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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

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 a-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.
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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, a-1 globulin, and a-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:

ICF ðlmol/mgÞ ¼ DFeðlmol=lÞ
Ferritin

ðlg/lÞ � 300

DFe ¼ ðmeasured iron valueÞ�ðblank valueÞ

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 lm) 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 lm cryostat sections, transferred on glass slides, air-dried

overnight, and analyzed for ferritin and TfR1 expression.

Retrospectively, 5 lm 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

3,30-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 0 to 4 as follows: Grade 0 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

cells as follows: Grade 0 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 v2-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 I 21 17

Stage II 23 18

Stage III 69 55

Stage IV 12 10
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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 a-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 a-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

Fig. 1 Five years survival of patients with squamous cell carcinoma

(SCC) and adeno carcinoma (AC)

Table 2 Distribution of 125

male patients with non-small

lung carcinoma according to the

low, normal, or high values of

systemic iron metabolic

parameters and inflammatory

parameters with respect to the

reference values

* P \ 0.05 significantly

different compared to reference

values

Control (reference)

values

Number of patients with parameters

Below the

reference

values

In the range

of the reference

values

Above the

reference

values

Iron parameters

ICF (lmol/mg) 53–143 113 10 2

Hb (g/l) 140–180 70 55 0

Ht (l/l) 0.42–0.53 71 54 0

Fe (lmol/l) 11–32 63 60 2

TIBC (lmol/l) 49–72 65 57 3

Transferrin saturation 0.16–0.45 38 83 4

Inflammation parameters

Ferritin (lg/l) 23–180 0* 45 80

ESR 3–20 2* 36 87

Albumin (g/l) 34.5–52 0* 66 59

a-1 globulin (g/l) 1.3–3.6 0* 40 85

a-2 globulin (g/l) 4.6–10.4 10 6 109
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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 M0 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, a-1 globulin, and a-2 globulin).

The higher expression of TFR1 on tumor cells was

associated with higher values of a-1 globulin and a-2

globulin and with lower ESR values. Furthermore, high

serum ferritin, ESR, and a-1 globulin were found in

patients who did not express TfR1 on tumor cells

(Table 7).

Fig. 2 ICF values in 125 non-small-cell lung carcinoma (NSCLC)

patients at the moment of diagnoses

Table 3 Pearson correlation

between 9 laboratory tests and

ICF, Ferritin, Fe, and ESR

values

Analysis was performed on 125

patients

* P \ 0.05; ** P \ 0.001

Pearson’s correlation coefficient

ICF (lmol/mg) Ferritin (lg/l) Fe (lmol/l) ESR

Iron parameters

Hb (g/l) 0.236* -0.177 0.535** -0.660**

Ht (l/l) 0.215* -0.236* 0.366** -0.494**

Fe (lmol/l) 0.473** -0.036 -0.463**

TIBC (lmol/l) 0.241** -0.280** 0.456** -0.290**

Transferrin saturation 0.314** 0.017* 0.653** -0.306**

Inflammation parameters

Ferritin (lg/l) -0.409** -0.036 0.242**

ESR -0.273** 0.242** -0.463**

a-1 globulin (g/l) -0.113 0.0569 -0.00299 -0.0158

a-2 globulin (g/l) -0.055 0.0298 -0.135 0.211*
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Discussion

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

was significantly decreased by advanced pathologic T

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

Table 4 Pearson correlation

between 9 laboratory tests and

survival, ICF, Ferritin, Fe, and

ESR values

Analysis was performed on

patients who died

* P \ 0.05; ** P \ 0.001

Pearson’s correlation coefficient

Survival

(\13 months)

ICF

(lmol/mg)

Ferritin

(lg/l)

Fe

(lmol/l)

ESR

Iron parameters

ICF (lmol/mg) 0.455** -0.393** 0.261* -0.243*

Hb (g/l) 0.372** 0.186 -0.206 0.478** -0.730**

Ht (l/l) 0.321** 0.187 -0.279* 0.324** -0.590**

Fe (lmol/l) 0.261* 0.368** -0.0432 -0.435**

TIBC (lmol/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 (lg/l) -0.218 -0.393** -0.0432 0.252*

ESR -0.365** -0.243* 0.252* -0.435**

a-1 globulin (g/l) -0.0187 -0.0984 -0.0132 -0.0446 -0.0598

a-2 globulin (g/l) -0.0954 -0.0878 0.0591 -0.144 0.232

Table 5 Distribution of ferritin

in lung carcinoma, tumor

stroma, and lung tissue samples

in respect to clinical and

pathological parameters of the

disease

* P \ 0.05

Ferritin in tumor Ferritin in stroma Ferritin in lung tissue

Weak/absent Strong Weak/absent Strong Weak/absent Strong

All samples 26 42* 60 8* 62 6*

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 0

N status

N0 7 7 13 1* 14 0*

N1 5 13 14 4 14 4

N2 14 22 33 3* 34 2*

M status

M0 26 42* 60 8* 62 6*
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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

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 C 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

Table 6 Distribution of TfR1

in lung carcinoma, tumor

stroma, and lung tissue samples

in respect to clinical and

pathological parameters of the

disease

* P \ 0.05

TfR1 in tumor TfR1 in stroma TfR1 in lung tissue

Weak/absent Strong Weak/absent Strong Weak/absent Strong

All samples 5 37* 42 0* 37 5*

Type

SCC 3 21 24 0 21 3

AC 2 16 18 0 16 2

T status

T1 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

N0 2 16 18 0 17 1

N1 1 5 6 0 5 1

N2 2 16 18 0 15 3

M status

M0 5 37* 42 0* 37 5*

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 (g/l) 140–180 137.23 ± 3.95 136.71 ± 3.96 134.0 ± 7.56 136.1 ± 3.49

Ht (l/l) 0.42–0.53 0.41 ± 0.01 0.39 ± 0.02*,# (;) 0.34 ± 0.05* (;) 0.40 ± 0.01# (:)

Fe (lmol/l) 11–32 15.00 ± 2.23 10.42 ± 1.16*,# (;) 13.04 ± 3.24 12.43 ± 1.71

TIBC (lmol/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# (:)

Ferritin (ng/ml) 23–180 194.18 ± 29.33 268.96 ± 34.97*,# (:) 352.32 ± 96.65* (:) 219.50 ± 33.72

ESR 3–20 33.73 ± 7.00 43.58 ± 6.53*,# (:) 48.00 ± 5.39* (:) 36.60 ± 5.92# (;)

a-1 globulin (g/l) 1.3–3.6 6.41 ± 1.26* (:) 5.36 ± 0.87* (:) 6.76 ± 2.43* (:) 4.58 ± 0.51* (:)

a-2 globulin (g/l) 4.6–10.4 12.09 ± 0.97 12.65 ± 0.75* (:) 12.36 ± 2.29 13.44 ± 0.54* (:)

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

(;) decrease
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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, a-1 globulin, and a-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 a-1 and a-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 (a-1 globulin and

a-2 globulin), and lower ESR values. On contrary, higher

serum ferritin, ESR, and a-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.
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