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Abstract The involvement of iron and inflammation
parameters on overall survival in non-small-cell lung can-
cer (NSCLC) patients was studied. Furthermore, transferrin
receptors 1 (TfR1) and ferritin expression in tumor tissue,
tumor stroma, and normal lung tissue were analyzed. Iron
metabolism and inflammation parameters were determined
by automated laboratory measurements at the time of
diagnosis. TfR1 and ferritin expression were determined by
immuno-histochemical methods. About 50% of patients
survived 12 months only. At the time of diagnosis more
than half of the patients had anemia and significantly ele-
vated serum ferritin. Iron content of serum ferritin (ICF)
was below the reference values in 90% of patients. Fur-
thermore, ICF showed positive correlation with iron
metabolic parameters and survival but negative correlation
with serum ferritin and ESR. The expression of TfR1 and
ferritin in tumor cells was observed in 88% or 62% of
patients, respectively. Tumor stroma was TfR1 negative
and sporadically ferritin positive. Tumor tissue ferritin
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expression showed negative correlation with serum iron
and hematokrit (Ht), and positive correlation with ferritin,
erythrocyte sedimentation rate (ESR), a-1 globulin, and a-2
globulin. Positive correlation was found between TfR1
expression in tumor tissue and «-globulin. The correlation
between TfR1/ferritin expression in tumor tissue and ICF
or survival was not observed. Therefore, we conclude that
elevated serum ferritin in sera of NSCLC patients is the
result of inflammation and oxidative stress rather than body
iron overload. Higher expression of ferritin in tumor tissue
may be the consequence of iron deficiency or local toxicity
induced by environmental factors.

Keywords Non-small-cell lung carcinoma -
Transferrin receptors - Ferritin - Body iron stores -
ICF - Inflammation

Introduction

Alterations in whole-body iron metabolism are known to
occur in patients with cancer [1-4]. Overabundance of iron
is associated with increased risk of neoplasia at the site of
metal deposition. Iron could participate in carcinogenesis
by (i) catalyzing the formation of mutagenic oxygen radi-
cals, (ii) suppressing anti-tumor action of host defense
cells, and (iii) serving as essential element for tumor cell
multiplication [5].

Iron can catalyze generation of highly reactive hydroxyl
radicals via the Haber—Weiss reaction. The lungs are
afforded some protection from iron-induced injury by the
association of iron with iron-binding proteins ferritin and
transferrin. But there is recent evidence that reductants
present in cigarette smoke can readily mobilize iron from
ferritin, leading to lipid peroxidation and cell damage [6].
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The association of body iron stores with the risk of
cancer has been inconsistently explored. Regulation of
intracellular iron homeostasis is mainly based on regulation
of iron uptake, its utilization, and storage. Iron excess and
iron deprivation have deleterious effects; therefore iron
homeostasis within cells is highly regulated by proteins
responsible for iron uptake (transferrin, TfR1) and storage
(ferritin) [7]. TfR1 and ferritin synthesis, in turn, are reg-
ulated by the interaction of their respective mRNAs with
cytoplasm iron regulatory proteins [8].

The expression of TfR1 is related to iron requirements
associated with cell proliferation. Immuno-histochemical
staining for TfR1 has been used extensively to estimate the
proliferation rate of cells and is thought to be of prognostic
value in several types of malignant tumors [9—11]. The
density of receptor at the cell surface can be greatly
increased when cells become malignant. This association
of receptor density with active growth was reported in
fibroblasts [12], lymphocytes [13], breast tumor cells [14],
and leukemia cells [15].

Excess intracellular iron is stored in ferritin complexes.
The sequestration of iron within the shell of the ferritin
molecule prevents formation of toxic free radical species
that otherwise cause cellular damage. The function of
serum ferritin has yet to be clarified, because certain dis-
ease processes (such as inflammation, acute and chronic
liver disease, and some tumors) are associated with
increased serum ferritin independent of the size of body
iron stores [16].

To date, the relationships between the expression of
TfR1 and ferritin in lung cancer, and hematological find-
ings have not been investigated. In this study we have
examined whether the expression of ferritin and TfR1 in
lung cancer tissue shows a relationship with the iron status,
tumor type, and the clinical status of NSCLC patients.
Furthermore, the relationship between the iron and
inflammation parameters with respect to ICF, serum iron
and ferritin, ESR and survival were investigated.

Materials and methods
Subjects

The study includes all the consecutive patients who
underwent radical surgery for NSCLC at the Clinical Hos-
pital for Lung Diseases “Jordanovac” from 2000 to 2008. A
total of 125 Croatian male patients with histopathology
proven lung carcinoma were studied: 58 patients with adeno
carcinoma (AC) and 67 patients with squamous cell carci-
noma (SCC). At the time of diagnoses, patients were from
37 to 88 years of age (median 60). Before therapy, all
patients gave a complete history and had a physical

examination, complete blood count, a full chemistry profile,
electrocardiogram, chest radiograph, and computed
tomography scan of the chest and upper abdomen.

Samples, data collection, and protection of human
subjects

Clinical and histopathologic data were obtained from the
Clinical Hospital for Lung Diseases “Jordanovac”, Zagreb,
Croatia. Ten blood parameters determined by automated
laboratory measurements at the time of diagnosis were
included in this study, 5 of them were iron parameters
(Hb = hemoglobin, Ht = hematokrit, Fe = serum iron,
TIBC = total iron binding capacity, and transferin satura-
tion) and 5 were inflammation parameters (serum ferritin,
ESR, albumin, «-1 globulin, and «-2 globulin).

Furthermore, 42 lung tissue samples from operable
patients were collected prospectively during surgery and
used for TfR1 and ferritin determination. Additional 24
tumor samples were collected retrospectively from existing
database and analyzed for the ferritin presence.

All samples and data used in this study were maintained
in accordance with institutional patient care, quality
assurance policies. The use of these data for this investi-
gational purpose was reviewed and approved by the
University and medical center institutional review board.
Written informed consent was obtained from every subject
after a full explanation of the study that was approved by
the Ethics Committee of the Clinical Hospital for Lung
Diseases “Jordanovac”. All procedures were in accordance
with the recommendations found in the Helsinki Declara-
tion of 1975.

ICF (iron content of serum ferritin) calculation

We calculated ICF values as suggested by Yamanishy et al.
[17]. Briefly, ICF values were calculated by subtracting the
background values (physiologic saline) from the serum
sample values according the following equations:

AFe(pumol /1)

ICF (umol/mg) = r———

(ng/1) x 300

AFe = (measured iron value)—(blank value)

The factor of 300 corrects for serum dilutions and unit
conversions.

Histopathology examination

Tumor and the surrounding normal lung tissue obtained by
surgery were immediately stored at —20°C. Histological
sections (5 um) of frozen tissue were fixed immediately in
acetone for 10 min, and then rehydrated in phosphate
buffered saline. The sections were examined by a
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pathologist well experienced in the histopathology of lung
cancer but without prior knowledge of the history of
patients.

The pathologic stage of each tumor was established
according to the World Health Organization [18]. The
staging was performed according to TNM classification as
described in Sobin and Wittekind [19].

Immunohistochemical detection of ferritin and TfR1

Prospectively collected frozen tissue samples were cut in
5 pm cryostat sections, transferred on glass slides, air-dried
overnight, and analyzed for ferritin and TfR1 expression.
Retrospectively, 5 um paraffin sections were deparaffi-
nized, rehydrated, and analyzed for ferritin expression
only.

Subsequently, all sections were quenched for endoge-
nous peroxidase activity with a 3% hydrogen peroxide
solution in methanol at room temperature for 30 min. Non-
specific binding sites were blocked by incubation with
wash buffer containing 10% of normal serum at 37°C for
30 min. The sections were then incubated overnight at 4°C
with a mouse monoclonal anti-human transferrin antibody
(CD 71, Dako, and Glostrup, Denmark) or with peroxidase-
conjugated rabbit anti-human ferritin antibody (Dako,
Glostrup, Denmark) at a dilution of 1:20 or 1:150,
respectively. The slides for TfR1 staining were then rinsed
and incubated with a peroxidase-conjugated secondary
antibody (rabbit-anti-mouse, Dako, Denmark) diluted in
phosphate buffered saline (1:10) and incubated for 1 h. The
3,3’-diaminobenzidine tetrahydrocloride (DAB, Sigma,
USA) in phosphate buffer saline solution (0.0025%) was
used as chromogen. The sections were counterstained with
hematoxylin [20, 21]. Negative control slides were inclu-
ded in all experiments in which test antibody was omitted
and replaced by control irrelevant diluents.

Assessment of transferrin receptors

Staining of the TfR1 was graded (blinded to the patient
outcome) on a scale from O to 4 as follows: Grade O if no
staining was observed, Grade 1 if only the cellular mem-
brane was positive, Grade 2 if there was weak and focal
positive reaction to TfR1, Grade 3 represent diffuse reac-
tion in the cytoplasm, and Grade 4 if the tissue stained
intensely in a diffuse pattern [20]. For purpose of analysis,
TfR1 staining was categorized as absent (Grades 0 and 1)
and strong (Grades 2, 3, and 4).

Assessment of ferritin content

The expression of ferritin was graded (blinded to the
patient outcome) according to the percentage of positive
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cells as follows: Grade O if no staining was observed,
Grade 1 if there was less then 5% positive cells, Grade 2 if
there was between 5% and 25% positive cells present,
Grade 3 represent the number of positive cells between
25% and 50%, Grade 4 if there was more than 50% positive
cells [21]. For practical purposes, the expression of ferritin
was roughly categorized as absent or weak (grades 0 and 1)
and strong (grades 2, 3, and 4).

Statistical analysis

Histopathologic results were compared using the y*-test.
When over 20% of the expected values were less than 5,
Fisher exact test was used. Biochemical parameters are
presented as the mean value (in the bracket minimal and
maximal value). Some of data were statistically analyzed
by the Student’s t-test for two tailed equal values. A
P < 0.05 was considered to be statistically significant.
Correlation between parameters analyzed was done by
Pearson rank correlation.

Results
Patients’ characteristics and survival

From 2000 through 2007, 125 male patients underwent
radical surgery for NSCLC at the University Hospital for
Lung Diseases “Jordanovac”. Median age at surgery was
60 years (range 37-88). Adeno carcinoma (AC) was
diagnosed in 58 patients (46%) and squamous cell carci-
noma (SCC) in 67 (54%) patients. Table 1 summarizes

Table 1 Demographic data for the study population; 125 male
patients with non-small lung carcinoma

Parameters N (%)

Age at diagnosis (years)

Median 60

Range 37-88

Smoking status

Former 28 22
Smoker 86 69
Never 11 9
Cell type

Adeno carcinoma 58 46
Squamous 67 54
Extension of disease at first diagnosis

Stage 1 21 17
Stage II 23 18
Stage II1 69 55
Stage IV 12 10
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Fig. 1 Five years survival of patients with squamous cell carcinoma
(SCC) and adeno carcinoma (AC)

patients’ characteristics. Most of the patients (69%) were
active smokers, 22% of them were former smokers, and
only 9% patients were nonsmokers. At the moment of
diagnoses more than 60% of examined patients were in
stage III.

The survivals of the patients are shown in Fig. 1. Fifty
percentage of 125 patients survived 12 months only. First 3
years after diagnosis there was no significant difference in
survival between SCC and AC patients. However, overall 5
years survival was gently better in SCC patients than in AC
patients. Almost 20% of all patients survived over
70 months (Fig. 1).

Parameters of iron metabolism and inflammation
Distribution of NCSLC patients with low, normal, or high

baseline values of iron metabolism and inflammation are
shown in Table 2. There were no significant differences in

value of examined parameters with regard to the carcinoma
type and furthermore, the cumulative results are shown.
According to the National Cancer Institute (NCI) hemo-
globin values below 140 g/l for man were used as the
criteria of anemia. More than 50% of examined patients
had anemia at diagnosis (Table 2). Decreased Hb and Ht
values were found in about 56% of them. Serum iron and
TIBC were below the reference values in about 50% or
52% of patients, while in 64% of the patients serum ferritin
was above the reference value (180 ng/ml) [22]. On the
other hand, baseline inflammation parameters ESR and -1
globulin were above the reference values in almost 70% or
68% of the patients. Alpha-2 globulin was above the ref-
erence values in more than 87% of the patients (Table 2).

ICF and ferritin relevance in NSCLC patients

ICF values for NSCLC patients are shown in Fig. 2. ICF
was below the reference values in 113 of 125 patients
(more than 90%), in 10 patients it was in the range of the
reference values and only 2 patients had high ICF values
(Fig. 2). ICF is in positive correlation with iron metabolic
parameters (P < 0.05) and in negative correlation with
serum ferritin and ESR (P < 0.001) (Table 3). Contrary
serum ferritin is in negative correlation with iron metabolic
parameters (P < 0.05), and in positive correlation with
ESR (P < 0.001). ESR is in strong negative correlation
with iron metabolic parameters and serum ferritin
(P < 0.001), and in positive correlation with o-2 globulin
(P < 0.05) (Table 3).

Pearson correlation between 9 laboratory test and sur-
vival, ICF, ferritin, Fe, and ESR for patients who died

Table 2 Distribution of 125
male patients with non-small

Control (reference)

Number of patients with parameters

. . values
lung carcinoma according to the Below the In the range Above the
low, normal, or high values of reference of the reference reference
systemic iron metabolic values values values
parameters and inflammatory
parameters with respect to the Iron parameters
reference values ICF (umol/mg) 53-143 113 10 2
Hb (g/1) 140-180 70 55 0
Ht (/1) 0.42-0.53 71 54 0
Fe (umol/l) 11-32 63 60 2
TIBC (umol/l) 49-72 65 57 3
Transferrin saturation 0.16-0.45 38 83 4
Inflammation parameters
Ferritin (pg/l) 23-180 0* 45 80
ESR 3-20 2% 36 87
Albumin (g/1) 34.5-52 0* 66 59
* P < 0.05 significantly o-1 globulin (g/1) 1.3-3.6 0* 40 85
different compared to reference 2-2 globulin (/1) 4.6-104 10 6 109

values
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Fig. 2 ICF values in 125 non-small-cell lung carcinoma (NSCLC)
patients at the moment of diagnoses

during the study trial are shown in Table 4. ICF and all iron
metabolic parameters are in positive correlation (P < 0.01)
with months of survival. (Table 4). However, inflammation
parameters and ferritin were in negative correlation with
months of survival but only ESR reached significant neg-
ative correlation (P < 0.001) (Table 4). ICF is in positive
correlation with Fe, TIBC, and transferin saturation
(P < 0.05), and in negative correlation with serum ferritin
and ESR (P < 0.001) (Table 4). Serum iron for patients
who died is in strong positive correlation with all iron
metabolic parameters, and in negative correlation with
ESR (P < 0.001). Contrary serum ferritin is in negative
correlation with ICF, Ht, and TIBC (P < 0.001), and in
positive correlation with only with ESR (P < 0.001)
(Table 4).

TfR1 and ferritin expression
Ferritin and TfR1 distribution in tumor cells, tumor stroma,

and normal lung tissue are shown in Tables 4 and 5,
respectively. There were no significant differences in

expression of ferritin or TfR1 between different types (SCC
or AC) of lung carcinoma. Strong ferritin expression was
observed in 42 of 68 (62%) tumor samples, while it was
relatively rare in tumor stroma or normal lung tissue
samples (12% or 9%, respectively, (P < 0.001) (Table 5).
Thirty-seven of 42 tumor samples (88%) showed strong
TfR1 reaction, whereas tumor stroma was consistently
negative (P < 0.001). In normal lung tissue TfR1 were
expressed in 5 of 42 samples (12%) only (P < 0.001)
(Table 6). Distribution of patients with weak/absent or
strong ferritin or TfR1 score in tumor, tumor stroma, or
lung tissue of NSCLC according to tumor type, T status, N
status, and M status at the diagnosis (before therapy) are
shown in Tables 5 and 6. The expression of ferritin and
TfR1 were more frequently seen in T2, N2 and signifi-
cantly in MO status (P < 0.001) (Tables 5, 6).

Association between ferritin or TfR1 expression in
tumor tissue and some sera biochemical parameters of
patients with lung cancer are shown in Table 7. Patients
with significantly lower serum iron and Ht compared to
reference values had high amount of ferritin in tumor tissue
(P < 0.01) (Table 7). Higher ferritin expression in tumor
tissue was found in patients with lower transferrin satura-
tion, while the patients with higher transferrin saturation
did not express the ferritin in tumor cells, albeit the values
of transferrin saturation in that both cases was in range of
reference values. The strong expression of ferritin in tumor
tissue was significantly associated with higher values of
systemic parameters of inflammation (like serum ferritin,
ESR, «-1 globulin, and a-2 globulin).

The higher expression of TFR1 on tumor cells was
associated with higher values of «-1 globulin and -2
globulin and with lower ESR values. Furthermore, high
serum ferritin, ESR, and «-1 globulin were found in
patients who did not express TfR1 on tumor cells
(Table 7).

Table 3 Pearson correlation

Pearson’s correlation coefficient

between 9 laboratory tests and

ICF, Ferritin, Fe, and ESR ICF (umol/mg) Ferritin (ug/l) Fe (umol/l) ESR
values
Iron parameters
Hb (g/1) 0.236* —0.177 0.535%* —0.660%*
Ht (/1) 0.215* —0.236* 0.366%** —0.494*%*
Fe (umol/l) 0.473%** —0.036 —0.463**
TIBC (pumol/l) 0.241%* —0.280%* 0.456%* —0.290%*
Transferrin saturation 0.314%* 0.017* 0.653*%* —0.306%*
Inflammation parameters
Ferritin (pg/l) —0.409%** —0.036 0.242%*
ESR —0.273%* 0.242%* —0.463%*
Analysis was performed on 125, | oigbylin (g/1) ~0.113 0.0569 —0.00299 ~0.0158
patients 22 globulin (¢/1) ~0.055 0.0298 —0.135 0.211%

* P < 0.05; ** P <0.001
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Table 4 Pearson correlation , R R
Pearson’s correlation coefficient
between 9 laboratory tests and
survival, ICF, Ferritin, Fe, and Survival ICF Ferritin Fe ESR
ESR values (<13 months) (pmol/mg) (ng/h) (umol/1)
Iron parameters
ICF (umol/mg) 0.455%%* —0.393** 0.261* —0.243*
Hb (g/1) 0.372%%* 0.186 —0.206 0.478%* —0.730%**
Ht (/1) 0.321%* 0.187 —0.279* 0.324%% —0.590%*
Fe (pumol/l) 0.261* 0.368%** —0.0432 —0.435%
TIBC (pumol/l) 0.270* 0.268* —0.323%* 0.555% —0.324%*
Transferrin saturation 0.310%* 0.335%* 0.0206 0.794 %% —0.329%*
Inflammation parameters
Ferritin (pg/1) -0.218 —0.393%* —0.0432 0.252%*
ESR —0.365%* —0.243* 0.252%* —0.435%*
Analysis was performed on a-1 globulin (/1) —0.0187 ~0.0984 ~0.0132 ~0.0446 ~0.0598
patients who died .
o-2 globulin (g/1) —0.0954 —0.0878 0.0591 —0.144 0.232

* P <0.05; ** P <0.001

Table 5 Distribution of ferritin
in lung carcinoma, tumor

Ferritin in tumor

Ferritin in stroma Ferritin in lung tissue

stroma, and lung tissue samples Weak/absent Strong Weak/absent Strong Weak/absent Strong
in respect to clinical and
pathological parameters of the All samples 26 42% 60 8* 62 6*
disease Type
ScC 15 26 36 5* 37 4%
AC 11 16 24 3* 25 2%
T status
T1 2 4 5 1 6 0
T2 19 20 34 5% 36 3*
T3 6 10 15 1* 13 3
T4 0 7 6 1 7
N status
NO 7 13 1* 14 0*
N1 13 14 4 14 4
N2 14 22 33 3% 34 2%
M status
MO 26 42% 60 8* 62 6%*
* P <0.05
Discussion was significantly decreased by advanced pathologic T

In period from 2000 through 2007, we have collected and
analyzed data from 125 male patients (58 from AC and 67
from SCC diagnosed patients). Female patients are not
included in the study, because the iron metabolism in
female is different, especially before menopause and inci-
dence of lung tumor is significantly lower.

In the present study, we observed that 1-year survival
for whole group of 125 (NSCLC) patients was about 50%
and was similar compared with results described earlier
[23, 24]. In our study overall 5-years survival was less than
25%, which is slightly lower compared to results described
by Fujimoto et al. [24]. Generally there was no significant
difference between survival of SCC and AC. The survival

classification, higher tumor grade, unsuccessful resection
of tumor, and worse results of therapy accompanied with
severe anemia and inflammation.

At the time of diagnosis half of examined patients with
NSCLC had mild symptoms of anemia of chronic disease.
Most of the patients had Hb, Ht, and serum iron values
below the reference, contrary serum ferritin values were
above the reference. We suppose that elevated serum fer-
ritin in lung cancer patients is the result of inflammation
rather than of the body iron overload. Namely, inflamma-
tion might reflect condition in which high oxidative stress
products and serum ferritin may be responsively increased
in them [16]. Low ICF in 113 NSCLC patients additionally
supports our hypothesis. Namely, serum ferritin with low
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Table 6 Distribution of TfR1

. K TfR1 in tumor
in lung carcinoma, tumor

TfR1 in stroma TfR1 in lung tissue

stroma, and lung tissue samples Weak/absent Strong Weak/absent Strong Weak/absent Strong
in respect to clinical and
pathological parameters of the All samples 5 37* 42 0* 37 5%
disease Type
SCC 3 21 24 0 21
AC 2 16 18 0 16 2
T status
Tl 0 3 3 0 3 0
T2 3 23%* 26* 0 24%* 2
T3 2 7 9 0 7 2
T4 0 4 4 0 3 1
N status
NO 2 16 18 0 17 1
N1 1 5 6 0 5 1
N2 2 16 18 0 15 3
M status
MO 5 37* 42 0* 37 5%
* P <0.05

Table 7 Association between ferritin or TfR1 expression in tumor tissue and some sera biochemical parameters of patients with lung cancer
compared to reference values (*) or to each other (#) Mean =+ SE are given (n = number of patients)

Biochemical parameters Control (reference) values

Immunohistochemical expression of

Ferritin

TfR1

Absent (n = 26)

Strong (n = 42) Absent (n = 5) Strong (n = 37)

Hb (/1) 140-180 137.23 + 3.95 136.71 + 3.96 134.0 + 7.56 136.1 + 3.49

Ht (/1) 0.42-0.53 0.41 + 0.01 0.39 + 0.02"* () 0.34 + 0.05" (}) 0.40 + 0.01% (1)
Fe (pumol/l) 11-32 15.00 + 2.23 1042 £ 1.16™ (|)  13.04 + 3.24 1243 + 1.71
TIBC (pmol/l) 49-72 51.61 + 1.94 53.38 + 2.34 51.94 + 4.25 51.41 + 1.97
Transferrin saturation  0.16-0.45 0.26 + 0.03 0.19 + 0.02* () 0.18 + 0.04 0.22 + 0.02* (1)
Ferritin (ng/ml) 23-180 194.18 + 29.33 268.96 &+ 34.97°% (1) 35232 £ 96.65" (1) 219.50 + 33.72
ESR 3-20 33.73 £ 7.00 4358 + 6.53"% (1) 48.00 £5.39" (1)  36.60 £ 5.92% (|)
a-1 globulin (g/1) 1.3-3.6 641 £ 126" (1) 536 £0.87 (D 6.76 £ 2.43" (1) 458 + 0517 (1)
-2 globulin (g/1) 4.6-10.4 12.09 + 0.97 12.65 £ 0.75" (1) 12.36 + 2.29 13.44 + 054" ()

* P < 0.05 when compared to reference values; # P < 0.05 when compared to values of patients with absent ferritin or TfR1; (1) increase;

(}) decrease

content of iron has anti-oxidative function rather then body
iron stores function. Most of examined NSCLC patients
had serum ferritin with low content of iron which means
that the body store of iron is not preserved. Pearson cor-
relation between serum ferritin and months of survival did
not reach statistical significance for patients who died in
period of 1 year after diagnosis. This opinion suggests that
ICF has a better prognostic importance than serum ferritin
value. It means that the ferritin with lower iron content
plays a significant role in patient survival and vice versa the
NSCLC patients with higher ICF have a better prognosis.

Majority of the patients with NSCLC who died during 1
year after the diagnosis had severe anemia and higher
values of inflammation parameters than the patients who
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survived for longer period. This corresponds well with data
described by Yovino et al. [25]. They have shown better
survival of NSCLC patients with Hb > 12 mg/dl than of
those with lower value of Hb. Recently, Berardi et al.
reported that lung cancer anemia represents a prognostic
factor not only for chemotherapy and/or radiotherapy but
also for surgery in radically resected patients [26].
Patients with cancer often develop “anemia of chronic
disease”, in which the body store of iron are preserved but
the utilization is impaired [27]. In our previous study we
have shown that more than 70% of the colorectal patients
had anemia at the moment of diagnosis [28]. Anemia in
patients with colorectal cancer is a complex condition.
Patients could have anemia due to chronic bleeding from
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gastrointestinal tract or they could have anemia as a type of
“chronic disease”, where body stores of iron are preserved
but the utilization of iron is depleted. Both conditions have
low serum iron, and distinctive parameter is ferritin, which
is normal or higher in anemia of chronic disease, and low
in anemia due to blood loss [29]. The difference between
anemic condition of lung carcinoma and colon carcinoma
patients could be due to chronic bleeding from gastroin-
testinal tract of patients with colon carcinoma.

Recently, novel functions of ferritin were described.
Ferritin was described as a signaling molecule [30],
immune regulator in humans [31] and that H-ferritin chain
(PLIF: placenta immunomodulator ferritin) suppresses
myelopoiesis and T cell by modulating the cytokine—che-
mokine network [32]. These findings reveal a new insight
in increased serum ferritin values in lung cancer patients.
Serum ferritin, especially H-ferritin chain, could explain
anemia and immunosupression in NSCLC patients.

Serum ferritin, o-1 globulin, and «-2 globulin values
were above the reference values for both tumor types and
throughout the period of observation. These parameters
could be useful prognostic factors for NSCLC patients,
because all patients who died during period of 1 year of
observation had higher values of those parameters.
Inflammation is a known side effect of lung cancer, but it is
not clear whether it reflects host response to the tumor or
the accompanying infections. A number of researchers
have reported cytotoxicity of neutrophils toward tumor
targets under in vitro conditions [33-36], and in vivo [37].
On the other hand, there is evidence suggesting that
inflammatory cells and cytokines in tumor stroma con-
tribute to tumor development and progression rather than to
an effective anti-tumor response [38, 39].

Serum iron parameters of the NSCLC patients were in
significant negative correlation with the higher expression
of ferritin in tumor tissue. Serum iron, Ht, and transferrin
saturation were significantly lower in the patients with high
expression of ferritin in tumor cells. Perhaps, tumor cells in
need a higher amount of iron for their metabolism in
anemic condition store more ferritin which could be used
as a source of intracellular iron.

In the present study, we describe correlation between high
TfR1 expression on tumor cells with high «-1 and o-2
globulin but with lower ESR. Furthermore, the expression of
TfR1 on tumor cells was not associated with most of
parameters of iron metabolism and association with param-
eters of inflammation is not consistent. It means that higher
expression of TFR1 on tumor cells was associated with
higher values of inflammation parameters (c-1 globulin and
o-2 globulin), and lower ESR values. On contrary, higher
serum ferritin, ESR, and «-1 globulin were found in patients
who did not express TfR1 on tumor cells. At the moment we
cannot give an adequate explanation for these findings.

In our investigation correlation between expression of
TfR1 and ferritin in cancer cells and survival of NSCLC
patients was not detected (data are not shown). Possible
reason for that could be the different metabolism of cancer
and normal cells in lung. Also, the difference in expression
of TfR1 and ferritin between cancer cells and stroma or
normal lung tissue could be explained with metabolic dif-
ferences between malignant and normal cells. The iron
metabolism in normal and cancer cells is also different. We
have shown earlier higher sensitivity of colon carcinoma
SW620 cells to ferric-sorbitol-citrate (FSC iron), whereas
Wi38 fibroblasts were not sensitive [40]. Increased iron
uptake by colon carcinoma cells was noticed in the first 3 h
of the incubation with FSC iron, whereas higher FSC iron
concentrations and longer incubation also impaired ferritin
expression in SW260 colon carcinoma cells. The antican-
cer ability of FSC could result from its higher initial
utilization of iron and consecutive negative signal for the
expression of TfR1 in tumour cells. Tumor cells containing
lower amounts of ferritin are probably more sensitive to
oxidative stress caused by iron overload. Those data sup-
port our hypothesis that the systemic iron metabolic
alteration are not in relationship with iron metabolism in
cancer tissue.

Generally, tumor stroma and normal lung tissue showed
weak expression of TfR1 but the density of receptors in
NSCLC was increased. These findings are similar to those
we described earlier for colorectal carcinoma [28]. The
difference was observed in ferritin amount. In present
studies most of lung carcinoma (42 of 68, 61%) expressed
high amount of ferritin while less than 50% colon carci-
noma expressed ferritin [28]. Normal lung tissue of lung
carcinoma patients expressed ferritin sporadically (6 of 68,
9%), while most of samples of colon mucosa of patients
with colon cancer showed strong expression of ferritin (47
of 63) [28]. The high ferritin content in colon mucosa
where tumor cells have penetrated serosa and perivascular
fat may be related to lower amount of serum iron or dif-
ferential inflammatory response to metastasis and primary
tumors.

Ferritin expression in lung cancer tissue is higher in
NSCLC patients having lymph node involvement. Strong
ferritin expression was detected in 13 patients of N1 status
and in 23 patients of N2 status but only in 7 patients without
lymph node metastasis. That finding may be related to
anemia or to differences in the inflammatory response to
primary tumors and to metastasis. Namely, in systemic
inflammatory responses iron accumulates at the place of
inflammation (liver, spleen, and bone marrow) [41]. Thus,
iron accumulation at the place of inflammation could be
also one of explanation of chronic anemia of patients with
cancer. There was no difference in TfR1 expression in
patients with or without lymph node metastasis.
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The majority of carcinoma tissue samples exhibiting
high TfR1 expression (23 of 26 patients) at T2 status,
although this could be due to the high incidence of T2
status amongst patients in the study.

Finally, we conclude that prognosis of patients with
NSCLC is evidently related to the degree of anemia and
inflammation. Elevated serum ferritin in sera and higher
expression of ferritin in tumor tissue of NSCLC patients is
the result of inflammation and oxidative stress rather than
higher body iron accumulation. It may be consequence of
local toxicity induced by environmental factors. In that
case ferritin may have an anti-oxidative role in tumor cells.
Most of examined NSCLC patients had serum ferritin with
low content of iron it means that the body store of iron are
not preserved. Thus, ICF may be a better prognostic factor
for NSCLC patients than ferritin. Assessment of TfR1 in
lung tumors may therefore identify patients who could
benefit from adjuvant therapy. Namely, blocking of the
TfR1 in that stage of lung cancer might diminish tumor cell
proliferation because of iron restriction.

Acknowledgments The study was supported by the Croatian Min-
istry of Science, Education, and Sport.

References

1. Stevens RG, Jones DY, Micozzi MS, Taylor PR. Body iron stores
and the risk of cancer. N Engl J Med. 1988;319(16):1047-52.

2. Weinberg ED. Association of iron with respiratory tract neopla-
sia. J Trace Elem Exp Med. 1993;6:117-23.

3. Stevens RG, Graubard BI, Micozzi MS, Neriishi K, Blumberg
BS. Moderate elevation of body iron level and increased risk of
cancer occurrence and death. Int J Cancer. 1994;56(3):364-9.
doi:10.1002/ijc.2910560312.

4. Knekt P, et al. Body iron stores and risk of cancer. Int J Cancer.
1994;56(3):379-82. doi:10.1002/ijc.2910560315.

5. Weinberg ED. The role of iron in cancer. Eur J Cancer Prev.
1996;5(1):19-36. doi:10.1097/000199608469-199609001-00004.

6. Lapenna D, et al. Cigarette smoke, ferritin, and lipid peroxida-
tion. Am J Respir Crit Care Med. 1995;151(2Pt 1):431-5.

7. Richardson DR, Ponka P. The molecular mechanisms of the
metabolism and transport of iron in normal and neoplastic cells.
Biochim Biophys Acta. 1997;1331(1):1-40.

8. Haile DJ. Regulation of genes of iron metabolism by the iron-
response proteins. Am J Med Sci. 1993;318(4):230-40. doi:
10.1097/00000441-199910000-00003.

9. Faulk WP, Hsi BL, Stevens PJ. Transferrin and transferrin
receptors in carcinoma of the breast. Lancet. 1980;2(8191):390-2.

10. Habeshaw JA, Lister TA, Stansfeld AG, Greaves MF. Correlation
of transferrin receptor expression with histological class and
outcome in non-Hodgkin lymphoma. Lancet. 1983;1(8323):498—
501. doi:10.1016/S0140-6736(83)92191-8.

11. Wrba F, Ritzinger E, Reiner A, Holzner JH. Transferrin receptor
(TrfR) expression in breast carcinoma and its possible relation-
ship to prognosis. An immunohistochemical study. Virchows
Arch A Pathol Anat Histopathol. 1986;410(1):69-73. doi:
10.1007/BF00710908.

12. Octave JN, Schneider YJ, Hoffmann P, Trouet A, Crichton RR.
Transferrin protein and iron uptake by cultured rat fibroblasts.

Mo,

3« Humana Press

13.

14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

FEBS Lett.
81193-X.
Larrick JW, Cresswell P. Transferrin receptors on human B and T
lymphoblastoid cell lines. Biochim Biophys Acta. 1979;583(4):
483-90.

Larson SM, et al. Common pathway for tumor cell uptake of
gallium-67 and iron-59 via a transferrin receptor. J Natl Cancer
Inst. 1980;64(1):41-53.

Delia D, et al. Modulation of T leukaemic cell phenotype with
phorbol ester. Int J Cancer. 1982;29(1):23-31. doi:10.1002/ijc.29
10290106.

Ponka P, Beaumont C, Richardson DR. Function and regulation
of transferrin and ferritin. Semin Hematol. 1998;35(1):35-54.
Yamanishi H, Iyama S, Yamaguchi Y, Kanakura Y, Iwatani Y.
Relation between iron content of serum ferritin and clinical status
factors extracted by factor analysis in patients with hyperferr-
itinemia. Clin Biochem. 2002;35(7):523-9. doi:10.1016/S0009-
9120(02)00380-6.

Travis WD, Colby TV, Corrin B, et al. Histological typing of
lung and pleural tumours. World Health Organization Interna-
tional Histological Classification of Tumors, XIII. 3rd ed. Berlin/
Heidelberg: Springer-Verlag; 1999.

1979;108(1):127-30. doi:10.1016/0014-5793(79)

. Sobin LH, Wittekind CL. TNM classification of malignant

tumors. 6th ed. New York: John Wiley & Sons, Inc.; 2002.
Whitney JF, Clark JM, Griffin TW, Gautam S, Leslie KO. Transferrin
receptor expression in nonsmall cell lung cancer. Histopathologic and
clinical correlates. Cancer. 1995;76(1):20-5. doi:10.1002/1097-
0142(19950701)76:1<20::AID-CNCR2820760104>3.0.CO;2-3.
Yang HB, et al. Adenoma-carcinoma sequence: a reappraisal with
immunohistochemical expression of ferritin. J Surg Oncol. 1995;
60(1):35-40. doi:10.1002/js0.2930600108.

Nakano M, et al. Oxidative DNA damage (8-hydroxydeoxygu-
anosine) and body iron status: a study on 2507 healthy people.
Free Radic Biol Med. 2003;35(7):826-32. doi:10.1016/S0891-
5849(03)00432-5.

Zaniboni A, et al. Phase II study oftaxol combined with ifosfa-
mide and carboplatin in the treatment of stage IIIb-IV non-small-
cell lung cancer. Am J Clin Oncol. 2003;26(1):84-8. doi:10.1097/
00000421-200302000-00016.

Fujimoto T, et al. Completely resected N1 non-small-cell lung
cancer: factors affecting recurrence and long-term survival. J
Thorac Cardivasc Surg. 2006;132(3):499-506. doi:10.1016/j.jtcvs.
2006.04.019.

Yovino S, Kwok Y, Krasna M, Bangalore M, Suntharalingam M.
An association between preoperative anemia and decreased sur-
vival in early-stage non-small-cell lung cancer patients treated
with surgery alone. Int J Radiat Oncol Biol Phys. 2005;62(5):
1438-43. doi:10.1016/j.ijrobp.2004.12.038.

Berardi R, et al. Perioperative anemia and blood transfusions as
prognostic factors in patients undergoing resection for non-small
cell lung cancers. Lung Cancer. 2005;49(3):371-6. doi:10.1016/
j-lungcan.2005.04.011.

Weiss G. Pathogenesis and treatment of anaemia of chronic
disease. Blood Rev. 2002;16(2):87-96. doi:10.1054/blre.2002.
0193.

Prutki M, et al. Altered iron metabolism, transferrin receptor 1
and ferritin in patients with colon cancer. Cancer Lett. 2006;
238(2):188-96. doi:10.1016/j.canlet.2005.07.001.

Hyman GA, Harvey JE. The pathogenesis of anaemia in patients
with carcinoma. Am J Med. 1955;19(3):350-6. doi:10.1016/
0002-9343(55)90123-6.

Li R, Luo C, Mines M, Zhang J, Fan GH. CV hemocine CXCL12
induces binding of ferritin heavy chain to the chemokine receptor
CXCR4, alters CXCR4 signaling, and induces phosphorylation
and translocation of ferritin heavy chain. J Biol Chem. 2006;281
(49):37616-27. doi:10.1074/jbc.M607266200.


http://dx.doi.org/10.1002/ijc.2910560312
http://dx.doi.org/10.1002/ijc.2910560315
http://dx.doi.org/10.1097/000199608469-199609001-00004
http://dx.doi.org/10.1097/00000441-199910000-00003
http://dx.doi.org/10.1016/S0140-6736(83)92191-8
http://dx.doi.org/10.1007/BF00710908
http://dx.doi.org/10.1016/0014-5793(79)81193-X
http://dx.doi.org/10.1016/0014-5793(79)81193-X
http://dx.doi.org/10.1002/ijc.2910290106
http://dx.doi.org/10.1002/ijc.2910290106
http://dx.doi.org/10.1016/S0009-9120(02)00380-6
http://dx.doi.org/10.1016/S0009-9120(02)00380-6
http://dx.doi.org/10.1002/1097-0142(19950701)76:1%3c20::AID-CNCR2820760104%3e3.0.CO;2-3
http://dx.doi.org/10.1002/1097-0142(19950701)76:1%3c20::AID-CNCR2820760104%3e3.0.CO;2-3
http://dx.doi.org/10.1002/jso.2930600108
http://dx.doi.org/10.1016/S0891-5849(03)00432-5
http://dx.doi.org/10.1016/S0891-5849(03)00432-5
http://dx.doi.org/10.1097/00000421-200302000-00016
http://dx.doi.org/10.1097/00000421-200302000-00016
http://dx.doi.org/10.1016/j.jtcvs.2006.04.019
http://dx.doi.org/10.1016/j.jtcvs.2006.04.019
http://dx.doi.org/10.1016/j.ijrobp.2004.12.038
http://dx.doi.org/10.1016/j.lungcan.2005.04.011
http://dx.doi.org/10.1016/j.lungcan.2005.04.011
http://dx.doi.org/10.1054/blre.2002.0193
http://dx.doi.org/10.1054/blre.2002.0193
http://dx.doi.org/10.1016/j.canlet.2005.07.001
http://dx.doi.org/10.1016/0002-9343(55)90123-6
http://dx.doi.org/10.1016/0002-9343(55)90123-6
http://dx.doi.org/10.1074/jbc.M607266200

Med Oncol (2010) 27:268-277

271

31.

32.

33.

34.

35.

Harada T, Baba M, Torii I, Morikawa S. Ferritin selectively
suppresses delayed-type hypersensitivity responses at induction
or effector phase. Cell Immunol. 1987;109(1):75-88. doi:
10.1016/0008-8749(87)90293-0.

Moroz C, et al. Treatment of human bone marrow with recom-
binant placenta immunomodulator ferritin results in myelopoiesis
a T-cell suppression through modulation of the cytokine-che-
mokine networks. Exp Hematol. 2006;34(2):159-66. doi:
10.1016/j.exphem.2005.10.006.

Dallegri F, Patrone F, Frumento G, Sacchetti C. Antibody-
dependent killing of tumor cells by polymorphonuclear leuko-
cytes. Involvement of oxidative and nonoxidative mechanisms. J
Natl Cancer Inst. 1984;73(2):331-9.

Dallegri F, Frumento G, Ballestrero A, Goretti R, Patrone F.
Relationship between antibody-dependent tumour cell lysis and
primary granule exocytosis by human neutrophils. Clin Exp
Immunol. 1987;70(2):479-83.

Valerius T, et al. Involvement of the high-affinity receptor for
IgG (Fc gamma RI; CD64) in enhanced tumor cell cytotoxicity of
neutrophils during granulocyte colony-stimulating factor therapy.
Blood. 1993:82(3):931-9.

36.

37.

38.

39.

40.

41.

Reali E, et al. Interferon-y enhances monoclonal antibody 17-1A-
dependent neutrophil cytotoxicity toward colorectal carcinoma
cell line SW11-16. Clin Immunol Immunopathol. 1994;71(1):
105-12. doi:10.1006/clin.1994.1058.

Katano M, Torisu M. Neutrophil-mediated tumor cell destruction
in cancer ascites. Cancer. 1982;50(1):62-8. doi:10.1002/1097-
0142(19820701)50:1<62::AID-CNCR2820500113>3.0.CO;2-0.
Balkwill F, Mantovani A. Inflammation and cancer: back to
Virchow? Lancet. 2001;357(9255):539-45. doi:10.1016/S0140-
6736(00)04046-0.

O’Byrne KJ, Dalgleish AG. Chronic immune activation and
inflammation as the cause of malignancy. Br J Cancer.
2001;85(4):473-83. doi:10.1054/bjoc.2001.1943.

Prutki M, Poljak-Blazi M, Mihaljevic B, Orescanin V, Zarkovic
N. Uptake of anti-anemic substance ferric-sorbitol-citrate by
normal and malignant cells and its effects on expression of
transferrin receptor 1 and ferritin. Cancer Biother Radiopharm.
2006;21(6):636—-44. doi:10.1089/cbr.2006.21.636.

Halliwell B, Gutteridge JMC. Free radicals in biology and
medicine. 2nd ed. Oxford: Clarendon Press; 1989. 466.

Mo,

3.« Humana Press


http://dx.doi.org/10.1016/0008-8749(87)90293-0
http://dx.doi.org/10.1016/j.exphem.2005.10.006
http://dx.doi.org/10.1006/clin.1994.1058
http://dx.doi.org/10.1002/1097-0142(19820701)50:1%3c62::AID-CNCR2820500113%3e3.0.CO;2-0
http://dx.doi.org/10.1002/1097-0142(19820701)50:1%3c62::AID-CNCR2820500113%3e3.0.CO;2-0
http://dx.doi.org/10.1016/S0140-6736(00)04046-0
http://dx.doi.org/10.1016/S0140-6736(00)04046-0
http://dx.doi.org/10.1054/bjoc.2001.1943
http://dx.doi.org/10.1089/cbr.2006.21.636

	Altered iron metabolism, inflammation, transferrin receptors,  and ferritin expression in non-small-cell lung cancer
	Abstract
	Introduction
	Materials and methods
	Subjects
	Samples, data collection, and protection of human subjects
	ICF (iron content of serum ferritin) calculation
	Histopathology examination
	Immunohistochemical detection of ferritin and TfR1
	Assessment of transferrin receptors
	Assessment of ferritin content
	Statistical analysis

	Results
	Patients’ characteristics and survival
	Parameters of iron metabolism and inflammation
	ICF and ferritin relevance in NSCLC patients
	TfR1 and ferritin expression

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


