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Abstract
AIM: To study the levels of serum soluble intercellular 
adhesion molecule-1 (sICAM-1), plasma D-lactate and di-
amine oxidase (DAO) in patients with inflammatory bowel 
disease (IBD), and the potential clinical significance. 

METHODS: Sixty-nine patients with IBD and 30 healthy 
controls were included in this study. The concentration 
of sICAM-1 was detected with enzyme-linked immu-
nosorbent assay, the level of D-lactate and DAO was 
measured by spectroscopic analysis, and the number of 
white blood cells (WBC) was determined by routine pro-
cedure.

RESULTS: The levels of sICAM-l, DAO, and WBC in 
IBD patients were significantly higher than those in the 
control group (P  < 0.01). sICAM-l in IBD patients was 
found to be closely related to the levels of DAO and 
D-lactate (212.94 ± 69.89 vs  6.35 ± 2.35, P  = 0.000), 
DAO 212.94 ± 69.89 vs  8.65 ± 3.54, P  = 0.000) and 
WBC (212.94 ± 69.89 vs  7.40 ± 2.61, P  = 0.000), but 
no significant difference was observed between patients 
with ulcerative colitis and patients with Crohn’s disease. 
The post-treatment levels of sICAM-l, D-lactate and 
WBC were significantly lower than before treatment 

(sICAM-l 206.57 ± 79.21 vs  146.21 ± 64.43, P  = 0.000), 
(D-lactate 1.46 ± 0.94 vs  0.52 ± 0.32, P  = 0.000) and 
(WBC 7.24 ± 0.2.33 vs  5.21 ± 3.21, P  = 0.000).

CONCLUSION: sICAM-1, D-lactate and DAO are 
closely related to the specific conditions of IBD, and 
thus could be used as a major diagnostic index.
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INTRODUCTION
The barrier function of  the intestinal mucosa is of  vital 
importance in inflammatory bowel diseases (IBD). Analysis 
of  this function provides an important basis in the diagnosis 
of  intestinal mucosal barrier dysfunction. Therefore, the 
importance of  a timely, correct assessment of  intestinal 
mucosal barrier function cannot be overestimated in 
judging the patient’s disease state, estimating the prognosis 
and determining a comprehensive treatment program. 
However, direct observation of  the intestinal barrier 
function involves many difficulties, so observation mostly 
needs to be made indirectly. 

D-lactate, a metabolic end product of  gastrointestinal 
bacteria, can be produced by many of  these bacteria. As 
mammals do not have an enzyme system capable of  its 
decomposition, D-lactate will enter the blood when the 
intestinal barrier function is damaged, and as they do 
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not have D-lactate dehydrogenase, a rise in the level of  
D-lactate can be detected when the permeability of  the 
intestinal mucosa is increased. Therefore, examination 
of  peripheral blood can reveal the degree of  damage of  
the intestinal mucosa and the change in its permeability[1]. 
Diamine oxidase (DAO) is a highly active intracellular 
enzyme in the cytoplasm of  the upper chorial cells of  
the intestinal mucosa. In cases where the intestinal mu-
cosal epithelial cells and barrier function are damaged, 
the release of  DAO is increased, and DAO enters the 
extracellular space, lymphatic vessels and bloodstream, 
thus increasing the level of  DAO in the plasma. As the 
activity of  DAO is stable, its concentration in the blood 
can reflect the damage and restoration of  the intestinal 
cavity[2].

Overactivation of  leukocytes is an important patho-
logical process of  IBD. The stagnation and infiltrative 
exosmosis of  leukocytes depend on the expression and 
function of  the intracellular adhesion molecules (ICAMs) 
of  leukocytes and endotheliocytes at the inflammatory 
location. 

ICAMs are a type of  glycoprotein synthesized by 
cells and assembled on the cell surface or secreted to the 
cell epimatrix, and can promote the adhesion between 
cells or between cells and the epimatrix. The role of  
ICAM-1, belonging to the immunoglobulin superfamily, 
in the development of  IBD, has been receiving more and 
more attention in recent years. The ICAM-1 of  normal 
tissues is usually expressed at low levels in vascular 
endothelial cells, and in mononuclear macrophagocytes 
in the intestinal mucosal lamina propria and lymph. In 
the intestinal tissues of  patients with IBD, the expression 
and distribution of  ICAM-1 is significantly increased and 
is closely related to the degree of  inflammation of  the 
tissues[3]. The adhesive molecules in vascular endothelial 
cells, leukocytes or other cells can be swallowed into the 
cells, or peel off  into the blood circulation, becoming 
soluble intercellular adhesion molecule-1 (sICAM-1). 
The post-translation product of  the mRNA of  some 
cells, are possibly not expressed on the cellular surface, 
but are directly secreted into the blood and is thus 
another important source of  sICAM-1[4,5]. The increase 
in sICAM-1 in the serum is a marker of  the damage or 
activation of  endotheliocytes. Therefore, the level of  
the sICAM-1 in the serum is a significant index in the 
detection of  some diseases[6,7].

In this research, sICAM-1, D-lactate and DAO of  
69 patients with IBD were measured quantitatively with 
the objective of  assessing their changes and clinical 
significance.

MATERIALS AND METHODS
Materials
Subjects: Test group including 69 patients, aged 18-60 
years, with IBD hospitalized in our department [41 cases 
of  ulcerative colitis (UC), 27 males and 13 females; 19 
cases of  Crohn’s disease (CD), 11 males and eight fe-
males]. All patients were diagnosed by enteroscopy and 
were given the standard treatment set by the National 

Symposium on IBD, 2000 for 15 d before reassessment. 
Thirty healthy blood donors are used as control group.

Reagents and apparatus: Human serum sICAM-1 
enzyme-linked immunosorbent assay (ELISA) kit (pur-
chased from Boehringer Mannheim, Germany); D-lac-
tate standard solution and D-lactic acid dehydrogenase, 
O-dianisidine, cadaverine dihydrochloride, horseradish 
peroxidase and DAO standard solution (all purchased 
from Sigma). The following analytical reagents were 
prepared in the laboratory: methotrexate injection (pur-
chased from Zhejiang Wanma Pharmaceutical Ltd.); 
sulfasalazine tablets (purchased from Shanghai Sanwei 
Pharmaceutical Ltd.); superoxide dismutase and my-
eloperoxidase kit (purchased from Nanjing Jiancheng 
Biological Institute).

Major analysis apparatus: 721 spectrophotometer 
(Shanghai Sophisticated Scientific Instruments Ltd.).

Methods
A 3 mL sample of  venous blood was collected from 
each subject of  the test and control groups. After the 
sample was injected into dry test tubes and the serum 
was separated centrifugally, the serum was stored at 
-20℃ for examination.

The level of  sICAM-1 in the serum was detected 
with an ELISA, the plasma level of  D-lactate was deter-
mined, after the plasma was deproteinized with perchlo-
ric acid, using enzyme-coupled UV-spectrophotometry[8]; 
the serum DAO was determined by spectrophotometry 
as by Luk et al[2]; the number of  white blood cells (WBC) 
was detected routinely. 

Statistical analysis
All the data are presented as mean ± SD. Statistical 
methods used included the t-test, analysis of  variance 
and linear correlation analysis. Statistical software SPSS 
(version 10.0) was employed for data analysis.

RESULTS
Comparison between the test group and the control 
group 
As is shown in Table 1, the levels of  sICAM-1 (206.57 ± 
79.21 vs 107.25 ± 52.41), D-lactate (1.46 ± 0.94 vs 0.82 ± 
0.47), DAO (9.91 ± 5.64 vs 2.04 ± 0.95), and WBC (7.24 
± 2.33 vs 4.82±1.46) in IBD patients were significantly 
higher than those of  the control group (P < 0.01). 

Comparison of WBC, sICAM-1, DAO and D-lactate 
between the 49 UC cases of UC and 19 CD cases
As is shown in Table 2, no distinct difference was dem-
onstrated in the levels of  all four substances in the UC 
group and CD group (P > 0.05). Analysis of  the levels 
of  WBC, sICAM-1, DAO and D-lactate of  the test 
group demonstrated that sICAM-1 was related to the 
levels of  DAO, with the correlation coefficient being 
0.321 and P < 0.01, and also to the level of  D-lactate, 
with the correlation coefficient being 0.412, and P < 0.01. 
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Comparison of WBC, sICAM-1, DAO and D-lactate of the 
test group before and after treatment
The levels of  WBC, sICAM-1, DAO and D-lactate of  the 
test group were examined after the subjects were treated 
and the IBD was shown to be improved substantially 
by clinical symptoms and enteroscopy. As is shown in 
Table 3, the post-treatment levels of  sICAM-1 (206.57 ± 
79.21 vs 146.21 ± 64.43), D-lactate (1.46 ± 0.94 vs 0.52 ± 
0.32), DAO (9.91 ± 5.64 vs 6.42 ± 2.18) and WBC (7.24 
± 2.33 vs 5.21 ± 3.21) were significantly lower than be-
fore treatment (P < 0.01).

DISCUSSION
In case of  an acute attack of  IBD, the structure and 
function of  the intestinal mucosa of  the patient can 
be seriously damaged, resulting in intestinal barrier 
dysfunction and thus release of  intestinal bacteria, and 
may even induce multi-organ failure thus endangering 
life.

Presently, whether IBD is active is comprehensively 
judged primarily from clinical symptoms, erythrocyte 
sedimentation rate, C-reactive protein, endoscopic obser-
vations and pathology. This method can, in most cases, 
determine the activity of  IBD quite accurately. However, 
for a small number of  patients, those with the disease in 
the early stage and those with recurrence of  the disease, 
the biochemical features are not conspicuous enough 
and endoscopic examination fails to display the acute ac-
tivity of  IBD, thus missing the opportunity of  treatment 
because of  the lack of  a timely diagnosis; therefore, 
working out a set of  monitoring indexes which are more 

sensitive is of  substantial importance to clinical work.
The permeability of  the intestinal mucosa has 

been used for the assessment of  the development and 
prognosis of  some diseases, such as CD, UC, etc. The 
prospective research by Tibble et al[9] showed that 12 
mo’s duration of  the alteration in intestinal mucosal 
permeability worsens the disease, with the sensitivity 
and specificity being 84% and 61%, respectively. In 
addition, this index can also be used in prediction of  
the recurrence of  the disease. The multi-parameter 
regression analysis of  47 cases of  intensive care 
patients[9,10] demonstrated that the intestinal mucosal 
permeability is the only index which can predict the 
development of  multi-organ function failure syndrome 
in critical patients.

Injury is a process of  inflammation, during which 
the adhesion of  leukocytes and the damage to intestinal 
endotheliocytes will increase the level of  DAO and 
D-lactate. In this study, the serum DAO and D-lactate of  
the 69 patients with IBD before treatment were higher 
than those of  the control group (P < 0.01), but no 
distinct difference was observed between the UC group 
and the CD group. The levels of  DAO and D-lactate 
after treatment saw a marked decline. This offers proof  
to the fact that the levels of  DAO and D-lactate, which 
reflect the changes in the disease condition, increase 
with activity of  IBD but decline when the damage to the 
intestinal mucosa is restored after treatment. 

Sans et al[11] found that sICAM-1 increased in the 
inflammatory intestinal mucosa of  patients with IBD 
and was related to the concentration of  sICAM-1 in the 
blood. The research by Mack et al[12] revealed that when 

Table 1  Comparison of the values of WBC, serum sICAM-1, DAO and plasma D-lactate between the 
test IBD group and control group (mean ± SD)

Group n WBC (×109/L) sICAM-1 (ng/mL) DAO (U/mL) D-lactate (μg/mL)
Test 69 7.24 ± 2.33  206.57 ± 79.21a  9.91 ± 5.64a  1.46 ± 0.94a

Control 30 4.82 ± 1.46 107.25 ± 52.41 2.04 ± 0.95 0.82 ± 0.47

aP < 0.01 vs control group. sICAM-1: Soluble intercellular adhesion molecule-1; DAO: Diamine oxidase; WBC: White blood 
cells; IBD: Inflammatory bowel disease.

Table 2  Comparison of the values of the 4 substances in the ulcerative colitis (UC) group and Crohn’s 
disease (CD) group (mean ± SD)

Group n WBC (×109/L) sICAM-1 (ng/mL) DAO (U/mL) D-lactate (μg/mL)

UC 49 7.40 ± 2.61  212.94 ± 69.89a  8.65 ± 3.54a  6.35 ± 2.35a

CD 20 7.29 ± 2.25  208.31 ± 51.05b  8.58 ± 2.49b 6.32 ± 2.23b

Control 30 4.82 ± 1.46 107.25 ± 52.41 2.04 ± 1.35 0.82 ± 0.17

aP < 0.01 vs control group, bP < 0.01 vs control group.

Table 3  Comparison of WBC, sICAM-1, DAO and D-lactate of the IBD group before and after 
treatment (mean ± SD)

aP < 0.01 vs pre-treatment.

IBD WBC (×109/L) sICAM-1 (ng/mL) DAO (U/mL) D-lactate (μg/mL)
Pre-treatment 7.24 ± 2.33 206.57 ± 79.21 9.91 ± 5.64 1.46 ± 0.94
Post-treatment 5.21 ± 3.21  146.21 ± 64.43a  6.42 ± 2.18a  0.52 ± 0.32a
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the expression of  endotheliocyte ICAM-1 was lowered, 
the interaction between endotheliocytes and leukocytes 
weakened, thus alleviating the inflammatory activity. 
Taniguchi et al[13] relieved the symptoms of  colitis in-
duced by dextran sulphate sodium by adopting preven-
tive treatment using anti-ICAM-1 monoclonal antibody.

In our research, it was found that the content of  
DAO and D-lactate of  IBD patients were markedly 
higher than those of  the control group, showing that 
damage to a certain degree existed in the intestinal 
mucosa of  IBD patients in the acute stage (P < 0.01), 
and the permeability increased. In addition, the post-
treatment content of  both DAO and D-lactate decreased, 
indicating that the permeability had somewhat improved. 

It was also demonstrated in the research that the 
IBD patients’ leukocyte number and sICAM-1 level 
before treatment were markedly higher than those of  
the control group (P < 0.01) but markedly declined after 
treatment (P < 0.01). This testified to the fact that the 
sICAM-1 level was obviously related to the condition of  
the disease. The research on anti-intracellular adhesion 
molecule monoclonal antibody in the treatment of  IBD 
also pointed to the role of  sICAM-1 in IBD.

To sum up, the tissue damage caused by the adhesion 
between leukocytes and endotheliocytes is one of  the 
common pathologies in IBD produced by bacteria and 
cytokines. As high expression of  sICAM-1 is the im-
portant molecular basis for the increase of  the adhesion 
between leukocytes and endotheliocytes, blocking this 
adhesion has become an effective preventive and thera-
peutic method; therefore, sICAM-1, DAO and D-lactate 
in the serum can be utilized as important monitoring 
indexes in the treatment of  IBD, and sICAM-1 may be a 
promising molecular indicator of  the activity of  IBD.
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