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Abstract

Background Surgical procedures are related to the acti-
vation of the inflammatory reaction. This is called surgical
stress. It is believed that diminished surgical trauma reduces
surgical stress. The laparoscopic approach reduces trauma,
but the systemic immune responses are still invariably
activated. Cytokines and C-reactive protein (CRP) are the
main markers in the study of inflammatory or stress
response. o-Defensins play an important role in host defense,
acting early in phagocytosis. a-Defensins, as early mark-
ers—earlier than cytokines—of the inflammatory response,
have been used, together with high-sensitivity CRP
(hs-CRP) and interleukin-6 (IL-6), to determine the
inflammatory response in laparoscopic and open colectomy
for cancer.

Materials and methods A total of 40 patients with colo-
rectal cancer were randomized to two groups: group A
(n = 20), open colectomy; group B (n = 20), laparoscopic
colectomy. One hour preoperatively an epidural catheter
was placed in all patients and rupivacaine was administered
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perioperatively and again 48 h postoperatively. Blood
samples were taken for calculating o-defensins, IL-6, and
hs-CRP levels preoperatively, 5 min after division of the
colon (group A), or 5 min after deflation of pneumoperi-
toneum (group B), 6 h and 24 h postoperatively.

Results The mean operative time was 115 min for group
A and 142 min for group B (p < 0.05). The mean blood
loss was 240 ml and 105 ml, respectively (p < 0.001). The
mean hospital stay was 8 days and 5 days, respectively
(» <0.05). o-Defensin levels were statistically signifi-
cantly lower in group B than in group A, 5 min and 24 h
postoperatively (p < 0.002 and p < 0.007, respectively).
The IL-6 levels were statistically significantly lower in
group B than in group A, 6 h and 24 h postoperatively
(»p < 0.0001 at both time intervals), whereas the levels of
hs-CRP were significantly lower in group B than in group
A 24 h postoperatively (p < 0.001).

Conclusions The present study confirms the results of
previous studies, that the inflammatory immune response
and surgical stress are significantly less after laparoscopic
colectomy versus open colectomy for colorectal cancer.
More investigation is needed to study if surgical stress has
any influence on survival of these patients.

Introduction

Surgical stress induces hormonal and cytokine response
proportionally to the extent of the surgical injury [1, 2].
This stress response can go beyond its protective objectives
and become harmful to the body, resulting in immunologic
impairment, which increases postoperative morbidity [2].

Laparoscopic surgery provides tremendous benefits to
patients, including faster recovery, shorter hospital stay,
and prompt return to normal activities [3]. Additionally,
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laparoscopic surgery provides better cosmesis and greater
patient satisfaction, resulting in greater patient demand for
new less invasive procedures [3, 4].

While laparoscopy is “minimally invasive,” systemic
immune responses are still invariably activated. Responses
to surgery in general are reflected in terms of cytokine
function and cellular messenger systems. While cytokine
levels do not directly reflect immune status, they provide a
framework for understanding systemic immunity in terms of
underlying immune activations [3]. Cytokines, as interleu-
kin-6 (IL-6), are thought to play a pivotal role in the path-
ogenesis of surgical trauma. Increased cytokine levels are
believed to correlate with the magnitude of surgical trauma
[5, 6].

C-reactive protein (CRP) is a liver-derived acute phase
protein that serves as a nonspecific marker of an acute phase
reaction caused by trauma or inflammation. The postoper-
ative increment in serum CRP values can be used to monitor
the magnitude of surgical trauma [7]. The calculation of the
high-sensitivity C-reactive protein (hs-CRP) gives more
precise results than CRP. A hs-CRP test using laser nephe-
lometry measures low levels of CRP. The test gives results in
25 min with a sensitivity as low as 0.04 mg/l. So hs-CRP is
CRP measured with a sensitive method.

Defensins, contained in Paneth cells, are a well-char-
acterized family of antimicrobial peptides that are divided
into two main classes, the o-defensins and the f-defensins,
on the basis of their disulfide bond pairing pattern [8, 9].
a-Defensins, were first described as components of animal
neutrophil granules, and four o-defensins (human neutro-
phil peptides; HNP 1-4) were subsequently discovered in
human neutrophil granules [10].

o-Defensins are broadly effective against gram-positive
and gram-negative bacteria, fungi, spirochetes, protozoa,
and enveloped viruses [11]. It seems likely that a-defensins
play an important role in host defense, acting early in
phagocytosis. Paneth cell defensins are early markers—
earlier than cytokines—and are therefore useful in studies
of innate immunity [12].

In view of this information, we assumed that by deter-
mining the «-defensin levels, because they rise earlier than
cytokines markers[9-12], we could draw more precise con-
clusions about the innate immune response system during
colorectal surgery and, consequently, about the surgical stress
in open and laparoscopic colectomy for colorectal cancer.
This could be of importance, as there had been suggestions by
Lacy et al. [13] that the survival rate after laparoscopic
colectomy was better compared to open colectomy, due to
less surgical stress in laparoscopic colectomy.

The present trial was designed to study and compare the
inflammatory response during laparoscopic and open
colectomy for colorectal cancer by determining the plasma
levels of a-defensins as an early marker. The inflammatory
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response was also studied by measuring the plasma levels of
hs-CRP, and IL-6, as standard markers of the stress response.

Materials and methods
Randomization

A total of 40 patients with a diagnosis of colorectal cancer
were randomized to two groups of 20 patients each, using a
closed envelope containing information regarding assign-
ment to group A or group B. The criteria for exclusion,
before the randomization, were: American Society of
Anesthesiologists (ASA) physical status of 3 or more, body
mass index (BMI) >30, anemia (Hb <11 g/dl), tumor stage
T4, metastatic disease, or previous therapy for cancer. The
first 40 patients not having any of the exclusion criteria were
included in the study. Perioperative exclusion criteria were
the conversion of laparoscopic to open procedure, concom-
itant abdominal diseases, or perioperative tumor stage more
than the preoperative one. Patients with Hb = 11-12 g/dl
(4 in the open group and 3 in the laparoscopic group) were
treated preoperatively with administration of epoetin-a
(subcutaneously) and ferrum (intravenously). In group A
(n = 20), the patients underwent open colectomy, whereas
in group B (n = 20), the patients underwent laparoscopic
colectomy. All procedures were performed by the same
group of surgeons at “G. Hatzikosta” General Hospital of
Ioannina, Greece. All patients were informed of the planned
interventional technique, and all of them provided written
informed consent according to the principles of the Ethical
Committee of “G. Hatzikosta” General Hospital.

Tumor staging

Preoperatively, patients underwent colonoscopy, computed
tomography (CT), and in selected cases (rectal cancer)
magnetic resonance imaging (MRI) for staging. On the day
of hospital admission the surgeon was informed of whether
the patient was enrolled in group A or group B (laparo-
scopic or open). One of the researchers was assigned to
collect blood from the patient at the appropriate time
intervals and to mark the sample vials with a serial number,
starting with 1 for the first patient and ending with 40 for
the last patient. The researcher who would analyze the
blood samples, so as to calculate the «-defensins levels,
IL-6, and the hs-CRP, was blinded to the type of operation
and was given only the blood sample and its serial number.

Anesthesia

One hour prior to the operation, an epidural catheter was
placed at 10th thoracic level and a bolus 10 ml of
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ropivacaine (Naropin) 7.5% was administered. During the
operation, a solution of 4 ml morphine 0.03% and 116 ml
ropivacaine 2% was placed in a Baxter pump with a steady
flow of 5 ml/h, and this was administered perioperatively
and for up to 48 h postoperatively [14]. During the whole
period of epidural anesthesia, the patient was controlled by
the anesthesiologist who had placed the catheter.

Blood sampling

Blood samples for determining the levels of a-defensins,
IL-6, and hs-CRP were taken from these patients via a
peripheral vein. Samples were taken at four different time
intervals: (1) preoperatively, (2) 5 min after deflation of the
pneumoperitoneum for the laparoscopic group or, for the
open group, 5 min after the distal division of the colon in left
colectomies, or the division of the small bowel in right co-
lectomies; (3) 6 h postoperatively; and (4) 24 h postopera-
tively. Atinterval (2) in the laparoscopic group, the deflation
in left colectomies was performed immediately after the
distal division of the colon, whereas in right colectomies the
deflation was performed immediately after the intraperito-
neal division of the small bowel, resulting in the same time
intervals as in the open group. The specimens then were
exteriorized through a protected mini-laparotomy 3—6 cm in
the right subcostal area or in the left iliac fossa (for right or
left colectomy, respectively). In right colectomies, a side-to-
side stapled anastomosis was performed extracorporeally
after the division of the colon. In left colectomies, after the
proximal division of the colon, the anvil of the circular sta-
pler was inserted in the proximal colonic stump and secured
with a purse-string suture extracorporeally, while a double-
stapled anastomosis was performed intracorporeally after
the bowel was returned to the abdominal cavity and the
pneumoperitoneum was re-established. In the open group the
anastomoses, in right and left colectomies, were performed
by the same manner as in laparoscopic group. The samples
taken at each time interval were marked “a” for preopera-
tive, “b” for the 5-min sample, “c” for the 6-h postoperative
sample, and “d” for the 24-h postoperative sample.

Measurement of o-defensins expression

a-Defensins levels in plasma were calculated by enzyme-
linked immunosorbent assays (ELISA). The blood that had
been collected was centrifuged at 2,500 rpm for 5 min. The
plasma was then collected and placed in Cryovial vials
(Simport, Canada) and then frozen at —82°C. These would
be used for determining the levels of o-defensins. The
levels of a-defensin were determined by enzyme-linked
immunosorbent assay (ELISA) with the kit HC4014
(catalog no.; Hycult Biotech, Uden, the Netherlands), and
the values were expressed in ng/ml.

Measurment of IL-6 and hs-CRP

At the same time intervals blood had been collected for
determining IL-6 and hs-CRP levels. The levels of IL-6 in
plasma were measured by ELISA with kits obtained from
R&D Systems Inc. (Minneapolis, MN). Tests were per-
formed according to the manufacturer’s instructions.
Samples were tested in duplicate, and a standard curve with
human recombinant cytokine was built in each plate. The
sensitivity of ELISA was 0.5 pg/ml. High-sensitivity CRP
was calculated in an automated analyzer, and the values
were expressed in mg/dl.

Power analysis was performed with StudySize 2.04 for
Mann—Whitney U-test. Setting p = 0.9 and « < 0.05, a
sample of 20 patients was mandatory for each group. The
outcomes of patients were compared between groups A and
B and between the preoperative period and the postopera-
tive period in each group. The differences were tested with
the Mann—Whitney U-test, Student’s #-test, and the chi-
square test, with a p value <0.05 being considered signif-
icant. SPSS version 15.0 was used throughout the statistical
analysis (SPSS Inc., Chicago, IL).

Results

In group A, 9 patients were men and 11 were women,
whereas in group B, the male/female ratio was 8/12
(p = 0.49). The demographic data are presented in
Table 1. No statistical difference was found for age or sex
between the two groups. In each group, 4 right colectomies
and 16 left colectomies were performed. The mean oper-
ative time was 115 min (range: 85—152 min) in the open
group (group A) and 142 min (range: 110-185 min) in the
laparoscopic group (group B) (p < 0.05). The mean blood
loss was 240 £ 124 ml (range: 65-380 ml) in group A and
105 £ 74 ml (mean 30-165 ml) in group B (p < 0.001).
No blood or plasma infusion was used during the periop-
erative period.

No major intraoperative or postoperative complications
developed in either group. The mean hospital stay was
8 & 1.4 days (range: 7-12 days) in group A and
5 &£ 1.1 days (range: 4-7 days) in group B (p < 0.05). No

Table 1 Demographic data

Group Group p Value
A (open) B (laparoscopy)
Age," mean £+ SD 70.17 £ 7.09 67.77 £9.24 0.33
Gender, male/female®  9/11 8/12 0.49

? Student’s t-test
° Chi-square test
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patients were excluded according the perioperative exclu-
sion criteria, thus all 40 patients were included in the study.

Expression of the a-defensins (Fig. 1) showed that in
group A, at the 5-min and 24-h postoperative intervals, the
levels were statistically significantly higher than in group B
(p <0.011 and p < 0.018, respectively, with Mann—
Whitney U-test). The IL-6 results (Fig. 2) were significantly
lower in group B than in group A, at the postoperative 6 h
and 24 h intervals (p < 0.0001 at both time intervals). The
analysis of the levels of hs-CRP (Fig. 3) showed signifi-
cantly lower levels 24 h postoperatively in group B versus
group A (p < 0.001).

Discussion

Laparoscopic colorectal surgery is as safe as the open
approach. In addition to the ongoing discussion about the
oncologic safety of the laparoscopic approach, it is not
completely clear whether the laparoscopic approach offers
significant immunological advantages over the conven-
tional open approach[15-17]. Trauma induced by open
surgery is substantially higher than with laparoscopic sur-
gery, and it seems to be more aggravating to the immune
system [18].

Recently Whelan et al. [19] found a better-preserved
cell-mediated immune response in patients after laparo-
scopic colorectal surgery. Postoperative immune dysfunc-
tion is an important aspect of treatment for patients
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Fig. 1 o-Defensins expression (ng/ml) in the open group (group A)
and the laparoscopy group (group B). At 5 min and 24 h postoper-
atively, the difference is statistically significant in favor of the
laparoscopy group (p < 0.011 and p < 0.018, respectively; Mann—
Whitney U-test)
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Fig. 2 Interleukin-6 values (IL-6; pg/ml) in the open group (group A)
and the laparoscopic group (group B). Postoperative levels at 6 h and
24 h in group B were statistically significantly lower (p < 0.0001 at
both time intervals) than in group A (Mann—Whitney U-test)
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Fig. 3 High-sensitivity c-reactive protein (hs-CRP) values (mg/dl) in
group A and group B. Postoperative levels at 24 h in group B were
statistically significantly lower (p < 0.001) than in group A (Mann—
Whitney U-test)

undergoing colorectal surgery for cancer, because, apart
from the increase in infectious complications, immune
dysfunction influences the growth of disseminated tumor
cells and may lead to aggravated long-term oncologic
results [20, 21].



World J Surg (2011) 35:1911-1917

1915

A multicenter prospective randomized controlled trial
with 872 patients, who underwent laparoscopy-assisted or
open colectomy for cancer provides good evidence to
suggest that the laparoscopic approach is an acceptable
alternative to open surgery for colon cancer [22]. That
study supports the results of Lacy et al. [13], who reported
even better oncologic and clinical results of laparoscopic
surgery in comparison with open surgery.

The systemic stress response is less affected after
laparoscopic surgery than after conventional open surgery
[18, 23]. This difference was found for cytokine and cell-
mediated immune responses in both animal experiments
and clinical trials [24-26]; in addition, serum CRP and
IL-6 levels are appreciably lower after laparoscopy than
after laparotomy [17, 18].

Cytokines, which until now have been the main markers
in the study of the inflammatory response, are, in fact, not
the first sensory-recognition receptors signaling the reac-
tion of the stress response in the innate immune system;
they are a result of stress, and they follow pattern-recog-
nition receptors like the o-defensins, which are early
markers, acting in phagocytosis [12, 27]. Phagocytosis in
neutrophils and macrocytes follows from a cascade of
reactions, leading to the production of cytokines. Thus, the
o-defensins are earlier sensory-recognition receptors than
the cytokines; they recognize the invading pathogens and
initiate the innate immune response [9-12, 27]. Thus
a-defensins, as early markers, are useful in the study of the
inflammatory response, whereas levels of cytokines, which
increase during the immune reactions, could be influenced
by other parameters, changing the precise results of the
innate immune response.

In the present study, the significant differences in serum
levels of o-defensins between the groups was observed
immediately after the end of the operative procedure,
whereas the significant differences in IL-6 were first
observed 6 h postoperatively. This difference between
o-defensins and IL-6 may identify the earlier a-defensin
plasma concentration as an earlier sensory-recognition
receptor than IL-6 in the innate immune response.

A potential role for defensins in innate defense of the
intestinal mucosa came with the discovery of an a-defensin
in Paneth cell granules of the mouse small intestine [28].
Paneth cells, expressing a variety of rapidly acting micro-
bicidal peptides, including human defensin-5 (HD-5), may
thus play an important role in keeping the small intestine
relatively free from bacteria so that nutrient absorption can
take place effectively [10]. In chronic inflammatory bowel
diseases, such as Crohn’s disease and ulcerative colitis, the
colonic mucosal surface is breached and vulnerable to
microbial penetration. Metaplastic Paneth cells expressing
HD-5 are seen in the colonic epithelium affected by these
conditions. It seems plausible that «-defensin secreting

Paneth cells may be involved in protecting the host against
microbial invasion across an already damaged epithelial
surface [10]. In addition to enteric «-defensins, the neu-
trophil o-defensins HNP 1-3 are also expressed in intesti-
nal epithelial cells [29], and they may play a role in
mucosal defense after the loss of epithelial barrier integrity
in inflammatory bowel disease [10].

Abnormal concentration of the o-defensins HNP 1-3 in
blood has been demonstrated in connection with benign
conditions, such as bacterial and nonbacterial infection
[30], septicemia, and bacterial meningitis [31]. a-Defensins
HNP 1-3 were found in elevated concentrations in blood
after tumor growth [32]. Usually tumor-expressed peptides
like a-defensins are not easily detected in serum or plasma.
Perhaps the HNP 1-3 are detectable in serum only because
they are expressed in exceptionally high amounts in the
tumor microenvironment [32]. The high concentration of
HNP 1-3 observed in tumors and the observation that HNP
1-3 are capable of lysing mammalian cells [33] may
indicate that these peptides are of benefit to the host by
killing tumor cells.

In the present study, the decreased serum levels of
o-defensins immediately after the laparoscopic procedure,
as compared with the preoperative levels, may reflect high
levels of a-defensins in serum associated with the tumor
microenvironment, which rapidly decrease after radical
resection of the tumor. At the same time, in comparison
with preoperative numbers, the decreased levels of
o-defensins observed 5 min postoperatively in group B and
the significantly increased levels noted in group A at the
same time may reflect a significant difference in the sur-
gical stress experienced by patients in the two groups. In
group A the high rise in the o-defensin levels due to the
stress response may neutralize the reduction in «-defensins
associated with changes in the tumor microenvironment
after radical resection of the tumor. This is a hypothesis
that should be studied.

Defensins also regulate the systemic immune response
through interaction with the chemokine receptor CCR6
[34] and are capable of recruiting leukocytes to the sites of
infection [35]. Upregulated immune responses are known
to stimulate tumor proliferation; immune cells are actively
recruited by tumors to exploit their pro-angiogenic and pro-
metastatic effects [36, 37].

The postoperative expression of a-defensins, IL-6, and
hs-CRP present higher levels in open colectomy than in
laparoscopic colectomy. This finding strengthens the idea
that the laparoscopic approach, in surgical treatment of
colorectal cancer, minimizes the surgical stress. This result
may protect the immune responses leading to suppression
of tumor proliferation [35-37].

There is an indication that laparoscopic colectomy in the
treatment of cancer gives better oncologic and clinical
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results than open surgery [13, 22]. It is known that the
laparoscopic approach minimizes the inflammatory
response and then the surgical stress. There is an obvious
question if this reduced surgical stress, which protects the
immune response, is able to improve the oncologic results,
leading to better survival of colorectal cancer patients
treated by the laparoscopic approach than by open colec-
tomy. Until now the answer is unclear, and well-scheduled,
multicenter prospective randomized trials, with long-term
follow-up may provide the answer. At present the only
certainty is that laparoscopic colectomy for colorectal
cancer minimizes surgical stress to a level significantly
lower than that observed after open colectomy for cancer.

In conclusion, the present study confirms the results of
previous studies, that both the inflammatory immune
response and consequent surgical stress are significantly
lower after laparoscopic colectomy than after open colec-
tomy for colorectal cancer. The levels of a-defensins, an
early marker of the innate immune response, give strong
evidence for this conclusion. More investigation is needed
to study if the surgical stress has any influence on survival
of these patients.
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