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Aim. To investigate the expression of the TGFB1, TNF, CSF1, CSF2, VEGFA and HIF1A genes in the patients 
with invasive breast carcinoma of no special type considering the intratumoral morphological heterogeneity. 
Methods. The technology of laser capture microdissection PALM was used to isolate five types of morpho-
logical tumor structures from three patients with invasive carcinoma of no special type (IC NST), luminal A 
subtype, T1-2NxMx. The level of expression of the cytokine (TNF), growth factors (TGFB1, CSF1, CSF2, 
VEGFA) and the HIF1A genes was assessed in the samples obtained using quantitative real-time PCR. Results. 
The study demonstrated the absence of the expression of the growth factor CSF2 gene in tumor cells of IC 
NST, and the expression of the CSF1 gene, independent from the metastasis status and tumor structure type. 
The prevalence of the expression of the VEGFA and TGFB1 genes was revealed in the alveolar and solid 
structures along with the rare expression of the TNF gene. Conclusions. The expression of pre-metastatic 
niche genes in the tumors of patients with IC NST is heterogeneous. The hypoxia-mediated change in the cy-
tokine gene expression may be expected in the alveolar and solid structures, which ultimately results in the 
formation of microenvironment, facilitating tumor growth and the formation of tumor metastatic potential.
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Introduction

According to the concept, suggested by Prof. D. 
Lyden (2005), the occurrence of metastases is pre-
ceded by the formation of so-called pre-metastatic 
niches – the optimal cellular and molecular microen-
vironment “foundation”, far from the localization of 
the initial tumor [1]. The niche, so-called “tumor 
niche”, is formed just in the initial tumor. Similar to 
the pre-metastatic niche, the biological essence of 

the tumor niche is to provide optimal conditions for 
the initial tumor growth. The key process of the tu-
mor niche formation is recruitment of bone-marrow 
derived cells, their proliferation and differentiation 
in tumors [2]. This is possible due to the production 
of cytokines, chemokines and growth factors by tu-
mor cells [3]. For instance, the secretion of vascular 
endothelial growth factor (VEGF) by tumor cells, 
which impacts endothelium progenitor cells, induces 
the stimulation of neoangiogenesis [4]. Such mole-
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cules, as the macrophage colony-stimulating factor 
(M-CSF) and the granulocyte macrophage colony-
stimulating factor (GM-CSF), produced by the tu-
mor cells, are the growth factors for haematopoietic 
stem cells, which give rise to leukocytes and macro-
phages, playing a leading role in the determination 
of tumor microenvironment properties [5, 6]. The 
transforming growth factor-β (TGF-β) is known for 
its capability to recruit mesenchymal stem cells [7]. 
It was demonstrated that mesenchymal stem cells, 
actively recruited to the places of tumor formation, 
are capable of differentiating into fibroblasts inside 
the tumor, thus forming up to 20 % of its stroma [8]. 
Therefore, the tumor cells form and maintain their 
microenvironment [9].

One of the relevant characteristics of malignant tu-
mors is their heterogeneity [10]. It was previously re-
vealed by our group that in the case of invasive breast 
carcinoma of no special type (IC NST) the heterogene-
ity is related to the formation of different morphological 
tumor structures: alveolar, solid, trabecular, tubular and 
discrete groups of tumor cells [11–13]. This morpho-
logical heterogeneity likely is mediated by functional 
differences between tumor cells in different structures 
and related to the tumor progression [12, 14, 15].

Due to this fact the aim of this study was to inves-
tigate the expression of TGFB1 (transforming 
growth factor-β), TNF (tumor necrosis factor-α), 
growth factors CSF1 (M-CSF), CSF2 (GM-CSF)  
VEGFA (vascular endothelial growth factor), and 
HIF1A (hypoxia-induced factor-1) genes in patients 
with IC NST with the consideration of intratumor 
morphological heterogeneity.

Materials and Methods
Tumor samples of three patients with IC NST were 
used in the work: patient #1 (49 y.o., luminal A, 
T1NxMx, grade 2), patient #2 (61 y.o., luminal A, 
T2NxMx, grade 2), patient #3 (61 y.o., luminal A, 
T2NxMx, grade 2), treated in the clinic of Tomsk 
Cancer Research Institute. The approval of the study 
was received from the local ethical committee of the 
Tomsk Cancer Research Institute (N 10, dated 
September 29, 2011).

The patients did not undergo any pre-surgical 
treatment. The histological type of cancer was estab-
lished in accordance with WHO recommendations 
(Geneva, 2012) [16]. The analysis of histological 
sections of the tumor tissue, including the identifica-
tion of different morphological structures, the char-
acter of stroma, hyalinosis and inflammatory infiltra-
tion in tumor microenvironment was performed us-
ing Carl Zeiss Axio Lab.A1 light microscope pursu-
ant to the previously described method [13, 15]. 

The preparation of frozen-tissue sections of tumors 
was made using a cryostat (HM525, Thermo Scientific, 
USA), with subsequent staining the samples with hae-
matoxylin and eosin (Dako, Denmark). The method of 
laser capture microdissection PALM (Carl Zeiss, 
Germany) was used to isolate from 150 to 200 samples 
of each type of morphological tumor structures (Fig. 1) 
as previously described [14]. The material, obtained for 
each morphological structure, was used to isolate total 
RNA using RNeasy Micro Kits (Qiagen, USA), and to 
amplify the transcriptome using QuantiTect WTA Kit 
(Qiagen, USA). The amount of RNA obtained was as-
sessed by RIN score using 2200 TapeStation instru-
ment and High Sensitivity R6K ScreenTape (Agilent 
Technologies, Inc., Santa Clara, USA).

The assessment of the expression level for the cy-
tokine (TNF), the growth factor (TGFB1, CSF1, 
CSF2, VEGFA) and the HIF1A genes in breast tumor 
samples was performed by real-time PCR, based on 
the technology of TaqMan-probes (FAM--BHQ-1) 
and specific oligonucleotides using the thermocycler 
Rotor-Gene-6000 (Corbett Research, Australia) 
(Table 2). 

Table 2. Sequence of primers and probes

Gene Forward primer Reverse primer Probe

CSF1 5’- GAGCCAGCATCCGTCCGT – 3’ 5’- GGTCAGGAGAAGGTCAGGGC – 3’ 5’- CACTCTCCAGCCTCTCCCCAGC – 3’
CSF2 5’- GGCGTCTCCTGAACCTGA – 3’ 5’- TCTGTAGGCAGGTCGGCT – 3’ 5’- ACTGCTGCTGAGATGAATGAAACA – 3’
VEGFA 5’-CAGATTATGCGGATCAAACCT-3’ 5’-GCTCTATCTTTCTTTGGTCTGC-3’ 5’-GCCAGCACATAGGAGAGATGAGC-3’
TNF 5’-CTGTAGCCCATGTTGTAGCAA-3’ 5’-TATCTCTCAGCTCCACGCC-3’ 5’-CTCCAGTGGCTGAACCGCCG-3’
TGFB1 5’-CCACCCCGCTGGAGAGG-3’ 5’-GCCGCACGCAGCAGTTC-3’ 5’-CACCAACTATTGCTTCAGCTCCACGG-3’
HIF1A 5’- GGAACCTGATGCTTTAACTTTG – 3’ 5’- AGTTTCTGTGTCGTTGCTGC – 3’ 5’- AGCCGCTGGAGACACAATCAT – 3’
ACTB 5’-GAGAAGATGACCCAGATCATGTT-3’ 5’-ATAGCACAGCCTGGATAGCAA-3’ 5’-AGACCTTCAACACCCCAGCCAT-3’
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The amplification of each sample was conducted 
three times. The relative expression level was esti-
mated by Pfaffl’s method [17]. The “housekeeping” 
gene – ACTB – was used to normalize the expres-
sion level.

The data were statistically processed using SPSS 
11.0 software (SPSS, Chicago, USA). The criterion 
χ2 was used to check the compliance with the se-
lected hypothesis. The differences were deemed reli-
able at the relevance level of p<0.05.

Results and Discussion
The formation of conditions for the cell proliferation 
and differentiation in the tumor is a vital factor of the 
tumor progression, i.e. relapses and metastasis. The 
synthesis of growth factors by the tumor cells is re-

lated to these conditions. Notably, all three patients, 
involved in the study, differ in their status of the 
lymphatic cancer spread. The patient #1 did not have 
any lymphatic involvement, the patient #2 had one 
affected lymph node (l/n) out of 18, and the patient 
#3 had metastases in 8 out of 8 remote l/n.

It was established in each patient, the expression 
profile of the studied genes, was heterogeneous in 
both the number of expressing genes, and the ex-
pression level for different structures (Fig. 2). 
Previously the tumor structures of IC NST were di-
vided by us into two groups. The first group includes 

Table 2. Sequence of primers and probes

Gene Forward primer Reverse primer Probe

CSF1 5’- GAGCCAGCATCCGTCCGT – 3’ 5’- GGTCAGGAGAAGGTCAGGGC – 3’ 5’- CACTCTCCAGCCTCTCCCCAGC – 3’
CSF2 5’- GGCGTCTCCTGAACCTGA – 3’ 5’- TCTGTAGGCAGGTCGGCT – 3’ 5’- ACTGCTGCTGAGATGAATGAAACA – 3’
VEGFA 5’-CAGATTATGCGGATCAAACCT-3’ 5’-GCTCTATCTTTCTTTGGTCTGC-3’ 5’-GCCAGCACATAGGAGAGATGAGC-3’
TNF 5’-CTGTAGCCCATGTTGTAGCAA-3’ 5’-TATCTCTCAGCTCCACGCC-3’ 5’-CTCCAGTGGCTGAACCGCCG-3’
TGFB1 5’-CCACCCCGCTGGAGAGG-3’ 5’-GCCGCACGCAGCAGTTC-3’ 5’-CACCAACTATTGCTTCAGCTCCACGG-3’
HIF1A 5’- GGAACCTGATGCTTTAACTTTG – 3’ 5’- AGTTTCTGTGTCGTTGCTGC – 3’ 5’- AGCCGCTGGAGACACAATCAT – 3’
ACTB 5’-GAGAAGATGACCCAGATCATGTT-3’ 5’-ATAGCACAGCCTGGATAGCAA-3’ 5’-AGACCTTCAACACCCCAGCCAT-3’

Fig. 1. Morphological heterogeneity of IC NST. A – alveolar 
structure, B – tubular structure, C – trabecular structure, D – dis-
crete group of tumor cells. The frozen-tissue sections of breast 
tumor tissues. Staining with haematoxylin and eosin. Magnifica-
tion x100

Fig. 2. The expression of pre-metastatic niche genes in the mor-
phological structures of breast tumors. 1,2,3 – patients; TNF – tu-
mor necrosis factor-α; TGFB1 – transforming growth factor-β; 
VEGFA – vascular endothelial growth factor-α; CSF1 – macro-
phage colony-stimulating factor; CSF2 – granulocyte macrophage 
colony-stimulating factor; HIF1A – hypoxia-inducible factor
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the tubular, trabecular structures and the discrete 
groups of tumor cells, and is remarkable that the tu-
mor cells therein are connected both to each other 
and to stroma. It means that all tumor cells have both 
a set of molecules for cell-cell adhesion (cadherin-
catenin complex and integrins of β1 family) and in-
tegrin receptors to adhere to stromal elements. The 
second group, comprising alveolar and solid struc-
tures, is notable for the fact that most tumor cells are 
connected to each other and are not adhered  to stro-
ma. The exception is found in the external layer of 
cells, contacting with the connective tissue. We have 
assumed that most tumor cells in such structures ex-
press the cadherin-catenin complex, but loses the 
integrin receptors, responsible for the connection to 
stroma [18].

A relevant factor, determining the recruitment of 
progenitor, is the presence of chronic inflammation 
[19, 20]. Regardless of the initial cause, the forma-
tion of chronic inflammatory infiltration may be 
caused by pro-inflammatory cytokines, TNFa being 
the most relevant of them. It was demonstrated by us 
that the TNF gene was expressed only in the alveolar 
and trabecular tumor structures of the patient #1 with 
no lymphatic metastasis. The inflammatory infiltra-
tion in the tumor stroma of the patient #1 was mod-
erately expressed, whereas it was weak or absent in 
the patients #2 and #3.

The expression of the TGFB1 gene was revealed 
in the alveolar and solid structures of all three pa-
tients (Fig. 2). While producing TGFβ, the tumor 
promotes recruiting such cells as M2-macrophages 
into the sources of chronic inflammation [21]. 
Additionally, TGFβ is one of the triggers of epithe-
lial-mesenchymal transition – the mechanism, un-
derlying the invasive growth and metastasis of the 
tumor [22]. Notably, the TGFB1 gene is expressed 
mainly in the structures, related to the second 
group (alveolar and solid structures). In our opin-
ion, it may be explained by hypoxia of the tumor 
cells in large cellular clusters. It was demonstrated 
that hypoxia may induce epithelial-mesenchymal 
transition [23], which is likely to take place via 
TGF-β [24].

The angiogenic molecule of VEGF is capable of 
recruiting the endothelial progenitor cells and caus-
ing the homing of mesenchymal stem cells into the 
tumor [25]. In this context the probable relevance of 
hypoxia is proven by the expression of the VEGFA 
gene in alveolar structures in all 3 cases and in solid 
structures – in 2 out of 3 cases, whereas in trabecular 
structures and discrete groups of tumor cells the 
gene VEGFA is expressed in 1 out of 3 cases. 

The analysis of the expression of HIF1A gene 
demonstrated that the gene activation is observed in 
all the morphological structures, except for trabecu-
lar and discrete groups of tumor cells in the patient 
#3, but the highest expression was notable for the 
patient #1 in alveolar and solid structures (Fig. 2). 

It is known that hypoxia induces the HIF-dependent 
expression of the CSF-1 (M-CSF) gene via direct 
binding to two sites of the 5′-flanking region [26]. The 
highest level of expression of the CSF1 gene was re-
vealed in the alveolar and solid structures of the pa-
tient #1. In the patients #2 and #3 mRNA of the CSF1 
gene was also found in all the morphological struc-
tures of the tumor, except for the alveolar structures of 
patient #2 (Fig. 2). Additionally, M-CSF is a poietic 
hormone for the dendrite cells, which play a relevant 
role in the tumor progression [27].

The expression of the CSF2 gene was not revealed 
in any studied sample (Fig. 2). There are data on the 
capability of M-CSF to promote the polarization of 
M2 macrophages, whereas] GM-CSF mediates the 
induction of M1 macrophages, associated with the 
anti-tumor response [28]. 

Conclusions
The results of the study prove the heterogeneous 
character of the expression of genes, responsible for 
the synthesis of chemoattractants, recruiting the 
progenitor cells of fibroblasts, endothelium and 
macrophages into the initial tumor. In most cases 
the TGFB1 and VEGFA genes are expressed in the 
alveolar and solid structures, where most tumor 
cells do not have any direct connection with the 
stroma. Due to this fact, the central cells of these 
structures may have hypoxia at any degree of the 
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stroma vascularization. On the one hand, hypoxia 
leads to the synthesis of HIF1A and VEGFA, medi-
ating the recruitment of the bone marrow progenitor 
cells of endothelium and the stimulation of angio-
genesis. On the other hand, hypoxia causes the 
adaptive changes in cells. One of the mechanisms of 
enhancing resistance to hypoxia is the epithelial-
mesenchymal transition. This may be a likely expla-
nation of the synthesis of TGFβ in alveolar and 
solid structures, first of all. It may be assumed that 
the impact of TGFβ induces the recruitment of the 
mesenchymal stem progenitor cells of fibroblasts 
and M2-macrophages into the stroma, which, along 
with the abovementioned events, supports the mi-
croenvironment, promoting the tumor growth, i.e. 
the formation of the tumor niche. The results ob-
tained suggest that when the pathologist reveals the 
alveolar and solid structures in the tumor, he may 
expect the hypoxia-mediated change in the cytokine 
gene expression, which ultimately results in the for-
mation of microenvironment, facilitating tumor 
growth and the formation of tumor metastatic po-
tential. The absence of the expression of the gene of 
growth factor GM-CSF and rare expression of the 
TNF gene in tumor cells are in agreement with the 
infrequent occurrence of segmental leukocytes in 
the stroma of breast cancer.

Currently, this work is a pilot study, the results of 
which reflect a high degree of the heterogeneity of 
gene expression not only between the groups with 
different structures but also inside these groups. This 
fact causes some difficulties in the interpretation of 
the results obtained, but it highlights the urgency and 
relevance of the problem study.
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Гетерогенність експресії генів  
преметастатичних ніш  
пухлинними клітинами раку молочної залози

Л. А. Ташірева, Є. В. Денісов, О. Е. Савельєва, 
Т. С. Геращенко, М. В. Зав'ялова, В. М. Перельмутер

Мета. Вивчення експресії генів TGFB1, TNF, CSF1, CSF2, 
VEGFA і HIF1A у хворих з інвазивною карциномою молочної 
залози неспецифічного типу з урахуванням внутрішньопух-
линної морфологічної гетерогенності. Методи. Із застосуван-
ням технології лазерної мікродисекції PALM проводилося ви-
ділення п’яти типів морфологічних структур пухлини від 3 
хворих інвазивною карциномою молочної залози неспецифіч-
ного типу (IC NST), люмінальний А підтип, T1-2NxMx. В 
отриманих зразках методом ПЛР в режимі «реального часу» з 
використанням TaqMan-зондів і специфічних олігонуклеоти-
дів була проведена оцінка рівня експресії генів цитокінів 
(TGFB1 і TNF), генів факторів росту (CSF1, CSF2, VEGFA) і 
гена HIF1A. Результати. Проведене дослідження показало 
відсутність експресії гена ростового фактора CSF2 в пухлин-
них клітинах IC NST, а також незалежну від статусу метаста-
зування і типу структури експресію гена CSF1. Було виявлено 
переважання експресії генів VEGFA і TGFB1 в альвеолярних і 
солідних структурах, а також рідкісна експресія гена TNF. 
Висновки. Експресія генів преметастатичних ніш в пухлинах 
хворих з IC NST гетерогенна. В альвеолярних і солідних 
структурах можна очікувати опосередковану гіпоксією зміну 
експресії генів хемоаттрактантів, що, в кінцевому рахунку, 
веде до формування мікрооточення, що сприяє зростанню 
пухлини і формуванню метастатичного потенціалу пухлини.

К л юч ов і  с л ов а: рак молочної залози, преметастатична 
ніша, морфологічна гетерогенність.

Гетерогенность экспрессии генов  
преметастатических ниш  
опухолевыми клетками рака молочной железы

Л. А. Таширева, Е. В. Денисов, О. Е. Савельева, 
Т. С. Геращенко, М. В. Завьялова, В. М. Перельмутер

Цель. Изучение экспрессии генов TGFB1, TNF, CSF1, CSF2, 
VEGFA и HIF1A у больных инвазивной карциномой молочной 
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железы неспецифического типа с учетом внутриопухолевой 
морфологической гетерогенности. Методы. С применением 
технологии лазерной микродиссекции PALM проводилось вы-
деление пяти типов морфологических структур опухоли от 3 
больных инвазивной карциномой молочной железы неспеци-
фического типа (IC NST), люминальный А подтип, T1-2NxMx. 
В полученных образцах методом ПЦР в режиме «реального 
времени» с использованием TaqMan-зондов и специфических 
олигонуклеотидов была проведена оценка уровня экспрессии 
генов цитокинов (TNF), генов факторов роста (TGFB1, CSF1, 
CSF2, VEGFA) и гена HIF1A. Результаты. Проведенное иссле-
дование показало отсутствие экспрессии гена ростового фак-
тора CSF2 в опухолевых клетках IC NST, а также независимую 
от статуса метастазирования и типа структуры экспрессию 

гена CSF1. Было выявлено преобладание экспрессии генов 
VEGFA и TGFB1 в альвеолярных и солидных структурах, а 
также редкая экспрессия гена TNF. Выводы. Экспрессия генов 
преметастатических ниш в опухоли у больных IC NST гетеро-
генна. В альвеолярных и солидных структурах можно ожидать 
опосредованное гипоксией изменение экспрессии генов цито-
кинов, в конечном счете, ведущее к формированию микроо-
кружения, способствующего росту опухоли и формированию 
метастатического потенциала опухоли.

К л юч е в ы е  с л ов а: рак молочной железы, преметастати-
ческая ниша, морфологическая гетерогенность.

Received 24.06.2015


