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Abstract
Background: Laparoscopically assisted resection of
colorectal carcinoma is technically feasible and mini-
mally invasive. Postoperative immunosuppression also
may be reduced. This study compared the lymphocyte
subsets and natural killer (NK) cell cytotoxicity in pa-
tients after laparoscopically assisted resection with those
after open resection of rectosigmoid carcinoma.
Methods: In this study, 40 patients with rectosigmoid
carcinoma, but no evidence of metastasis, were rand-
omized to receive either laparoscopically assisted or
conventional open resection of the tumor. Blood was
collected before the operation, then 24 h, 72 h, and 8
days after the operation for studies of lymphocyte sub-
sets and NK cell cytotoxicity.
Results: The lymphocyte subsets and NK cell cytotox-
icity of both groups showed typical suppression after
surgery. The suppression of T cell activation and NK-
like T cells was significantly less after laparoscopically
assisted resection than in after open resection, whereas
the difference in other lymphocyte subsets and NK cell
cytotoxicity was not significant.
Conclusion: This study showed that some cellular com-
ponents of the immune system are less suppressed after
laparoscopically assisted than after conventional open
resection of rectosigmoid carcinoma. This may have
implications for tumor recurrence and long-term patient
survival.
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With accumulation of experience and data, it has been
shown that laparoscopically assisted colorectal surgery
is less traumatic and allows earlier postoperative re-

covery than open surgery [9, 10]. However, its applica-
tion in cases of malignancy is controversial because of
the occurrence of port-site metastasis and the uncertain
adequacy of tumor clearance [14], both of which affect
the long-term result.

In cases of malignancy, immunosuppression induced
by the disease and the surgery confers a growth ad-
vantage to micrometastases [15]. Nevertheless, the effect
of the laparoscopic approach on the host immunity is
uncertain. It is hoped that with reduced surgical trauma,
the laparoscopic approach may help to preserve host
immunity and improve survival.

This randomized study compared the lymphocyte
subpopulation and natural killer (NK) cell cytotoxicity
after laparoscopically assisted resection with those after
conventional open resection in patients with rectosig-
moid carcinoma. The clinical parameters were recorded
as secondary end points.

Methods

Patient selection

From September 1993, patients with rectosigmoid carcinoma seen in
our center were randomized to receive either laparoscopically assisted
or conventional open sigmoid colectomy and anterior resection ac-
cording to a computer-generated random sequence kept by an inde-
pendent operating theater coordinator. From June 1998 onward,
patients without metastatic disease who consented to extra blood
taking were recruited in this study.

Operative procedure

Premedication and anesthetic techniques were standardized. Induction
was by 3 to 5 mg/kg thiopentone together with 2 lg/kg fentanyl given
intravenously. Vecuronium was given for muscle relaxation, and a-
nesthesia was maintained by ventilation with an O2 and N2O mixture
and isoflurane. The operations were performed by surgeons experi-
enced in both laparoscopic and colorectal surgery. Our laparoscopic
techniques have been described previously [9]. In principle, we mobi-Correspondence to: K. L. Leung
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lized the relevant segment of the bowel, than transected the lympho-
vascular pedicle, the distal bowel, and the mesorectum intracorpore-
ally. A port wound was extended to deliver the specimen with the
protection of a plastic bag. The division of the remaining mesentery,
the marginal artery, and the bowel was performed extracorporeally.
The anvil of a circular stapler was inserted into the proximal bowel, the
gut put back into the peritoneal cavity, pneumoperitoneum reestab-
lished, and intracorporeal anastomosis performed with the stapler.

Postoperative care and data collection

Postoperatively, the patient’s diet was resumed as soon as bowel
function returned clinically. Pethidine 1 mg/kg was given every 4 h on
demand. The patients were discharged home when fully ambulatory.

The following parameters were measured prospectively: demo-
graphic data, operation time, blood loss and transfusion, postoperative
analgesic requirement, pain score on a visual analog scale, time first
flatus passing and opening bowel, time to resumption normal diet,
duration of hospital stay, morbidity, andmortality. The specimens were
fixed unpinned and examined for margins of clearance and Dukes’
staging. All the patients were followed up regularly at 3-month intervals
for clinical examination and carcinoembryonic antigen testing.

Blood taking and assay

Blood was taken preoperatively, at 24 h, 72 h, and 8 days after oper-
ation, then anticoagulated in either ethylene diaminetetraacetic acid
(EDTA) for immunophenotyping or preservative-free heparin for
cytotoxicity testing.

Immunophenotyping of lmphocyte subsets

Complete blood counts and differential counts of white blood cells
(WBC) were determined using an automated hematology analyzer
(STKS; Coulter, Miami, FL, USA). For immunophenotypic analysis,
the WBC count was adjusted to less than 1 · 107/ml with blood
group AB plasma, if necessary, before staining with fluorescein
isothiocyanate (FITC)- and phycoerythrin (PE)-conjugated antibodies
(ImmunoTech; Coulter). These included one set each of CD14-PE/
CD45-FITC, isotypic control-PE/FITC/PECy5, CD3-FITC/
CD16+56-PE/CD19-PECy5, CD3-PECy5/CD4-FITC/CD8-PE,
CD3-PECy5/CD25-PE/HLADR-FITC, CD3-PECy5/CD16-FITC/
CD25-PE, and CD3-PECy5/CD25-PE/CD57-FITC. Next, 20 ul of
monoclonal antibody were added to and mixed with 100 ul of EDTA-
anticoagulated blood. This then was allowed to stand in the dark for
30 min at room temperature. The no-wash lysed whole-blood tech-
nique with the ImmunoPrep Reagent Kit and the Q-Prep Immunol-
ogy Workstation was used according to the manufacturer’s protocol
(ImmunoTech; Coulter).

Before the real run of patient samples, quality control analysis by
Flow Check and Flow Set (Coulter) was performed to ensure proper
laser alignment and intensity of the Coulter Epic XL cytometer. At
least 7,000 events were acquired using the System II software
(Coulter) of the cytometer. Sequential gating for the lymphocyte
population of more than 90% purity and recovery was performed
using forward scatter versus side scatter, followed by CD45-FITC
versus CD14-PE and forward scatter versus side scatter again. Si-
multaneous interference from debris and nonspecific antibody bind-
ings was eliminated. Background fluorescence was kept at less than
2% using isotypic controls. On the basis of the lymphocyte popula-
tion gated in previously, the mean lymphocyte subsets of T cells
(CD3+), activated T cells (CD3+ and HLA-DR+), non–major
histocompatibility complex (MHC) restricted NK cells (CD3),
CD16+, and CD56+ or CD3), CD25+, and CD57+), MHC-re-
stricted NK-like cells (CD3+, CD16+, and CD56+ or CD3+,
CD25+, and CD57+), T-helpers (CD3+ and CD4+ or CD3+ and
CD8)), T-cytotoxic suppressors (CD3+ and CD8+ or CD3+ and
CD4)) were measured. Data were rejected and tests were rerun if the
summed percentages of lymphocyte subsets were outside the confi-
dence interval of 100% ± 5%.

Cytotoxicity test

Effector cell isolation. Heparinized blood was diluted with an equal
volume of magnesium- and calcium-free Hanks’ Balanced Salt Solu-
tion (HBSS; Gibco BRL; Life Technologies, Gaithersburg, MD, USA)
and underlaid with an equal volume of Ficoll-Hypaque of specific
gravity 1.077 (Pharmacia Biotech AB, Uppsala, Sweden). After cen-
trifugation at 400 g for 30 min at room temperature, the plasma was
discarded. Mononuclear cells (MNC) were harvested and washed twice
in HBSS and once in RPMI 1640 (Gibco BRL) supplemented with
10% fetal calf serum (FCS; Gibco, BRL). The MNC were allowed to
pass through a 40-lm cell strainer (Falcon, Becton Dickinson, NJ,
USA) to remove any cell aggregates and debris, and the cell count was
adjusted to 1 · 107/ml.

Target cell preparation. The cell line of human chronic myelogenous
leukemia, K-562 (ATCC, CCL 243), was maintained in RPMI 1640
supplemented with 10% FCS at 5 · 105/ml. Target cells of 106/ml in
culture were labeled with 2.5 lg/ml D275 (Molecular Probes, Eugene,
OR, USA) and incubated overnight in a humidified 37�C incubator at
5% carbon dioxide (CO2). Labeled cells were washed twice with HBSS
and once with RPMI. The cell count was adjusted to 1 · 106/ml before
cytotoxicity testing on the condition that more than 90% K562 target
cells yielded bright D275 fluorescence.

Cytotoxicity assay by flow cytometry [2]. Effector (E) and target (T)
cells were mixed in 12 · 75-mm polypropylene tubes to give a total
volume of 1 ml at each E:T ratios of 50:1, 25:1, 12:1, 6:1, and 3:1 in
triplicate. Controls of effector and target cells in triplicate also were
run in parallel. Cells were spun at 240 g for 1 min, then incubated in a
humidified 37�C incubator at 5% CO2. A final concentration of 1 lg/ll
propidium iodide (Molecular Probes) was added to the culture 15 min
before the end of the 4-h incubation.

Whereas D275-stained live target cells yielded greenish cytoplas-
mic fluorescence, dead target cells showed a dual fluorescence of
greenish cytoplasm and red nucleus. Dead effectors were stained red,
and live effectors exhibited no fluorescence. Cultures were resuspend-
ed, and the cell cytotoxicity was determined for each E:T ratio in
triplicate by analyzing at least 100,000 per culture using the Coulter
Epic XL cytometer. Signals were acquired using the System II software
with a discriminator set at 3.51 on the linear scale of forward angle
light scatter to exclude interference attributable to cell debris. Fluo-
rescence emitted from D275-labeled K562 target cells was acquired by
setting signal volts at 509 and signal gain at 1, whereas fluorescence
emitted by propidium iodide-stained dead cells was detected by setting
signal volts at 540 and signal gain at 1. Signals from debris and red
blood cells of low forward scatter and side scatter were excluded. Se-
quential gating of forward scatter versus side scatter followed by de-
tection of green versus red fluorescence was performed, and the signals
were displayed in log scale in FL1 and FL3, respectively. The per-
centage of dead target cells was defined as the number of cells showing
dual fluorescence in relation to the number of D275-stained cells.

Data processing. The specific lysis at each E:T ratio was calculated by
deducing the spontaneous lysis (the control without effector cells)
from the total lysis. The data then were used to approximate an
exponential equation that specifically summarized the cytotoxic ac-
tivity of each sample [16]. The cytotoxic activity finally was presented
as a 20% lytic unit.

Statistics

Data were analyzed by intention to treat. The chi-square test was used
to compare categorical data, Student’s t-est to compare parametric
data, and the Mann–Whitney U test to compare nonparametric data.
A p value of 0.05 was considered significant.

Results

From June 1998 to August 1999, 40 patients with rec-
tosigmoid carcinoma suitable for laparoscopically as-
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sisted resection but no metastatic disease who consented
to extra blood taking were recruited for this study. The
two groups of patients (laparoscopic and open groups)
had comparable demographic data (Table 1).

The lymphocyte subpopulation profiles and NK cell
cytotoxicity are shown in Figs. 1 to 10. The preoperative
cell counts of all the subpopulations and the NK cell
function were comparable in the two groups. The typical
changes after surgery also were observed [8]. An asterisk
in the figures indicates a significant difference from the
preoperative level. There was suppression in NK cell
function; an increase in WBC count; a decrease in the
total lymphocytes, total T cells (CD3+), helper T cells
(CD3+ and CD4+), cytotoxic T cells (CD3+ and
CD8+), NK cells (CD3), CD16+, and CD56+), NK-

like T cells (CD3+, CD16+, and CD56+); and T cell
activation (CD3+ and HLA-Dr+).

A comparison of the laparoscopic and open groups
postoperatively (a cross in the figure indicates a signifi-
cant difference between the groups), showed no signifi-
cant difference in NK cell cytotoxicity, WBC count, total
lymphocytes, total T cells, helper T cells, total B cells, or
NK cells at any time point. Suppression ofNK-like T cells
after laparoscopic surgery was significantly less on days 1
and 8. Summarizing the serial change with the area-un-
der-curve method [11] also showed the difference to be
significant (p = 0.015, by Mann–Whitney U test). The
suppression of cytotoxic T cells also was significantly
less in the laparoscopic group on day 8 (p = 0.04), but
the difference between the two groups was shown to be

Table 1. Demographic data

Laparoscopic group Open group

No. of patients 20 20
Gender ratio (M:F) 11:9 13:7
Age (years, mean) 68.2 ± 10.3 69.1 ± 9.4
Preoperative hemoglobin (g/dl, mean) 11.8 ± 2.1 11.6 ± 1.7
No. of patients with preoperative blood transfusion 2 0
Preoperative CEA (lg/l range [median]) 0.8–74.5 [3.9] 1.4–137 [5.2]
Past health and associated medical illnesses
Hypertension 5 8
Diabetes mellitus 3 4
Hyperlipidemia 1 —
Ischemic heart disease — 4
Congestive heart failure 2 —
Arrhythmia 1 1
Cerebrovascular accident — 1
Pulmonary tuberculosis 3 —
Chronic obstructive airway diseases 2 2
Cirrhosis 1 —
Gout — 1
Hypothyroidism 1 —
Thyroidectomy — 1
Appendectomy 1 2
Hysterectomy — 2
Peptic ulcer — 3
Renal stone 1 —
Benign prostatic hypertrophy 2 —
Carcinoma of breast — 1
Basal cell carcinoma 1 —
Total 13 16

Dukes’ staging (A/B/C) 1/10/9 1/11/8

CEA, carcinoembryonic antigen

Fig. 2. Lymphocyte count.Fig. 1. White cell count.
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marginally nonsignificant (p = 0.054, Mann–Whitney
U test) when the serial change was summarized. The
suppression of T cell activation was significantly less in
the laparoscopic group on day 8, and the difference also
was found to be significant (p = 0.045, Mann–Whitney
U test) when the data were summarized.

The clinical outcome is shown in Table 2. The
laparoscopic group had an earlier return of bowel
function, was mobilized earlier, and required less anal-
gesic. There was no operative mortality. Four patients in
the laparoscopic group required conversion to open
surgery. One patient in the open group had an anasto-
motic leak, which required reoperation and ileostomy.
Another patient had an intraabdominal abscess, which
was treated by aspiration under sonographic guidance.
Up to the time of data analysis, there was no port-site or
wound recurrence.

Discussion

The interaction between malignancy and host immunity
has attracted attention for decades. The term ‘‘immu-
nosurveillance’’ was put forward by Burnet and Thomas
in the 1950s and 1960s, but supportive clinical evidence
was lacking. Immunocompromised individuals have an
increased incidence of virus-associated tumor, but not of
other common cancers such as colon, lung, or breast
tumor. In contrast, the incidence of rectal cancer and
breast cancer was decreased in immunosuppressed co-
horts [18, 19]. On the other hand, patients with malig-
nancy have suppressed immunity, which may revert
after removal of the tumor [6]. A persistent postopera-
tive immunosuppressive state was associated with a
higher probability of recurrence and a poor prognosis

Fig. 6. Natural Killer–like T cell.

Fig. 8. Helper T cell.

Fig. 7. Cytotoxic T cell.

Fig. 5. Non–MHC restricted NK cell.

Fig. 3. Total T cell.

Fig. 4. Total B cell.

1308



[12], although the causative relationship was uncertain.
Many investigators have attempted to manipulate host
immunity in an attempt to reduce recurrence and im-
prove survival [3].

Surgical trauma itself is immunosuppressive [8] and
it is believed generally that with cancer surgery, the
additional immunosuppression resulting from the sur-
gical trauma confers a growth advantage to micromet-
astases. This hypothesis seldom was tested before the
1990s because there was no alternative to conventional
open resection. With the wide application of laparo-
scopic surgery, investigators have shown great interest in
the impact of surgery on host immunity. Bruce et al. [1]
showed that with cholecystectomy, NK cell numbers are
depleted more by minilaparotomy than by the laparo-
scopic approach, whereas the NK cell function is not
depressed. In a similar study [20], the same group also
showed that, laparoscopy caused less reduction in the

number of cells expressing T lymphocyte markers, ac-
tivation markers, and NK cell markers. Da Costa et al.
[4, 5] showed significantly more suppression of NK cell
cytotoxicity, tumor growth, and metastases in mice that
underwent laparotomy than in those that underwent
laparoscopy.

In our previous study [7], we were not able to show
any difference in immunosuppression between open and
laparoscopic resection of colorectal cancer because of the
small sample size. On reviewing the result, we found it
appropriate to repeat the study with the following mod-
ifications: increased the sample size, extended recruit-
ment criteria to increase the general applicability of the
result, analysis of the data by intention to treat (i.e.,
difficult cases with conversion, complication, or trans-
fusion should not be excluded). Although other factors
such as narcotic consumption and carbon dioxide pneu-
moperitoneum are known to affect immunologic func-

Table 2. Clinical outcome

Laparoscopic Open p

Operation time (min, mean) 180.5 ± 63.6 168.8 ± 84.4 0.63a

Blood loss (ml, mean [range]) 310 [0–900] 702 [0–2542] 0.14b

No. of patients who received transfusion during operation 4 5 l.0c

Post-operative analgesic requirement (no. of injections, range [median]) 0–14 [4] 1–49 [8] 0.04b

Visual analog pain score on postop day 1 (range [median]) 0–8.5 [5] 0–8 [5] 0.61b

Time first passing flatus (days, range [median]) 1–3 [2] 1–6 [2] 0.01b

Time of first bowel motion (days, range [median]) 2–8 [5] 2–12 [5] 0.44b

Time to resume normal diet (days, range [median]) 2–20 [3.5] 3–15 [5] 0.007b

Time to walk independently (days, range [median]) 1–6 [3] 2–9 [4] 0.016b

Hospital stay (days, range [median]) 4–23 [8] 6–33 [9] 0.67b

Complications
Intraabdominal abscess — 1
Anastomotic leak — 1
Anastomotic bleeding 1 1
Angina 1 —
Heart block 1 —
Transient ischemic attack 1 —
Paralytic ileus 1 —
Urinary tract infection 1 2
Urinary retention 2 1
Wound infection 1 2
Prolapsed intervertebral disc — 1
Total 9 in 8 patients 9 in 7 patients

a Student t-test
b Mann–Whitney U test
c Chi-square test

Fig. 9. Activated T cell. Fig. 10. Natural Killer cell cytotoxcity.
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tion, they are inherent properties of the specific surgical
approach and should not be used as exclusion criteria.

In this study we showed that after laparoscopic re-
section of rectosigmoid cancer, patients required less
analgesic and recovered earlier. The postoperative pro-
files of the lymphocyte subpopulation and NK cell cy-
totoxicity showed a trend similar to that in the open
group and to the trend previously reported for conven-
tional open surgery [8]. In addition, we showed that the
magnitude of suppression of some components (i.e.,
NK-like T cell, T cell activation, and marginally, the
cytotoxic T cell) was less after laparoscopic surgery.
Because the cytotoxic T cell [13] and, more recently, the
NK-like T cell [17] have been shown to play an impor-
tant role in tumor immunosurveillance, the reduced
suppression of these components may have a beneficial
effect on tumor recurrence and patient survival.

We were unable to show any difference between the
two study groups in NK cell depletion or cytotoxicity,
which has been shown in cholecystectomy [1, 20] and in
the animal model [4, 5]. Possible explanations suggest
that resection of colorectal tumor is more complicated
and causes more tissue trauma than cholecystectomy,
resulting in no demonstrable immunologic benefit; the
effect of tumor on NK cell depletion or cytotoxicity in
real life may be different from that of benign diseases or
an implanted tumor; the current group of patients by
chance had more advanced diseases, as evidenced by the
higher incidence of transfusion, procedure conversion,
and complication than in our previous study, thus
masking the immunologic benefit.

In conclusion, there is evidence that laparoscopic
resection for rectosigmoid tumor preserves host immune
function better than conventional open surgery because
of less tissue trauma. Whether this will lead to a better
clinical outcome can be determined only by the long-
term results of prospective randomized trials.
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