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Summary

 

The mannan-binding lectin (MBL) pathway of complement activation is
important in host defence against pathogens and possibly against cancer. We
investigated the effect of major surgery on two central components of the
MBL pathway; MBL and the MBL-associated serine protease MASP-2, and for
comparison also measured the interleukin (IL)-6 and C-reactive protein
(CRP) levels. Serial blood samples were obtained from patients belonging to
two different cohorts. Cohort 1 comprised 60 patients undergoing open or
laparoscopic colectomy for benign disease (

 

n

 

 

  

====

 

 12) or colon cancer (

 

n

 

 

  

====

 

 48).
Cohort 2 comprised 27 patients undergoing elective, open surgery for colorec-
tal cancer, and was included in order to cover blood sampling between days 2
and 6. As expected, the surgical stress induced a marked acute phase response,
as evidenced by a large increase in IL-6 (18-fold) and CRP (13-fold) levels with
maximum at 12 h and 2 days, respectively. However, in both cohorts the levels
of MBL and MBL-associated serine protease 2 (MASP-2) were largely unaf-
fected, except for a minor but significant increase around day 8 in cohort 1.
The preoperative levels of IL-6 and CRP were correlated significantly in both
cohorts (
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 0·71, 

 

P

 

 

  

<<<<

 

 0·0001 and 

 

r

 

 

  

====

 

 0·65, 

 

P

 

 

  

====

 

 0·005, respectively). Preopera-
tive MASP-2 correlated with preoperative CRP (
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====

 

 0·59, 

 

P

 

 

  

====

 

 0·001) and IL-6
(

 

r 

  

====

 

 0·55, 

 

P

 

 

  

====

 

 0·02) in cohort 2 only. In contrast to the marked effects on the
levels of IL-6 and CRP, the surgery influenced only marginally the two pro-
teins of the MBL pathway.
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Introduction

 

Surgical trauma leads to transient impairment of the func-
tion of the immune system [1–4]. The effect is proportional
to the extent of the trauma [5–8], and renders the patient
more susceptible to infectious complications. In cancer
patients, the inflammatory response, postoperative immune
suppression and infectious complications may influence the
prognosis negatively [9].

The mannan-binding lectin (MBL) pathway of innate
immunity is part of the first line of defence against micro-
organisms [10–13]. MBL recognizes and binds to carbohy-
drate patterns on the surface of microorganisms leading to
complement activation by the MBL-associated serine pro-
tease 2 (MASP-2). Accordingly, MBL deficiency implies an
increased susceptibility to infections, mainly in otherwise
immune-compromised individuals [10,12]. Little is
known about the influence of major surgery on the MBL

pathway. If  surgical stress compromises the function of
the MBL pathway, this might play a role in postoperative
infections.

The observation of an increase in MBL mRNA in the liver
of a traffic casualty [14] led to the classification of MBL as an
acute phase protein [15], and an early study on patients with
malaria and patients undergoing surgery showed a late, rel-
atively small increase in MBL levels [16].

Recently we found that preoperative serum levels of MBL
were increased in patients with colorectal cancer. This could
be due to an ongoing acute phase reaction, as evidenced by
an increase in C-reactive protein (CRP) [17]. However, there
was no correlation between preoperative CRP and MBL lev-
els. Low preoperative MBL levels were associated with an
increased risk of postoperative pneumonia [18]. A study of
patients operated for abdominal malignancy (

 

n

 

 

 

=

 

 172)
found no change in MBL levels during the first 3 days post-
operatively [19].
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Major surgery is a well-described clinical model to evalu-
ate the parameters of the inflammatory response [4]. The
purpose of the present study was to evaluate the impact of
major surgery on the MBL pathway compared to the well-
established effects on interleukin (IL)-6 and CRP levels dur-
ing the early and late postoperative period.

 

Materials and methods

 

Two cohorts were investigated. In cohort 1, patients sched-
uled to undergo elective colon resection were included con-
secutively and randomized to either laparoscopic-assisted or
open colectomy. The patients followed a postoperative accel-
erated rehabilitation programme [20] and were discharged 2
days after surgery, visiting the out-patient clinic on postoper-
ative day 8 for control. No blood samples were taken between
postoperative days 2 and 8, and we therefore enrolled blood
samples from a retrospective study of patients who stayed at
the hospital for 8 days or more after elective colectomy.

Cohort 1 comprised 60 patients with either primary colon
cancer (

 

n

 

 

 

=

 

 48) or sigmoid obstruction due to benign disease
(diverticulosis, adenomas, volvolus; 

 

n

 

 

 

=

 

 12). Patients less
than 56 years of age or having received preoperative chemo-
therapy or patients with tumours distal to the anterior fold
were not included. Fifty-seven patients were colectomized,
and three patients with Dukes’ stage D colon cancer had
debulking surgery only. No patients received chemotherapy
within 30 days after the operation. The anaesthetic, analgesic
and surgical procedures were standardized and are described
in detail elsewhere [21–23].

Cohort 2 comprised 27 patients operated for primary col-
orectal cancer (

 

n

 

 

 

=

 

 25) or sigmoid obstruction due to benign

diseases (

 

n

 

 

 

=

 

 2). Further patient characteristics are shown in
Table 1.

In accordance with the Helsinki II declaration, written
informed consent was obtained from all patients. The
Regional Ethics Committees approved the studies.

 

Blood samples

 

Peripheral blood was collected in endotoxin-free silicone-
coated tubes without anticoagulation additives (Becton-
Dickinson, Mountain View, CA, USA). The samples were
allowed to clot in refrigerator for 1 h, followed by centrifu-
gation at 2500 

 

g

 

 for 10 min at 

 

+

 

4

 

°

 

C. The serum was removed
and stored at 

 

−

 

80

 

°

 

C until analysed. The samples from cohort
1 were obtained just before and at 1, 2, 6, 24 and 48 h after
skin incision, and at days 8 and 30 after the operation. The
samples from cohort 2 were obtained just before, and at 12 h,
daily for 8 days, and at day 30 postoperatively.

The MBL concentration was determined by a time-
resolved immunofluorometric assay (TRIFMA), described
in detail in previous studies [24]. In brief, diluted serum is
incubated in mannan-coated microtitre wells in the presence
of Ca

 

2

 

+

 

, which allows for the binding of MBL to mannan.
Subsequently, bound MBL is detected with europium-
labelled antibodies detect MBL and quantified by fluorome-
try. The serum dilution, applied routinely (1/200), can detect
MBL levels between 10 ng and 5 

 

μ

 

g MBL/ml serum. For
samples exceeding 5 

 

μ

 

g/ml, assays were repeated at higher
serum dilutions.

A sandwich-type TRIFMA using a combination of two
monoclonal anti-MASP-2 antibodies was used for the deter-
mination of the MASP-2 concentration. The assay has been

 

Table 1.

 

Basic patient characteristics.

Cohort 1 Cohort 2

Total number of patients 60 27

Age in years, median and (range) 76 (56–90) 71(35–86)

Gender male/female 26/34 16/11

Operation type; number of patients

Open/laparoscopic operation* 34/26 27/0

Duration of operation in minutes; mean and (range)**

Open operation 131 (80–361) Not recorded

Laparoscopic operation 202 (79–335)

Disease classification

Benign colon disease 12 2

Colon/rectum adenocarcinoma 48/0 13/12

Dukes’ stages; no. of patients

A 5 6

B 19 8

C 15 7

D 9 4

*Three patients with malignant disease were converted intraoperatively from laparoscopic to open surgery and are considered as treated with open

surgery in the statistical analysis. **Duration of the operation was significantly longer for laparoscopic assisted surgery compared to open surgery

(

 

P 

 

<

 

 0·0001).
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described and validated in detail elsewhere [25]. Serum is
incubated in microtitre wells coated with anti-MASP-2 anti-
body. Subsequently, the wells are incubated with biotin-
labelled MASP-2 antibody, followed by europium-labelled
streptavidin, and the bound europium is quantified by fluo-
rometry. The serum dilution applied routinely (1/75) allows
for the detection of between 10 ng and 10 

 

μ

 

g MASP-2/ml
serum.

The IL-6 concentration in plasma was determined by an
enzyme-linked immunosorbent assay (ELISA) method
(Quantikine®, human IL-6 immunoassay, R&D Systems,
Inc., Minneapolis, MN, USA), with a detection limit of
0·7 pg/ml. All concentrations were analysed in duplicate and
the mean concentration was used for further analysis.

The plasma CRP levels were determined using a routine
nephelometric method (Dade Behring Inc., Deerfield, IL,
USA), and the concentrations of CRP were expressed as mg/
l with 2·6 mg/l as the lower detection limit. The upper nor-
mal limit of CRP was 10 mg/l.

 

Statistical analysis

 

The SAS® software package (version 8·2; SAS Institute, Cary,
NC, USA) was used to manage patient data and for statistical
analysis. Analysis of MBL, MASP-2, CRP and IL-6 fluctua-
tions over time was performed using a generalized linear
model assuming a normal distribution on the log scale and
taking repeated measures into account. Estimates were
obtained by generalized estimating equations. The model
was adjusted for age, gender and benign/malignant disease as
well as surgical technique. Descriptive statistics are given by
geometric means. Spearman’s rank correlation coefficients
were used as measure for association. 

 

P

 

-values less than 5%
were considered significant.

 

Results

 

MBL

 

The MBL levels of each patient and at each time-point for
cohort 1 are shown in Fig. 1a and for cohort 2 in Fig. 2a and
the mean levels (geometric) are presented in Table 2. Patients
with MBL levels below the detection limit of 10 ng/ml at all
sample times (

 

n

 

 

 

=

 

 5 in cohort 1 and 

 

n

 

 

 

=

 

 2 in cohort 2) were
excluded from the statistical analysis of fluctuations in serum
MBL levels over time. All other analyses are based on all
patients.

 

Cohort 1

 

A significant decrease in MBL level during the first 48 h
(

 

P 

 

<

 

 0·0001) was found, followed by a significant increase at
day 8 (

 

P 

 

=

 

 0·03) compared to the preoperative levels. The
mean level at day 30 was not significantly different from the
preoperative level (

 

P 

 

=

 

 0·47). Although significant, the actual

changes in mean levels were modest with a mean decrease at
48 h of 17% (95% CI: 8–25%) and a mean increase at day 8
of 16% (95% CI: 1%–34%) compared to the preoperative
level. There was no difference in fluctuations for gender
(

 

P 

 

=

 

 0·55), age (

 

P 

 

=

 

 0·97), type of operation (

 

P 

 

=

 

 0·18) or
benign and malignant disease (

 

P 

 

=

 

 0·76).

 

Cohort 2

 

A modest decrease of MBL up to day 4 compared to preop-
erative level (

 

P 

 

=

 

 0·01) was found, with a mean decrease of
19% on day 3; 95% CI: 5–32% on day 3. After day 4 no
statistical differences were seen when comparing to the
preoperative level. The median MBL level was lower on post-
operative day 30 compared to day 3, as seen from Table 2b.
The lack of statistical significance of this can reflect the lower
number of patients at day 30.

No differences between the fluctuations for gender
(

 

P 

 

=

 

 0·67) or age (

 

P 

 

=

 

 0·60) were found.

 

MASP-2

 

The MASP-2 levels of each patient and at each time-point are
shown in Fig. 1b (cohort 1) and 2b (cohort 2) and the mean
levels are presented in Table 2.

 

Cohort 1

 

A significant decrease of MASP-2 level was found up to 6 h
after incision (

 

P 

 

<

 

 0·0001) followed by a significant increase
at day 8 (

 

P 

 

=

 

 0·05) compared to the preoperative levels. The
mean level at day 30 was not different from the preoperative
level (

 

P 

 

=

 

 0·34). Although significant, the changes in mean
levels compared to preoperative levels were insubstantial,
with a mean decrease at 6 h of 21% (95% CI: 14–27%) and a
mean increase at day 8 of 10% (95% CI: 0–21%) compared
to the preoperative level. There were no significant differ-
ences between the MASP-2 levels for gender (

 

P 

 

=

 

 0·82), age
(

 

P 

 

=

 

 0·09) type of operation (

 

P 

 

=

 

 0·07) or benign and malig-
nant disease (

 

P 

 

=

 

 0·86).

 

Cohort 2

 

A significant decrease of the MASP-2 levels was found at 12 h
postoperatively compared to preoperative levels (mean
decrease 24%, 

 

P

 

 

 

<

 

 0·0001, 95% CI: 16–32%). No other sig-
nificant differences were detected. There were no significant
differences between the MASP-2 levels for gender (

 

P 

 

=

 

 0·90)
or age (

 

P 

 

=

 

 0·24).

 

IL-6

 

The IL-6 levels of each patient and at each time-point are
shown in Figs 1c and 2c and the mean levels are presented in
Table 2.
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Table 2.

 

Mean (geometric) serum concentrations of mannan-binding lectin (MBL), MBL-associated serine protease (MASP-2), interleukin (IL-6) and 

C-reactive protein (CRP) at the different sample times preoperatively and hours/days postoperatively, cohort 1 (a) and cohort 2 (b).

(a) 0 h 1 h 2 h 6 h day 1 day 2 day 8 day 30

MBL (ng/ml)* 1202 961 874 935 1101 980 1386 1100

MASP-2 (ng/ml) 368 285 278 293 358 404 413 358

IL-6 (pg/ml) 7·73 8·94 34·4 273 93·3 42·7 9·20 4·29

CRP (mg/l) 8·50 7·41 6·39 9·67 103 123 19·7 4·48

(b) 0 h 12 h day 1 day 2 day 3 day 4 day 5 day 6 day 7 day 8

(

 

n

 

 

 

=

 

 19)

day 30

(

 

n

 

 

 

=

 

 16)

MBL* (ng/ml) 802 576 716 654 621 627 721 590 754 865 425

MASP-2 (ng/ml) 375 285 326 366 346 361 354 367 351 344 406

IL-6 (pg/ml) 13·7 266 144 68·3 38·3 23·7 17·4 13·9 19·3 25·1 8·9

CRP (mg/l) 19·5 27·4 127 142 101 64·9 47·8 38·0 31·0 33·4 19·9

*Only MBL measurements over the detection limit are included.

 

Fig. 1.

 

Serum concentrations of mannan-binding lectin (MBL), MBL-associated serine protease (MASP-2), interleukin (IL)-6 and C-reactive protein 

(CRP) in cohort 1. (a) The serum levels of MBL (ng/ml) for each patient sampled just prior to skin incision (designated ‘Pre-op’) and postoperatively 

at the time-points shown. In five patients, the MBL levels were below the detection limit for all samples, and the values have been set to 10 ng/ml. (b) 

The serum levels of MASP-2 (ng/ml) for each patient sampled just prior to skin incision (designated ‘Pre-op’) and postoperatively at the time-points 

shown. (c) The serum levels of IL-6 (pg/ml) for each patient sampled just prior to skin incision (designated ‘Pre-op’) and postoperatively at the time-

points shown. (d) The serum levels of CRP (mg/l) for each patient sampled just prior to skin incision (designated ‘Pre-op’) and postoperatively at the 

time-points shown.
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Cohort 1

 

The IL-6 level showed a more than 10-fold mean increase 6 h
after incision (

 

P 

 

<

 

 0·0001). The mean level on day 8 was not
significantly different from the preoperative level (

 

P 

 

=

 

 0·19),
whereas the level on day 30 was significantly lower (31%, 

 

P

 

 

 

=

 

0·002). There was no significant difference between the IL-6
levels for gender (

 

P = 0·92), age (P = 0·16) or type of opera-
tion (P = 0·84). A significant difference between benign and
malignant disease at all sample times was found (P = 0·02).

Cohort 2

A highly significant increase in IL-6 levels with a maximum
at 12 h postoperatively was found with a mean increase of

more than 18-fold (P < 0·0001); returning to the preopera-
tive level after day 3. The level on day 30 in this cohort was
not significantly lower than the preoperative level. A statis-
tically significant increasing trend for age (P = 0·0004) was
found, and males had higher levels than females (P = 0·02)

CRP

The CRP levels of each patient and at each time-point are
shown in Figs 1d and 2d and the mean levels are presented in
Table 2.

Cohort 1

A  slight,  but  significant  decrease  (19%,  95%  CI:  6–31%)
up to 2 h after incision was found (P = 0·004) followed by a

Fig. 2. Serum concentrations of mannan-binding lectin (MBL), MBL-associated serine protease (MASP-2), interleukin (IL)-6 and C-reactive protein 

(CRP) in cohort 2. (a) The serum levels of MBL (ng/ml) for each patient sampled just prior to skin incision (designated ‘Pre-op’) and postoperatively 

at the time-points shown. In two patients, the MBL levels were below the detection limit for all samples, and the values have been set to 10 ng/ml. (b) 

The serum levels of MASP-2 (ng/ml) for each patient sampled just prior to skin incision (designated ‘Pre-op’) and postoperatively at the time-points 

shown. (c) The serum levels of IL-6 (pg/ml) for each patient sampled just prior to skin incision (designated ‘Pre-op’) and postoperatively at the time-

points shown. (d) The serum levels of CRP (mg/l) for each patient sampled just prior to skin incision (designated ‘Pre-op’) and postoperatively at the 

time-points shown.
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significant increase with maximum on day 2 (13-fold
increase, P < 0·0001) compared to the preoperative levels.
The mean CRP level at day 30 was not significantly different
from the preoperative level (P = 0·10). There was no differ-
ence of CRP levels for gender (P = 0·15), age (P = 0·55) or
type of operation (P = 0·15). A highly significant difference
was found between benign and malignant disease at all sam-
ple times (P < 0·0001).

Cohort 2

As for cohort 1, a highly significant increase with a maxi-
mum on day 2 (7·3-fold increase, P < 0·0001) was found. The
preoperative CRP level was not significantly different from
the level at day 30 (P = 0·11). CRP levels were significantly
higher for males (P = 0·02) and increased significantly with
age (P = 0·02).

Association between MBL, MASP-2, IL-6 and CRP

Cohort 1

The correlation coefficients between preoperative levels of
MBL, MASP-2, CRP and IL-6 showed that only IL-6 and
CRP were associated significantly (r = 0·71, P < 0·0001).
The correlation between IL-6 concentration at 6 h (peak
IL-6) and CRP at day 2 (peak CRP) was 0·26 (P = 0·04).
All other correlations between peak values were lower and
non-significant.

Cohort 2

The correlation coefficient between preoperative CRP and
IL-6 was 0·65 (P = 0·005), and IL-6 at 12 h postoperatively
correlated to CRP at day 2 (r = 0·70, P < 0·0001). Preopera-
tive MASP-2 correlated to preoperative CRP (r = 0·59,
P = 0·001) and IL-6 (r = 0·55, P = 0·02). MASP-2 and MBL
were not correlated significantly (r = 0·21, P = 0·29).

Testing whether the early decrease of MBL and MASP-2
levels observed in cohort 1 might be linked to fluid admin-
istration showed no significant association to the serum con-
centrations of MBL, MASP-1, CRP or IL-6.

Discussion

The present study confirms the established knowledge that
surgical trauma induces major changes in serum levels of the
inflammatory markers IL-6 and CRP (Figs 1c,d and 2c,d)
[26–28]. Hence, the early decrease of serum IL-6 observed,
followed by a maximal increase at 6–12 h postoperatively
and CRP increasing to a maximum 2 days after surgery, are
in accordance with previous studies [5,29–31]. The finding
of a significantly lower mean IL-6 level in cohort 1 30 days
after surgery compared to the preoperative level should be
validated, as comparable data are not available. IL-6 has been

reported to be a prognostic factor in colorectal cancer with
higher levels associated with poorer prognosis [31,32], and
studies have indicated that IL-6 is produced by colorectal
carcinoma cells [33]. Thus, hypothetically, removal of the
tumour may lead to a postoperative decrease in serum IL-6.
However, the present study is not powered to study in detail
the relation between IL-6 levels, surgery and cancer.

The preoperative serum levels of IL-6 and CRP were cor-
related in both cohorts. In cohort 1, the levels were increased
significantly at all sample times in patients with malignant
disease compared to patients with benign disease and studies
report a prognostic role of CRP in colorectal cancer, with
higher levels associated with a poorer prognosis [34,35].

The findings support the well-established biology of IL-6
as an early inflammatory cytokine initiating the acute
hepatic response, with CRP as one of the important acute
phase proteins.

In cohort 2, but not in cohort 1, the influence of age and
gender on the serum levels of both molecules reached sig-
nificance. Surgical technique had no impact on the levels.
Some studies comparing surgical techniques report higher
IL-6 and CRP responses following open surgery compared to
laparoscopy [5,36–38], whereas others find no difference
[39–41].

The serum levels of MBL and MASP-2 were affected only
slightly by surgery, and no dependence of age, gender or sur-
gical technique on the serum concentrations of MBL or
MASP-2 was detected The early decrease in serum levels
observed is marginal but significant and could be the result
of high requirements of the molecules due to bacterial con-
tamination in bowel surgery, latency of synthesis of the mol-
ecules, trauma-induced impaired synthesis and release, as
well as dilution due to fluid administration. However, the
latter mechanism could not be verified by analysis correlat-
ing fluid volumes and MBL and MASP-2, respectively. The
initial decrease of serum MBL and MASP-2 was followed by
a return to preoperative levels in cohort 2, and in cohort 1 a
small increase in serum levels to a peak on day 8. The levels
of MBL and MASP-2 on day 30 were similar to the preoper-
ative levels. The impact of surgery on serum MBL has been
investigated in only a few studies. In a study of patients
undergoing major orthopaedic surgery, a 1·5–3-fold increase
of serum MBL between postoperative day 1 and 9 was found
[16]. In another study of patients undergoing major surgery
for abdominal malignancy, no changes in the MBL levels
were observed during the first 3 days following operation
[19].

The increase of MBL concentration seen in cohort 1
showed no correlation with individual increases in IL-6 or
CRP levels, suggesting that MBL is not part of the hepatic
acute phase response. Preoperative MASP-2 was correlated
moderately with CRP and IL-6 in cohort 2 but not in cohort 1.

MASP-2 levels at an acute phase reaction, for example as a
response to surgery, has not been studied previously. The
lack of correlation between the peak levels of MBL and
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MASP-2 diverge from what might be expected, considering
the fact that the molecules form a complex and, as such, acti-
vate the complement system. However, MASP-2 also forms
functional complexes with two other proteins, l-ficolin and
h-ficolin, for which the biological role remains largely unre-
solved. Both are found as liver-produced serum proteins and,
furthermore, h-ficolin is synthesized in lung cells ([42]
added after review). The assay for MASP-2 is not influenced
by the concentrations of MBL, l-ficolin or h-ficolin in the
sample, as MASP-2 is dissociated from all complexes by the
high salt concentration and ethylenediamine tetraacetic acid
(EDTA) in the sample dilution buffer. At present the poten-
tial functions of free forms of MBL and MASP-2 have not
been described.

Trauma-induced impairment of the adaptive immune
response is associated with risk of development of infectious
complications [1–3,5,7,8,43,44]. The innate immune
response is considered to be important for initiation of the
adaptive responses; thus impairment of the MBL pathway
might involve the insufficient function of adaptive immu-
nity. In a recent study [18], we investigated the role of pre-
operative serum levels of MBL for postoperative infection in
611 patients with colorectal cancer, and found a significantly
increased risk of pneumonia at low MBL levels. Another
study comprising 172 patients found a similar association
[19]. This is in accordance with the suggested function of
MBL as a prominent molecule of the innate immune
response in the recognition and eradication of pathogens. In
summary, the present study suggests that the MBL comple-
ment-activating pathway of the innate immune system may
be resistant to major surgical trauma. This may implicate an
important role of MBL in perioperative immune compe-
tence when the adaptive immune system is temporarily
impaired. This study does not support a role for MBL as an
acute phase protein, and measurements of MBL pathway
components are not useful in monitoring the acute phase
response to surgery.
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