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Abstract. The purpose of the study was to assess the relation between the levels of endotoxins circulating in
airways of patients with lung cancer and the ability of bronchoaveolar lavage (BAL) leukocytes for ex vivo
release of nitric oxide (NO) and interleukin 6 (IL-6) and for in vitro lipopolysaccharide (L PS)-induced production
of the mediators. Leukocytes isolated from the BAL of 11 patients and from 5 healthy individuals were cultured
in the absence or presence of LPS; ;- The levels of endotoxins in the BAL fluids (BALF) and the amounts of
NO released ex vivo from unstimulated cells from the patients were highly (p = 0.0025) elevated in comparison
with those from healthy individuals. The release of NO was significantly correlated (R = 0.638, p = 0.047) with
the levels of endotoxins in BALF. In contrast, production of IL-6 remained very low and a negative correlation
(Rs=-0.623, p = 0.0542) was observed between the amounts of NO and IL-6. It was also found that, in response
to LPS, bronchoaveolar leukocytes from patients with lung cancer express a reduced capacity for in vitro
production of NO and IL-6. Our data suggest that, in patients with lung cancer, the activation of BAL cells by
endotoxins circulating in the airways may contribute, at least in part, to overproduction of spontaneous NO and,
subsequently, the NO may reduce IL-6 production. Moreover, the exposure in vivo of the BAL cells to LPS
renders them unable to respond to the second signals.
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Introduction has been aready documented® 4, while the mechanism
of this phenomenon is poorly understood. It has been

The suppressed cytokine-response of bronchoalveo-  generally assumed that the event may reflect the exist-

lar lavage (BAL) cells from patients with lung cancer  ence of theimmunosuppressive factors related to tumor

Abbreviations used: BAL — bronchoaveolar lavage, BALF — bronchoalveolar lavage fluids, PBS — phosphate buffered sdine, LPS
— lipopolysaccharide, NDV — Newcastle disease virus, NO — nitric oxide, IL-6 — interleukin 6, LAL — Limulus amebocyte lysate, EU
— endotoxin unit, SCLC — small cdl lung cancer, NSCLC — non-smdl cell lung cancer, Rs — rank correlation coefficient.
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growth?. Tumor cells are known to secrete a number
of immunosuppressive molecules, such as transforming
growth factor-B (TGF-p), interleukin 10 (IL-10) and
prostaglandin E2 (PGE2)* & 1! as well as nitric oxide
(NO)°. On the other hand, the contribution to the im-
munosuppressive activity in lung cancers of mediators
released by pulmonary immunocompetent cells and ac-
tivators of these cells has remained unclear.

Some studies indicate that respiratory infections
caused mainly by Gram-negative bacteria are very fre-
quent in the course of lung cancer’®. These findings
prompted us to look for bacterial products such as en-
dotoxins (LPS) in the lower respiratory tract by estima-
tion of the levels of LPS in bronchoaveolar lavage
fluids (BALF). With respect to the possibility that LPS
is considered as one of the activators of pulmonary
immunocompetent cells', we assessed in patients with
lung cancer the relation between endotoxins present in
the airways and the secreted markers of the BAL cells
activation, such as NO and IL-6.

Materials and Methods

Patients and control subjects. The study population
consisted of 11 randomly selected patients (2 women,
9 men) with previously undiagnosed and untreated dis-
ease. They had initially undergone bronchoscopy be-
cause of a chest radiography that had revealed a tumor
mass. The diagnosis was confirmed on the basis of
histological and cytological examination of the selected

Table 1. Characterization of the studied patients and BAL data
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materials by bronchofibroscopy or transthoratic thin-
-needle aspiration of the tumor. The patients had not
been receiving any therapy at least one month before
the bronchofibroscopy procedure. All of them were cur-
rent smokers (Table 1). The tumor types were: non
small cell lung cancer (NSCLC) — 3 patients, and small
cell lung cancer (SCLC) — 8 patients. Eight patients had
stage 2 disease and the other three had stage 3 disease,
according to the TNM classification®. The control
group comprised 5 non-smoking patients (1 woman and
4 men), who had undergone diagnogtic examination be-
cause of non-organic, neurologic symptoms or cancer pho-
bia. They were found to be without clinica or radiographic
evidence of lung cancer. The study was approved by the
Ethic Committee of the Universty Medica School of Wro-
ctaw, Poland. Informed consent was obtained from dl of
the patients.

Bronchoalveolar lavage leukocytes' isolation and
culture. The BAL procedure was performed by a rou-
tine method as described previously® *. Briefly, lavage
was filtered through wet double-layer sterile gauze and
centrifuged at 400 g for 10 min at 4°C. After 2 wash-
ings, the pellet was resuspended at a cell concentration
of 5x 10° per 1 ml in RPMI medium supplemented
with 5% heat-inactivated human AB serum and 2 mM
of L-glutamine (Gibco, Edinburgh, GB), 100 U/ml
penicillin, 100 pg/ml streptomycin. The cell suspen-
sions were distributed and cultured in 24-well flat bot-
tom culture plates (Costar, Cambridge, MA, USA). The
cells were enumerated in a Thoma chamber and their
viability was ascertained by the trypan blue exclusion

Parameters Healthy Patients with lung cancer p
(n=5) (n=11) (Mann-Whitney test)
Age (years) 31 50 0.0043*
(21-45) (40-67)
Sex FIM 14 2/9
Smoking Y/N 0/5 1111
FEV (% of predicted) 98 96 0.117
(94-108) (65-103)
Tota cells x 106 81 133.0 0.0050*
(4.2-15.8) (14.6-186.0)
Viability (%) 95.0 88.0 0.1489
(86.0-98.0) (48.0-94.0)
Macrophages (% total) 94.0 81.0 0.0032*
(91.0-96.0) (34.0-93.0)
Lymphocytes (% total) 6.0 12.0 0.0032*
(4.0-6.0) (5.0-35.0)
PMN, others (% total) 0.0 4.0 0.0380*
(0.04.0 (1.0-54.0)

* Differences were considered significant at a p level less than 0.05.

Data are expressed as medians. Ranges are shown in parentheses.
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test. Differential cell counts were performed by analyz-
ing May-Grinwal d-Giemsa-stained smears, identifying
at least 200 cells.

Determination of NO release. NO production by
bronchoalveolar cells was quantified by measuring the
accumulation of its stable degradation product nitrite
(NOy) in the culture supernatants by using the Griess
reaction according to Dinc et al.°. Briefly, cell-free
supernatants (100 pl) were removed from 48-hours-
-BAL leukocyte cultures and placed onto 96-well plate.
Then 100 pl Grieses reagent (0.1% naphtylenediamine
dihydrochloride (Sigma Chemicals Co., USA) in water
and 1% sulphanilamide (Sigma Chemicals Co., USA)
in 5% H;PO, (v/v) was added to each well. The incu-
bation was carried out for 10 min at room temperature
and adsorbance was measured at A = 540 nm using an
ELISA plate reader (Stat Fax 2100, Awareness Tech-
nology Inc., USA). NO, concentrations were cal cul ated
from a linear standard curve generated from 2 to 100
MM of sodium nitrite (NaNO,; Sgma Chemicas Co., USA).

Assay for IL-6 activity. Production of IL-6 was
determined by using the IL-6-dependent hybridoma cell
line 7TD1 38 as was described previously® *. Briefly,
the cells were cultured in 96-well plates (Costar, MA,
USA) at a concentration of 2 x 10° cells'well in the
presence of serial dilutions of the non-stimulated or
LPS-stimulated BAL cell culture supernatants. After
72 h, the surviving cells were estimated colorimetri-
caly by staining of the cells with 3-[4,5-dimethylthia-
zol-2-yl]-2,5-diphenyltetrazoliumbromide (MTT; Sgma
Chemicals Co., USA), and lysis of the cells with
SDS/DMF solution (13.5%, w/v) sodium dodecyl sul-
fate (SDS) in 45% water solution (v/v) N, N-dimethyl-
formamide (DMF; Sigma Chemicals Co., USA). One
unit of 1L-6 activity was calculated as the inverse dilu-
tion of a supernatant sample where a half-maximal pro-
liferation of 7TD1 cells was registered. In our assay,
one unit corresponded to 0.1 ng of recombinant
(E. coli), human IL-6 (R&D Systems, USA). The sen-
sitivity of the bioassay was 5 U/ml.

Measurement of endotoxins. Cell-free fluids from
bronchoalveolar lavage were 10-fold concentrated by
lyophylization and dissolved in phosphate buffered saline
(PBS). The amounts of endotoxins were determined in the
BAL fluids, culture media and PBS by the end-point
method” using the chromogenic Limulus amebocyte lysate
(LAL) test (Manufacturer of LAL, Charleston, SC, USA).
The tests samples were diluted 1:10 with sterile endo-
toxin-free water and heated for 5 min at 75°C. Next, 100
pl samples of BALF of patients or hedthy individuals and
diluted control standard endotoxins were incubated at
37°C for 5 min and then mixed with 100 pl of LAL and
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further incubated for 16 min at 37°C. Two hundred pl
of chromogenic substrate was then added, vigorousy
mixed and the incubation was continued for an additional
8 min. The reaction was stopped by the addition of 20%
acetic acid. From the contents of the test tubes, 200 pl
samples were transfered to a 96-well microplate and the
adsorbance was read in an Elisa Reader Dynatech 5000
(USA) at the wavelength of 405 nm.

Satistical analysis. The data were presented as me-
dians, quartiles (25-75%) and ranges (Min.-Max.).
Significance of differences between groups was deter-
mined using the Mann-Whitney U-test. Differences be-
tween pairs of measurements in the same patients were
tested using Wilcoxon's matched-pairs signed-ranks
test. Spearman’s rank correlation test was used for
determination of the relationship between the levels of
endotoxins, NO and IL-6. Analysis was done using the
computer program Statistica Version 5.1, Stat-Soft
(USA), taking p<0.05 as stetistically significant.

Results

Patients and BAL data

Table 1 summarizes the clinical data and BAL par-
ameters. BAL was well tolerated by all subjects. The
total number of BAL cells obtained from lung cancer
patients was higher (p = 0.005) than that from healthy
subjects. However, viability of the cell populations was
similar (p = 0.1489) in the two groups. Differential cell
counts for lung cancer patients are representative of the
inflammatory state within the lower respiratory tract
because of the increase (p = 0.0032) in the number of
lymphocytes and granulocytes in comparison with
healthy individuals.

Assessment of endotoxin levels in BALF

Endotoxin contamination in culture media and in
PBS was undetectable or below 0.2 EU/mI (Table 2).
The BALF obtained from healthy donors and studied
patients with lung cancer were positive with regard to
the presence of endotoxins. However, the levels of LPS
in BALF obtained from NSCLC and SCLC patients
were significantly elevated (p = 0.00045) in compari-
son with that from healthy subjects (Table 2).

Foontaneous and LPS-induced secretion of NO

The levels of NO released from unstimulated BAL
cellsof patientswith lung cancer were estimated. More-



122

Table 2. Concentration of endotoxins in media and bronchoalveolar
lavage fluids

Fluids Endotoxin concentration
[EU/mI]
Phosphate buffered saline (PBS)* 0.000
(0.000-0.110)
RPMI + 5% human serum* 0.167
(0.153-0.185)
BALF **
hedthy (n=5) 0.353
(0.183-0.460)
lung cancer (n = 11) 0.631
(0.562—-0.875)

* The edimations were done on 4 of the different batches
of media used to the study.

** Bronchoalveolar lavage fluids (BALF) were 10-fold concen-
trated.

Results are presented as medians and ranges are given in paren-
theses.

over, in vitro the ability of the cells to production of
NO in response to L PS was also studied and compared
with that of healthy controls. As shown in Fig. 1, the
unstimulated BAL cellsfrom healthy subjects produced
a low level of NO, whereas stimulation with LPS re-
sulted in an increase of the amounts of NO (median
1.07, range 0.25-2.6 pg/ml vs median 5.3, range 4.26—
11.0 pg/ml). In contragt, a significantly (p = 0.0004)
higher production of NO was observed in unstimul ated
cells of lung cancer patients than in healthy controls,
whereas stimulation of the cells with LPS was accom-
panied by a decrease in the levels of NO (median 7.3,
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Fig. 1. Production of nitric oxide by bronchoalveolar lavage leuko-
cytes obtained from patients with lung cancer and healthy individ-
uds. The BAL cells a a concentration of 5x10° cells per 1 ml were
cultured for 48 h in the absence or presence of LPS (5 pg/ml). The
amounts of NO were estimated in cell-free culture media. Results
are presented as median values and quartiles (25-75%). Ranges are
shown as whiskers plots
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range 4.5-13.1 pg/ml vs median 6.2, range 3.7-11.7
pg/ml).

Production of IL-6 by unstimulated
and LPS-stimulated BAL cells

The in vitro unstimulated cells from lung cancer
patients released a level of IL-6 similar to that found in
healthy subjects (median 12.0, range 10.0-108.0 U/ml
vs median 15.0, range 10.0-45.0 U/ml; p=0.2673). It
must be noted that in healthy individuals the stimulation
of BAL celswith LPSresulted in elevated (p = 0.0005)
amounts of IL-6 while in both NSCLC and SCLC pa-
tientsthelevel of IL-6 remained aslow asinintact cells
(p=0.8269; Fig. 2).
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Fig. 2. Production of interleukin 6 by bronchoalveolar lavage leu-
kocytes obtained from patients with lung cancer and healthy indi-
viduals. For further explanation see Fig. 1

Relationship between the levels of endotoxins
present in the airways and the ability of BAL cells
to produce NO and IL-6

The levels of NO and IL-6 released from BAL cells
were assessed in relation to the concentration of endo-
toxins in BALF. A high production of NO was signi-
ficantly correlated with the levels of endotoxins in
BALF (Rs=0.717, p = 0.0017; Fig. 3). In contrast, se-
cretion of 1L-6 remained very low and a negative corre-
lation was observed between the amounts of NO and
IL-6 (Rs=-0.616, p=0.012; Fig. 4).

Discussion
Our study for the first-time provides evidence for

endotoxin contamination in the lower respiratory tract
of patients with lung cancer. We suggest that acterial
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Fig. 3. Relationship between endotoxin levels in bronchoalveolar
lavage (BAL) fluids and production of nitric oxide by BAL leuko-
cytes obtained from patients with lung cancer
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Fig. 4. Relationship between production of nitric oxide and inter-
leukin 6 by bronchoalveolar lavage leukocytes obtained from pa-
tients with lung cancer

products, such as LPS, which occupied the airways of
the studied patients could contribute, at least in part, to
the suppressed cytokine-response of bronchoalveolar
leukocytes by triggering NO release.

The presence of LPS in the lower respiratory tract
may reflect the process of pulmonary Gram-negative
bacteria infections. Indeed, the high frequency of the
pattern of respiratory infections was firmly established
by retrospective examination in which mainly Gram-
-negative bacteria were found in sputum, bronchial as-
pirate and lung specimens isolated from deceased pa-
tients with lung cancer®. Infections associated with
lung cancer are usualy undiagnosed because of the
tumor related abnormalities’. Moreover, the routine
microbiological studies to determine the respiratory in-
fectious etiology are of limited value because of con-
troversy concerning the list of pathogens and the fre-
quency with which they cause the infections .

We have tried to exclude the possibility suggested
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by NeLson et al.®® that LPS contents in the salines in-
stilled through the bronchoscope can stimulate BAL
cellsto NO production. We have given special attention
to clean bronchoscopes and to use L PS-free physiol ogi-
cal salines (Table 1) for lavage procedures. We have
aso used culture media containing endotoxins in
a quantity which is insufficient to induce NO and cy-
tokine release (our data not shown).

Our observations provide indirect evidence for ex
vivo stimulation by endotoxins of BAL leukocytesfrom
lung cancer patients. We have found a significant posi-
tive correlation between the amounts of NO produced
by unstimulated in vitro BAL cellsand endotoxin levels
in BALF. Additionally, suppressed NO response to
LPSin vitro may confirm the suggestion that the expo-
sure in vivo of the BAL cells to LPS renders them
unable to respond to the second signals. Our results are
in agreement with the finding of Ducas et al.° that NO
synthase in human alveolar macrophages is not ex-
pressed constitutively, but needs stimuli to be induced.
In other words, endotoxins, which are known as the
most potent immune stimuli and which were found by
us in the lower respiratory tracts of the studied patients
with lung cancer, may be considered as inducers of NO
overproduction in BAL cells.

However, an other kind of stimuli can not be ex-
cluded. Tumor cells may aso be involved in the pro-
duction of NO by immunocompetent cells. Some
studies on mice models have indicated that direct
stimulation of alveolar as well as peritoneal macro-
phages by a membranous fragment of tumor cells can
lead to the secretion of NO®. Likewise, NO synthase
MRNA and iNOS protein were found in human mono-
cytes after stimulation by colon carcinoma cells®. It
should be noted that, in addition to immunocompetent
cells, NO may also be produced by lung tumor cells
themselves, depending on the type of the cancer®.

Anyway, on the basis of our results, we propose that
the increased NO production may be attributed not only
to the tumor itself, but also to the tumor-associated
non-specific immunological processes. We suggest that
such processes may reflect, at least in part, the effect
on BAL leukocytes of environmental stimuli, including
LPS. Moreover, the response of the cells seem to be
irrespective of the localization of the cells. They can be
located even in the distant surroundings of the tumor,
such as in the contralateral lobe.

Our previous study® 4 demonstrated that bronchoal -
veolar leukocytes isolated from lung cancer patients
appear to be immunodeficient because they did not
spontaneously secrete TNF-a, IFNsand IL-6 and could
not responded to LPS and NDV. Thisisin concordance
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with the present observation concerning attenuated I1L-6
production in such patients. The immunodeficient state
of BAL cells seems to be discrepant with the fact that
differential cell counts of the cell population obtained
from the studied patients reflect the inflammatory status
of the entire lower respiratory tract, as was established
by HUNNINGHAKE et al.*2. This may be explained by the
proposal that the state of activation of the cells may be
more important than their number.

Nitric oxide was found to be an attractive potential
mediator of inflammatory reactions by downregulation
of LPS-induced cytokines in lung macrophages'’ *°.
Overproduction of NO associated with an impaired re-
lease of IL-6, which was observed by usin lung cancer
patients, suggests that NO may be involved in the dim-
inished response of the cytokine. Indeed, it was estab-
lished by THomAsseN et al.? that NO can inhibit TNF-a
and IL-1p production by human alveolar macrophages
which were primarily activated with LPS. This seems
to be the case in our study concerning IL-6.

Based on our results and the findings that NO can
decrease production of inflammatory cytokines by lung
macrophages!’ and reduce Con A-induced lymphocyte
proliferation™*® in lung cancer patients, one can specu-
late that NO may be responsible, at least in part, for the
immunosuppressive state of the patients. However, the
production of NO may be consequent on tumor-rel ated
or tumor-unrelated processes. Further investigation of
the possible role of NO in the metabolism and behavior
of lung cancer depending on the origin of NO are
needed.

Acknowledgment. Thiswork was supported by grant No 4PO5B 158
08 from the State Committee for Scientific Research (KBN), Po-
land.

References

1. ASSELIN-PATUREL C., ECHCHAKIR H., CARAYOL G., OPOLON P,
GRUNENWALD D., CHouAIB S. and MAMI-CHOUAIB F. (1998):
Quantitative analysis of Thl, Th2 and TGF-beta 1 cytokine
expression intumor, TIL and PBL of non-small cell lung cancer
patients. Int. J. Cancer, 1, 7-11.

2. BRamBILLA C., RoMAND P., VANDERCKERCKHOVE C. and
Moro D. (1992): Respiratory infection and bronchia cancer.
Rev. Mal. Respir., 9 (suppl.), R49-52.

3. CEMBRzYNSKA-NOWAK M., BIENKOWSKA M. and SzkLARz E.
(1998): Exogenous interleukin 2 regulates interleukin 6 and
nitric oxide but not interferon-y and tumor necrosis factor-a
production in bronchoalveolar leukocytes from patients with
small cell lung cancer. Arch. Immunol. Ther Exp., 46, 367-374.

4, CEMBRzYNSKA-NowAK M., SzkLARz E. and INGLOT A. D.
(1997): Modulation of cytokine production by a selenoorganic
compound (AE-22) in hyperreactive or hyporeactive bronchoal-
veolar leukocytes of asthmatics or lung cancer patients. J. Inter-
feron Cytokine Res., 17, 609-617.

M. Cembrzyhska-Nowak et al.: Endotoxins, NO and IL-6 in Lung Cancer

5. DING A. H., NATHAN C. F. and STUEHR D. J. (1988): Release
of reactive nitrogen intermediates and reactive oxygen inter-
mediates from mouse peritoneal macrophages. J. Immunal.,
141, 2407-2410.

6. DuGas B., MossaLAYlI M. D., DamaAls C. and KoL J. P.
(1995): Nitric oxide production by human monocytes: evidence
for arole of CD23. Immunol. Today, 16, 574-580.

7. DUNER K. I. (1993): A new kinetic single-stage Limulus
amoebocyte lysate method for the detection of endotoxin in
water and plasma. J. Biochem. Biophys. Methods, 26, 131-142.

8. ELGERT K. D., ALLEVA D. G. and MuLLINS D. W. (1998):
Tumor-induced immune dysfunction: The macrophage connec-
tion. J. Leukoc. Biol., 64, 275-290.

9. FuamoTto H., ANDO Y., YAMASHITA T., TERAZAKI H., TANAKA
Y., SAsaKI J., MATSUMOTO M., SUGA M. and ANDO M. (1997):
Nitric oxide synthase activity in human lung cancer. Jpn. J.
Cancer. Res,, 88, 1190-1198.

10. HAUGEN T. S., NAKSTAD O. H., SKLONSBERG O. H. and
LYBERG T. (1998): CD14 expression and binding of lipopoly-
saccharide to alveolar macrophages and monocytes. Inflamma-
tion, 22, 521-532.

11. HUANG M., SHARMA S., MAO J. T. and DUBINETT S. M. (1996):
Non-small cell lung cancer-derived soluble mediators and pros-
taglandin E2 enhance peripheral blood lymphocyte IL-10 tran-
scription and protein production. J. Immunol., 157, 5512-5520.

12. HUNNINGHAKE G. W., GADEK J. E., KAWANAMI O., FERRANS
V. J. and CRYSTAL R. G. (1979): Inflammatory and immune
processes in the human lung in health and disease: evaluation
by bronchoalveolar lavage. Am. J. Pathal., 97, 149-206.

13. IsoBE K. and NAKASHIMA |. (1993): Abundant production of
nitric oxide from murine macrophages by direct stimulation of
tumor cells. Biochem. Biophys. Res. Commun., 192, 499-504.

14. JaFre M. L., ARAI H. and NABEL G. J. (1996): Mechanisms of
tumor-induced immunosuppression: evidence for contact-de-
pendent T cell suppression by monocytes. Mol. Med., 2, 692—701.

15. KAwWABE T., IsoBE K. |., HASEGAWA Y., NAKASHIMA |. and
SHIMOKATA H. (1992): Immunosuppressive activity induced by
nitric oxide in culture supernatant of activated rat alveolar mac-
rophages. Immunology, 76, 72—78.

16. KoHNO S,, KogA H., OkA M., KADOTA J., KAKU M., SobA H.,
Tomono K. and HARA K. (1994): The pattern of respiratory
infection in patients with lung cancer. Tohuku J. Exp. Med.,
173, 405-411.

17. MELDRUM D. R. (1998): Nitric oxide downregul ates lung mac-
rophage inflammatory cytokine production. Ann. Thorac. Surg.,
66, 313-317.

18. NELSON M. E., WALD T. C., BalLEY K. and WESSELIUS L. J.
(2999): Intrapulmonary cytokines accumulation following BAL
and the role of endotoxin contamination. Chest, 115, 151-157.

19. PErRsoOONS J. H., SCHORNAGEL K., TILDERS F. F., DE VENTE J,,
BERKENBOSCH F. and KRAAL G. (1996): Alveolar macrophages
autoregulate IL-1 and IL-6 production by endogenous nitric
oxide. Am. J. Respir. Cell. Mal. Biol., 14, 272-278.

20. ReMER L. G. and CARROLL K. C. (1998): Role of the microbi-
ology laboratory in the diagnosis of lower respiratory tract in-
fections. Clin. Infect. Dis., 26, 742—748.

21. SIEDLAR M., MYTAR B., KrRzESZOWIAK A., BARAN J, HYSZ-
KO M., RUGGIERO |., WIECKIEWICZ J., STACHURA J. and ZEM-
BALA M. (1999): Demonstration of INOS-mRNA and iNOS in
human monocytes stimulated with cancer cellsin vitro. Immu-
nology, 65, 597-604.



M. Cembrzyhska-Nowak et al.: Endotoxins, NO and IL-6 in Lung Cancer 125

22. THOMASSEN M. J.,, BUHROW L. T., CONNORS M. J., KANEKO  24. WORLD HEALTH ORGANIZATION. (1982): The World Health Or-
F. T., ERzuruM S. C. and KAVURU M. S. (1997): Nitric oxide ganization histological typing of tumors. Am. J. Clin. Pathal.,
inhibits inflammatory cytokine production by human alveolar 77, 123-136.
macrophages. Am. J. Respir. Cell Mol. Biol., 17, 279-283.

23. Wogrowicz-PrAGA S. (1997): Reversal of tumor-induced im-
munosuppression: a new approach to cancer therapy. J. Immu-  Received in July 1999
nother., 20, 165-177. Accepted in September 1999



