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Smoking Decreases Alveolar Macrophbage Function

during Anestbesia and Surgery
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Background: Smoking changes numerous alveolar macro-
phage functions and is one of the most important risk factors
for postoperative pulmonary complications. The current study
tested the hypothesis that smoking impairs antimicrobial and
proinflammatory responses in alveolar macrophages during
anesthesia and surgery.

Method: The authors studied 30 smoking and 30 nonsmoking
patients during propofol-fentanyl general anesthesia. Alveolar
immune cells were harvested by bronchoalveolar lavage imme-
diately and 2, 4, and 6 h after induction of anesthesia and at the
end of surgery. The types of alveolar immune cell and macro-
phage aggregation were determined. The authors measured op-
sonized and unopsonized phagocytosis. Microbicidal activity
was determined as the ability of the macrophages to kill Liste-
ria monocytogenes directly. Finally, RNA was extracted from
harvested cells and cDNA was synthesized by reverse transcrip-
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tion. The expression of interleukin 18, 6, and 8, interferon
and tumor necrosis factor @ were measured by semiquantitative
polymerase chain reaction using B-actin as an internal stanZ
dard. :\:

Results: The fraction of aggregated macrophages increasetg?
significantly over time in both groups, whereas phagocytosis of
opsonized and nonopsonized particles and microbicidal activg
ity of alveolar macrophages decreased significantly. Th%
changes, though, were nearly twice as great as in patients wh@
smoked. Gene expression of all proinflammatory cytokines i
alveolar immune cells except interleukin 6 increased 2- to 20';
fold over time in both groups. The expression of interleukin 153
interferon vy, and tumor necrosis factor «, however, increase@
only half as much in smokers as in nonsmokers.

Conclusion: Smoking was associated with macrophage aggres
gation but markedly reduced phagocytic and microbicidal ae;g_
tivity—possibly because expression of proinflammatory cyto:o';?
kines was reduced in these patients. Our data thus suggest tha€
smokers may have a limited ability to mount an effective pu@
monary immune defense after anesthesia and surgery. (Ke@
words: aggregation; gene expression; microbicidal activity%’
phagocytosis; proinflammatory cytokines; pulmonary.)
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ALVEOLAR immune cells, 90% of which are macroig
phages, are the first line of pulmonary defense. Among
their major antimicrobial functions are chemotaxis§
phagocytosis, and microbicidal activity against foreigl%
invaders. Alveolar macrophages also have proinﬂammag
tory functions including immune modulation via prog
duction of proinflammatory cytokines and chemoattracg
tants for neutrophils.

We previously reported a significant time-dependeng
decrease in antimicrobial functions including phagocy%
tosis and microbicidal activity of alveolar macrophage§
during anesthesia and surgery."2 In contrast, we founcf
that macrophage aggregation and neutrophil influx are
augmented during anesthesia and surgery.' ™ Inhalation
of volatile anesthetics and mechanical ventilation each
provokes inflammatory reactions.>* These data suggest
that anesthesia and surgery provoke proinflammatory
responses from alveolar macrophages.

Cigarette smoking also modulates both antimicrobial
and proinflammatory functions in alveolar macrophages.
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Smoking is one of the most important risk factors for
postoperative pulmonary complications. For example,
postoperative pulmonary complications are up to five
times more common in smokers— even in the absence
of underlying pulmonary disease or abnormal pulmonary
function tests.>° Changes in alveolar macrophage func-
tion in smoking patients during anesthesia and surgery,
however, have yet to be reported. We previously re-
ported that both antimicrobial and proinflammatory
functions decrease substantially in smoke-exposed rats
during halothane and isoflurane anesthesia with mechan-
ical ventilation.” We therefore tested the hypothesis that
chronic smoking also impairs both antimicrobial and
proinflaimmatory functions in human alveolar macro-
phages during anesthesia and surgery.

Because alveolar macrophage function is complex, we
evaluated a number of functions including opsonized
and unopsonized phagocytosis, microbicidal activity,
macrophage aggregation, and neutrophil influx. We also
evaluated gene expression of proinflammatory cytokines
including interleukin (IL) 13, IL-6, IL-8, interferon (IFN)
v, and tumor necrosis factor (TNF) « in whole alveolar
immune cells.

Methods

The protocol of this study was approved by the Insti-
tutional Review Board at the University of Hirosaki, and
written informed consent was obtained from all partici-
pating patients. We studied 60 patients with a scheduled
duration of surgery exceeding 6 h. All patients were
undergoing orthopedic surgery as in previous study.’
We defined smokers as patients who currently were
smoking more than 1 pack/day and had done so for at
least 1 yr before surgery. Nonsmokers were defined as
patients who had never smoked cigarettes for 1 yr or
more. Smokers were allowed to smoke in a special hos-
pital room until just before surgery.

We also excluded patients with one or more of the
following conditions: (1) chronic obstructive or restric-
tive pulmonary disease, with classification of American
Society of Anesthesiologists physical status II or higher;
(2) current steroid or nonsteroidal antiinflammatory
medications, with pulmonary or other infection or ab-
normal chest radiograph; (3) neoplastic disease, with
forced vital capacity and forced expiratory volume in 1 s
less than 80 and 70% of the predicted values, respec-
tively; or (4) a body mass index exceeding 30.
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Protocol

We evaluated 30 nonsmoking and 30 smoking patients.
Anesthesia was induced and maintained with propofol
(5-8 mg + kg~' - h™1), fentanyl (10-20 ug/kg), and
vecuronium. During anesthesia, all the patients were
mechanically ventilated with 30% oxygen and 70% nitro-
gen to maintain arterial carbon dioxide tension (Pac )
between 35 and 45 mmHg. Radial arterial pressure, eleéc,
trocardiogram, and pulse oximeter saturation were mon;
itored in all patients. A catheter was inserted via thé
right internal jugular vein to monitor central Venoug
pressure.

Before each performance of bronchoalveolar lavage\
arterial blood was sampled for gas analysis and calc1unﬁ>
and magnesium concentrations. As previously deé
scribed,*? bronchoalveolar lavage was performed i 1mmeaa,
diately after induction of anesthesia, 2, 4, and 6 h a.fteg
induction, and at the end of the surgery. A bronchovicET
eoscope (BF type P200, CV200, CLV-U20D; Olympusag’
Tokyo, Japan) was introduced through the endotrachea%
tube while mechanical ventilation was maintained. Th@
tip of the bronchovideoscope was wedged into a left 01%
right segment of the lower or middle lobe. This segmen%
was then lavaged via the suction port after instilling 2(§
ml of sterile saline solution containing NaCl (125 mwg
KCl (6 mm), dextrose (10 mm), HEPES (20 mm) an<§
lidocaine (16 mwm) titrated with NaOH to a pH of 7.4. Th§
lavage fluid then was aspirated gently. This procedur%
was repeated five times, so the total instillation of solu.g
tion was 100 ml. A different randomly chosen segmen§
was lavaged at each time point; the same 1nvest1gatog
performed all the bronchoalveolar lavages.
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Pulmonary Complications

Postoperative pulmonary complications were evalug
ated by a physician investigator who was unaware of theg
patient’s smoking history. This investigator also wa§
blind to the study results. Postoperative pulmonary comg
plications were divided into major and minor categories,
as suggested by Bluman et al.® Major complications in-
cluded pulmonary infection documented on chest radio-
graph associated with core temperatures exceeding
38.5°C, reintubation associated with respiratory failure,
and hospital readmission for pneumonia. Minor compli-
cations consisted of unexpected postoperative use of
aerosol treatment or new or worsening atelectasis on
postoperative chest radiograph.
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Treatment of Lavage Fluid

After straining through a single layer of loose cotton
gauze to remove mucus, we pooled the lavage fluid in a
sterile siliconized container and counted the number of
alveolar macrophages with ahemocytometer. The viabil-
ity of alveolar cells was evaluated by their ability to
exclude the 0.2% trypan blue. We have described this
method in detail.'~*

Cell differentiation and aggregation were examined by
counting 500 cells on a Wright-Giemsa stained slide.
Aggregation of the alveolar immune cells was expressed
as percentage of nuclei in aggregated cells per 500 nu-
clei counted on two or three slide preparations. Lavage
fluid then was divided into three equal volumes for
determination of phagocytosis, bactericidal activity, and
gene expression of proinflaimmatory cytokines by re-
verse transcription polymerase chain reaction (PCR).

Gene Expression of Proinflammatory Cytokines by

Semiquantitative Reverse Transcription PCR

Alveolar macrophages were separated from bronchoal-
veolar lavage fluid by centrifugation at 200g for 10 min.
After the supernatant was decanted, the cell pellets were
dissolved in 0.5 ml of guanidinium buffer solution (4 m
guanidinium isothiocyanate, 50 mwm tris HCI, 10 mm
EDTA, 2% sarcoryl, 100 mm mercaptoethanol). Molecular
analysis of proinflammatory cytokines was based on our
previously reported method.>* RNA was isolated from
the guanidinium buffer by the well-established acid gua-
nidinium-phenol- chloroform method.?

The amount of isolated RNA was measured by a spec-
trophotometer (Model DU-65, Beckman, Tokyo, Japan).
We obtained 2.7-4.5 ug RNA from each sample. By
incubation at 40°C for 60 min, cDNA was synthesized
from 2.5 ug RNA with 20 ul total reaction mixture
including tris-HCl buffer (pH 8.3), 1 mwm deoxyribo-
nucleoside triphosphate, and 0.125 um oligo dT primers,
as well as 20 U RNase inhibitor and 0.25 U avian myelo-
blastosis virus reverse transcriptase. After 60 min incu-
bation, the reverse transcriptase was inactivated by heat-
ing to 95°C for 2 min.

The semiquantitative reverse transcription PCR mix-
ture (50 wl) contained cDNA synthesized from 0.5 ug
RNA 10 mm tris-HCI (pH 8.3), 50 mm KCl, 2.5 mm MgCl,,
0.2 mm dNTP, 0.2 M 5" and 3’ oligonucleotide primers,
and 2.5 U Taq polymerase (Takara, Tokyo, Japan). The
reaction mixture then was amplified in a DNA thermo-
cycler (Perkin-Elmer, Irvine, CA). Each cycle consisted of
denaturation at 94°C for 1 min, annealing at 56°C (IL-6
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and IFN-y) or 59°C (for other cytokines) for 1 min, and
extension at 72°C for 1 min.

The optimal number of PCR cycles for each primer set
was determined in preliminary experiments so that the
amplification process was carried out during the expo-
nential phase of amplification. The number of PCR cy-
cles is as follows: 26 for B-actin, 29 for IL-13, 35 for IL-6,
32 for IFN-y, 27 for IL-8 and TNF-a. We used the same
sequence of cytokine-specific primer pairs as in oug
previous study.® Coamplication of the cDNA for eacly
cytokine and B-actin then was performed in single tubesg
The B-actin primers were added after several cycles W1thz
only cytokine primer so, that the final number of PCE’
cycles was optimal for both the cytokine and B-actin.

The PCR products were separated by electrophoresig
on a 1.8% agarose gel containing 0.5 wg/ml ethidiun§
bromide. PCR products were visualized on a transillum#
nator (model FBTIV-816, Fisher Scientific, Pittsburgh%
PA) at a 312-nm wavelength and photographed witlg
Polaroid 667 film (Japan Polaroid, Tokyo, Japan). Thg
band images were obtained by scanning the photograpl;%
with a ScanJet 3P (Hewlett-Packard, Cupertino, CA). Thé
total intensity (average intensity X total pixels) of eact?:
band was measured with Mocha software (Jandel Scieng
tific Software, San Rafael, CA). To evaluate the relativé
amount of cytokine mRNA in each sample, the cytokine: [ﬁ
actin ratio of the intensity of ethidium bromide lumines®
cence for each PCR product was calculated.?
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Pbagocytosis and Microbicidal Activity

Phagocytosis and microbicidal activity were evaluate@
as previously described.?* Alveolar macrophages wer&
separated from bronchoalveolar lavage fluid by centr1fua
gation at 200g for 10 min. After the supernatant wa§
decanted, alveolar macrophages were resuspended at E
concentration of 0.5 X 10° cells/ml in a balanced sahné
solution containing NaCl (125 mm), KCI (6 mm), dextros@
(10 mm), CaCl, (0.3 mwm), and MgCl, (1.0 mwm), tltrateé
with NaOH to a pH of 7.4.

Resuspended alveolar macrophages were incubated a@
suspensions at 37°C in 20-ml sterile centrifuge tubes on
a shaking platform (60 cycles/min). Unopsonized and
opsonized (1.0 um diameter) particles were added to the
separate centrifuge tubes, each containing a sample of
the cell suspension; the particle-to-cell ratios were 15:1.
The tubes were incubated for 15 min, and the phagocy-
tosis then stopped by addition of 2 ml of ice-cold bal-
anced saline solution. The cell suspension was placed on
a glass slide, fixed, and stained. We recorded the fraction
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of alveolar macrophages that ingested at least one parti-
cle, and the number of fluorescent particles per positive
phagocytic alveolar macrophage.

Bactericidal ability of the alveolar macrophages was
determined by their ability to kill Listeria monocyto-
genes using a modification of a previously described
method.” Listeria organisms were stored at a concentra-
tion of 1 X 10° colony forming units/ml in RPMI-1640
medium (Roswell Park Memorial Institute; Gibco BRL,
Lite Tech, Inc., Rockville, MD) and stored at —80°C until
use. Alveolar macrophages were separated as in the
phagocytosis assay at 2-h intervals and at the end of
surgery. We resuspended each set of alveolar cells at a
concentration of 0.5 X 10° cells/ml in RPMI-1640 and
plated them in 24-well dishes. After nonadherent cells
were removed by washing RPMI-1640, the remaining
cells (> 98% macrophages) were resuspended in 0.5 ml
RPMI containing 10% normal human serum.

The bacteria were resuspended in the same medium at
a concentration of 2 X 10° colony forming units per
milliliter. Resuspended aliquots of Listeria organisms
(0.5 ml) were mixed with the alveolar macrophages and
incubated for 30 min and 120 min in 5% CO,-95% air.
Centrifuged pellets of alveolar macrophages were lysed
by adding 10 ml sterilized distilled water and vortexing
for 30 s to release bacteria. The viable fraction of Listeria
bacteria was determined by plating serial 10-fold dilu-
tions on agar plates. The number of colonies of Listeria
was counted after 48 h on one of the plates. The rate at
which alveolar macrophages killed Listeria organisms
was calculated by dividing the fraction of the initial
inoculum of Listeria organisms Kkilled by the fraction of
the initial inoculum surviving in the control (cell-free)
tubes.

Data Analysis

The time immediately after induction of anesthesia was
designated as elapsed time zero. Time-dependent intra-
group data were evaluated using repeated-measures anal-
ysis of variance and the Dunnett tests for comparison to
elapsed time zero; P < 0.05 was considered statistically
significant. Differences between smoking and nonsmok-
ing groups at each time point were evaluated using
two-tailed, unpaired £ tests or chi-square tests, as appro-
priate. Our nominal « level was 0.05. Because we com-
pared values in the two groups at five time points,
however, we considered P < 0.01 to be statistically
significant. Data are expressed as the mean = SD.
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Table 1. Morphometric and Demographic Characteristics,
Pulmonary Status, and Anesthetic Management

Smoking Nonsmoking

Number 30 30

Age (yr) 49 £ 8 48 =9
Gender (M/F) 15/15 16/14
Weight (kg) 60 £ 8 60 =9
Height (cm) 165 = 8 163 = 7
ASA physical status (I or Il) 16/14 15/15 §
Cardiac index (I - min~" - m™?) 3.0=03 30+033
FVC (% predicted) 98 £ 15 96 = 11 §
FEV (% FVC) 88 =+ 6 878 =
Duration of anesthesia (h) 8.1 0.8 84 +11 g
Total fentanyl (mg) 0.8+0.2 0.8 = 0.25
Averages are presented as mean =+ SD. There were no statistically significanﬁﬁﬁg

differences between the groups.

ASA = American Society of Anesthesiologists; FVC = forced vital capacit
FEV = forced expiratory volume.

Results

Sa)SOUE/WOD IeySToA(IS Z!

Demographic and morphometric characteristics werg
similar between the two groups (table 1). The Consump%«
tion of cigarettes in the smokers was 28 £ 15 pack yr§'
There were no statistically significant differences in ilﬁ\
traoperative measurements between the two groups (ta;"\%
ble 2). Intraoperative blood loss was less than 600 ml ir;g:
all patients, and neither blood nor blood product wer
transfused. Nonsmoking patients did not experienc@
postoperative pulmonary complications. One smoke§
developed a mild postoperative pulmonary infection ag
detected by chest x-ray film and mild fever. This patieng
had no clinical signs suggesting a preoperative pulmo§
nary infection. :

There were no statistically significant differences i
the fluid-recovery rates as a function of time withiig
groups or between groups. The concentration of alveog
lar cells, however, was four or five times greater i1§
smoking than in nonsmoking patients at all times. Th(?D
concentration of alveolar cells in the smoking patient§
increased significantly starting after 6 h (table 3).

The percentage of macrophages at elapsed time zer(zz
was slightly but significantly greater in the smoking than
the nonsmoking group. In contrast, the percentage of
lymphocytes at this point was less in the smoking than
the nonsmoking group. The percentage of neutrophils
increased and the percentage of macrophages decreased
significantly over time in both groups. There were no
differences in the percentage of macrophages and neu-
trophils between two groups starting 2 h after induction
of anesthesia. The fraction of aggregated macrophages

000

00
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Table 2. Potential Confounding Factors

Time
(h) 0 2 4 6 End
MAP (mmHg) Smoking 779 93 + 13* 94 + 14* 92 + 13* 91 = 14*
Nonsmoking 75 =10 91 £ 14* 87 £ 13" 87 = 12* 88 = 13*
HR (beats/min) Smoking 69 = 11 78 £ 13" 83 £ 13" 81 = 14* 81 £ 11"
Nonsmoking 70 =13 79 = 16* 79 = 15* 77 = 14* 79 = 12*
pH Smoking 7.41 = 0.038 7.39 = 0.03* 7.37 = 0.03* 7.34 = 0.04* 7.31 = 0.03*
Nonsmoking 7.42 = 0.03 7.40 = 0.03* 7.37 = 0.04* 7.33 = 0.03* 7.31 = 0.04’9
Pao2 (mmHg) Smoking 136 = 27 136 = 28 138 = 22 134 = 22 135 £ 19 5
Nonsmoking 130 £ 22 130 = 25 130 = 22 130 £ 22 131 £ 22 §
Pac02 (mmHg) Smoking 393 39 £3 392 392 392 %
Nonsmoking 40+ 3 40 £ 2 40 £ 2 40 £ 2 40 =2 g
Teore (°C) Smoking 36.6 = 0.3 36.3 = 0.4* 36.2 = 0.5* 36.3 = 0.5* 35.9 = 0.6* =
Nonsmoking 36.7 = 0.3 36.3 = 0.4* 36.4 = 0.5* 36.3 = 0.5° 36.0 = 0.6 2
Ca%* (mwm) Smoking 1.09 = 0.06 1.08 £ 0.06 1.09 = 0.06 1.08 = 0.05 1.07 = 0.05§
Nonsmoking 1.09 = 0.05 1.09 = 0.05 1.10 = 0.04 1.10 = 0.04 1.09 = 0.055
Mg2+ (mm) Smoking 0.51 = 0.04 0.51 = 0.04 0.49 = 0.04* 0.48 = 0.05* 0.46 = 0.05’5
Nonsmoking 0.52 = 0.04 0.52 = 0.04 0.51 = 0.04* 0.49 = 0.04* 0.48 = 0.05%
Results are presented as mean = SD. %
* Statistically significant differences from elapsed time zero. There were no significant differences between the smoking and nonsmoking patients. é
MAP = mean arterial pressure; T, = core temperature. g
o
o
«Q

increased over the study period in both groups, and the
increase in aggregation was significantly greater in smok-
ing than nonsmoking patients starting 2 h after induction
of anesthesia (table 3).

The relative amount of mRNA for all cytokines was
minimal at elapsed time zero. Gene expression of all
cytokines except IL-6 increased significantly over time in
both groups. Two hours after anesthesia, gene expres-
sion for all cytokines except IL-6 increased significantly
in both groups. The increases in gene expression of
IL-13, IFN-y, and TNF-a were significantly smaller in the

Table 3. Cell Recovery and Type from Bronchoalveolar Lavage

smoking than the nonsmoking group. Between-groufs
differences were not observed for IL-8. Gene expressio@
for IL-6 did not increase over time in either group (fig. 1)‘§

The fraction of alveolar macrophages ingesting opsofg,D
nized and nonopsonized particles decreased signiﬁcantlé
starting 2 and 4 h after anesthesia in the smoking and thé
nonsmoking groups, respectively. The decrease in botl§
nonopsonized and opsonized phagocytosis in the smok§
ing group reached 40-50% by the end of surgery%
whereas the decrease in the nonsmoking group Waﬁg
20-30% of baseline values. After 2 h of anesthesia, th%

8
g
»
Time (h) 0 2 4 6 End 8
=2
Recovery rate (%) Smoking 67 £ 9 65 8 63 £ 6 64 =8 62 £9 é
Nonsmoking 628 66 =7 65 = 6 67 =7 64+8 &
Cells (X 10%/cm?®) Smoking 63 + 211 62 + 211 65 + 231 69 * 24*t 70 = 26*130
Nonsmoking 15+5 15+ 4 15+ 4 16 =5 166 2
Macrophage (%) Smoking 93 + 3t 90 * 4* 86 * 4* 83 = 5* 80 = 8" 2
Nonsmoking 90 *3 90 + 3* 88 + 4~ 86 + 5* 837" 3
Lymphocyte (%) Smoking 6 = 3t 7*3 8+3 82 8+4 §
Nonsmoking 9+3 8+3 8+3 74 85
Neutrophils (%) Smoking 1+1 3+ 3 6+ 2¢ 9+ 5* 12 + 8*
Nonsmoking 11 2+2 4 =2 7 =4 9+ 4
Viability (%) Smoking 92 +4 933 92 +4 922 +4 92 +5
Nonsmoking 94 +3 95+ 3 94 + 3 94 +3 94 + 2
Aggregation (%) Smoking 6*+4 7 =4 14 = 5"t 21 £ 5% 27 = 7T
Nonsmoking 4+3 4+4 8 + 4~ 12 £ 5* 17 = 6*

Data expressed as mean * SD.
* Statistically significant differences from elapsed time zero.

T Significant differences (P < 0.01) between the smoking and nonsmoking groups.

Anesthesiology, V 92, No 5, May 2000
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Fig. 1. Expression of proinflammatory cytokines during anes-
thesia in smoking (n = 30; circles) and nonsmoking (n = 30;
squares) patients. Ratios of cytokine mRNA to B-actin mRNA are
presented as the mean * SD. *Statistically significant difference
(P < 0.05) from elapsed time zero in each group. #Statistically
significant difference (P < 0.01) from the nonsmoking group.

decrease in phagocytosis was significantly greater in the
smoking than in the nonsmoking patients (fig. 2).

Microbicidal activity, as evaluated by Kkilling of Listeria
monocytogenes at both 30 and 120 min postincubation,
decreased significantly starting 2 and 4 h after anesthesia
in the smoking and the nonsmoking groups, respec-
tively. By the end of surgery, microbicidal activity de-
creased about 40% in the smoking patients; it decreased
only about 20% in nonsmoking patients. Differences
between the two groups were statistically significant
starting 2 h after anesthesia (fig. 3).

Discussion
Expression of Proinflammatory Cytokines

Interleukin 18 and TNF-a are important proinﬂamma—
tory cytokines in macrophages and neutrophils.” Anes-
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Fig. 2. Fraction of alveolar macrophages ingesting opsonized
and nonopsonized particles in smoking (n = 30; circles) an@
nonsmoking (n = 30; squares) patients. Data are expressed a$§}
the mean * SD. *Statistically significant difference (P < 0.05%
from elapsed time zero in each group. #Statistically slgnlﬁcang
difference (P < 0.01) from the nonsmoking group.
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thesia and surgery augmented gene expression of IL- 1@
and TNF-c, as well as IL-8 and IFN-v, in alveolar 1mmuneg
cells in our human® and animal® studies. Expression OE
these cytokines in alveolar immune cells, with the exd
ception of IL-8, was reduced significantly in the smokin§
patients. Our results are also consistent with a previousz
animal study indicating that the increases in proinflamé
matory cytokine production and gene expression duringi
halothane and isoflurane anesthesia were much smalleg
in smoke-exposed than in control rats.”

Gene expression for proinflammatory cytokines ing
creases after pulmonary insults such as instillation of
lipopolysaccharide or bacteria.'®'! Although acute and
massive secretion of IL-1 and TNF-« causes critical respi-
ratory failure, IL-1 and TNF-a potentate immune resis-
tance in wound healing and bacterial infection if se-
creted in controlled quantities."*'> IFN-y is an
immunostimulative cytokine to augment cell-mediated
immune defense against bacterial insults in the macroph-
age-monocyte-neutrophil system. Reduced expression

Z yole
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Fig. 3. The percentage of Listeria monocytogenes killed by alve-
olar macrophage from smoking (n = 30, circles) and nonsmok-
ing (n = 30, squares) patients after 30 and 120 min incubation.
Data are expressed as the mean = SD. *Statistically significant
difference (P < 0.05) from elapsed time zero in each group;
#statistically significant difference (P < 0.01) from the non-
smoking group.

o

of these cytokines in smoking patients thus may impair
pulmonary defenses during anesthesia and surgery.’

Interleukin 8 is among the most potent chemoattrac-
tants for neutrophils in humans. Expression of the IL-8
gene was comparable in smoking and nonsmoking pa-
tients. This finding is consistent with a previous study in
unanesthetized patients.'? In rats, macrophage inflam-
matory protein 2 is a potent chemoattractant, as is IL-8.
In our previous study, we found the expression and
production of macrophage inflammatory protein 2 to be
the same in smoke-exposed and control rats.”

We detected little or no expression of the gene for IL-6
in alveolar macrophages. This finding was comparable
with previous studies.>*” Why this gene is expressed so
poorly during anesthesia and surgery remains unknown.
McCrea et al.'* report that IL-6 was undetectable in
bronchoalveolar lavage fluid from 50% of patients; how-
ever, they found that IL-6 concentrations were greater in
smokers than nonsmokers. IL-6 is a pleiotropic cytokine

Anesthesiology, V 92, No 5, May 2000

released by alveolar macrophages. Like IL-13 and TNF-q,
IL-6 is involved in acute-phase protein production and is
an endogenous inflammatory mediator. Although alveo-
lar macrophages can produce IL-6 in vitro and the pro-
duction is more pronounced under stimulation of lipo-
polysaccharide, other cells such as alveolar epithelial
cells or fibroblast may be the main sources in vivo.

ojumoq

Pbagocytic and Microbicidal Activities

The effect of smoking on phagocytlc and m1crob1c1da§
activities is an area of controversy.'> Martin'® pomtedgf
out that different techniques of measurement lead te
different conclusions. In our study design, preoperativ%
phagocytic and microbicidal activities were similar i1§>
smoking and nonsmoking patients. Phagocytic and mig
crobicidal activities are up-regulated by proinflammatorg
cytokines and growth factors, some of which (IL—1§
TNF-a, IFN-y) increase during anesthesia and surN
gery.'>'7!8 Nonetheless, phagocytic and m1crob101da¥=
activities decreased over time in both groups. Thesg
results were consistent with those we reported previ
ously.? Similar reductions in microbicidal activity of aﬁ'
veolar macrophages have been reported to occur WltlE_
exposure to volatile anesthetics.'®?° It is well estam
lished that antimicrobial functions of other immune cell§
including monocytes and neutrophils decrease durin§
anesthesia and surgery.*"** In contrast, expression andg
concentrations of promﬂammatory cytokines mcreas@
during anesthesia.”> Volatile anesthetics markedly supm
press the production of adenosine triphosphate and prOg
tein in alveolar macrophages.>**> We found that cyto‘§
kine expression does not always correlate with CytOklI‘l%
production.*” The decrease in metabolic activity by ang
esthetics may explain this observation partially.

A notable finding of this study is that phagocytic ang
microbicidal activities decreased almost twice as muclg
in smoking as nonsmoking patients. There are numeroué
potential explanations for this observation:
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1. Decreased activation of alveolar macrophages 11%;
smokers may result from reduced expression of
proinflammatory cytokines.

2. Decreased phagocytic and microbicidal activities are
consistent with the observation that metabolic activ-
ity in human alveolar macrophages is reduced in
patients who smoke.?°

3. Smoking-induced inhibition of metabolic activity in
alveolar macrophages is compounded by anesthe-
sia,?® resulting in a further decrease in phagocytic and
microbicidal activities.
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4. Smoking decreases the normal phagocytosis-induced
activation of alveolar macrophages.*’

5. Macrophage aggregation was much greater in smok-
ing than nonsmoking patients. At the very least, ag-
gregation decreases cell membrane surface area avail-
able for phagocytosis, thus reducing the ability of
alveolar macrophages to ingest foreign particles.

Phagocytosis and bactericidal activity of alveolar mac-
rophages are key elements of pulmonary defense. Smok-
ing markedly reduced both functions, suggesting that
smokers have reduced ability to resist pulmonary bacte-
rial infection during anesthesia and surgery. This obser-
vation is consistent with the observation that postoper-
ative pulmonary complications are far more common in
smokers than nonsmokers.”® Macrophage aggregation
and neutrophil influx were observed after 2 and 4 h of
anesthesia in smoking and nonsmoking patients, respec-
tively. There were no significant differences, however,
in neutrophil number between two groups. Our results
thus suggest that at the very least, neutrophil chemotac-
tic activity is not suppressed in smokers.*®?? This obser-
vation is consistent with our observation that expression
of IL-8 was similar in the two groups.

Aggregation of alveolar macrophages was increased
markedly in smoking patients. Hegab and Matulionis®’
reported that anesthesia causes massive macrophage ag-
gregation in smoke-exposed mice, whereas this response
was absent in unexposed mice. Adhesion molecules are
a critical component of macrophage and neutrophil ac-
cumulation. Schaberg et al>'? reported that alveolar
macrophages and pulmonary vascular epithelial cells
from smokers demonstrated augmented expression of
CD11a/CD18, CD11b/CD18, CD11¢/CD18, and CD54
(intercellular adhesion molecule 1), all of which are
leukocyte adhesion molecules. The accumulated and ac-
tivated neutrophils up-regulate local adhesion mole-
cules.®® Klut et al.*® reported that neutrophils within
pulmonary microvessels are activated by smoke-exposed
rabbits. Various factors contributing to macrophage ag-
gregation, such as Mg®", Ca®?", and body temperature,
were comparable in each group.®* Taken together, these
results suggest that preoperative increases in adhesion
molecules lead to subsequent accumulation of inflamma-
tory cells to the distal airway and macrophage aggrega-
tion in smoking patients.

We found an increase in the number of alveolar im-
mune cells from smoking patients after 4 h of anesthesia.
A study by Hegab and Matulionis®® showed that smoke
exposure in mice prompts migration of parenchymal
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macrophages to the distal airway. They speculated that
some pulmonary cells liberate chemotactic substances
that attract parenchymal immune cells, a conclusion
supported by the work of Koyama et al.?® Accumulation
of alveolar immune cells in the smoking patients thus
may result in part because smoking provoked migration
of parenchymal and vascular cells to the distal airway.
Another possible explanation for the increased num-
ber of alveolar immune cells in the smokers is impairz
ment of mucociliary transport by smoking and anesthe§
sia. Macrophages are removed from the alveoli in part bf;
the mucociliary transport system; impairment of thi%
system results in alveolar macrophage accumulation i
the distal airway. This mechanism is seriously impaire@
by cilitoxins of cigarettes such as hydrocyanic acid, acg
etaldehyde, acrolein, and formaldehyde.’> Anesthesia als@
damages mucociliary transport®>>® and is likely to faci¥
itate accumulation of alveolar immune cells synergisti%
cally in the airways of smokers.

Limitation and Summary

A limitation of our study is that we did not measure th
concentration of proinflammatory cytokines in bro
choalveolar lavage fluid. This was in part because there
is no way of estimating the volume of the epithelia@
lining fluid, making it impossible to quantify the concerﬂ:
tration of cell products in the bronchoalveolar lavag§
fluid. Although concentrations of potassium, proteing
and urea have been used as markers, these provide onlytz
a rough index of dilution. Estimation of cytokine consg
centrations would have been especially problemati%
given the observed large time-dependent changes ilg
alveolar macrophage number, aggregation, and activity3
Also, most cytokines may be secreted in autocrine and&
paracrine modes. Hence, we directly evaluated inflanis
matory responses at transcriptional levels.

To avoid any artificial influence of the sorting processz,
we did not separate the macrophages from other cells%
For example, even adherence to plastic test tubes fo%
separation of alveolar macrophage activates gene express
sion of cytokines.®” Although macrophages are the most
likely source in initial responses, IFN-y is a potent stim-
ulator of alveolar macrophages; this cytokine, however,
is mainly secreted by activated lymphocytes. IL-8 is ex-
pressed and secreted from alveolar macrophages to re-
cruit neutrophils. Furthermore, migrated and activated
neutrophils produce lysosomal enzymes and oxygen free
radicals, which facilitate IL-8 secretion in the lungs sig-
nificantly.*®>? Thus, we cannot draw a definite conclu-
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sion regarding cell source for the observed increase in
gene transcription.

We conclude that the antimicrobial and proinflamma-
tory responses of alveolar macrophages during anesthe-
sia and surgery differ markedly in smokers and nonsmok-
ers. Antimicrobial and proinflammatory responses of
alveolar immune cells, at both transcriptional and histo-
logic levels, are suppressed markedly in smokers.

The authors thank D. Sawamura, M.D., Department of Dermatology,
University of Hirosaki, for suggestions for molecular analysis.
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