR deficient colorectal carcinoma groups  

  
MMR proficient 

N= 30 (%) 
MMR deficient 

N = 45 (%) 
P value 

AMACR 

Low 45 15 (50) 30 (66.7) 
0.149 

High 30 15 (50) 15 (33.3) 

Cyclin D1 

Low 34 10 (33.3) 24 (53.3) 
0.088 

High 41 20 (66.7) 21 (46.7) 

Ki-67 

Low 30 12 (40) 18 (40) 
1 

High 45 18 (60) 27 (60) 
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Table 4: Relation between AMACR expression and clinicopathologic parameters in MMR proficient and MMR deficient 

colorectal carcinoma groups 

 AMACR 

Proficient Deficient 

Total 
AMACR Low 

N=15 (%) 
AMACR High 

N=15 (%) 
P value Total 

AMACR Low 
N=30 (%) 

AMACR High 
N=15 (%) 

P value 

Age (years) 

mean + SD 55.53+12.40 55.20+12.43 0.942  60.60+9.99 62.00+5.36 0.616 

Gender 

Male 18 6 (33.3) 12 (66.7) 
0.060 

21 18 (85.7) 3 (14.3) 
0.014* 

Female 12 9 (75) 3 (25) 24 12 (50) 12 (50) 

Location 

Right side 9 3 (33.3) 6 (66.7) 
0.427 

9 6 (66.7) 3 (33.3) 

0.644 Left side 21 12 (57.1) 9 (42.9) 33 21 (63.6) 12 (36.4) 

Multicentric 0  3 3 (100) 0 (0) 

Gross picture 

Endophytic/Ulcerative 15 9 (60) 6 (40) 

0.258 

15 9 (60) 6 (40) 

0.451 Exophytic/Cauliflower 12 6 (50) 6 (50) 24 18 (75) 6 (25) 

Endophytic /Annular 3 0 (0) 3 (100) 6 3 (50) 3 (50) 

Histologic type 

Conventional 
adenocarcinoma 

24 12 (50) 12 (50) 

0.050 

36 21 (58.3) 15 (41.7) 

0.075 Mucinous  3 3 (100) 0 (0) 6 6 (100) 0 (0) 

Signet ring cell 3 0 (0) 3 (100) 0  

Medullary carcinoma 0  3 3 (100) 0 (0) 

Pathologic grade 

Low 21 12 (57.1) 9 (42.9) 
0.427 

24 9 (37.5) 15 (62.5) 
<0.001* 

High 9 3 (33.3) 6 (66.7) 21 21 (100) 0 (0) 

pT 

pT2 3 3 (100) 0 (0) 
0.224 

9 3 (33.3) 6 (66.7) 

0.077 pT3 27 12 (44.4) 15 (55.6) 27 21 (77.8) 6 (22.2) 

pT4 0  9 6 (66.7) 3 (33.3) 

pN 

pN0 15 9 (60) 6 (40) 

0.201 

15 9 (60) 6 (40) 

0.261 pN1 3 0 (0) 3 (100) 24 15 (62.5) 9 (37.5) 

pN2 12 6 (50) 6 (50) 6 6 (100) 0 (0) 

Stage  

II 15 9 (60) 6 (40) 
0.273 

15 9 (60) 6 (40) 
0.502 

III 15 6 (40) 9 (60) 30 21 (70) 9 (30) 

Lymphovascular invasion 

No 6 3 (50) 3 (50) 
1 

0 0 (0) 0 (0) 
 

Yes 24 12 (50) 12 (50) 45 30 (66.7) 15 (33.3) 

Circumscription 

No 21 15 (71.4) 6 (28.6) 
0.001* 

15 9 (60) 6 (40) 
0.502 

Yes 9 0 (0) 9 (100) 30 21 (70) 9 (30) 

Extracellular mucin 

No 12 3 (25) 9 (75) 
0.060 

36 21 (58.3) 15 (41.7) 
0.020* 

Yes 18 12 (66.7) 6 (33.3) 9 9 (100) 0 (0) 

Tumor Buds 

No 12 6 (50) 6 (50) 
1 

12 6 (50) 6 (50) 
0.153 

Yes 18 9 (50) 9 (50) 33 24 (72.7) 9 (27.3) 

TILs 

No 12 6 (50) 6 (50) 
1 

12 9 (75) 3 (25) 
0.722 

Yes 18 9 (50) 9 (50) 33 21 (63.6) 12 (36.4) 

Dirty necrosis 

Absent 15 9 (60) 6 (40) 
0.273 

15 15 (100) 0 (0) 
0.001* 

Present 15 6 (40) 9 (60) 30 15 (50) 15 (50) 
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*significant (p value <0.05), TILs: tumor infiltrating lymphocytes 

Table 5: Relation between cyclin D1 expression and clinicopathologic parameters in MMR proficient and MMR deficient 

colorectal carcinoma groups 

 Cyclin D1 

Proficient Deficient 

Total 
Cyclin D1 

  Low 
N=10 (%) 

Cyclin D1 
High 

N=20 (%) 
P value Total 

Cyclin D1 
  Low 

N=24 (%) 

Cyclin D1 
High 

N=21 (%) 
P value 

Age (years) 

mean + SD 51.50+13.47 57.30+11.38 0.226  62.62+8.30 59.29+8.97 0.202 

Gender 

Male 18 4 (22.2) 14 (77.8) 
0.235 

21 12 (57.1) 9 (42.9) 
0.632 

Female 12 6 (50) 6 (50) 24 12 (50) 12 (50) 

Location 

Right side 9 0 (0) 9 (100) 
0.030* 

9 3 (33.3) 6 (66.7) 

0.047* Left side 21 10 (47.6) 11 (52.4) 33 21 (63.6) 12 (36.4) 

Multicentric 0  3 0 (0) 3 (100) 

Gross picture 

Endophytic/Ulcerative 15 6 (40) 9 (60) 

0.009* 

15 6 (40) 9 (60) 

0.415 Exophytic/Cauliflower 12 1 (8.3) 11 (91.7) 24 15 (62.5) 9 (37.5) 

Endophytic /Annular 3 3 (100) 0 (0) 6 3 (50) 3 (50) 

Histologic type 

Conventional 
adenocarcinoma 

24 7 (29.2) 17 (70.8) 

0.034* 

36 18 (50) 18 (50) 

0.010* Mucinous  3 3 (100) 0 (0) 6 6 (100) 0 (0) 

Signet ring cell 3 0 (0) 3 (100) 0  

Medullary carcinoma 0  3 0 (0) 3 (100) 

Pathologic grade 

Low 21 7 (33.3) 14 (66.7) 
1 

24 12 (50) 12 (50) 
0.632 

High 9 3 (33.3) 6 (66.7) 21 12 (57.1) 9 (42.9) 

pT 

pT2 3 3 (100) 0 (0) 
0.030* 

9 0 (0) 9 (100) 

<0.001* pT3 27 7 (25.9) 20 (74.1) 27 15 (55.6) 12 (44.4) 

pT4 0  9 9 (100) 0 (0) 

pN 

pN0 15 4 (26.7) 11 (73.3) 

0.038* 

15 3 (20) 12 (80) 

0.001* pN1 3 3 (100) 0 (0) 24 15 (62.5) 9 (37.5) 

pN2 12 3 (25) 9 (75) 6 6 (100) 0 (0) 

Stage  

II 15 4 (26.7) 11 (73.3) 
0.700 

15 3 (20) 12 (80) 
0.004* 

III 15 6 (40) 9 (60) 30 21 (70) 9 (30) 

Lymphovascular invasion 

No 6 3 (50) 3 (50) 
0.372 

0 0 (0) 0 (0) 
 

Yes 24 7 (29.2) 17 (70.8) 45 24 (53.3) 21 (46.7) 

Circumscription 

No 21 7 (33.3) 14 (66.7) 
1 

15 6 (40) 9 (60) 
0.205 

Yes 9 3 (33.3) 6 (66.7) 30 18 (60) 12 (40) 

Extracellular mucin 

No 12 3 (25) 9 (75) 
0.694 

36 15 (41.7) 21 (58.3) 
0.002* 

Yes 18 7 (38.9) 11 (61.1) 9 9 (100) 0 (0) 

Tumor Buds 

No 12 3 (25) 9 (75) 
0.694 

12 3 (25) 9 (75) 
0.041* 

Yes 18 7 (38.9) 11 (61.1) 33 21 (63.6) 12 (36.4) 

TILs 

No 12 4 (33.3) 8 (66.7) 1 12 6 (50) 6 (50) 0.787 



 

21 
 

Yes 18 6 (33.3) 12 (66.7) 33 18 (54.5) 15 (45.5) 

Dirty necrosis 

Absent 15 7 (46.7) 8 (53.3) 
0.245 

15 12 (80) 3 (20) 
0.014* 

Present 15 3 (20) 12 (80) 30 12 (40) 18 (60) 

*significant (p value <0.05), TILs: tumor infiltrating lymphocytes 

Figure Legends: 

Figure 1: Expression of MLH1 in colorectal tissues detected by immunohistochemistry (DAB staining). MLH1 

positivity in: Normal mucosa (A), Hyperplastic Polyp (B), Adenoma with Low grade dysplasia (C), 

Adenoma with High grade dysplasia (D&E), Adenocarcinoma (F&G). MLH1 negativity in 

Adenocarcinoma (H-J), with maintained expression is in overlying mucosa in upper right corner of 

H (A-E, G & J X400; F,I X200; H X100). 

Figure 2: Expression of MSH2 in colorectal tissues detected by immunohistochemistry (DAB staining). MSH2 

positivity in: Normal mucosa (A), Hyperplastic Polyp (B), Adenoma with Low grade dysplasia (C), 

Adenoma with High grade dysplasia (D), Adenocarcinoma (F-I). MSH2 negativity in: Adenoma with 

High grade dysplasia (E), Adenocarcinoma (J). (A, C, D, E, I , J X400; B, F-H X200).  

Figure 3: Expression of AMACR in colorectal tissues detected by immunohistochemistry (DAB staining). 

AMACR Low expression in: Normal mucosa (A), Hyperplastic Polyp (B), Adenoma with Low grade 

dysplasia (C), Adenocarcinoma (F). AMACR High expression in: Adenoma with High grade dysplasia 

(D, E), Adenocarcinoma (G-J). (A, C-E, G, H, J X400; B, F X200; I X100).  

Figure 4: Expression of CCDN1 in colorectal tissues detected by immunohistochemistry (DAB staining). 

CCDN1 Low expression in: Normal mucosa (A), Hyperplastic Polyp (B), Adenoma with Low grade 

dysplasia (C), Adenocarcinoma (E, F). CCDN1 High expression in: Adenoma with High grade 

dysplasia (D), Adenocarcinoma (G, H). (A, D, F-H X400; B, C, E, X200).  

Figure 5: Expression of Ki67 in colorectal tissues detected by immunohistochemistry (DAB staining). Ki67 

Low expression in: Normal mucosa (A). Ki67 High expression in: Hyperplastic Polyp (B), Adenoma 

with Low grade dysplasia (C), Adenoma with High grade dysplasia (D), Adenocarcinoma (E-H). (A, C, 

D, F, G X400; B, E, H X200).  
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Figure 6: Correlations between AMACR, cyclin D1 and Ki67 expression in MMR proficient group (A, C, E) and 

MMR deficient group (B, D, F).  
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