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A STUDY OF TRANSFERRIN
AND FERRITIN EXPRESSION

IN TUMOR CELLS OF PATIENTS
WITH BREAST CANCER

Summary. dim: to study and to evaluate the clinical significance of the expression
of iron-containing proteins ferritin and transferrin in tumor cells of patients with
breast cancer (BC). Object and methods: the study included 143 patients with BC
stage I11—111. Methods: clinical, morphological and immunohistochemical, sta-
tistical. Results: it was shown that BC is characterized by intertumor heteroge-
neity of expression of transferrin and ferritin. The high degree of differentiation
of BC correlates with the lack of expression of transferrin and ferritin. Positive ex-
pression of these proteins in the cells of primary tumors correlated with the deve-
lopment of metastases in regional lymphatic nodes. Correlation dependences be-
tween parameters of expression of transferrin and ferritin in tumor cells and over-
all survival in patients with BC have been determined. Conclusions: the expression
of transferrin and ferritin may be individual predictive markers of clinical course
and survival in patients with BC and one more molecular target for the develop-

ment of new anticancer agents.

INTRODUCTION

Ferritin (FER) and transferrin (TRFER) belong to
the iron-containing proteins involved in many physiolo-
gical and pathological processes. According to the data
of literature, iron-containing proteins play the main role
in control of iron homeostasis in organism as well as
in such biological processes as development of tissues,
functional activity of cells, angiogenesis, proliferation
and regulation of cellular cycle, etc. [1—4]. Expression
of genes involved in iron metabolism, including genes
of TRFER, FER and ferroportin, is regulated by iron reg-
ulatory proteins 1/2 (IRP1/2) on the posttranscription-
al level [5, 6]. Interest in study of the role of iron-con-
taining proteins in cancer patients is conditioned by their
role in regulation of iron metabolism in the presence of
malignant neoplasm in organism [7, 8]. In series of stu-
dies, connections between changes in level of iron-con-
taining proteins and progression of tumor, as well as in-
creased DNA synthesis in tumor cells (TC), expression
of angiogenic factors (VEGF), reaction of cells to the ox-
idative stress, have been showed [9—11].

According to the results of numerous studies, FER is
acytoplasmic protein playing key role in intracellular iron
homeostasis. At the same time, it can locate in cell nuclei,
including tumor nuclei. This protein has many functions,
particularly protection of cells from oxidative stress, re-
gulatory role in transcription processes, and preservation
of iron in bioactive and non-toxic forms [12—14]. Syn-
thesis of intracellular FER is controlled on transcrip-
tional and translational levels by two ways — iron-de-
pendent and iron-independent [14]. FER is also known
as proinflammatory mediator, expression of which can
by induced by cytokines; however, it can induce expres-
sion of both proinflammatory and antiinflammatory cy-
tokines and be immunosuppressant [15].
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Another one iron-containing protein TRFER,
which main function consists in transfer and delivery
of iron to the cells, belongs to the markers of malig-
nant tumor phenotype, since it is associated with
proliferation of cells. It has been clearly demonstra-
ted by example of cancer and neuroendocrine car-
cinomas of pancreatic gland: the highest expression
of TRFER was in proliferating cells of both primary
tumors and metastases [16]. Number of TRFER re-
ceptors (TfR1 and TfR2-alpha) in proliferating cells
of hepatoma compared with cells in dormancy incre-
ases up to 300 and 200%, respectively [17]. Using com-
parative immunohistochemical (IHC) studies of ex-
pression of markers in tumor and normal cells, it has
been showed that level and distribution of TRFER re-
ceptor in tumors of other genesis (colorectal cancer)
changes depending on stage of tumor process and tu-
mor differentiation grade: high expression of TRFER
receptors in cells of highly differentiated forms of can-
cerat stages A and B by Dukes and lack/low expression
in cells of low differentiated carcinomas with metas-
tases at stage C or D [18]. Biological role of TRFER
at tumor growth is confirmed also in study, in which
was stated that TRFER receptors can have different
regulatory properties and differentially be expressed
in proliferating cells compared with those being in
dormancy [19]. Although interest in iron-containing
proteins and their role in TC homeostasis significantly
increased in recent years, number of studies on FER
and TRFER in TC of mammary gland is insufficient.

Our previous in vitro studies have showed that
the most essential disorders of homeostasis of endoge-
nous iron and increased level of FER and TRFER ex-
pression are detected in TC of human mammary gland of
the most aggressive mesenchymal phenotype and in cells
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with phenotype of treatment resistance to the antitumor
drugs of different mechanism of action [20, 21]. Also,
we have determined connection between FER level in
blood serum and tumor tissue and sensitivity to neoadju-
vant therapy in patients with breast cancer (BC) [22, 23].
However, to date there is no consensus of opinion con-
cerning significance of presence of these proteins for
prognosis of clinical course and survival of BC patients.

Aim of the study was to investigate the expression
of iron-containing proteins FER and TRFER in TC
of BC patients and to evaluate their clinical significance.

OBJECT AND METHODS

Retrospective analysis of the results of examination,
treatment and survival of 143 BC patients of II-I11 stage,
who have been receiving inpatient treatment on the ba-
sis of Lugansk Regional Clinical Oncology Dispensary
during 2005—2010, has been carried out. Stage of tumor
process was determined according with the Internatio-
nal clinical classification of tumors (TNM, 6* edition,
2002). Histological type of removed tumors was verified
at morphological study of histological sections (staining
with hematoxylin and eosin) according with the WHO
International histological classification (2001). All pa-
tients underwent adjuvant polychemotherapy (PCT)
according with the standards of treatment approved in
Ukraine by FAC or AC schemes with 21 day interval,
number of PCT courses — 4—6. Postsurgical radiothe-
rapy (RT) was carried out on gamma-therapeutic equip-
ment «<TERAGAM)» (single focal dose 2 Gy, total focal
dose 40 Gy) on the area of postsurgical scar, inguinal,
parasternal and supraclavicular areas.

For THC study of FER and TRFER expression in
TC, standard streptavidin-biotin-peroxidase method
was applied. As primary were used antibodies specific
to FER and TRFER (Abcam, USA). For visualization
of the results of reaction, reagent kit EnVision System,
LSAB2 (Dako, Denmark) were used according with
manufacturer’s recommendations; histological sec-
tions were stained with Mayer hematoxylin. Evalua-
tion of the results was carried out using optic micros-
copy at magnification X200. For evaluation of FER
and TRFER expression, semi-quantitative method was
applied. In each histological specimen, expression of
markers in 1000 TC was analyzed determining quanti-
ty of positive and negative cells in percentage and cal-
culating level of expression of marker (high, moderate,
strong). Strong positive expression of marker was con-
sidered quantity of positive TC > 10% and strong/mo-
derate expression of markers [24].

Statistical processing of the results of study was car-
ried out using methods of variation statistics with use
of program STATISTICA 6.0. For evaluation of signi-
ficance of differences in expression of studied markers
and other clinical-pathological parameters, x?was used.
Evaluation of survival was carried out by Kaplan — Meier
method taking date of the beginning of treatment as re-
ference point. Multivariate analysis was performed using
Cox regression model and log-rank test. Correlation ana-
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lysis was carried out by calculation of Spearman corre-
lation. Critical level of statistical significance was 0.05.

RESULTS AND DISCUSSION

General clinical characteristic of BC patients of IT—
I11 stage is given in Table 1. Age of patients varied from
25 to 76, mean age — 50.3 £ 4.3. The highest (27.1%)
number of patients was in age interval 51—60. Most
(61.5%) patients were in menopause. Part of BC patients
of 11 stage has constituted 44.0%, 111 — 56.0%. Number
of women with BC of I1a and IIb stages was almost equal
and constituted 21.0 and 23.0%, respectively. Among pa-
tients with ITI stage T3a (33.1%) was prevailed; stage T3b
was detected in 22.9% of patients. In 22.4% of patients,
no metastases in lymph nodes (LN) were detected, in
77.6% metastatic involvement of LN was diagnosed.
Complex examination of patients (radiological, ultra-
sound, laboratory), which was carried out before treat-
ment, has not detected remote metastases. Morphologi-
cal study of surgical material has showed that infiltrating
duct cancer occurred more often (77.6%), than lobular
cancer (22.4%); moderate tumor differentiation grade
was determined in 42.6% of patients.

Total number of tumors with positive TRFER and
FER expression was the same in both groups and con-
stituted 75 (52.4%) and 74 (51.4%), respectively. Here-
after, TRFER and FER expression has been analyzed
depending on such clinical features, as stage of disease, his-
tological type of tumor and its differentiation grade, pre-
sence/lack of metastases of cancer in regional LN, over-
all survival (OS) of patients. No significant differences
in frequency of positive (+) tumors depending on stage
and histological structure of BC was detected. In parti-
cular, TRFER+ tumors were detected in 37 (58.7%) pa-
tients with II stage and in 38 (60.3%) — with 111 stage;
FER+ — in 33 (52.3%) and 41 (51.2%) patients corre-
spondingly. TRFER+ were 57 (51.3%) samples of infil-
trating duct cancer and 18 (56.25%) — infiltrating lobular
cancer; FER+ — 58 (52.2%) and 16 (50%), respectively.

In group of patients with high and moderate BC dif-
ferentiation grade, number of tumors with positive ex-
pression of TRFER and FER was lesser, than in patients
with low differentiation grade (p < 0.05) (Table 2). Num-
ber of tumors with positive expression of both markers
turned out to be significantly higher (p < 0.05) in BC pa-
tients with metastases in LN (Table 3).

Results of correlation analysis are given in Table 4.
No correlation between TRFER and FER expression
and stage of BC and histological type of tumor has been
determined. Also, it has been determined that TRFER/
FER negative expression correlates with high differen-
tiation grade of tumors, and positive TRFER/FER ex-
pression in primary tumor — with development of me-
tastases in regional LN. No significant correlations be-
tween TRFER and FER expression in samples of one
tumor were detected (r = 0.10; p > 0.05) that points out
at different ways of regulation of these proteins, which
are quite complicated in TC, finally not determined and
need further study [25].
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Table 1 Table 3
General clinical characteristic of BC patients Distribution of tumors by TRFER and FER expression depending
ind Number of patients on presence of BC metastases in regional LN
ndex = % = =
Total number of patients 143 100 g. ; €. E E G| 5,6
Menstrual cycle Se= = gL E=sll E £%5
Preserved 55 38.5 % § g 59 g %5 § E 59 E
Menopause 88 61.5 Category N 8=% |8 = 8=2|3 =
BC stage by TNM (category T) eS8 | ES52|EES5 58
= = = =
I (T2) 63 44.0 Z | =z 8|2 8| &
including T2a 48 21.0 @ °
T2b 15 23.0 n|%|n! % | n|/%|n|%
i (T3) 80 56.0 NO (n = 32/100.0%) 9 [28.1] 23 |71.9] 11 |34.4] 21 |65.6
including T3a 62 33.1 N1-3 {n = 111/100.0%) 66 [59.5| 45 [40.5| 63 |56.8| 48 |43.2
T3b 18 229 Total (n = 143/100.0%) | 75 |52.4| 68 |47.6| 74 |51.4| 69 |48.6
Metastases in regional LN (category N) Table 4
NO 32 224 Correlation of expression of studied molecular markers with clinical
N1-3 1 716 and morphological features of BC
Remote metastases (category M) Coelat] . Correlation Evaluation
MO | 143 | 1000 gmelation pairs coefficient of correlation
BC morphology TRFER expression [, o o 0.09 _ |No correlation between
Infiltrating duct cancer 111 776 : tage o TRFER/FER expression
Infiltrating lobular cancer 22 224 FER expression | disease -0.02 and stage of disease
BC differentiation grade TRFER expression | ..\ . 0.06 No correlation between
High 40 28.0 cal ty gof TRFER/FER expression
Moderate 61 42.6 FER expression BC P 0.07 and histological type
Low 42 29.4 of tumor
Methods of treatment TRFER expression Differenti- -0.39" | Negative TRFER/FER ex-
Mastectomy by Madden + PCT 51 35.7 ation grade pression correlates with
Mastectomy by Madden + PCT + RT 57 39.9 FER expression of BC -0.33* | high differentiation grade
Mastectomy by Madden + RT 35 24.4 of tumor
Table 2 TRFER expression 0.48* Positive TRFER/FER ex-
Distribution of tumors by TRFER and FER expression depending Metelxsta- pression in Qnmary L
on BC differentiation grade FER expression sesin 0.31% correlates with develop-
regional LN ' ment of metastases in re-
S gk | Colt | 6,1l | 6 o = — : -
g g E|EZE | E _g L | gs Level of significance of correlation coefficient p < 0.05.
225|285 (255|285
Differentiation grade g E § 'g 25 E E % 'g ] % with iron metabolism [25]. Significance of disorders
£ $ £ 'F;- g £ g £ 'F;- g of iron homeostasis for occurrence and progression of
2 g Z g 2 %|2 5| cancer diseases, including BC, is confirmed by data
e TR e T L T % of numerous epidemiological and experimental stud-
High ies [1, 26—28]. Mechanisms of these disorders to date
> 19 [475| 21 |52.5( 16 |40.0| 24 |60.0 . . .
{n = 40/100.0%) are not fully studied. There are data showing synergism
Moderate 21 |34.4| 40 |65.6| 24 |39.3| 37 |40.7| of disorders of iron and estrogen metabolism at occur-
(n = 61/100.0%) .
Low rence of BC. In general, characteristic feature of TC
(n = 42/100.0%) 35 183.3| 17 116.7| 34 |180.1) 7 9.9 is increased expression of proteins-importers and de-
(Tmm143/100 - 75 |50.4! 68 |476| 74 |51.4| 69 |48 crease of level of proteins-exporters of iron [28]. Du-
n= ;

Using Kaplan — Meier method, 5-year OS of patients
depending on TRFER and FER expression has been cal-
culated. As data in Fig. 1 and 2 show, survival of BC pa-
tients was higher at lack of TRFER and FER expression
in remote tumors. Cox regression analysis conducted for
determination of connections between TRFER and FER
expression and OS rates of patients has showed that these
proteins may be used as subsidiary predictive markers
of BC prognosis (for TRFER f = —0.44; p < 0.05; for
FER B =—0.29; p < 0.05).

When analyzing obtained results and summarizing
conducted study, one should mention that molecular
and clinical aspects of changes in iron homeostasis in
organism of patients and TC and their diagnostic va-
lue are characterized by complexity of signal path-
ways of expression of markers, which are connected

ring the process of carcinogenesis, excess of iron con-
tributes to the formation of active oxygen forms, which
cause DNA damages. At the same time, estrogen can
be additional substrate of these reactions due to attach-
ment of hydroxyl group and formation of catechol es-
trogen [28—30]. Compensatory protective mechanism,
which contributes to the neutralization of free radi-
cals and protection of DNA from damages caused by
excess of iron, is increasing of FER level in TC. Di-
sorders of estrogen metabolism on the background of
excess of iron also cause stimulation of TRFER syn-
thesis in TC of mammary gland. It is confirmed by ob-
tained by us data and results of previous studies [22],
which are the evidence of presence of increased level
of FER and TRFER expression in more than 50% of
studied tumors of mammary gland.
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Fig. 1. OS of BC patients calculated by Kaplan — Meier me-
thod depending on TRFER expression in TC
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Fig. 2. OS of BC patients calculated by Kaplan — Meier me-
thod depending on FER expression in TC

Lack of correlation between level of TRFER and
FER expression in TC of examined patients and stage
and morphological structure of BC, probably, is con-
nected with presence of additional factors of regulation
of studied proteins on the level of other systems of iron
metabolism in organism. Data obtained concerning high
level of TRFER and FER expression in tumors of low
differentiation grade is confirmation of participation of
these malignant proteins in proliferation, growth and for-
mation of stage of BC malignancy. This is evidenced by
the results of our previous in vitro studies concerning in-
crease of expression of iron-containing proteins already
in the early stages of malignant transformation of cells of
mammary gland and intensification of evidence of these
disorders in the process of acquisition by them of more
aggressive mesenchymal phenotype [20, 31].

Determined existence of connections between expres-
sion of studied proteins and development of metastases in
regional LN and survival of BC patients coincides with data
of literature and confirms significance of disorders of iron
metabolism for progression and aggressiveness of clinical
course of BC, as well as confirms fact of cancer ferrotoxici-
ty [32]. For instance, significant expression of TRFER and
FER in TC of BC patients has been determined — 92.2%
of tumors were positive, at that expression of marker di-
rectly correlated with cancer metastases in LN and malig-
nancy of neoplasms [26]. Expression of TRFER (TfR1)
and FER receptors in TC of patients with non-small cell

0 T T
0,00 10,00 20,00
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lung carcinoma was determined in 88 and 62% of tumors
correspondingly [27], but no correlation between indexes
of expression of these markers in cells and their concen-
tration in peripheral blood was determined. Significance
of iron-containing proteins in cancer patients has been
demonstrated also in other studies [18, 19].

Since iron-containing proteins participate in proli-
feration of cells and progression of tumors and are con-
nected with some biological features of tumor growth
and clinical prognosis, they may be considered molecular
targets for antitumor drugs [9, 33]. Possibility of such
approach to the treatment of cancer patients has been
showed in some experimental studies [34, 35], as well
as is has been confirmed by the results of our previous
studies, which have showed significant increase of ex-
pression of iron-containing proteins in resistant to anti-
tumor drugs cells of BC in vitro and TC of BC patients
resistant to neoadjuvant chemotherapy [21, 22].

Thus, results of carried out study and data of liter-
ature show that iron ions and iron-containing proteins
play important role in metabolism of normal and neo-
plastic cells, can be individual markers of predictive prog-
nosis of survival of BC patients. Data obtained can be the
basis for development of new diagnostic criteria and im-
provement of existing schemes of antitumor treatment
taking into account indexes of TRFER and FER in TC
of mammary gland.

CONCLUSIONS

1. BC is characterized by intertumor heterogene-
ity of TRFER and FER expression. Part of tumors with
strong positive TRFER and FER expression has consti-
tuted 52.4 i 51.4%, respectively.

2. No correlation between TRFER and FER expres-
sion, on the one hand, and stage of disease and histolo-
gical BC type, on the other hand, has been determined.

3. High differentiation grade of BC correlates
(p < 0.05) with lack of TRFER and FER expression.

4. Positive TRFER and FER expression in cells of pri-
mary tumor of mammary gland correlates with develop-
ment of metastases in regional LN.

5. Prognostic value of TRFER and FER expression
in TC of mammary gland for the evaluation of OS of pa-
tients hasbeen determined. TRFER and FER expression
can be individual predictive marker of survival of BC pa-
tients and one more molecular target for the development
of new antitumor agents.
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OOCNIIPKEHHA EKCNPECIH
TPAHC®EPUHY TA DEPUTUHY

¥ NYXNWHHUX KNNITUHAX XBOPUX
HA PAK MOJIOYHOI 3AJIO3U

O.B. Illeniav, H.1O. Jlyx’anosa, C.B. Yexyn,
JL.3. Hosimyx, C.B. Anminosa

Pesiome. Mema: sueuenns excnpecii 3a1i308MicHUX
binkie gpepumuny (OEP) i mpancgepuny (TPDEP)
Y RYXAUHHUX KAIMUHAX ma OWIHKQ I KAIHIMHO20 3HAYEH-
HA Y X80pux Ha pak Moao4Hol 3aro3u (PM3). 06°exkm
i Memoou: y docaioxcerns exaroweno 143 nayicumok
i3 PM3 II—III cmadii. Memoou docaioxcenna: rii-
HiuHi, MOpghonociunUil, iMYHOZICMOXIMIMHULL, cmamuc-
muyruii. Pesyasmamu: noxasano, wo PM3 xapakme-
PUSYEMBCA MINCHYXAUHHOIO 2eMePO2ERHICIIO eKchnpecil
TPDEP i ®EP. Bucokuii cmyninb dughepenuyiroeaH-
Ha PM3 kopearoe 3 giocymuicmio excnpecii TPOEP
i ®EP. Ilozumuena excnpecis yux 0inxie y KAimunax
NepeUHHOT NYXAUHU NO6’A3aHA 3 PO36UMKOM Mema-
cmasie y pezionaprux nimgamuunux eyzrax. Bema-
HOBAEHO KOPEAAUITIHY 3aAeNCHICMb MiXC eKxcnpeciero
TPDEP ma PEP y nyxauHHux KAIMUHAx i 3a241bHO0
euxcugaricmio xeopux Ha PM3. Bucnoexu: excnpecis
TPDEP i DEP mooce 6ymu inOuaioyanrvHum npecux-
MUBHUM MApKepoM nepebicy Xeopobu ma GUNCUBAHOC-
mi nayienmoxk i3 PM3 i we 00Hi€10 MOACKYAAPHOWO Mi-
WeHHI0 04151 pO3pOOKU HOBUX NPOMUNYXAUHHUX azeHmie.

Kimio9oBi cji0Ba: pak MOJIOUHOI 3aJ103H,
TpaHcdepuH, bepUTHH, IIPOTHO3.

Correspondence:

Lukyanova N.Y.

45 Vasylkivska str., Kyiv 03022

R.E. Kavetsky Institute of Experimental Pathology,
Oncology and Radiobiology of NAS of Ukraine

Received: 25.03.2014

OHKOJIOTUA e T. 16 e N2 2 2014





