
ONCOLOGY LETTERS  10:  3689-3695,  2015

Abstract. ������������������������������������������������Aberrant crypt foci (ACF) are regarded as poten-
tial biomarkers for colorectal cancer (CRC), and have been 
used as such in recent early‑phase chemoprevention trials. 
However, the associations between the presence of ACF and 
other factors associated with the development of CRC, such 
as lifestyle factors, medication use and comorbid medical 
conditions, remain unknown. Thus, the present retrospec-
tive, large, cross‑sectional study was conducted to evaluate 
the potential usefulness of ACF as a surrogate biomarker of 
CRC. Total colonoscopy was performed and the number of 
rectal ACF was counted in a total of 902 subjects. A retro-
spective review of the medical records of the study subjects 
was performed, and the factors associated with the increased 
prevalence of ACF was investigated using univariate and 
multivariate logistic regression analyses. The analysis results 
identified older age [odds ratio (OR), 9.24; 95% confidence 
interval (CI), 4.80‑17.8; P<0.01], smoking habit (OR, 1.78; 
95% CI, 1.20‑2.63; P<0.01) and use of insulin (OR, 9.97; 
95% CI, 1.28‑77.5; P=0.03) as significant independent risk 
factors associated with the increased prevalence of ACF, 
regardless of the presence/absence of colon tumors. In addi-
tion, it was revealed that the prevalence and number of ACF, 

and the Ki‑67 labeling indices of the colonic epithelial cells 
were significantly higher in diabetic patients receiving insulin 
therapy than in those not receiving insulin therapy (P<0.01, 
P=0.03 and P=0.01, respectively). In conclusion, the potential 
usefulness of ACF as a surrogate biomarker of CRC was 
confirmed, although useful data could not be obtained on 
candidate chemopreventive agents. These results indicated 
that insulin can enhance colonic epithelial proliferative 
activity and induce the formation of ACF, thereby possibly 
triggering CRC development.

Introduction

Colorectal cancer (CRC) is one of the most common causes 
of cancer‑related mortality in the world, and its prevalence 
and mortality rates have been increasing ( 1). Currently, 
chemoprevention, a strategy which attempts to prevent 
cancer using non‑toxic chemical entities, has attracted much 
attention (2,3). Although the possible effects of >50 agents, 
including non‑steroidal anti‑inflammatory drugs (NSAIDs), 
aspirin, metformin, fiber, statins, eicosapentaenoic acid (EPA), 
peroxisome proliferator‑activated receptor γ (PPARγ) agonists 
and folate, have been evaluated for the protection against CRC 
development in epidemiological studies (4‑6), the use of the 
majority of these agents is only in the early experimental 
stage. Although the occurrence of CRC and/or colorectal 
adenoma is regarded as a reliable endpoint in chemopreven-
tion trials (7), evaluation of such an endpoint would require 
inclusion of hundreds of subjects in the studies and extremely 
long observation periods. To maximize the efficiency of 
early‑phase chemoprevention trials, more easily modifiable 
and easy‑to‑measure surrogate biomarkers are therefore 
required.

Colorectal carcinogenesis is based on the adenoma‑carci-
noma sequence; CRC is believed to develop through the 
accumulation of multiple acquired genetic and epigenetic 
alterations that cause the malignant transformation of the 
normal colonic epithelium to adenocarcinoma (8,9). Over 
the last decade, the emergence of aberrant crypt foci (ACF) 
as putative precursors to colorectal adenoma has been 
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witnessed, and these ACF have come to be regarded as 
potential biomarkers for CRC (10‑18). In the rodent model, 
the formation of ACF has been demonstrated to be enhanced 
by cancer promoters and suppressed by chemopreventive 
agents (19‑23). These results indicate that chemopreventive 
agents against CRC may also prevent the formation of ACF, 
not only in carcinogen‑treated rodent models, but also in 
humans. However, few studies have investigated the correla-
tions between the presence of ACF and the use of candidate 
chemopreventive agents of CRC in humans. Moreover, the 
associations between the presence of ACF and lifestyle 
factors, including obesity, smoking and alcohol intake)
(24,25), or comorbid medical conditions, such as diabetes 
mellitus (DM) (26), considered to be associated with CRC 
development remain unknown.

In the present study, the association between the presence 
of ACF and lifestyle factors or comorbid medical conditions 
was investigated. Furthermore, the correlation between 
the presence of ACF and the use of medications that are 
believed to be associated with colorectal carcinogenesis are 
also investigated. If ACF were indeed a reliable biomarker 
of CRC in humans, their formation may also be expected to 
be closely associated with the aforementioned factors. The 
present results may pave the way for further evaluations of the 
potential usefulness of ACF as a surrogate biomarker of CRC, 
and also for further evaluation of candidate chemopreventive 
agents.

Materials and methods

Patients. The medical records of 1,024 patients who under-
went total colonoscopy and rectal ACF counting at the 
Yokohama City University Hospital (Yokohama, Kanagawa, 
Japan) between May 2004 and October 2013 were reviewed 
retrospectively. The collected patient data included the age, 
gender, body mass index, smoking history, alcohol intake 
history, history of medication use (NSAIDs, aspirin, statins, 
metformin, EPA, PPARγ agonists and insulin), and history of 
comorbid medical conditions (hypertension, hyperlipidemia 
and DM). Subjects were excluded if they had a history of 
familial adenomatous polyposis, hereditary non‑polyposis 
CRC, inflammatory bowel disease or radiation colitis, or had 
undergone a prior large‑bowel resection. Finally, a total of 
902 subjects were enrolled in this study. To confirm the close 
association between the presence of ACF and colonic tumors, 
the subjects were divided into three categories (normal 
subjects, adenoma cases and CRC cases), as previously 
described (15). This study was conducted with the approval 
of the Yokohama City University Hospital Ethics Committee. 
Written informed consent was obtained from all the subjects 
prior to their participation in the study.

Endoscopic identification of ACF. ACF are usually identified 
as clusters of crypts that stain darker than the surrounding 
normal mucosa. Crypts with a larger size, a raised appear-
ance, a thicker epithelial lining, dilated or slit‑like crypt 
lumina, and an increased pericryptal area as compared to 
the surrounding normal mucosa are the most frequently 
used criteria to identify ACF (18). A Fujinon EC‑490ZW5/M 
magnifying colonoscope (Fujifilm Medical Co., Ltd., 

Tokyo, Japan) was used for identifying the ACF. All the 
subjects underwent bowel preparation using a polyethylene 
glycol‑based solution and total colonoscopy prior to the rectal 
ACF imaging. Subsequently, 0.25% methylene blue was 
applied to the mucosa using a spray catheter and allowed to 
stand for 2 min. ACF counting was performed in the lower 
rectal region, from the middle Houston valve to the dentate 
line.

Cell proliferative activity of the rectal colonic epithelial 
mucosa. To evaluate the association between the colonic 
epithelial mucosal proliferative activity and the presence 
of ACF, the Ki‑67 labeling index was calculated. In certain 
cases, normal‑appearing rectal mucosa was biopsied, fixed 
with formalin and embedded in paraffin, and 4‑µm thick 
sections were prepared. Immunohistochemical staining for 
Ki‑67 with anti‑Ki‑67 rabbit monoclonal antibody (Nichirei 
Bioscience Inc., Tokyo, Japan) was performed as previously 
described (27).

Statistical analysis. The differences in the prevalence and 
number of ACF among the three groups (normal subjects, 
adenoma cases and CRC cases) were compared using the 
χ2 (or Fisher's exact) test or the Kruskal‑Wallis test. The 
associations between the presence of ACF and lifestyle 
factors, history of use of oral medications or comorbid 
medical conditions were evaluated by the χ2 (or Fisher's 
exact) test and/or Student's t‑test. To identify the risk factors 
for the increased prevalence of ACF, univariate and multi-
variate logistic regression analyses were performed. The 
differences in the Ki‑67  labeling indices were evaluated 
by the Mann‑Whitney U test. Unless otherwise specified, 
P<0.05 was considered to denote a statistically significant 
difference. All analyses were performed using the SPSS 
statistical software package (version 11.0; SPSS, Inc., 
Chicago, IL, USA).

Results

Association between the presence of ACF and colorectal 
tumors. The prevalence and number of ACF in each of the 
three study groups (normal subjects, adenoma cases and CRC 
cases) are shown in Table I. The prevalence/number of ACF 
were 66.1%/5.3±4.8, 84.0%/5.3±4.8 and 88.9%/7.3±5.7, in the 
normal subjects, adenoma cases and CRC cases, respectively. 
Consistent with previous studies (15,18), the prevalence and 
number of ACF increased significantly from the normal 
subjects to the CRC cases (P<0.01 and P<0.01, respectively).

Associations between the presence of ACF and clinical 
factors that are believed to be associated with colorectal 
carcinogenesis. The associations between the presence of 
ACF and lifestyle factors, use of oral medications or comorbid 
medical conditions are shown in Table II. The prevalence of 
ACF was significantly higher in patients with an older age 
(69.3  vs.  95.6%; P<0.01), a male gender (70.9  vs.  79.9%; 
P<0.01), a positive smoking habit (69.3 vs. 85.4%; P<0.01), 
positive alcohol intake (72.3  vs.  81.0%; P<0.01), DM 
(74.3  vs.  84.8%; P<0.01) and in those receiving insulin 
therapy (75.5 vs. 97.8%; P<0.01) than in those without these 
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factors. ACF were present in higher numbers in patients with 
an older age (2.7±3.9 vs. 8.6±5.5; P<0.01), a male gender 
(3.9±5.1  vs.  4.7±5.2; P=0.03), a positive smoking habit 
(3.7±5.0 vs. 5.2±5.3; P<0.01), DM (4.1±5.0 vs. 5.3±5.7; P=0.04) 
and in those receiving insulin therapy (4.3±5.1 vs. 6.4±6.2; 
P<0.01) than in those without these factors. However, a lower 
prevalence and number of ACF were not significantly associ-
ated with any of the examined factors.

Risk factors for the increased prevalence of ACF. To gain 
insight into the contribution of the increased prevalence of 
ACF, univariate and multivariate logistic regression analyses 
were performed, as shown in Table III. Univariate analysis 
identified an older age [odds ratio (OR), 9.68; 95% confidence 
interval (CI), 5.17‑18.1; P<0.01], the male gender (OR, 1.63; 
95%  CI,  1.19‑2.23; P<0.01), the presence of adenoma 
(OR, 2.65; 95% CI, 1.90‑3.71; P<0.01), the presence of CRC 
(OR, 4.12; 95% CI, 2.13‑7.99; P<0.01), a history of smoking 
(OR, 2.56; 95% CI, 1.83‑3.58; P<0.01), a history of alcohol 
intake (OR, 1.63; 95% CI, 1.19‑2.23; P<0.01), the presence 
of DM (OR, 1.92; 95% CI, 1.26‑2.94; P<0.01), a history of 
insulin therapy (OR, 14.6; 95% CI, 2.00‑106.8; P<0.01) as 
significant factors associated with the increased prevalence 
of ACF. Furthermore, age‑ and gender‑adjusted multivariate 
logistic regression analysis identified a history of smoking 
(OR, 1.78; 95% CI, 1.20‑2.63; P<0.01) and a history of insulin 
therapy (OR, 9.97; 95% CI 1.28‑77.5; P=0.03) as showing 
a significant independent association with an increased 

prevalence of ACF, regardless of the presence/absence of 
colonic tumors.

Comparison of the presence of ACF between diabetic patients 
receiving and not receiving insulin therapy. To investigate the 
difference in the prevalence of ACF between diabetic patients 
receiving and not receiving insulin therapy, the prevalence 
and number of ACF were compared between 46 diabetic 
patients receiving insulin therapy and 151 diabetic patients 
not receiving insulin therapy (Table IV). The prevalence of 
ACF in the diabetic patients receiving insulin therapy was 
significantly higher than that in those not receiving insulin 
therapy (97.8 vs. 80.1%; P<0.01). The median number of ACF 
in the diabetic patients receiving insulin therapy was signifi-
cantly higher than that in those not receiving insulin therapy 
(4.5±2.5 vs. 3.0±3.0; P=0.03).

Comparison of the proliferative activity of the colonic mucosal 
epithelium in diabetic patients receiving and not receiving 
insulin therapy. The Ki‑67 data from a total of 20 biopsy 
samples of normal‑appearing rectal mucosa obtained from 
diabetic patients (including 10 patients receiving insulin and 
10 patients not receiving insulin) were measured. The differ-
ences in the immunohistochemical staining and labeling 
index for Ki‑67 between the specimens obtained from the 
diabetic patients receiving and not receiving insulin therapy 
are shown in Fig. 1. The proportion of proliferating cells 
in the patients receiving insulin therapy was significantly 

Table I. Prevalence and number of ACF in the study groups.

Factor	 Normal	 Adenoma cases	 CRC cases	 P‑value

Number of patients	 391	 412	 99	
ACF prevalence (%)a	 66.1	 84.0 	 88.9	 <0.001
ACF number (mean ± SD)b	 5.3±4.8	 5.6±5.3	 7.3±5.7	 <0.001

aP‑value calculated by the χ2 test. bP‑value calculated by the Kruskal Wallis test. ACF, aberrant crypt foci; CRC, colorectal cancer; SD, standard 
deviation.

Figure 1. Immunohistochemical staining and Ki‑67 labeling indices for normal‑appearing rectal mucosa in diabetic patients. Immunohistochemical staining 
of Ki‑67 in biopsy specimens of the rectal epithelium obtained from diabetic patients (A) not receiving therapy and (B) receiving insulin therapy. (C) The 
Ki‑67 labeling index was significantly higher in the epithelium obtained from the diabetic patients receiving insulin therapy compared with that in those not 
receiving insulin (64.1 vs. 48.6%; P=0.01).

  A   B   C
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Table II. Association between the presence of ACF and clinical factors believed to be associated with colorectal carcinogenesis.

Factor	 Variable (‑)	 Variable (+)	 P‑value

Demographic and lifestyle factors			 
Older age >70 years			 
  ACF prevalence, n (%)	 451 (69.3)	 240 (95.6)	 <0.01
  ACF number (mean ± SD)	 2.7±3.9	 8.6±5.6	 <0.01
Male gender			 
  ACF prevalence, n (%)	 234 (70.9)	 457 (79.9)	 <0.01
  ACF number (mean ± SD)	 3.9±5.1	 4.7±5.2	 0.03
BMI ≥25			 
  ACF prevalence, n (%)	 512 (75.7)	 179 (79.2) 	 0.27
  ACF number (mean ± SD)	 5.3±6.8	 6.2±6.6	 0.08
Smoking habit 			 
  ACF prevalence, n (%)	 341 (69.3)	 350 (85.4)	 <0.01
  ACF number (mean ± SD)	 3.7±5.0	 5.2±5.3	 <0.01
Alcohol intake 			 
  ACF prevalence, n (%)	 329 (72.3)	 362 (81.0)	 <0.01
  ACF number (mean ± SD)	 4.3±5.6	 4.4±4.6	 0.84

Comorbid medical conditions			 
Hypertension 			 
  ACF prevalence, n (%)	 443 (75.3)	 248 (79.0)	 0.25
  ACF number (mean ± SD)	 4.4±4.9	 4.8±5.5	 0.08
Hyperlipidemia 			 
  ACF prevalence, n (%)	 555 (76.3)	 136 (77.7)	 0.77
  ACF number (mean ± SD)	 4.5±4.9	 4.9±5.9	 0.06
DM			 
  ACF prevalence, n (%)	 524 (74.3)	 167 (84.8)	 <0.01
  ACF number (mean ± SD)	 4.1±5.0	 5.3±5.7	 0.04

Medication use			 
NSAIDs			 
  ACF prevalence, n (%)	 661 (76.6)	   30 (76.9)	 >0.99
  ACF number (mean ± SD)	 4.4±5.1	 4.4±6.2	 0.94
Aspirin 			 
  ACF prevalence, n (%)	 650 (76.9)	   41 (71.9)	 0.42
  ACF number (mean ± SD)	 4.4±5.1	 4.7±5.4	 0.65
Statins			 
  ACF prevalence, n (%)	 610 (77.3)	   81 (71.7)	 0.19
  ACF number (mean ± SD)	 4.3±5.0	 4.9±6.1	 0.27
Metformin			 
  ACF prevalence, n (%)	 673 (76.5)	   18 (81.8)	 0.80
  ACF number (mean ± SD)	 4.4±5.2	 4.3±3.3	 0.93
EPA			 
  ACF prevalence, n (%)	 685 (76.5)	     6 (85.7)	 >0.99
  ACF number (mean ± SD)	 4.4±5.1	 3.6±3.0	 0.69
PPARγ agonists			 
  ACF prevalence, n (%)	 677 (76.4)	   14 (87.5)	 0.39
  ACF number (mean ± SD)	 4.3±5.1	 3.6±2.4	 0.58
Insulin			 
  ACF prevalence, n (%)	 646 (75.5%)	   45 (97.8)	 <0.01
  ACF number (mean ± SD)	 4.3±5.1	 6.4±6.2	 <0.01

Differences in the prevalence and number of ACF were calculated by Fisher's exact test and Student's t‑test, respectively. Variable definitions: Alcohol 
intake was defined as positive if the subject's alcohol consumption exceeded 20 g/day. Smoking history was defined as positive if the subject had 
smoked >10‑pack years and was still smoking or had quit within the previous 10 years. History of medication use was defined as positive if the patient 
had been taking the medication for at least 6 months prior to the counting of the rectal ACF. ACF, aberrant crypt foci; DM, diabetes mellitus; NSAIDs, 
non‑steroidal anti‑inflammatory drugs; EPA, eicosapentaenoic acid; PPARγ, peroxisome proliferator‑activated receptor γ; SD, standard deviation.
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higher than that in the patients not receiving insulin therapy 
(64.1 vs. 48.6%; P=0.01).

Discussion

The current study presents the results of a large, cross‑sectional 
study conducted to investigate the associations between 

factors associated with the development of CRC and the pres-
ence of rectal ACF. The main aim of the study was to evaluate 
the potential usefulness of ACF as a surrogate biomarker of 
CRC, and to discuss candidate chemopreventive agents.

Consistent with previous studies ( 15,16,18), the present 
study confirmed that the prevalence and number of ACF 
increased significantly from normal subjects to CRC cases. 

Table III. Univariate and multivariate logistic regression analyses to identify the factors associated with the increased prevalence 
of ACF.

	 OR (95% CI)
	‑‑‑ --‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑------------------‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	 Univariate	 P‑value	 Multivariate	 P‑value

Older age >70 years	 9.68 (5.17‑18.1)	 <0.01	 9.19 (4.78‑17.7)	 <0.01
Male gender	 1.63 (1.19‑2.23)	 <0.01	 0.71 (0.54‑1.03)	 0.08
BMI ≥25	 1.09 (0.75‑1.57)	 0.66		
Smoking habit 	 2.58 (1.85‑3.61)	 <0.01	 1.80 (1.21‑2.67)	 <0.01
Alcohol intake 	 1.63 (1.19‑2.23)	 <0.01 	 1.18 (0.80‑1.74)	 0.40
Presence of colonic tumors				  
  Normal subject	 Reference			 
  Adenoma cases	 2.65 (1.90‑3.71)	 <0.01	 2.40 (1.67‑3.45)	 <0.01
  CRC cases	 4.12 (2.13‑7.99)	 <0.01	 3.15 (1.58‑6.28)	 <0.01
Comorbid medical conditions				  
  Hypertension	 1.23 (0.88‑1.71)	 0.22 		
  Hyperlipidemia	 1.08 (0.73‑1.60)	 0.70		
  DM	 1.92 (1.26‑2.94)	 <0.01 	 1.21 (0.75‑1.96)	 0.43
Medication use				  
  NSAIDs	 1.02 (0.48‑2.18)	 0.96 		
  Aspirin	 0.77 (0.42‑1.40)	 0.39 		
  Statins	 0.74 (0.46‑1.16)	 0.19		
  Metformin	 1.38 (0.46‑4.14)	 0.56		
  EPA	 1.84 (0.22‑15.4)	 0.57		
  PPARγ agonists	 2.16 (0.49‑9.59)	 0.31		
  Insulin	   14.6 (2.00‑106.8)	 <0.01 	 10.2 (1.31‑79.0)	 0.03

Multivariate logistic regression analysis was performed with adjustment for the presence of colonic tumors. Variable definitions: Alcohol intake was 
defined as positive if the subject's alcohol consumption exceeded 20 g/day. Smoking history was defined as positive if the subject had smoked >10‑pack 
years and was still smoking or had quit within the previous 10  years. History of medication use was defined as positive if the patient had been 
taking the medication for at least 6 months prior to the counting of the rectal ACF. ACF, aberrant crypt foci; OR, odds ratio; CI, confidence interval; 
CRC, colorectal cancer; DM, diabetes mellitus; NSAIDs, non‑steroidal anti‑inflammatory drugs; EPA, eicosapentaenoic acid; PPARγ, peroxisome 
proliferator‑activated receptor γ; SD, standard deviation.

Table IV. Comparison of the presence of ACF between diabetic patients receiving/not receiving therapy.

Factor	 Insulin therapy (+)	 Insulin therapy (‑)	 P‑value

Number of patients	 46	 151	
Age, years (mean ± SD)a	 64.1±10.6	 66.8±10.4	 0.10
Gender (M/F)b	 23/23	 117/34	 <0.01
ACF
  Prevalence, n (%)b	 45 (97.8%)	 121 (80.1%)	 <0.01
  Number, median (range)c	 4.5 (2.0‑7.0)	 3.0 (0‑6.0)	 0.03

aP‑value calculated by Student's t‑test. bP‑value calculated by the χ2 test. cP‑value calculated by the Mann‑Whitney U test. ACF, aberrant crypt foci; 
SD, standard deviation; M, male; F, female.
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In addition, it was also confirmed that an older age, the male 
gender and a positive smoking habit were associated with an 
increased prevalence and number of ACF, as found in previous 
studies (12,18,23,28). The close link between tobacco smoking 
and an increased risk of CRC is considered to be mediated 
by the large number of carcinogens that can cause irreversible 
genetic damage to the normal colonic mucosa (29). Moreover, 
Stevens et al reported that the number of ACF was higher 
in patients with a family history of CRC compared with 
that in patients without a family history of CRC (30). In a 
recent study, we demonstrated that the number of ACF can 
be a useful predictor of the likelihood of colorectal adenoma 
recurrence (31). Taken together, the present results and those of 
previous studies lend support to the notion that ACF can serve 
as a reliable surrogate biomarker of CRC.

In the present study, no association could be identified 
between candidate chemoprevention agents and a low preva-
lence and number of ACF, despite these drugs having been 
demonstrated to prevent colorectal tumors in experimental 
models and/or epidemiological studies. Although this can 
be explained in part by the small number of patients in the 
subgroups of the study, particularly with regard to medica-
tion use, these results raise doubt about the validity of using 
ACF as an intermediate endpoint in CRC chemoprevention 
trials. Recently, several early‑phase CRC chemoprevention 
trials have been conducted using ACF as an intermediate 
endpoint (5,6,32,33). Takayama et al conducted an ACF‑based 
open‑label chemoprevention trial and demonstrated the 
chemopreventive efficacy of sulindac (6). By contrast, a study 
by Limburg et al, in which an ACF‑based randomized phase II 
chemoprevention trial was conducted, did not confirm the 
chemopreventive efficacy of sulindac (32). The differences 
in the prevalence of dysplastic ACF, presenting as histologi-
cally‑confirmed dysplasia, may have an effect on these results. 
In addition, the differences in the criteria for the endoscopic 
identification of ACF and/or the counting area may also affect 
these results. Nonetheless, further investigations are required 
prior to incorporating these lesions into chemoprevention 
trials as intermediate endpoints.

Recently, a series of studies and meta‑analyses confirmed 
that the risk for CRC is elevated in diabetic patients (26,34,35). 
Investigation of the molecular mechanisms for this connection 
has led to the so‑called hyperinsulinemia hypothesis stating 
that insulin may, at high serum concentrations, increase the 
risk of CRC by acting as a mitogen and promoting the forma-
tion of colonic tumors (36). The present results indicated that 
insulin enhances colonic epithelial proliferation and initiates 
the formation of ACF, irrespective of the presence/absence 
of DM, emphasizing the importance of insulin in colorectal 
carcinogenesis. Shpitz et al reported that the proliferative 
activity of ACF was significantly increased compared with 
that of normal mucosa (17). Notably, at least one ACF could 
be identified in >60% of even normal subjects. Therefore, 
we hypothesized that the majority of ACF only reflect the 
increased proliferative activity of the colonic mucosa and 
that only a small proportion of ACF, which show dysplastic 
change, could be regarded as preneoplastic lesions of CRC. 
Although several studies have reported a high incidence of 
KRAS mutation in human ACF (37,38), the precise molecular 
trigger for the development of dysplasia in the ACF remains 

unknown. Therefore, additional studies are required to reveal 
the molecular basis and role of ACF in colorectal carcinogen-
esis.

The present study had certain limitations. Firstly, it was 
a retrospective study and patients without sufficient clinical 
data, including data on the behavioral characteristics, medica-
tion history and comorbid medical conditions, were excluded, 
therefore, a selection bias was inevitable. Secondly, the number 
of patients taking specific candidate chemopreventive drugs 
(e.g., metformin, EPA and PPARγ) was not sufficiently large, 
which could limit any conclusions. Thirdly, the results lacked 
follow‑up data, and the study could not evaluate whether these 
clinical factors truly affected the presence of ACF. Finally, the 
presence of dysplastic ACF was not evaluated, as no associa-
tion between the shape of the crypt lumen and the histological 
presence of dysplasia has been reported (39). The reported 
prevalence of dysplastic ACF in patients with CRC varies 
widely from 0.5 to 22% (10,16‑18,31,40). This indicates that 
a consistent, reproducible set of criteria to identify dysplastic 
ACF by their descriptive features or a consistent scheme for 
their histological classification is still lacking. The histological 
criteria for the identification of dysplastic ACF also require 
standardization.

In conclusion, data from the present retrospective, large, 
cross‑sectional study revealed the potential usefulness of ACF 
as a surrogate biomarker of CRC, however, useful data on 
candidate chemopreventive agents could not be obtained. The 
results indicated that insulin can enhance colonic epithelial 
proliferative activity and induce the formation of ACF, thereby 
possibly triggering CRC development.
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