
© 2012 The Korean Academy of Medical Sciences.
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0) 
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

pISSN 1011-8934
eISSN 1598-6357

Association of Endotoxins and Colon Polyp: A Case-Control 
Study

Endotoxins are known to be associated with the occurrence of various chronic diseases. 
This study was conducted to investigate the role of endotoxins in the pathogenesis of colon 
polyps through a case-control study. A total of 145 subjects (74 subjects in the polyp group 
and 71 subjects in the control group) had undergone a colonoscopy. Age, body mass index 
(BMI) and endotoxin levels were found to be significantly higher in the polyp group than in 
the control group. The endotoxin level was still significantly higher in the polyp group than 
in the control group, even after age and BMI had been adjusted (polyp group 
0.108 ± 0.007 EU/mL, control group 0.049 ± 0.008 EU/mL, P < 0.001). In subgroup 
analysis, the endotoxin level significantly increased in accordance with the number of 
colon polyps (one-polyp group, 0.088 ± 0.059 EU/mL; two-polyp group, 0.097 ± 0.071 
EU/mL; three-or-more-polyp group, 0.149 ± 0.223 EU/mL). The endotoxin levels also 
significantly increased in groups with tubular adenoma with high-grade dysplasia 
(hyperplastic polyp group, 0.109 ± 0.121 EU/mL; tubular adenoma with low grade 
dysplasia group, 0.103 ± 0.059 EU/mL; tubular adenoma with high grade dysplasia group, 
2.915 ± 0.072 EU/mL). In conclusion, the serum level of endotoxins is quantitatively 
correlated with colon polyps.
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INTRODUCTION

Endotoxins are integral components of the cell membrane of 
Gram-negative bacteria. They are comprised of proteins, lipids 
and lipopolysaccaride (LPS); and LPS has been known to deter-
mine the biological properties of bacterial endotoxins (1). En-
dotoxins are associated with the pathophysiology of various 
chronic diseases such as atherosclerosis, diabetes and cancer 
(2). These diseases are known to be caused by endotoxins via a 
mechanism wherein endotoxins penetrate through the loosened 
intestinal mucosa and cause intestinal endotoxemia, which is 
in turn recognized by macrophages and causes various inflam-
mation and immune reactions (3).
  As to whether or not endotoxins are related to cancer, studies 
on their cancer risk are inconsistent depending on the organ. 
Many studies have reported that lung cancer risk was lower in 
patients exposed to endotoxins. The results were inconsistent 
for cancers other than lung cancer (4). As more studies report 
that endotoxins reduce cancer risk, the occurrence of other stud-
ies using endotoxins for cancer treatment has increased. How-
ever, due to severe complications, endotoxins have not been 
applied in clinical practice (5, 6).

  Studies that reported an increase in the occurrence of hepa-
tocellular carcinoma in rats that received LPS, or an increase in 
colon cancer risk in patients with inflammatory bowel diseases, 
suggest that endotoxins increase the risk of gastrointestinal 
cancer (7). In the pathogenesis of gastrointestinal malignancy, 
chronic inflammation plays an important role. According to its 
mechanism, a vast quantity of LPS-rich bacteria provides a suit-
able environment for chronic inflammation in the gastrointes-
tinal tract, and gastrointestinal mucosal cells undergo malignant 
transformation via interactions among various pro-inflamma-
tory cytokines, chemokines and transcriptional regulators (8).
  This study was conducted to investigate the correlation of 
endotoxins with colon polyp by measuring the endotoxin level 
in patients with a colon polyp, a precancerous lesion of colon 
cancer, and to investigate the role of endotoxins in the reduc-
tion of colon cancer risk.

MATERIALS AND METHODS

Study subjects
This study was conducted on patients aged 20 yr or older who 
had undergone a colonoscopy in the Uijeongbu St. Mary’s Hos-
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pital of the Catholic University of Korea between March and 
April 2011. The patients, who had a colon polyp, as revealed in 
the colonoscopy, were assigned to the polyp group and the pa-
tients without polyp were assigned to the control group. As pa-
tients with glucose level higher than normal might affect the 
endotoxin level, patients with diabetes or a fasting glucose level 
≥ 100 mg/dL were excluded. Patients who were using aspirin 

or other non-steroidal anti-inflammatory drugs were also ex-
cluded.

Measurement of serum endotoxin level
For endotoxin detection, kinetic turbidimetric assay (KTA) and 
limulus amebocyte lysate (LAL) reagent KTA2 (Charles River 
Lab, Wilmington, MA, USA) were used. For each patient, 3 mL 
of blood was collected in a sodium heparin vacuum tube, cen-
trifuged with 6,000 rpm for three minutes. The separated plas-
ma was diluted 10 times in a new polystyrene tube. Therefore, 
100 µL plasma was diluted with 900 µL dispersing agent (BD 
100 buffer, Charles River Lab, Wilmington, MA, USA).
  Before the process, the tube had been treated with heat inac-
tivation for 10 min at 75°C, and then the treated tube was cooled 
slowly in ice or a freezer for 10 min. Endotoxin was measured 
instantly in most cases. For the rest of the cases, samples were 
stored at -20°C to -70°C and endotoxin was measured within 
seven days.
  Standard endotoxin powder of 50 EU/mL was dissolved in 
LAL reagent water (LRW, Charles River Lab, Wilmington, MA, 
USA), and afterwards this standard solution was diluted to 5, 
0.5, 0.05, and 0.005 EU/mL. In each process, samples were vor-
texed for 2 min, but only the solution of 50 EU/mL was vortexed 
violently for 5 min (Fig. 1).
  The standard solution and plasmas were divided in 96 well 
plates. To avoid optical interference, each sample was treated 
by spike. Recovery of the spiked values in the potency verifica-

tion phase must be within 50% to 200%. For spike-treatment,  
10 µL of spike was put into the well of 5 EU/mL standard 1, after 
which LAL reagent was dissolved. In other words, we put 5.2 mL 
LRW into LAL reagent powder and used it after waiting 3-5 min. 
The vial was spun slowly until the powder was dissolved in LRW. 
After 3 min, it was completely dissolved and became transpar-
ent. After the LAL reagent was completely dissolved, 100 µL of 
LAL reagent was put into the plate within a short period of time 
for each one, including the standard solution and sample. After 
the process, the plate was put into a spectrophotometer (Endo-
ChekTM from Diatech Korea Co. Ltd., Seoul, Korea) and the en-
dotoxin concentration of each sample was measured (Fig. 1). 

Physical examinations and medical history 
Medical history, family history, alcohol consumption, smoking 
habits and daily exercise habits were surveyed using a question-
naire. The patient’s height (cm) and weight (kg) were measured 
to calculate the body mass index (kg/m2). The percent of body 
fat (%) was measured through a bioelectric impedance analy-
sis. The waist circumference (cm) was measured at the belly 
level. The blood pressure was measured using a mercury sphyg-
momanometer after the patient relaxed for at least 10 min.

Statistical analysis
SPSS for Windows Version 15.0 (SPSS, Inc., Chicago, IL, USA) 
was used for statistical analysis. The patients’ demographic char-
acteristics were expressed in terms of mean ± standard devia-
tion. A comparative analysis of each group’s mean value was 
performed using an unpaired t-test. An ANOVA was conducted 
to analyze the factors associated with colon polyp. P  values 
< 0.05 were considered statistically significant.

Ethics statement
The study protocol was approved by the institutional review 
board of Uijeongbu St. Mary’s Hospital of the Catholic Universi-
ty of Korea (IRB No. UC10TISI0147). All of the study subjects 
completed an informed consent form before participating in 
the study. The informed consent was confirmed by the board.

RESULTS

Demographic characteristics of study subjects
A total of 145 patients was comprised of 74 patients (24 of which 
were females) in the polyp group and 71 patients (28 of which 
were females) in the control group. No statistical difference be-
tween the two groups was found in the sex ratio, height, weight 
or % body fat. However, age, BMI and waist circumference were 
significantly higher in the polyp group than in the control group. 
The endotoxin level was 0.11 ± 0.086 EU/mL in the polyp group 
and 0.04 ± 0.005 EU/mL in the control group, whereby showing 
a significantly higher level in the polyp group (Table 1).Fig. 1. Control standard endotoxin (CSE) and samples in a 96-well plate.



Lee K-K, et al.  •  Endotoxins and Colon Polyp

1064    http://jkms.org http://dx.doi.org/10.3346/jkms.2012.27.9.1062

Analysis of endotoxin level according to the number of 
polyps
The subjects were divided into 4 subgroups according to their 
number of polyps: a patient group with no polyp, a group with 
1 polyp, a group with 2 polyps, and a group with 3 or more pol-
yps. Subsequently, the endotoxin level was analyzed after age, 
BMI and waist circumference were adjusted. The adjusted mean 
levels of endotoxin in the polyp group was 0.108 and 0.049 in 
the control group, which showed a significant difference in the 
endotoxin levels of the groups, even though the two factors had 
been adjusted (Table 2). The endotoxin level was shown to be 
significantly lower in the subgroup with no polyp than in the 
other three subgroups. The endotoxin level was shown to be 
significantly higher in the subgroup with three or more polyps 
than in the other 3 subgroups. No statistical difference was found 
between the subgroup with one polyp and the subgroup with 
two polyps (Table 3).

Analysis of endotoxin level according to histologic 
findings
The subjects with polyps were classified again according to his-
tologic findings, followed by an analysis of the endotoxin level 
of each subgroup. The subjects with polyps were divided into 
three subgroups: 1) HP subgroup with chronic inflammation 
and hyperplastic polyps without clinical malignant potency; 2) 
TA-L subgroup with tubular adenoma with low-grade dysplasia; 
and 3) TA-H subgroup with tubular adenoma with high-grade 
dysplasia. The endotoxin level was significantly higher in the 
TA-H subgroup than in the other subgroups. No significant dif-
ference was found between the HP subgroup and the TA-L sub-
group (Table 4).

Table 1. Demographic characteristics of study subjects

Parameters
Polyp group 

(n = 74)
Mean ± SD

Control group 
(n = 71)

Mean ± SD
P value*

Gender (male/female)     50/24     43/28 0.383
Age (yr)   54.0 ± 9.1     48.4 ± 10.1 < 0.001
Height (cm) 165.5 ± 8.3 166.5 ± 7.9 0.482
Weight (kg)     69.5 ± 10.9     66.3 ± 11.8 0.094
Body mass index (kg/m2)   25.3 ± 3.0   23.8 ± 3.2 0.005
Waist circumference (cm)   80.0 ± 8.1   76.0 ± 8.8 0.006
Percent body fat   26.5 ± 6.4   24.8 ± 5.9 0.102
Endotoxin level (EU/mL)       0.11 ± 0.086       0.04 ± 0.005 < 0.001

*Unpaired t-test.

Table 2. Adjusted means of endotoxin level between polyp and control groups

Endotoxin level (EU/mL)

  P valuePolyp group  
(n = 74)

Control group 
(n = 71)

Mean ± SE 0.108 ± 0.007 0.049 ± 0.008  < 0.001
95% CI 0.094-0.123 0.034-0.064

Adjusted by age, BMI, waist circumference. SE, Standard error; CI, confidence interval.

Table 3. Endotoxin level analysed by number of polyps

Number of polyps
Endotoxin level† 

(EU/mL)
Mean difference P  value

0 (n = 71)
   1
   2
  ≥ 3

 
0.047 ± 0.005

 
-0.04*
-0.05*
-0.10*

 
0.018
0.007

< 0.001
1 (n = 30)
   0
   2
  ≥ 3

 
0.088 ± 0.059

 
0.04*

-0.01
-0.06*

 
0.018
1.000
0.003

2 (n = 20)
   0
   1
  ≥ 3

 
0.097 ± 0.071

 
0.05*
0.01

-0.05

 
0.007
1.000
0.054

≥ 3 (n = 24)
   0
   1
   2

 
0.149 ± 0.223

 
0.10*
0.06*
0.05

 
< 0.001

0.003
0.054

ANOVA by Scheffe method. *P value < 0.05; †Mean ± SD. 

Table 4. Endotoxin level analysed by histologic findings 

Histologic findings
Endotoxin level† 

(EU/mL)
Mean difference P  value

HP (n = 21)
   TA-L
   TA-H

 
0.109 ± 0.121

 
0.005

-0.183*

  
0.974
0.014

TA-L (n = 51)
   HP
   TA-H

 
0.104 ± 0.060

 
-0.005
-0.188*

 
0.974
0.009

TA-H (n = 2)
   HP
   TA-L

 
0.292 ± 0.073

 
0.183*
0.188*

 
0.014
0.009

ANOVA by Scheffe method. *P value < 0.05; †Mean ± SD. HP, chronic inflammation 
& hyperplastic polyp; TA-L, Tubular adenoma with low grade dysplasia; TA-H, Tubular 
adenoma with high grade dysplasia.

DISCUSSION

Endotoxins are associated with the occurrence and aggravation 
of various chronic diseases. Paradoxically, however, many stud-
ies reported that endotoxins reduced cancer (9, 10). The role of 
endotoxins on carcinogenesis - which is still controversial - has 
been mainly attributable to the complex interactions between 
the innate and adaptive immune systems (11). LPS fluxed into 
the blood stream binds to LPS-binding proteins (LBPs) and is 
transferred to CD14 proteins. The CD14-LPS complex activates 
the Toll-like receptors (TLRs) present in macrophages and other 
cell surfaces, and the activated macrophages and other cells se-
crete pro-inflammatory cytokines such as TNF-α, IL-1, and IL-6 
(12). Immune reactions to LPS are mainly believed to activate 
Th1 cells and exhibit antitumor activity (13). In the gastrointes-
tinal tract, unlike in other organs, cancer risk has been believed 
to increase through cellular transformation, the inhibition of 
apoptosis and angiogenesis via cyclooxygenase (COX)-2 gener-
ation caused by Th1 cell activation in a chronic inflammatory 
environment (8). Although further epidemiologic and experi-
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mental investigations are required to reveal endotoxins’ dose-
effect or its relation to exposure timing, at the present time, the 
relationship between endotoxins and cancer seems to vary de-
pending on the organ.
  This study was conducted to investigate the correlation of 
endotoxins with colon polyps, the well-known precancerous 
lesions of colon cancer. In most cases, colon cancer occurs in 
the adenomatous polyp (14). The relationship between hyper-
plastic polyp and colon cancer, although controversial, has been 
known to have nearly no malignant potential (15). The malig-
nant potential of colon polyp varies depending on their histolo-
gy, number and size (14).
  The correlation between endotoxins and colon cancer has 
not been well investigated in previous studies. In this study, the 
endotoxin level was seen to be higher as the number of colon 
polyps increased. The endotoxin level also increased in patients 
with tubular adenoma with high-grade dysplasia, which has a 
high malignancy potential. The aforementioned results may 
suggest that endotoxin is a risk factor for colon cancer. Despite 
its statistical significance, however, a more careful statistical 
analysis is required, as there were not enough patients with high-
grade dysplasia in this study. To achieve this, a further long-term 
study would need to be conducted on a larger scale.
  Age and obesity are known risk factors for colon cancer. In 
this study, although age and BMI were significantly higher in 
the polyp group, and even after age and BMI were adjusted and 
analyzed, the endotoxin level was still seen to be significantly 
higher in the polyp group than in the control group.
  This study had a few limitations. Firstly, as this was a cross-
sectional study, the transient increase in the endotoxin level 
could not be ruled out. Secondly, a significant difference in the 
age and BMI of the two groups was present. Thirdly, there were 
not enough subjects in the high grade dysplasia group with a 
high risk of colon cancer.
  In conclusion, the serum level of endotoxins is correlated with 
colon polyps.
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