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y:N:153 8 7:Xe3ill Objectives: The number of human studies on the association and clinical significance of alterations in

IL-6, sP-Selectin, TNF-a, BNP-32, or procalcitonin (PCT) in lung cancer is small. We aimed to investigate
the alterations of proinflammatory cytokines and acute-phase reactants in blood and pleural fluid and determine their clinical
diagnostic or prognostic significances regarding tumor type, stage, size, standardized uptake value (SUV), and
lymphovascular invasion (LVI). Methods: Levels of IL-6, TNF-o, BNP-32, PCT, and sP-selectin were evaluated in blood samples
obtained preoperatively and postoperatively on 1%, 6™ hours and 1%, 4", and seven” days. They also were evaluated in pleural
fluid samples obtained postoperatively on 1% hour, and first and fourth days. These results were analyzed according to the cell
type, size, stage, SUV, and LVI of lung cancer. Results: IL-6 values in plasma and pleural fluid had various significant
relationships and correlations with histological type, diameter, SUV, stage, and LVI of the tumor. TNF-o values in plasma or
pleural fluid had significant relationships with LVI only. PCT values in plasma or pleural fluid had significant relationships with
the tumor's diameter, SUV, and LVI. BNP-32 values in plasma or pleural fluid had significant relationships with histological type
and SUV of the tumor. sP-Selectin values in plasma or pleural fluid had significant relationships with the stage and SUV of the
tumor. Conclusions: We determined various significant associations and correlations of proinflammatory cytokines with
histological type, size, stage, LV, and SUV of lung cancer. Studies on this subject would serve to develop diagnostic and
prognostic methods in lung cancers.
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INTRODUCTION relationships of selectins with lung have been rarely

Proinflammatory cytokines manifest various immune
activities and have biological impacts in immunologically
and inflammatory-mediated disorders and conditions such as
trauma, surgery, and cancer, concurrent with acute-phase
reactants. Increased synthesis of proinflammatory cytokines
such as IL-6, IL-8, TNF-0, and lymphocytic proliferation occurs
with increased acute-phase reactants such as procalcitonin.
Such changes have been shown to induce phagocytosis,
endothelial cellular activation, and reduction of the release of
reactive oxygen species (ROS)[1-4].

IL-6 is among the multifunctional cytokines, released by T
and B cells, monocytes, fibroblasts, keratocytes, endothelial
cells, mesenchymal cells, adipocytes, and various tumor cells,
and has active roles in the regulation of immune response,
hematopoiesis, and inflammation [5, 6]. It was discovered in
1986, and since it was found to lead to the conversion of B cells
to immunoglobulin-secreting B cells, it was first called the B-
Cell Stimulant Factor (BSF-2)[6, 71.

Selectins are adhesion molecules released from the surfaces
of activated platelets. They play roles in acute and chronic
inflammation, together with tumor metastasis. The roles and

investigated[8-10].

TNF-a is a multifunctional cytokine as IL-6, and one of the
cytokines activating the acute-phase reaction. It is an
endogenous pyrogen, and its primary role is regulation of
immune function; it is responsible for the inhibition of sepsis,
systemic inflammation, apoptotic cell death, cachexia, tumor
genesis, and viral replication. The other roles that TNF-a plays
are hematopoiesis and inflammation[5].

Brain natriuretic peptide (BNP) is an inactive peptide released
from the ventricular muscle due to myocardial cells' traction. It
is a well-defined parameter for showing dysfunction of the left
ventricle[11].

Procalcitonin (PCT) is the precursor of calcitonin, which is
responsible for calcium homeostasis, and it is an acute-phase
reactant and a proinflammatory cytokine. It has been well-
known that its blood level increases in the presence of
bacterial infection. PCT has a higher accuracy for
differentiation of bacterial and non-infective inflammation
compared to C-reactive protein[12].
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The number of human studies that have been performed on
the association and clinical significance of alterations in IL-6,
sP-Selectin, TNF-0, BNP-32, or PCT in lung cancer is small.
Inflammatory responses were reported in both local and
systemic lung cancer[13]. Silva et al. recently reported that a
high systemic IL-6 was associated with worse prognosis in
patients with non-small lung cancer[14]. Shang et al., in their
recent study, determined that IL-6 and TNF-a promoted
metastasis in lung cancer via induction of epithelial-
mesenchymal transition [15]. Pardo-Cabello et al. showed in
their study that small cell lung cancer elevated PCT levels in
the absence of infection[16]. Few studies have been published
on the relationship between PCT and thoracic surgery[17, 18].
Zhao et al. investigated the discriminative values of C-
reactive protein (CRP) and PCT between infectious fever and
tumor fever, and determined that PCT level can discriminate
tumor fever more accurately than CRE and both PCT and CRP
might predict different stages of lung cancer[19].

In this study, our hypothesis was that proinflammatory
cytokines and acute-phase reactants would serve to indicate
the type, stage, or lymphovascular invasion (LVI) of lung
cancer. Thus, we aimed to investigate the alterations of
proinflammatory cytokines and acute-phase reactants in
blood and pleural fluid with the type, stage, size,
standardized uptake value (SUV), and LVI of lung cancer and
determine their clinical diagnostic or prognostic significances.

MATERIALS AND METHODS

Patients and Methods

A total of 34 patients aged older than 18 years who were
planned to undergo surgery for lung cancer between April
2011 and December 2011 were included in the study. Patients
with immunodeficiency and those receiving corticosteroids or
immunosuppressive treatment were excluded from the study.
None of the participants manifested fever or had empyema or
signs of lower respiratory tract infection preoperatively.

Following approval of the study by the Ethics Committee of
Adnan Menderes Universty Medical Faculty, the collection of
the study data was initiated. All cases were informed about
the study, and their written informed consent for participation
inthe study was obtained.

Patients' demographic data such as age and gender were
recorded together with the type, stage, size, SUV of the tumor,
and the presence of lymphovascular invasion. Those
diagnosed with either squamous cell carcinoma (SCC) or
adenocarcinoma (AdenoCA) were included in the study, and
those diagnosed with other cancer types were excluded.

In the histological examination, when tumor cells were
observed within lymphatic canals and vessels such as veins,
venules, arteries, or arterioles, lymphatic vascular invasion
(LVI) was recorded positive. Besides, identifying tumor emboli
stained with hematoxylin-eosin (H-E) in peritumoral spaces
lined with endothelium was considered positive for LVIL.

Obtaining samples for laboratory measurements

Blood samples were collected preoperatively and
postoperatively on the 1% hour, 6" hour, the first, fourth, and
seventh days. They were rapidly transferred to the laboratory
by the cold chain method for centrifugation and storage.
Following placement into the safe-lock Eppendorf tubes, the
samples were centrifuged, and then, the obtained serums
were stored at -80°C until the time of analysis. The IL-6, TNF-o,
BNP-32, PCT, and soluble P-selectin (sP-Selectin) serum
samples' levels were measured using the commercial ELISA
kits.

The pleural fluid samples were obtained postoperatively on
the 1" hour, and the first and fourth days and placed into

standard tubes. They were rapidly transferred to the
laboratory by the cold chain method for centrifugation and
storage. Following placement into the safe-lock Eppendorf
tubes, the flexural fluid samples were centrifuged and then
stored at -80°C until the time of analysis. The IL-6, TNF-o, BNP-
32, PCT, and sP-Selectin levels in the pleural fluid samples
were measured using the commercial ELISA kits.

Biochemical Analysis

IL-6: IL-6 was studied using the commercial human IL-6
Platinum ELISA kit of eBioScience (Cat# BMS213/2). The
assays were conducted according to the directives of the
manufacturer. The ELISA plates were coated with anti-human
IL-6 antibody. Coloring occurred with 3,3' §' S-tetramethy-
lbenzidine, and absorption was measured at 450 nm
according to the standard curves. The mean values were
reported. The sensitivity for IL-6 was 0.92 pg/ml. The intra-
assay and inter-assay coefficients of the variables were 3.4%
and 5.2%, respectively.

Soluble P-Selectin (sP-Selectin): The p-Selectin soluble
human ELISA kit of eBioScience (Cat# BMS219/4) was used
for measuring the level of sP-Selectin. The assays were
conducted under the instructions provided by the
manufacturer. The ELISA plates were coated with anti-human
P-Selectin antibody. Coloring occurred with 3,3' 5' 5-
tetramethylbenzidine, and absorption was measured at 450
nm according to the standard curves. The mean values were
reported. The sensitivity for P-Selectin was 0.2 ng/ml. The
intra-assay and inter-assay coefficients of the variables were
7.8% and 5.4%, respectively.

TNF-o0: The TNF alpha human ELISA kit of eBioScience (Cat#
BMS223-4) was used for measuring the TNF-o level. The
assays were conducted under the instructions provided by the
manufacturer. The ELISA plates were coated with anti-human
TNF-0 antibody. Coloring occurred with 3,3' 5' 5-tetramethy-
lbenzidine, and absorption was measured at 450 nm
according to the standard curves. The mean values were
reported. The sensitivity for TNF-a was 2.3 pg/ml. The intra-
assay and inter-assay coefficients of the variables were 6%
and 7.4%, respectively.

BNP-32: The BNP-32 human EIA kit manufactured by Phoenix
Pharmaceuticals (Cat# EK-011-03) was used for measuring
the BNP-32 level. This enzyme immunoassay kit was designed
to scan for specific peptides and other related peptides
according to the "competitive” enzyme immunoassay
principle. The assays were conducted under the instructions
provided by the manufacturer. Coloring occurred with 3,3' 5' 5-
tetramethylbenzidine, and absorption was measured at 450
nm according to the standard curves. The coloring density
was directly proportional to the amount of biotinylated
peptide-SA-HRP complex but inversely proportional to the
peptide amount in standard solutions and samples; this was a
competitive binding of biotinylated peptide with peptide
antibodies (primary antibody) or related standard peptides.
The mean values were reported. The sensitivity for P-Selectin
was 2.3 pg/ml. The intra-assay and inter-assay coefficients of
the variables were <10% and <15%, respectively.

Procalcitonin (PCT): The measurements of PCT were
performed using the Procalcitonin kit manufactured by
VIDAS® B-R-A-H-M:S Co. Instructions of the manufacturer
were followed during measurements. The sensitivity for PCT
was 0.09 ng/ml, and the intra-assay and inter-assay
coefficients of the variables were 3.25% and 5.05%,
respectively.

These results were analyzed according to the cell type, the
size, and stage of lung cancer, the SUV level, and the presence
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oflymphovascular invasion (LVI).

Statistical Analysis

The Statistical Package performed statistical analysis for the
Social Sciences (SPSS Inc., Chicago, Illinois, USA) version
23.0 software. Since the number of cases in all groups was less
than 30, nonparametric tests (T-tests with two or more
independent samples and the Kruskal-Wallis Test) were
preferred to be used, and the mean values together with their
standard errors were determined. Pearson's Correlation
Coetficient was used for interpreting the presence of positive
and negative correlations. A p-value of less than 0.05 was
considered statistically significant, and these values were
shown.

RESULTS

Thirty-four patients (32 males, two females) were determined
to undergo surgery for lung cancer between April 2011 and
December 2011 at XXXXXXXXXXX Medical Faculty Hospital,
Department of Thoracic Surgery. The mean age of the patients
was 64.7+7.6 years, with a range between 47-79 years. The
types and stages of lung cancer and lymphovascular invasion
inthe patients were presented in Table 1.

Table 1. Distribution of types and stages of lung cancer, the
presence of lymphovascular invasion, the SUV and size of the
tumor in patients with lung cancer (n=34)
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n %
Histological type
Squamous cell 23 67.6
Adenocarcinoma 11 32.4
LVI
Absent 14 41.2
Present 20 58.8
Tumor stage
1 10 29.4
2 12 35.3
3 11 32.4
4 1 2.9
Mean (Min-Max) Standard
Deviation
Tumor SUV 13.67 (2.50-31.00) 6.21
Tumor diameter (mm)|46.83 (4.00-100.00) 24.76

Distribution of cytokine levels according to the histological
type of the tumor:

The distributions of cytokine levels according to the
histological type of the tumor were shown in Figure 1.

Figure 1. The distributions of IL-6, TNF-a, Procalcitonin, BNP-
32, and sP-Selectin values in serum (A) and pleural fluid (B)
over time according to tumor type, presence of lymphovascular
invasion, and tumor stage
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IL-6: The serum IL-6 level was significantly higher in patients
with adenocarcinoma than those with squamous cell
carcinoma on the first postoperative day (p=0.045). No other
significant difference was present between squamous cell
lung tumors and adenocarcinoma regarding IL-6 (p>0.05).

BNP-32: The preoperative serum BNP-32 value was
significantly higher in patients with squamous cell lung
cancer than those with adenocarcinoma (p=0.042). No other
significant difference was present between squamous cell
lung tumors and adenocarcinoma regarding BNP-32
(p>0.05).

No differences were present among the patient groups with
squamous cell lung cancer and adenocarcinoma regarding
the sP-selectin, TNF-0, and procalcitonin levels (p>0.05).

Distribution of cytokine levels according to the presence of
lymphovascular invasion:

The distributions of cytokine levels according to the presence
of lymphovascular invasion were shown in Figure 1.

IL-6: In the patient group with lymphovascular invasion, the
postoperative 1°-hour serum IL-6 level was statistically
significantly lower than the group with no LVI (p=0.020). No
other significant difference was present between the cases
with and without LVI regarding IL-6 (p>0.05).

Procalcitonin: In the patient group with lymphovascular
invasion, the postoperative 4"-day pleural fluid procalcitonin
level was statistically significantly lower (p=0.018) than the
group with no LVI. No other significant difference was present
between the cases with and without LVI regarding
procalcitonin (p>0.05).

TNF-0: The postoperative 1*-hour pleural fluid TNF-a level was
statistically significantly higher(p=0.005), and the
postoperative 4"-day pleural fluid procalcitonin level was
statistically significantly lower (p=0.018) when compared to
the patient group with no lymphovascular invasion. No other
significant difference was present between the cases with and
without LVIregarding TNF-o.

No differences were present among the patient groups with
squamous cell lung cancer and adenocarcinoma regarding
the sP-selectin and BNP-32 levels (p>0.05).

Distribution of cytokine levels according to the stage of the
tumor:

The distributions of cytokine levels according to the stage of
the tumor were shown in Figure 1.

IL-6: The preoperative serum IL-6 level was significantly lower
in Stage 2 tumors than Stage 3 tumors (p=0.049). The
postoperative 1°-hour serum IL-6 level was significantly
higher in Stage [ tumors than those in Stages 2 and 3 (p=0.018
and p=0.032, respectively). The postoperative 7"-day serum
IL-6 level was significantly higher in Stage I tumors than in
Stage 2 (p=0.019). No other significant difference was present
between the tumor stages regarding IL-6 (p>0.05).

sP-Selectin: The postoperative 1°-hour serum sP-Selectin level
was significantly lower in Stage 2 tumors than Stage 3 tumors
(p=0.031). The postoperative 1*-hour pleural fluid sP-Selectin
level was significantly lower in Stage I tumors than those in
Stages 2 and 3 (p=0.008 and p=0.023, respectively). The
postoperative 4"-day pleural fluid sP-Selectin level was
significantly lower in Stage I tumors than those in Stages 2, 3,
and significantly higher than Stage 4 (p=0.033, p=0.006, and
p=0.009, respectively). No other significant difference was
present between the tumor stages of the patients regarding sP-
Selectin (p>0.05).

No significant differences were found between the patients'
tumor stages regarding PCT, TNF-a, and BNP-32 (p>0.05).

Correlations between the Standardized Uptake Value (SUV)
of tumors and the levels of proinflammatory cytokines:

IL-6: The tumor SUV and the first postoperative hour serum IL-
6 value were negatively correlated (p= 0.0001, r= -0.681). No
other correlations between the tumor SUV and the IL-6 level in
serum or pleural fluid were determined.

PCT: The tumor SUV and the fourth postoperative day serum
PCT value were positively correlated (p=0.045, r=0.422). No
other correlations between the tumor SUV and the PCT level in
serum or pleural fluid were determined.

sP-Selectin: The tumor SUV and the fourth postoperative day
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pleural fluid sP-selectin value were positively correlated
(p=0.001, r=0.652). No other correlations between the tumor
SUV and the sP-Selectin level in serum or pleural fluid were
determined.

BNP-32: The tumor SUV and the preoperative serum BNP-32
value were positively correlated (p=0.002, r=0.601). The
tumor SUV and the postoperative 1°-hour serum BNP-32 value
were positively correlated (p=0.002, r=0.591). The tumor SUV
and the postoperative 6"-hour serum BNP-32 values were
positively correlated (p=0.011, r=0.509). The tumor SUV and
the postoperative 1"-day serum BNP-32 value were positively
correlated (p=0.006, r=0.545). No other correlations between
the tumor SUV and the BNP-32 level in serum or pleural fluid
were determined.

TNF-0: The TNF-. level in serum or pleural fluid was neither
negatively nor positively correlated with the tumor SUV.

Correlations between the tumor diameter and the
proinflammatory cytokine levels in serum and pleural fluid:
IL-6: The tumor diameter and the fourth postoperative day
pleural fluid IL-6 level were negatively correlated (p=0.036,
r=-0.406). No other correlations between the tumor diameter
and the IL-6 level in serum or pleural fluid were determined.

Procalcitonin: The tumor diameter and preoperative serum
procalcitonin levels were positively correlated (p=0.025,
r=0.409). No other correlations between the tumor diameter
and the IL-6 level in serum or pleural fluid were determined.

The TNF-0, BNP-32, and sP-Selectin levels in serum or pleural
fluid were neither negatively nor positively correlated with the
tumor SUV.

DISCUSSION

In this prospectively conducted study, we investigated
proinflammatory cytokines' associations with the type, SUV,
size, and stage of the tumor, together with the presence of
lymphovascular invasion in patients who were operated on for
lung cancer. We determined that IL-6, BNP-32, procalcitonin,
sP-Selectin, and TNF-0 had various significant correlations
and associations with the mentioned parameters at various
time points.

The histological type of the tumor

The significantly increased blood IL-6 level on the first
postoperative day in the patient group with adenocarcinoma
compared to the group with squamous cell lung cancer may
be due to the possibility that manipulation of adenocarcinoma
caused an increased amount of IL-6 secretion during surgery
when compared to squamous cell carcinoma. Another
possibility is that the manipulation of squamous cell
carcinoma might have led to a release of mediators that can
suppress the IL-6 response.

The increase observed in serum BNP-32 value in the patient
group with squamous cell lung cancer compared to the patient
group with adenocarcinoma started as statistically significant
for the preoperative value. Even though not statistically
significant, the high trend for squamous cell cancer (SCC)
group continued in all measurements. On the contrary, even
though not statistically significant, the adenocarcinoma
group's pleural fluid levels were higher than the
Adenocarcinoma group in all measurements.

A literature search revealed no study comparing the level of
BNP-32 between squamous cell lung cancer and
adenocarcinoma. However, various studies related to the
relationship of lung cancer to BNP-32 were present. The study
conducted by Aujollet et al. in 2010 reported that N-terminal
pro-B-type natriuretic peptide might have been a biomarker of

lung cancer; however, they had not specified the type of lung
cancer [20]. Lafaras et al., in their study on patients with non-
small cell lung cancer, reported that pro-brain natriuretic
peptide was a sensitive biomarker for detecting cardiac
metastases [21]. Masago et al. also reported an association
between brain natriuretic peptide and distant metastases in
patients with advanced non-small-cell lung cancer[22]. There
were also reports about brain natriuretic peptide production
by human small cell lung cancer cells and malignant
mesothelioma cells[23, 24].

Lymphovascular invasion

The significant increase determined in the 1%-hour pleural
fluid level of TNF-a in LVI's presence may be consistent with the
study conducted by Lee et al. [25]; their study investigating
pathological factors related to tumor cell invasiveness
reported that the preoperative C-reactive protein (CRP) level
was associated with LVI in resected non-small cell lung
cancer. TNF-q, like other proinflammatory cytokines, has been
known to stimulate CRP production. It would be logical to
suggest that parallel to an increased CRP level in the study by
Leeetal., TNF-alevel would also increase in LVI.

On the other hand, significant reductions determined in both
IL-6 and PCT in our study's various time points were not
supportive as for TNF-0. Regarding PCT, we believe that
different mechanisms were active for the lower trend of pleural
procalcitonin in cases with lymphovascular invasion, and we
suggest that ultrastructural studies should be conducted to
identify these mechanisms. Regarding IL-6, since the 1%-hour
plasma IL-6 was lower in (LVI+) cases than (LVI-) ones, we
may suggest that tumors that led to LVI might have released
suppressor mediators against IL-6 response or malignancies
of cases with inadequate IL-6 response against trauma might
haveled to LVI.

Tumor stage

In our study, IL-6 and sP-Selectin were the only parameters
with various inter-stage differences in various time-points.
Regarding IL-6, the mean preoperative plasma level of Stage
III tumors being significantly higher than that of Stages II
tumors was consistent with the results of various studies;
increased IL-6 levels were associated with worse prognosis
and distant metastases in lung cancer, particularly in NSCLC
[14, 15, 26].

On the other hand, we did not determine a similar result
regarding stage I tumors. Our Stage I patients' plasma IL-6
levels showed a higher trend compared to those in Stages II
and III. We may suggest that, with increasing stage, the early
immune response against trauma might have been
suppressed via the mediators released.

Regarding sP-Selectin, our results of inter-stage comparisons
were more consistent with each other and also with previous
studies. Roselli et al. reported that increased levels of both sP-
Selectin and sE-Selectin were associated with squamous lung
cancer at late stages and were independently related to tumor
stage by stepwise logistic regression analysis [27]. Xu et al.
reported similar results for human p-Selectin in
adenocarcinoma; the expression of p-Selectin in stages III
and IV was significantly higher than its expression in stages [
and II[28]. In our study, similar results were obtained; when a
significant inter-stage difference was determined to be
present regarding sP-Selectin, it favored increasing with
patients'tumor stage.

Suv

Strongly positive correlations were determined between SUV
and the plasma BNP-32 values measured at various time
points starting preoperatively, giving us an idea that the more
active the tumor, the more severe the degree of cardiac
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dysfunction was. Another positive correlation was between
SUV and the 4"-day pleural fluid sP-Selectin value,
suggesting that adhesive activity increased with increasing
tumor activity. SUV was strongly negatively correlated with the
1"-hour plasma IL-6 value. We may suggest that, with
increasing the tumor's activity, the early immune response
against trauma might have been suppressed via the
mediators released. However, we could not find any study on
the correlations between SUV and proinflammatory cytokines
to discuss our results in light of the literature.

Tumor diameter

In our study, we determined a positive correlation between the
tumor size and PCT; we found that, with increasing diameter
of the tumor, the preoperative plasma PCT level increased
also. Eventhough PCT has been known to increase mainly in
bacterial infections, various studies have reported the
presence and even PCT's biosynthesis in lung cancers,
independent from infection [16, 29, 30]. However, we were
unable to find a study investigating the association of tumor
size with proinflammatory cytokines to discuss our results in
the light of literature. We suggest that the increase determined
in the preoperative level of procalcitonin with increasing
tumor diameter might be due to tumor enhancing the
inflammatory activity itself, or increased probability of
developing obstructive pneumonia in larger tumors, and the
presence of pneumonia activating procalcitonin.

An equally strong but negative correlation was determined
between the tumor size and the 4" day pleural fluid IL-6 level.
We suggest that with increasing tumor size, the early immune
response against trauma might have been suppressed more
via the mediators released, leading to reduced levels of IL-6 in
the pleural fluid. Since we could not find any study on this
subject, we cannot discuss our results considering literature.

Study limitations and advantages

One of the limitations of our study was its sample size. We
performed this study in a single-center, and the sample size
was small for investigating the validity of such a hypothesis.
Another limitation of the study was the lack of various groups
to compare, such as a control which might have involved
normal individuals, and other patient groups with infectious or
rheumatic disorders. On the other hand, the study's
prospective nature was to the advantage of the results in
reflecting its strength.

CONCLUSION

In our study, we determined various significant associations
and correlations of proinflammatory cytokines with the
histological type, size, stage, SUV of the lung cancer, and the
presence of lymphovascular invasion. Studies on this subject
would serve to develop diagnostic and prognostic methods to
use in lung cancers. Since the number of studies on this
subject is small, further prospectively conducted large-sample
or multi-center human studies are required.
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