29

Introductior

Bull Yamaguchi Med Sch 40(1-2) : 29-35, 1993

Changes of Lymphocyte Subsets Following Various
Surgical Stress

1) Masaaki Oka, Shoichi Hazama, Shigefumi Yoshino, Kouji Shimoda, Michinari Suzuki,
Norio Lizuke and Takashi Suzuki
2) Yumiko Akitomi, Sachie Murata, Yukio Hattori and Yuhzou Ooba

1) Department of Surgery II, Yamaguchi University School of Medicine.
2) Department Qf Clinical Laboratory Science, Yamaguchi University School of Medicine, Ube,
Yamaguchi 755, Japan.

(Received Fabruary 18, revised May 28, 1993)

Abstract This study evaluated any changes in the lymphocyte subsets using monoclonal
antibodies and flow cytometry after surgery in forty-two patients who underwent surgery
(malignant:36, benign:6). The lymphocyte subsets were compared prior to surgery, on day
0 and on days 3 and 7 following surgery.

The percentages of CD4+ cells (helper/inducer T-cells) mcreased while two color
analysis showed that the percentages of helper T-cells did not change and the percentages
of suppressor inducer T-cells increased. Thus, the increase in the CD4+ cells is due to an
increase in the suppressor inducer T-celle. The percentages of CD8+ celle (suppressor/
cytotoxic T-celle) decreased, while two color analysis showed that the percentages of
suppressor T-cella did not change and the percentages of cytotoxic T-cells decreased.
Thus, the decrease in the CD8+ cells is due to a decrease in the cytotoxic T-cells. The
percentages of CD56 cells (natural killer (NK) celle) decreased after surgery. These
changes suggested some postoperative immunosuppression. However, the proportion of
interleukin-2 (IL-2) receptor positive cells increased.

Thus, for the prevention of postoperative immunosuppression, augmentation of cytotox-
ic T-cells and NK cells and inhibition of suppressor inducer T-cells may be required.
Because of the increase in the IL-2 receptor positive cells, IL-2 administration may be one
strategy to prevent postoperative immunosuppression.
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competence in surgical patients is of vitat
importance because it influences an individ-

Despite many reports demonstrating ual’s susceptibility to bacterial, viral, and

immune suppression after surgery, it remains
controversial whether surgical stress suppres-
ses the immune system in patients. The evalu-
ation of this immunosuppression was done
chiefly by functional analysis (1-4). Further-
more, the mechanism of such immune sup-
pression has yet to be established. Immune

mycotic infections (5,6). In a cancer patient,
immunocompetence can influence tumor dis-
semination after surgery (7).

In immune surveillance, lymphocytes play
an important role in mediating the overall
host defense response to microbial organisms
and cancer. As a consequence of technologic
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developments, various monoclonal antibodies
to lymphocyte subsets and flow cytometry
systems are available. Furthermore, specific
T-cell subsets such as helper, cytotoxic, sup-
pressor inducer, and suppressor T-cell can be
detected by two color analysis. Therefore,
analysis of lymphocyte subsets may yield
more precise information on postoperative
immune status. For example, if cytotoxic
T-cella decrease after surgery, increasing
their numbers postoperatively might reverse
the immune suppression. However, there are
a few reports on the analysis of lymphocyte
aubsets in postoperative patients (8-12).

The aim of this study was to identify the
lymphocyte subsets which are impaired after
surgery using various monoclonal antibodies
to lymphocytes.

Patients and method

Patients

Forty-two patients who underwent elective
surgery under general anesthesia in the
Department of Surgery II, Yamaguchi Uni-
versity School of Medicine were used in this
study. The patients consisted of 27 males and
15 females, ranging in age from 24 to 86
years. The diagnoses of the patients are listed
in Table 1. Thirty-six patients had malignant
disease, and 6 had benign disease. None of the
patients with malignant disease received any
chemotherapeutic agents prior to or after the

Table 1. List of Diseases

Diseases No of patients

Malignant disease
Hepatocellular carcinoma 10
Colorectal cancer

Gastric cancer

Esophageal cancer
Pancreatic cancer

Carcinoma of the biliary tract
Metastatic lung cancer
Benign disease

Chronic pancreatitis
Intrahepatic gall stones
Esophageal varices

Intestinal fistel

Total 42
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operation. Surgical blood loss ranged from 70
mL to 32,000 mL (mean: 1905 mL), and the
duration of the surgical procedure ranged
from 120 minutes to 685 minutes (mean:386
minutes). Thirty-six of 42 patients received
blood transfusion (600 ml to 30,000 ml). The
informed consent was obtained from all
patients.

Blood sampling

Peripheral blood samples were collected
aseptically from patients on day 0 (prior to
surgery), and on days 3 and 7 after surgery.
Lithium heparin or EDTA anticoagulants
were used. Specimens were held at ambient
temperature in anticoagulant and prepared
within 36 hours of collection.

Peripheral blood preparation method and
flow cytometry analysis

For lysed whole blood preparations, 100 to
200 4L of whole blood was mixed with 5 gL
of antibody reagent (see below) and incubated
on ice for 30 minutes in conical-bottom 12 X
75 mm polypropylene tubes. After staining,
the erythrocytes were lysed by Ortho-mune
(Ortho Diagnostic System Inc., Raritan, NJ).
After the lysis was complete, the leukocytes
were washed three times at 4C with
phosphate-buffer saline (PBS). Two hundred
uL of PBS was added and the samples were
analysed on EPICS flow cytometers (Coulter
Electronics, Inc., Hialeah, FL), using a fluo-
rescence excitation of 200 to 500 mW at 488
nm. For each sample, 5,000 lymphocytes were
analyzed. Two color analysis was performed
using two different antibodies.

Antibody reagents (Table 2.)

All antibodies were purchased from
Coulter Immunology (Hialeah, FL). Fluores-
cein isothiocyanate (FITC)-conjugated anti-
CD3 (T3), anti-CD4 (T4), anti-CD20 (B1), anti-
CD25 (IL-2R1), anti-CD56 (NKH-1), anti-
HLA-DR (12), anti-CD11b (MO1) were used.
Phycoerythrin (PE)-conjugated anti-CD8 (T8)
and TQ1 (cluster unknown) were also used.
Two color analysis was performed by a com-
bination of TQ1/CD4 and CD8/CD11b.

Statistical analysis
Statistical analysis was performed using
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Table 2. List of Lymphocyte Markers

Monoclonal
Cluster Antibody Cell type
Single color analysis
CD3 T3 pan T-cell
CD4 T4 helper/inducer T-cell
CD8 T8 suppressor/cytotoxic T-cel 1
CD4/CD8 T4/T8 ratio of CD4 and CDS8 positive lymphocyte
CD20 B1 B-cell
CD25 IL-2R1 IL-2 receptor positive cell
CD56 NKH-1 NK cell
HLA-DR 12 activated T cell, monocyte, or B-cell
Two color analysis
CD?+CD4+ TQ1+T4+ suppressor inducer T-cell
CD?-CD4+ TQ1-T4+ helper T cell
CD8+CD11b-+ T8+MO1+ suppressor T-cell
CD8+CD11b- T8+MO1- cytotoxic T-cell

All monoclonal antibodies were purchased from Coulter Immunology.
CD? : The CD cluster for the TQ1 monoclonal antibody remains unknown.

Table 3. Changes in the Lymphocyte Subsets after Surgical Stress

Lymphocyte day day day
subset 0 3 7

CD3 63.4+1.8(%) 63.5+1.8 66.4+1.6
CD4 43.9+1.6 49.6+1.6% 50.9+1.4%
CD8 27.6+1.1 22.5+1.2% 23.0£1.2%
CD4/CD8 1.75+0.12 2.57£0.19% 2.48+0.15%
CD20 8.8+£0.5 11.7£0.9% 9.6+0.6
CD25 5.2+0.4 7.5£0.5% 8.2+0..5%
CD56 25.3+1.6 17.6+1.3% 18.2+1.1%
HLA-DR 21.8+1.6 24.9%+1.5 29.6E£1.6%
TQ1+T4+ 29.5+1.6 33.8+1.7% 34.7+1.5%
TQI1-T4+ 10.1£0.5 10.0£0.6 10.5+0.6
T8+MO1+ 2.8£0.3 2.7%0.3 2.94+0.3
T8+MO1- 28.1+1.3 22.1+1.4% 23.0£1.2%

values (%) are mean = S.E. (standard error). *: Preoperative values
(day 0) vs. postoperative values (day 3 or day 7); p<0.002.

Student’s t test for paired means. Values of
p<0.05 were considered significant.

Results (Table 1 and Fig. 1-3)

The percentages of CD4(+) cells (helper/
inducer T-cells, CD25(+) cells (interleukin-2
(IL-2) receptor positive cells), TQl+T4+
cells (supplessor inducer T-cells), and

CD4(+)/CD8(+) ratio increased significantly
on days 3 and 7 after surgery (p<0.002). The
percentages of OD20(+) cells (B-cells) in-
creased on days 3, and HLA-DR(+) cells
(activted T-cells, monocytes, or B-cells) on
days 7 (p<0.002).

The percentages of CD8(+) cells (suppres-
sor/cytotoxic T-cells), CD56(+) cells (natural
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ages of CD4(+) cells in the peripheral
blood. The percertage of CD4(+4) cells
increased significantly after surgery (day
0 vs. days 3 and 7, p<0.002). (b) Postoper-
ative changes in the percentages of
CD8(+) cells in the peripheral blood. The
percentage of CDS8(+) cells decreased
significantly after surgery (day 0 vs. days
3 and 7, p<0.002).

killer (NK) cells) and T8+MO1l-cells
(cytotoxic T-cells) decreased significantly on
days 3 and 7 after surgery (p<0.002).

The percentages of CD3(+) cells (pan
T-cells), TQ1l—T4+ cells (helper T-cells),
and T8+4CD11b+ cells (suppressor T-cells)
did not change following surgery.

Figure 1-3 demonstrates the values for indi-
vidual patients. Figure 1 shows the percent-
age of CD4(+) cells and CD8(+) cells. The

0 vs. days 3 and 7, p<0.002). (b) Postoper-
ative changes in the percentage of
CD56(+) cells in the peripheral blood.
The percentage of CD8(+) cells de-
creased significantly after surgery (day 0
vs. days 3 and 7, p<0.002).

changes in these two cells were opposite: the
percentage of CD4(+) cells increased, while
that of CD8(+) decreased. Two color analysis
revealed that there was a increase in the
suppressor inducer T-cells and a decrease in
the cytotoxic T-cells (Fig. 2). Thus, the
increase in the CD4(+) cells implies an
increase in the suppressor inducer T cells,
while a decrease in the CD8(+) cells means a
decrease in the cytotoxic T-cells. A decrease
of in the NK cells and an increase in the IL-2
receptor positive cells was noted (Fig. 3).
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Fig. 3 (a) Postoperative changes in the percent-
age of suppressor inducer T-cells (Tsi) in
the peripheral blood. The percentages of
Tsi cells increased significantly after
surgery (day 0 vs. days 3 and 7, p<0.002).
(b) Postoperative changes in the percent-
age of cytotoxic T-cells (Tc¢) in the
peripheral blood. The percentage of Tc
decreased significantly after surgery (day
0 vs.'days 3 and 7, p<0.002).

Discussion

Many investigators support the belief that
surgical stress suppresses immunity: how-
ever, the mechanism of this immunosuppres-
sion following surgery remains controversial.
New techniques, such as lymphocyte
phenotypic analysis using monoclonal anti-
bodies, allows one to probe the immune sta-
tus of surgical patients (13). Direct measure-
ment of the Ilymphocyte subpopulations, util-

izing staining and quantitation by antibodies
specific for different cell types, may prove to
be a more accurate and dependable assess-
ment of cellular immune competence than in
vitro stimulation assays. Detecting changes
in the lymphocyte subsets postoperatively
may not only elucidate the mechanism of
immunosuppression but also suggest strat-
egies to prevent or correct it. Several previ-
ous reports have found changes in the
lymphocyte subsets following surgery. Hans-
brough et al. (8) reported that the helper to
suppressor ratios decreased on the first pos-
toperative day, but returned to within normal
limits on subsequent days. Grzelak et al. (9)
observed a decrease in the percentage of
CD4(+) and CD8(+) cells and an increase in
the ratio of CD4(+) to CD8(+) cells. Hamid
et al. (10) found no changes in the percentage
of Leu 2a (suppressor T-cell) and Leu 3a
(helper T-cell) positive cells. Lennard et al.
(11) found a decrease in the Leu 4 (pan T-cell),
Leu 2 (suppressor/cytotoxic T-cell), Leu 3
(helper/inducer T-cell), and Leu 11 (NK-cell)
positive cells following major surgery. Platt
et al. (12) found decreases in the CD3(+) and
CD4(+) cells and increases in the CD8(+)
celts. These reports suggested that there are
significant changes in the lymphocyte subsets
following surgery. However, since all ana-
lyses were done with single monoclonal anti-
bodies, they were not definitive.

While absolute number of lymphocytes
may decrease postoperatively (14), the
immune status might be more accuratety
evaluated by changes in the more useful
number or percentage of each lymphocyte
phenotype. The cell to cell interaction of
various lymphocytes is well known. There-
fore, alternation in the lymphocyte subset
populations may have a critical effect on the
host’s immune status. For example, if the
ratio of cytotoxic T-cells to suppressor T-
cells becomes altered toward excessive sup-
pression, this can result in immuno-
incompetence and increased tumor growth.
Accordingly, we evaluated changes in the
percentage of each subset.

Our data indicated that: 1) the overall
percentage of helper/inducer T-cells
increases. Since two color analysis revealed
that the percentage of helper T-cells did not
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change and that the percentage of suppressor
inducer T-cells increased, the increase in the
helper/inducer T-cells is due to an increase in
the suppressor inducer T-cells. These data
are consistent with postoperative im-
munosuppression. 2) the percentage of sup-
pressor/cytotoxic T-cells decreases. Since
two color analysis showed that the percent-
age of suppressor T-cells did not change and
that the percentage of cytotoxic T-cells de-
creased, the decrease in the suppressor/
cytotoxic T-cells is due to a decrease in the
cytotoxic T-cells. These data also are consis-
tent with the postoperative immunosuppres-
sion. 3) the percentage of CD56 (NK cells)
decreased after operation. Taken together,
our data suggest that the prevention of pos-
toperative immunosuppression may require
both the augment of cytotoxic T-cells and
NK cells and inhibition of the suppressor
inducer T-cells.

However, our data also showed that the
proportion of IL-2 receptor positive cells in-
creased. IL-2, originally reported as a T-cell
growth factor (15), is a multi-functional
lymphokine regulating intercellular
responses in the immune system. For exam-
ple, IL-2 augments NK activity (16), LAK
activity (17), and cytotoxic T- cell activity
(18). For IL-2 to have these effects, it must
bind to the IL-2 receptor. Therefore, IL-2
receptor positive cells may be important and
can respond to IL-2 administrabion. Thus, the
peri-operative administration of IL-2 may be
effective in preventing postoperative im-
munosuppression. Sedoman et al. (19) ad-
ministered low-dose interferon peri-
operatively in surgical patients. and reported
that it prevented the fall in natural killer cell
cytotoxicity, but failed to prevent the pos-
toperative impairment of IL-2 production or
lymphokine activated killer cytotoxicity.
This report suggests that cytokine adminis-
tration may modulate the immune system
postoperatively. we currently are planing to
administer low-dose IL-2 to surgical patients
peri-operatively to assess its effects on the
immune system.

Finally, the factors responsible for pos-
toperative immunosuppression remain to be
determined. The length and complexity of
surgery, the associated blood loss and

hypotension, and the duration and type of
anesthesia are factors which must be
examined. In this study, six of 42 patients had
a benign disease and six patients did not
receive blood fransfusion. Therefore, we
could not observe the influence of malignancy
or blood loss against lymphocyte subsets.
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