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Purpose: to evaluate the level of gene expression (TNFα, IL6, IL8, IL18, 
VEGF121, VEGF165 and VEGF189) associated with tumor formation in the 
blood plasma of breast cancer patients and the control group of women. 
Material and methods. To determine the level of messenger ribonucleic 

acid (mRNA) representation of the studied genes in blood plasma, the meth-
ods of reverse transcription and quantitative polymerase chain reaction were 
used (reagent kits manufactured by DNA-Technology, Russia). The amplifi-
cation reaction was carried out in a DTprime 4 detection amplifier (DNA-
Technology, Russia). 
Results. In the blood plasma of breast cancer patients and women in the 
control group, the relative amounts of mRNA of the TNFα, IL8, IL18, and 
VEGF189 genes were significantly increased in patients with breast cancer 
compared with the healthy control (p <0.01). When comparing the control 
group with a group of breast cancer patients at various stages, a high level 
of IL8 and IL18 mRNA expression is observed mainly in the group of breast 
cancer patients with stage 0 disease. The relative amount of mRNA of IL8 
gene in the plasma of patients with breast cancer of all stages (0, I and II) 
significantly exceeded the relative amount of mRNA of this cytokine in the 
blood plasma of women in the healthy group (p <0.01), while the differences 
between the control group and the group of patients with breast cancer III 
stages were identified at p <0.05. Significant differences in the level of IL18 
mRNA expression were detected between the control group and breast can-
cer groups of stages 0, I and II (p <0.01), while differences in the level of 
IL18 mRNA expression between the control group and stage III breast can-
cer patients the diseases were not significant (p <0.05). Significant differ-
ences in the level of TNFα mRNA expression were found between the con-
trol group and the group of patients with breast cancer stage I disease (p 
<0.01) and between the control group and the groups of patients with breast 
cancer with stage II and III disease (p <0.05). Statistically significant differ-
ences in the mRNA level of the VEGF189 gene are observed in groups of 
breast cancer at stages 0 and I compared with the control group, where the 
level of VEGF189 mRNA is significantly increased in these groups (p <0.01). 
Significant differences are also observed between the control group and the 
groups of patients with breast cancer of the II and III stages of the disease (p 
<0.05). 
Conclusion The obtained results on the level of mRNA representation of the 
studied genes indicate that mRNA of cytokines (TNFα, IL8, IL18) in blood 
plasma have a statistically significant increased level of expression in breast 
cancer compared with the control group. To prove that the mRNA of these 
genes can be used as markers for early diagnosis of breast cancer, the 
sample of the group of breast cancer patients with stage 0 disease should be 
increased. To obtain statistically valid conclusions about the increased ex-
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pression of the VEGF189 mRNA gene in the blood plasma of breast cancer 
patients, additional studies with an increase in the sample of the group of 
breast cancer patients with stage 0 disease are also required. 
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reast cancer (BC) is one of the most 
common diseases in women. In 2018, 
627,000 women died from BC in the 
world, which is approximately 15% of 

all cancer deaths among women [35]. Early 
detection and adequate therapy are an in-
tegral part in the fight against high mortality 
from this disease worldwide. Currently, 
many scientific papers have obtained data 
demonstrating an increase in the concen-
tration of extracellular molecules of ribonu-
cleic acids (eRNA) due to the death of a 
significant number of cells in the tumor pro-
cess [30, 32, 33]. 

Messenger ribonucleic acid (mRNA) cir-
culate in the blood plasma (extracellular 
fraction, eRNA) of both healthy and sick 
people, thus providing an opportunity to de-
tect differences in gene expression levels 
in different groups of patients [1-3]. 

Currently, more studies have been con-
ducted regarding the level of eRNA in se-
rum and tumor tissues than in plasma. At 
the same time, a qualitative and quantita-
tive analysis of eRNA in blood plasma can 
now be considered the most promising di-
agnostic method, since it is relatively inex-
pensive and minimally invasive, and the 
correct choice of the studied genes will al-
low the use of these genes as markers of 
breast cancer in the near future at different 
stages of this disease. mRNA circulate in 
the blood plasma (extracellular fraction, 
eRNA) of both healthy and sick people, 
thus providing an opportunity to detect dif-
ferences in gene expression levels in dif-
ferent groups of patients [1-3]. 

Currently, more studies have been con-
ducted regarding the level of eRNA in se-
rum and tumor tissues than in plasma. At 
the same time, a qualitative and quantita-

tive analysis of eRNA in blood plasma can 
now be considered the most promising di-
agnostic method, since it is relatively inex-
pensive and minimally invasive, and the 
correct choice of the studied genes will al-
low the use of these genes as markers of 
BC in the near future at different stages of 
this disease. 

Pathological angiogenesis is a distinc-
tive feature of oncological and various is-
chemic and inflammatory diseases; its de-
velopment establishes the vasculature for 
tumor growth and hematogenous metas-
tasis [6]. Consequently, the genes in-
volved in this process are actively studied 
to develop diagnostic systems and thera-
peutic approaches to the treatment of 
cancer and other diseases [37]. Cytokines 
and growth factors produced by many 
types of cells present in the microenvi-
ronment of solid tumors form a complex 
dynamic network in which they induce 
other cytokines, alter the expression of 
cytokines receptors soluble and bound to 
the cell surface, and stimulate the prolif-
eration of endothelial cells [22]. Vascular 
endothelial growth factor (VEGF) is a key 
molecular factor in angiogenesis. 

A number of researchers point to an in-
crease in serum VEGF concentration in 
cancer patients, noting that the measure-
ment of circulating VEGF is a marker of 
angiogenesis and / or metastasis [4, 7, 14, 
31]. 

The Hyodo group reported the stability of 
plasma VEGF levels, in contrast to its in-
stability in serum in cancer of the gastroin-
testinal tract [16]. A study by Jacqueline 
Adams [18] also demonstrates that plasma 
VEGF shows better discrimination than se-
rum VEGF in patients with BC. In addition, 
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the plasma concentrations of VEGF in pa-
tients with localized, metastatic and benign 
diseases were significantly increased com-
pared with normal control. However, the 
highest VEGF concentrations were ob-
served in patients with remission compared 
with normal control, which emphasizes the 
connection with the applied treatment, 
which is observed in some patients. The 
results of the study [17] confirm that in pri-
mary endocrine-positive BC, serum VEGF 
levels are significantly higher in patients 
with BC than in healthy ones, and show a 
positive relationship with tumor VEGF and 
p53 overexpression. In addition, the study 
of Slawomir Lawicki and his colleagues [21] 
confirms the significance of determining the 
level of VEGF in the plasma of BC patients, 
since the VEGF levels in the general group 
of patients with BC were statistically signifi-
cantly higher compared to the control 
group. 

Alternative splicing of VEGF mRNA is 
known to produce 3 major isoforms of 121, 
165 and 189 amino acids in humans [36]. 
In [39], it is indicated that the VEGF121 iso-
form exhibits more pronounced angiogenic 
and oncogenic effects than the isoforms 
165 and 189. 

Purpose: to assess the level of gene 
expression (TNFα, IL6, IL8, IL18, 
VEGF121, VEGF165 and VEGF 189) as-
sociated with tumor formation in the blood 
plasma of BC patients and the control 
group of women. 

Material and methods 
The group diagnosed with BC was 126 

women with histologically confirmed BC. 
The age of patients ranged from 31 to 82 
years, the average age was 56 years. 

The degree of spread of BC: 5 patients - 
early stage 0 BC (T1N0M0); 58 patients - 
stage I (T1N0M0), 52 patients - stage II: IIA 
in 34 (T1N1M0 - 10 and T2N0M0 - 24), 
stage IIB (T2N1M0) - in 18; 13 patients - 
stage III: IIIA - in 9 (T2N2M0 - 5 and 
T3N1M0 - 2, T1N2M0 - 2) and IIIC stage 
(T2N3M0) in 4 patients. There were 2 pa-
tients with cancer of both mammary glands 
at different stages. The histological variant 
of the tumor structure is predominantly rep-
resented by a non-specific ductal histologi-
cal variant (66 cases), the lobular variant 

was diagnosed in 17 patients, apocrine 
cancer in 8, medial cancer in 8, mucinous 
cancer in 5, and intraductal cancer - in 3 
patients, special forms of cancer - in 21 pa-
tients. 

The control group consisted of 60 clini-
cally healthy women (age varied from 26 to 
67 years, the average age was 48 years). 

To determine the level of mRNA repre-
sentation of the studied genes in blood 
plasma, the methods of reverse transcrip-
tion and quantitative polymerase chain re-
action were used (reagent kits manufac-
tured by DNA-Technology, Russia). The 
amplification reaction was carried out in a 
DTprime 4 detection amplifier (DNA-
Technology, Russia). 

Blood samples (4 ml) were taken in sin-
gle BD Vacutainer tubes with EDTA (Bec-
ton, Dickinson and Company, USA), then 
centrifuged at 3000 rpm for 20 min to ob-
tain plasma. After centrifugation, the upper 
fraction was transferred to new tubes. RNA 
was isolated using the Proba-NK kit (DNA-
Technology, Russia) according to the at-
tached instructions, then the isolated RNA 
in a volume of 16.5 μl was immediately 
used for reverse transcription. The reaction 
was carried out at a temperature of 40 °C 
for 30 minutes, followed by inactivation of 
reverse transcriptase at 95 °C for 5 
minutes. The resulting complementary 
DNA solution was either immediately used 
for quantitative Polymerase chain reaction 
or stored at 20 °C. Amplification with re-
cording the results in the ―real time‖ mode 
was carried out in a volume of 35 μl ac-
cording to the following program: 50 cycles 
94 °С - 10 s, 64 °С - 20 s, 72 °С - 10 s. The 
measurement of the fluorescence level was 
carried out on each cycle at a temperature 
of 64 °C. The studied genes included: tu-
mor necrosis factor-α (TNFα), interleukins 
IL6, IL8, IL18, vascular endothelial growth 
factors VEGF121, VEGF165, VEGF189. 

Normalization genes included: β2-
microglobulin (B2m), β-glucuronidase 
(GUSB). Normalization values for the 
mRNA of each gene were calculated using 
the ∆∆Ct method [28]. 

The level of gene expression was ex-
pressed in arbitrary units relative to normal-



ization genes (B2m, GUSB), which have a 
relatively stable level of expression. 

To assess the statistical significance of 
the differences, the method of nonparamet-
ric statistics (Mann-Whitney test) was used. 
The difference in the groups was consid-
ered significant at p <0.01 and p <0.05. 

Research results 
Figure 1 shows the profile of the studied 

genes (TNFα, IL6, IL8, IL18, VEGF121, 
VEGF165, VEGF189) and 2 normalization 
genes (B2m, GUSB) in the blood plasma of 
BC patients and the control group. Based 
on the results obtained, all of the figures in 
Figure 1 genes can be divided into two 
groups: genes with a low level of represen-
tation (IL6, VEGF121, VEGF165, 
VEGF189) and genes with a relatively high 
level of representation (B2m, GUSB, TNFα, 
IL8, IL18). 

Figure 1 shows data on the mRNA ex-
pression level of the studied genes (TNFα, 
IL6, IL8, IL18, VEGF121, VEGF165, 
VEGF189) in the blood plasma of BC pa-
tients and women in the control group. Our 
results do not contradict the data of [1], 
where the relative amounts of mRNA of the 
IL8 and IL18 genes were significantly in-
creased in patients with BC compared with 
the healthy control (p <0.05). 

Significant differences were also found 
in the mRNA of the TNFα and VEGF189 
genes between the group of BC patients in 
comparison with the healthy control. How-
ever, for three of the seven studied mRNA 
genes (IL6, VEGF121, VEGF165), there 
were no significant differences between the 
BC patients and the control. 

 

 

 
Figure 1. Profile of mRNA gene representation in the blood plasma of breast cancer patients and 
women in the control group: along the abscissa axis, the mRNA of the studied and normalizing genes; 
along the ordinate axis, the number of mRNA in relative units. 
 

In addition, the level of IL6 gene mRNA 
representation was rather low both in the 
group of BC patients and in the control 
group. 

Figure 2 shows the experimental groups 
along the abscissa axis (IL8-K - control 
group, IL8-0 - stage 0, IL8-I - stage I, IL8-II 
- stage II, IL8-III - stage III), along the axis 
ordinate - the amount of mRNA in relative 
units. As can be seen from Figure 3(A) and 
3(B), a high level of mRNA expression of 
the IL8 and IL18 genes is observed mainly 
in the group of breast cancer patients with 

stage 0 disease. Moreover, high values are 
also found in groups of patients with stages 
I, II and III of the disease compared with 
the control group. The relative amount of 
mRNA of IL8 gene in the plasma of pa-
tients with breast cancer of all stages (0, I 
and II) significantly exceeded the relative 
amount of mRNA of this cytokine in the 
blood plasma of women in the healthy 
group (p <0.01), with differences between 
the group controls and a group of patients 
with breast cancer with stage III were de-
tected at p <0.05. 
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Figure 2. The level of mRNA expression of the studied genes relative to normalization genes (B2m, 
GUSB) in the blood plasma of breast cancer patients and women in the control group (p <0.01). 
 

As for the IL18 gene mRNA, significant 
differences in the expression level were re-
vealed between the control group and the 
groups of patients with breast cancer 0, I 
and II stages (p <0.01), with differences in 
the level of IL18 gene mRNA expression 
between the control group and the group of 
breast cancer patients with stage III dis-

ease were not significant (p <0.05). It 
should be noted that our data are con-
sistent with previous studies, where the 
mRNA levels of the IL8, IL18 genes were 
significantly increased in patients with 
breast cancer compared with the control [1-
3, 23]. 

 

 
А) 



 
B) 

 
C)
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D) 
Figure 3. The level of mRNA expression of the IL8 (A) and IL18 (B), TNFα (C), VEGF189 (D) genes 

in the blood plasma of breast cancer patients by stages and in women of the control group. 
 

However, when comparing the expres-
sion level of IL8 in the control groups and 
BC at different stages, we did not find dif-
ferences between the groups of BC pa-
tients at different stages (I, II, and III), as, 
for example, it was described in the study 
by Enas A. Hamed [11]. At the same time, 
a group of researchers [11] also claims that 
plasma IL8 levels were significantly in-
creased in benign and malignant breast 
formations compared with healthy ones, as 
well as in patients with malignant for-
mations compared with blood plasma in 
patients with benign breast formations. In 
addition, plasma IL8 levels were significant-
ly increased in patients with stage III and IV 
BC compared with blood plasma in patients 
with stages I, II, and IV. IL18 can be con-
sidered as an important marker that may 
indicate metastasis [26]. These articles by 
E.A.L. Soheir [8] indicate that the protein 
product of the IL18 gene can also be a 
marker of metastatic BC. 

However, our results demonstrate that 
IL18 gene mRNA is expressed at a higher 
level at the initial stage of the disease de-

velopment, indicating its potential as an 
early diagnostic marker and confirming the 
previous study [26]. It is worth noting that 
insufficient sampling in the group of BC pa-
tients with stage 0 disease does not allow 
us to unambiguously decide whether 
mRNAs of the IL8 and IL18 genes can be a 
marker for early diagnosis of BC, and 
therefore it seems reasonable to study a 
greater number of samples from BC pa-
tients at stage 0 to obtain reliable statistical 
conclusions. 

TNFα is involved in the stimulation of 
tumor invasion and metastasis [34]. The 
expression and localization of mRNA and 
TNFα protein was studied in various benign 
and malignant tissues of the mammary 
gland. A group of researchers [13] ob-
served a high level of expression of various 
genes encoding TNFα and IL8, which are 
regulated by NF-κB and are associated 
with the progression of BC after knockdown 
of the suppressor gene of the cylindroma-
tosis tumor suppressor (CYLD). In addition, 
there is evidence that TNFα increases es-
trogen-induced proliferation of estrogen-



dependent breast tumor cells through a 
complex containing nuclear factor NF-κB 
[29]. It is also known that TNFα is an im-
portant anti-cancer target [12, 25]. Some 
authors also reported that in patients with 
BC in plasma the levels of TNFα were 
higher than in the control group [10, 35]. 
Our data also demonstrate an increased 
mRNA level of this cytokine in the group of 
BC patients (Figure 2) compared with the 
control group, and when comparing the 
control group with the group of BC patients 
at various stages (Figure 3B), we found 
Significant differences were found between 
the control group and the group of patients 
with BC of the first stage of the disease (p 
<0.01) and between the control group and 
the groups of patients with BC with the II 
and III stages of the disease (p <0.05). 

VEGF189 is generally considered to be 
present in low amounts. A group of re-
searchers [15] found that VEGF189, like 
VEGF165, contributes to the progression of 
BC and angiogenesis. In addition, the re-
sults of other researchers show [20] that in 
case of human BC, overexpression of cy-
clooxygenase-2 is associated with overex-
pression of VEGF189 and, therefore, with 
tumor angiogenesis. However, data on the 
level of VEGF189 in the blood plasma of 
BC patients and healthy people could not 
be found in the literature at the moment. 
Moreover, despite the low plasma mRNA 
representation of this gene, our data 
demonstrate an increase in the VEGF189 
gene mRNA level in the group of BC pa-
tients compared with the control group at a 
statistically significant level (p <0.01) (see 
Figure 2). Statistically significant differ-
ences are also shown in Figure 3D, where 
the VEGF189 gene mRNA level in the 
group of BC patients at stages 0 and I is 
shown, and it can be seen that it is signifi-
cantly increased in these groups compared 
with the control group ( p <0.01). Signifi-

cant differences were also observed be-
tween the control group and the groups of 
BC patients with stage II and III disease (p 
<0.05). 

Conclusion 
The obtained results on the level of 

mRNA representation of the studied genes 
indicate that mRNA of cytokines (TNFα, 
IL8, IL18) in the blood plasma have a sta-
tistically significant increased level of ex-
pression in BC compared with the control 
group. To prove that the mRNA of these 
genes can be used as markers for early 
diagnosis of BC, the sample of the group of 
BC patients with stage 0 disease should be 
increased. To obtain statistically reliable 
conclusions about the increased expres-
sion of VEGF189 mRNA gene in the blood 
plasma of BC patients, additional studies 
with an increase in the sample of the group 
of BC patients with stage 0 disease are al-
so required. 
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