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ABSTRACT

Background / Aim : Laparoscopic
cholecystectomy is a so called mini-
invasive surgical procedure, and on
this basis, we investigated whether
and how the immune response is
modified in patients after laparoscopic
cholecystectomy compared to pa-
tients who underwent open cholecys-
tectomy. Also we focused on the T
cell secretion of cytokines that regu-
late the critical balance of either T
helper type-l (Th1) - and T helper
type-ll (Th2) - cell mediated immune
responses and the pro- inflammatory
activities.

Methods : In a prospective study,

immunological data of 38 patients
submitted to laparoscopic cholecys-
tectomy ( LC) and 18 patients under-
going open cholecystectomy (OC) for
symptomatic cholecystolithiasis were

189

compared. Patients with acute chole-
cystitis and patients developing posto-
perative complications or receiving
immunosuppressive medications
were excluded. Production of interfer-
on (IFN)-y, interleukin(IL)-2, (IL)-4,
and tumor necrosis factor (TNF)-at, by
isolated T cells stimulated by cross
linking of CD3 and CD28 was evaluat-
ed preoperatively as well as on posto-
perative days 1 and 6 or 7. Cytokines
were measured by immunoenzymo-
metric assay. Also, skin Multitest was
done to share in evaluation of cell me-
diated immune response.

Resuits : IFN -y, TNF-a and IL-2
production by T cells decreased sig-
nificantly by 48.3%, 36.6%, and
36.8%, respectively, on postoperative
day 1 after OC, but not after LC.
These results indicate severe sup-
pression of Th1- type and pro-
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inflammatory cytokines after the open
operation, while IL-4 did not show sig-
nificant chénges in either group sug-
gesting that Th2 cell response re-
mained normal. Moreover, skin tests
showed a hypo-or anergic response
in the majority (79.6%) of open chole-
cystectomy patients compared to la-
paroscopic cholecystectomy patients
(24.3%), (P<0.05). In open group, we
noted 2 cases (11.1%) of respiratory
tract infection.

Conclusion : The present study
shows that open, but not laparoscopic
cholecystectomy is associated with a
marked suppression of T lymphocytes
functions as indicated by deregulation
of both the Th1/Th2 and the pro-
inflammatory cytokine balance. The
results therefore suggest that down-
regulation of Th1 cell-mediated im-
mune response and pro-inflammatory
activity of T cells is a hallmark of
open, but not laparoscopic surgery.

Key Words : laparoscopic chole-
cystectomy, open cholecystectomy,
immune response, skin tests.

INTRODUCTION

Laparoscopic cholecystectomy
(LC) is now considered the treatment
of choice for symptomatic cholelithia-
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sis . It was first performed in Germany
in1986 (1), and rapidly spread to the
United States (), and other European
countries (3) . The advantages of this
method to open cholecystectomy
(OC) are: absence of postoperative
pain, prompt postoperative bowel ac-
tivity (6-24hrs), reduced postoperative
infections, shorter hospitalization (1-3
days), earlier return to normal activity
as well as optimal esthetic results (4).

Postoperative alterations in host
immune functions after major surgery
have often been described and inves-
tigated. (5.6) In particular, a reduction
of cellular proliferation and secretion
of interleukin (IL)-2 and interferon
(INF ) -y by mitogen-stimulated T lym-
phocytes has been observed after
surgical trauma, burn, or injury. (5-8)
Consistent with these reports, Hensler
et al (5), demonstrated that major sur-
gery results in a severe defect of
CD3/CD28-stimulated T cells to pro-
liferate and to secrete INF -y, IL-2,
and tumor necrosis factor (TNF)-a,
suggesting a defect of T helper type-1
(Th1) cell functions. (5:9) Down regu-
lation of Th2 cell-mediated humoral
immune defense was also noted after
major conventional surgery as dem-
onstrated by decreased T cell secre-
tion of IL-4 in the early postoperative
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period. Interestingly, TNF-a and INF -
Y deficiencies have been shown to re-
sult in impaired immune defense agai-
nst protein antigens and various path-
ogenic microorganisms such as
Listeria monocytogenes. (10-13),

Earlier studies have shown that
some immunological changes such as
serum IL-6 concentrations correlate
with the severity of surgical trauma.
(14) The clinical advantages of lapar-
oscopic surgery including minimized
pain and shorter recovery time seem
to be mainly due to reduced surgical
trauma. Thus, the primary objective of
our study was to evaluate whether the
reduction of trauma correlates with re-
duced suppression of host defense
dependent on cell mediated (Th1) and
humoral (Th2) immune responses. Ef-
fects of laparoscopic surgery on im-
mune functions are of critical impor-
tance in patients with acute peritonitis,
as postoperative immunosuppression
may contribute to the development of
septic complications. (5.12) Moreover,
patients suffering from malignant dis-
ease may also benefit from a reduc-
tion of postoperative suppression of
immune defenses since tumor recur-
rence and therefore prognosis of
these patients are considered to be
related to immune function. (11) In the

present study, we compared secretion
of IL-4 for evaluation of Th2 cell func-
tion (humoral immune defense) and
production of IFN-y and IL-2 to ana-
lyze Th1 cell mediated immune de-
fense) after laparoscopic and conven-
tional cholecystectomy. In addition,
secretion of the pro- inflammatory cy-
tokines TNF-a. by T cells was meas-
ured.

PATIENTS AND METHODS

Patients

This study included 56 patients
who attended Outpatient Surgery
Clinic unit (8) of Mansoura University
Hospital between July, (2000) and
May (2002). All patients were submit-
ted to full detailed history, clinical, la-
boratory, and radiological investiga-
tions. we analyzed the immune
function of 38 patients submitted to la-
paroscopic cholecystectomy (LC) and
18 patients undergoing open chole-
cystectomy (OC) for symptomatic
cholecystolithiasis at the General Sur-
gery Department of the Mansoura Fa-
culty of medicine ,Mansoura Universi-
ty. Mean age for laparoscopic group
was 42.1 years (+ 17.2), while the
range varied from 28 to 55 years (29
women and 9 men). For conventional
group, the mean age was 49.5 years
(x 19.6) (P < 0.1), while the range
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varied from 44 to 63 years ; this group
was consisted of 10 women and 8
men .

History of upper abdominal sur-
gery, contracted gall bladder were the
main indications for conventional, oth-
erwise laparoscopic maneuver was
the preferable one. The two groups
were compared for the age difference,
clinical parameters including opera-
tive duration, preoperative laboratory
findings, and preoperative immuno-
logical data (Tables 1&2). In both
groups, patients with common bile
duct stones, acquired immuno-
deficiencies, or acute inflammatory
cholecystitis, or patients receiving
medications that may interfere with
immunologic response such as im-
muno-suppression, steroid or non-
steroidal anti-inflammatory drugs
were excluded from the study. Simi-
larly, patients in whom the operation
had to be converted from laparoscopy
to laparotomy or who developed
postoperative complications were
excluded.

General anesthesia was obtained
in both groups using the same proce-
dure: pre anesthesia was performed
using atropine (0.01 mg/kg) plus pro-
metazine (0.8mg/kg), induction using

Vol. 33, No. 3 & 4 July. & Oct, 2002

sodium thiopental ( 5 mg/kg) plus at-
racurium (0.5 mg/kg), followed by tra-
cheal intubation and assisted ventila-
tion. Anesthesia was maintained
using isofluorane (1.5%) mixed with
nitrogen monoxide (NO) and oxygen
(O) in a 2:1 ratio.

Laparoscopic cholecystectomy
was carried out in a standardized
technique using 4 trocars mini-
incisions and a pneunoperitoneum of
15mmHg. Open cholecystectomy was
performed through right upper para-
median incision (10 cases ) , and right
subcostal incision (8 cases). Mini lap-
arotomy colecystectomy cases were
excluded from this study. There were
no indications for intraoperative cho-
langiography, neither was blood
transfusion necessary pre or posto-
peratively.

Mean operative time was 67.8
minutes (£ 23.1) for LC and 62.6 min-
utes (= 19.5) for OC without statisti-
cally significant difference (P > 0.05).
Blood samples were collected preop-
eratively and on postoperative days 1,
and 6 or 7 and tested for immunologic
parameters.

Isolation Of Peripheral Blood T Cells
Human peripheral blood mononu-
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clear cells(PBMC) were isolated from
25 mL heparinized blocd using Ficoll
metrizoate density gradient centrifu-
gation. Isolated PBMC were washed
twice with PBS, and the total cell
count was determined. PBMC were
plated in 6-well tissue culture plates
and incubated for 1 hour at 370C to
remove adherent cells. Non adherent
cells were collected , washed with
phosphate-buffered saline, and resus-
pended in PRMI 1640 medium con-
taining 10% fetal calf serum. Tcells
were further enriched by depletion of
B cells and residual monocytes from
non-adherent cells using immunom-
agnetic beads coated with CD14 and
CD19 antibodies according to the in-
structions of the manufacturer (Dynal,
Oslo, Norway) .

Cytokine Secretion of Peripheral
Blood T Cells

For cross-linking of CD3 and
CD28 receptors, enriched T cells
were placed into 24-well tissue culture
plates(Nunc) that were precoated for
1 hour at 370C with 250uL of a 20 pug/
mL solution of CD3 antibody. CD28
antibody and goat-anti-mouse immu-
noglobulin were added to T cells in
solution at 5 ug/mL each and T lym-
phocytes were stimulated for 16
hours. After stimulation, supernatant

were centrifuged to remove residual
cells and stored at - 200C until analy-
sis.

The levels of INF -y, IL-2, IL-4, and
TNF-o, in supernatants of stimulated
T cells were determined by enzyme-
linked immunosorbent assay (ELISA)
technique. All cytokine assays were
standardized by including a titration of
appropriate purified recombinant cyto-
kine of known concentration. The lev-
els of sensitivity of the ELISAs were
0.03 IU/mL (INF -y), 0.1 IU/mL ( IL-2),
2 pg/mL ( IL-4 ), and 3 pg/mL (TNF-c)
. The absorbance of samples was dg
termined on a MRX Microplate Read-
er using 450 nm as the primary and
630 nm as the reference wave length.

Immune activity was also evaluat-
ed through skin tests, using the Multi-
test IMC, a day before surgery and re-
spectively, 1,3, and 6 days
postoperatively. Response to seven
anamnestic antigens was evaluated
after intra-dermal injection on the vo-
lar side of the forearm, using the Mul-
titest IMC (Bio- Merieux Institute,
Lion, France ) (4) . The Multitest IMC
(conserved at temperature not higher
than 250C), comprises a kit which
evaluates skin cellular immune re-
sponse. This was made up of an ap-
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applicator with eight intra-dermal
injectors, containing the optimal
dose of a glycerinated solution
of the antigens listed here
below:

1 - Tetanus toxoid

2 - Diphtheria toxoid

3 - Streptococcus-antigen (Group C)
4 - Tuberculin (old)

5 - Candidin

6 - Trychophyton (Metagrophytes)

7 - Proteus (Mirabilis)

8 - Control (Glycerin)

We analyzed the results after 48
hours using the Scottal technigue,
which assesses only the cell-
mediated immune response, hence,
taking into account only the cellular
infiltration and not the erythema. This
is a method whereby a spherical point
pen is passed over the skin surface,
following a line directed towards the
point of inoculation, such that the pen
stops when it reaches the tumefaction
formed as a result of cellular infiltra-
tion. Repeating this many times, it
was possible to note many points de-
limiting the area involved in the cell
mediated response. Two reciprocally
perpendicular diameters were meas-
ured. The final value, expressed in
millimeters, was obtained by adding

Vol. 33, No.3 & 4 July. & Oct, 2002

the two diameters and dividing by
two.

The patient was considered nor-
moergic when the reaction was >
2mm (a/2 + b/2) for at least 2 of the 7
antigens, where a and b are the two
diameters of the inflammatory tume-
faction. The patient was considered
anergic or hypoergic when the im-
mune response was absent or 2 2mm
for only 1 of the 7 antigens.

Statistical Analysis

Data were analyzed using the
Mann-Whitney U test for paired sam-
ples. Results are presented as mean
+SEM. The level of significance was
set at P < 0.05. The statistical analy-
sis of the data from The Multitest IMC
was done using the Student's t test.
Significance was achieved at P <
0.05.

RESULTS

To evaluate the effect of minimally
invasive surgery on Th1 and Th2 cell
functions, secretion of the cytokines
INF -y, IL-2, and IL-4 before and after
laparoscopic or open cholecystecto-
my was determined. In addition TNF-
o was measured to compare the ef-
fects of laparoscopic and open sur-
gery on the pro- inflammatory cyto-
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kines secreted by T cells. The results
in the Table 2 show the preoperative
data in both groups with regard to
white blood cell count and INR, as
well as T cell secretion of INF -y, IL-2,
IL-4 and TNF-o.

Th1 cell function was analyzed
by INF -y, (Figure 1), and IL-2 secre-
tion (Figure 2). Following OC, INF -y
decreased significantly from a mean
value of 7.49 (% 1.6) IU/mL to 3.87
(z 0.5) IU/mL (relative decrease of
48.3%, P < 0.05) on postoperative
day 1. At the second postoperative
control (6 to 7 days after OC) INF -y
secretion had recovered to a mean
of 5.12 (£ 1.0) IU/mL (Figure 1). In
contrast, changes of INF -g secretion
observed after LC were significant
(Figure 1). On the first postoperative
day after OC, IL-2 production by
enriched T cells dropped significantly
from 19.09 (£ 3.09) IU/mL to
12.06 (= 2.9 ) IU/mL ( relative de-
crease of 36.8%, P < 0.02). After LC,
however, IL-2 secretion by T cells
did not undergo any significant chang-
es (Figure 2 ). These data suggest
that Th1 cell function was sup-
pressed by open cholecystecto-
my, but not by the laparoscopic
procedure.

Th2 cells are characterized by se-
cretion of IL-4. As shown in (Figure
3), T cell production of IL-4 did not
show any significant changes follow-
ing either LC or OC indicating that
Th2 cell function remained unim-
paired by both procedures.

Pro-inflammatory (TNF-at) cytokine
is secreted by human Th1 cells. TNF-
o secretion was significantly impaired
on the first postoperative day after
OC, where its production dropped
from 1,327.55 (+ 123.6) pg/mL preop-
eratively to 841.18 (£ 129.3) on postq;
perative day 1 (36.6%, P < 0.05). In
contrast, TNF-a secretion was not sig-
nificantly affected by LC (Figure 4).
So, the secretion of pro-inflammatory
cytokines was suppressed after OC,
but not after LC.

Skin reaction to the most common
recall antigens (Multi-test IMC) was
similar in both groups when carried
out a day before surgery, while a sta-
tistically difference was noted be-
tween the two groups, 1 and 3 days
postoperatively. In OC patients a high
degree of hypoergy was reported, and
skin reaction after Mutitest returned to
normal values 6 days postoperatively
(P < 0.01) (Figure 5).

MANSOURA MEDICAL JOURNAL



196 EVALUATION OF IMMUNE RESPONSE IN PATIENTS etc...
Table (1): Details of patients who underwent cholecystectomy.

Vol. 33,

LC group OC group P value

Number of patients 38 18
Age (years)

mean + SD 42.1(£17.2) | 49.5=(19.6) S

Rang 28 -55 34-63
Sex M/F 929 8/10
Operative time (min.) = SD 67.8 (£23.1) | 62.6 (£ 19.5) NS
PO complications 0 2(11.1%) S
(bronchopneumonia)
Hospitalization after surgery (days) | 2-3 (2.3)* 7-9(7.3)* S
LC: Laparoscopic cholecystectomy; OC: Open cholecystectomy;
PO: Postoperative. S = Significant; NS = Not significant.
Note: ( )* represent the mean value of days.
Table (2 ) : Preoperative laboratory findings and immunological data in both

patient groups
LC 0oC P value

White blood cell 6.4(x0.3) 6.6 (0.4) NS
count (/femL)
INR 1.0(x03) 1.1(£0.2) NS
IL-2 (IU/mL) 21.4 (£3.5) 18.3 (24.3) NS
INF-y (IU/mL) 7.2(£1.1) 7.4 (x1.8) NS
IL-4(pg/mL) 30.5(%3.4) 24.2 (#4.5) NS
TNF-a (pg/mL) 1162 (£129) 1357 (£137) NS

Values are given as mean and standard error of the mean.
NS = not significant as determined by unpaired Mann-Whitey U test: OC =

conventional cholecystectomy; LC = laparoscopic cholecystectomy:; IL = interleukin;
INF = interferone; TNF = tumor necrosis factor.

No. 3 & 4 July. & Oct, 2002
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Figure. (1) : T cell interferon-y secre-  Figure. (2) : T cell interleukin-2 secre-

tion decreases significantly tion is significantly de-
after OC on postoperative creased after OC on posto-
day 1, but not after LC. perative day 1, but not after
LC.
Bpreop. Clpostd! Epostd7 B preop. (post d1 @ post d7|

Figure. (3) : IL-4 secretion by Th2  Figure. (4) : TNF-a secretion is signif-

cells did not show any sig- icantly reduced on 1St
nificant changes after OC or P.O.D. after OC not LC.
LC.
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Figure. (5) : Skin reaction shows a high degree of hypoergy in OC not LC pa-
tients in 1st, & 3rd postoperative days, and return to normal values in

the 6th postoperative day.

DISCUSSION

Among CD4+ T lymphocytes, Th1
and Th2 phenotypes may be distin-
guished. (6,9,10) Th1 cells are mainly
characterized by secretion of INF -g
and IL-2 and induce cell-mediated
immune responses. Th2 cells prefe-
rentially secrete the cytokines IL-4, IL-
5, IL-6, and IL-13, and their activation
favors humoral immune responses.
(15,16) Hensler et al (5) was published
that, after major conventional surgery
INF -g and IL-2 secretion was re-
duced in the early postoperative
phase, reflecting impaired function of
Th1 cells and therefore of cell-
mediated immune responses. (5)
Although to a lower extent, production

Vol. 33, No.3 & 4 July. & Oct, 2002

of IL-4, the index cytokine for Th2
cells was also diminished suggesting
that major conventional surgery re-
sults in down-regulation of both cell-
mediated and humoral immunity.

In the present study, INF -y and
IL-2 secretion by enriched T cells
stimulated by cross-linking of CD3
and CD28 was significantly reduced
after conventional cholecystectomy,
but not after the laparoscopic opera-
tion. These data suggest impaired
Th1 function, and thereby cell-
mediated immune response after the
open operation that could not be ob-
served after the laparoscopic proce-
dure. These results are consistent
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with by Decker et al (15), and Brune
etal ('® whom reported that reduced
INF -y by mitogen-stimulated PBMC
following OC, but not LC. (17)
Although the pattern of these changes
was similar for open cholecystectomy
and for major conventional surgical
procedures, the suppression of T cell
IL-2 and INF -g production was not
noted after the laparoscopic opera-
tion, indicating that downregulation of
Th1 cell mediated immune response
is a hallmark of open, but not laparo-
scopic surgery. Normal secretion of
IL-4 by T cells of OC patients suggest
dysregulated cytokine response to
CD3 and CD28 delivered signals rath-
er than reduced expression of CD3 or
CD28 molecules (18)

Previously, Hensler et al, (5)
showed that after major conventional
operations, IL-4 secretion of CD-3/
CD28- stimulated T cells was signifi-
cantly reduced in the early postopera-
tive period. (3) But the present study
demonstrated that humoral immune
responses as monitored Th2 cell se-
cretion of IL-4 was unaltered by lapar-
oscopic as well as open cholecystec-
tomy. Together, these findings
suggest that Th2 cell functions and
humoral immune responses are only
altered by major surgical trauma.

In a previous study, Decker et al
(15) noted an increase of T cell IL-4
secretion following OC, whereas our
results proved that IL-4 production of
T cells is affected neither by OC nor
by LC, which is consistent with Brune
et al (17) | The possible explanation
for this discrepancy is provided by dif-
ferences in the experimental protocols
applied by Decker et al, and proved
that T cells were depleted of B cells
and monocytes, thereby excluding
cell-cell interactions that may affect
cytokine secretion of T cell stimulation
with mitogen phytohemagglutinin-
P.(19) Brune et al (17) had favored
cross-linking of both the T cell recep-
tor and the coreceptor CD28. Ligation
of CD28 by antibodies or natural li-
gand has been demonstrated to pro-
vide potent cosignals inducing T cell
proliferation and IL-2 secretion. (20-
23) Increased IL-4 production by
PBMC as has been observed by
Decker et al (15) may therefore be
caused by cross-talk between differ-
ent cell types and may not reflect T
cell-intrinsic functional alterations. An
observation showing that IL-6, which
is induced by open surgery more
strongly than by laparoscopic proce-
dures (24), and may be produced by
B cells and monocytes, stimulation. T
cell secretion of IL-4 (25) is consistent

MANSOURA MEDICAL JOURNAL
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with this interpretation.

Our results regarding Multitest IMC
skin test gave a high degree of hy-
poergy in open cholecystectomy cas-
es in early postoperative period are
consistent with several studies report-
ed (420.21)) and proved that surgery
reduces the immune responses
(immunodepression) which has been
clearly demonstrated through reduced
skin reaction (T cell mrdiated) follow-
ing open surgery but not mini-invasive
surgical procedures (4),

The present study demonstrates
that the pro-inflammatory cytokine
TNF-a was disturbed by open chole-
cystectomy. These results are consis-
tent with (11.16) who add also that
these changes may result in in-
creased susceptibility to septic com-
plications following open surgery
which were not noted after the laparo-
scopic procedure. Moreover, cell-
mediated immune response repre-
sented by Th1 cell function remained
unimpaired by the laparoscopic pro-
cedure, while secretion of Thi-type
cytokines was suppressed by open
cholecystectomy. Similar changes of
T cell function have been observed
after major conventional operations.
Therefore, down-regulation of cell me-

Vol. 33, No.3 & 4 July. & Oct, 2002

diated immune response seems to
correlate to a certain extent with the
severity of surgical trauma (26).

In summary, we conclude that the
reduction in trauma obtained by mini-
mally invasive cholecystectomy (LC)
is associated with reduced postopera-
tive alteration of Th1 cell function and
pro-inflammatory activity as compared
with the open operation. So laparo-
scopic surgery may be an important
tool for surgical management of on-
cology patients, avoiding immunode-
pression or its aggravation.
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