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Abstract
Breast cancer takes the first place in the structure of morbidity and mortality from malignant neoplasms in women. From the 

standpoint of immunology, breast cancer is immunologically “cold” as it is poorly infiltrated with T cells and causes a weak immune 
response. The tactics of treatment begins most often with neoadjuvant chemotherapy aimed at reducing the size of the tumor.

Meanwhile, there are concerns about the increasing resistance to neoadjuvant chemotherapy. The new medical researches state 
that chemotherapy can activate metastasis growth, neoangiogenesis, and the further tumor growth [1]. 

Accordingly, a new immunotherapeutic approach which is able to potentiate the therapeutic effect from neoadjuvant chemo-
therapy and reduce the risk of complications is in great demand [2].

The study of 60 patients with locally advanced breast cancer was conducted with the aim to analyse the effectiveness of the immu-
notherapeutic impact of innovative molecules MSC-428 (trade name Mercureid), which are applied simultaneously with neoadjuvant 
chemotherapy for breast cancer treatment.

According to the obtained results, it can be stated that Mercureid application in combination with neoadjuvant polychemotherapy 
improves the results of anti-tumor therapy, allows making the tumor immunologically “hot” by increasing its infiltration with T cells 
that makes neoadjuvant chemotherapy especially effective [3], reduces the side effects of chemotherapy drugs, decreases the risk of 
metastasis development, inhibits several critically important immune checkpoint proteins, thereby increasing the cytotoxic effect of 
T-lymphocytes.

MSC-428 nanomolecules (trade name Mercureid) exhibit the properties of mixed agonist-antagonists with respect to CD3, CD4, 
CD8, CD16, CD25, CD38, CD45, CD95 proteins that makes it possible to obtain the SMART effect from multitarget immunotherapy.

The combination immunotherapy/chemotherapy demonstrates the promising potential for better cancer treatment by involving 
the immune system in the destruction process and achieving the greater clinical benefits for cancer patients [4].

The use of pathological evaluation criteria including medical pathomorphosis grade III - IV showed that the effectiveness of the 
treatment scheme MSC-428 + Chemotherapy was 70%; in the group of patients who took only Chemotherapy treatment the effective-
ness was 43.3%.

With 51,5 months median follow-up, patients in the study have been followed up for sufficient time, to enable a comparison of 
long-term post treatment effects of MSC-428 + Chemotherapy relative to only Chemotherapy.

During the observation period in the group with the treatment scheme: MSC-428 + Chemotherapy, only 4 patients had a recur-
rence: 2 patients with distant metastases and 2 - with a local recurrence. In the group with chemotherapy treatment, 7 patients had 
a recurrence: 4 with distant metastases and 3 with local recurrence.

Keywords: Breast Cancer; Immune System; Nanomolecules MSC-428; Mercureid; Immune Checkpoint Inhibitor; “Hot” Tumors; 
“Cold” Tumors; SMART Therapy 
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Introduction
Breast cancer takes the first place in the structure of morbidity 

and mortality from malignant neoplasms in women [5]. But almost 
half (40-50%) of breast cancer patients first apply for treatment 
only having stage III disease [6].

The mammary gland is a unique organ because it develops post-
natal, undergoing deep morphogenesis during puberty and with 
each next cycle of pregnancy (Oakes., et al. 2014). These processes 
are strictly controlled by hormones. Estrogens, progesterone and 
prolactin act on the epithelium of the mammary gland in synergy 
with corticosteroids and growth hormone to control the develop-
ment of the mammary gland (Brisken and O'Malley 2010, Macias 
and Hinck 2012). These processes cover epithelial cell differenti-
ation and stromal interactions (Robinson., et al. 1999, Arendt., et 
al. 2010), including the formation of new blood vessels, the infil-
tration of immune and inflammatory cells, and the reorganization 
of fibroblasts.

The study of the immunity system allows us to understand how 
tumors avoid immune surveillance, what proteins make it "invisi-
ble" for immune cells, why lymphocytes penetrate into the tumor, 
but do not attack it, and even vice versa, in some cases contribute 
to its growth and invasion.

The accumulated experience allows us to develop a promising 
immunological strategy for breast cancer treatment, as for decades 
the breast cancer has been considered from the standpoint of an 
“immunologically silent tumor” [7].

This problem is of current interest as more and more different 
types of cancer show an effective response to immune treatment 
(melanoma, bladder, renal cell cancer, etc.), but the breast tumor 
still remains “immunologically cold” [8]. 

The cause for the inadequate immune response is a variety of 
mechanisms - impaired recognition of tumor antigens, mild infil-
tration by cytotoxic lymphocytes, presence on the surface of both 
tumors and normal breast cells, special receptors that cause apop-
tosis of activated lymphocytes.

Thus, there is an urgent need for the development of new mo-
lecules in order to overcome the immunological stability of tumor 
cells. This will definitely make immunotherapy a more effective 
weapon against breast cancer [9].

In our opinion, the combined use of multitarget immunotherapy 
with innovative molecules MSC-428, aimed at several protein tar-
gets, predetermines a more effective treatment.

Combination immunotherapy/chemotherapy demonstrates a 
promising potential for better cancer treatment by engaging the 
immune system in the process of tumor destruction [10].

The Research Aim

The aim is to examine the effectiveness of MSC-428 action (tra-
de name Mercureid), used simultaneously with neoadjuvant che-
motherapy for breast cancer treatment.

Tasks

1. To determine the initial parameters of the malignant ne-
oplasm of the mammary gland in women using physical, 
mammography and cytological research methods.

2. To investigate the state of the vital systems of the body 
before the treatment onset in patients with breast cancer 
(ECG, complete blood count, proteinogram).

3. To evaluate the results of neoadjuvant chemotherapy in 
patients with breast cancer (control group) using physical, 
mammography and histological (degree of pathomorpho-
sis) research methods.

4. To study the results of neoadjuvant chemotherapy in pa-
tients with breast cancer during MSC-428 intake by using 
physical, mammography and histological (degree of 
pathomorphosis) research methods.

5. To assess the degree of toxicity of neoadjuvant chemothe-
rapy that is conducted with and without MSC-428.

6. To monitor immunological parameters.

The Volume of Research

2 groups of patients with breast cancer:

o Group 1 (30 people) - conducting neoadjuvant chemo-
therapy with Mercurid intake (study group);

o Group 2 (30 people) - conducting neoadjuvant chemo-
therapy without Mercurid intake (control group).

Materials and Methods
60 patients with locally advanced breast cancer were examined 

in the research.
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The control group consisted of 30 women who underwent ne-
oadjuvant polychemotherapy (NPChT) according to the AC scheme 
(Adriablastini + Cyclophosphamide) as the first stage of the treat-
ment.

The study group also included 30 women, but besides neoadju-
vant polychemotherapy according to the AC scheme, they took the 
drug Mercureid, 7 g as a single dose three times daily, in the inter-
vals between I and II, II and III courses of NPChT.

As for the age groups, the patients were divided as follows:

o Control group (only chemotherapy - CH): 31-40 years 
old - 9 (30%); 41-50 years old - 6 (20%); 51-60 years old 
- 11 (36,7%); older than 60 years old - 4 (13,3%). 

o Study group (MCS-428 + CH): 31-40 years old - 6 (20%); 
41-50 years old - 8 (26,7%); 51-60 years old - 9 (30%); 
older than 60 years old - 7 (23,3%). 

Figure 1: Age Distribution of patients.

In both groups, the following concomitant pathology prevailed

o 21 patients (70%) in the control group and 19 patients 
(63.3%) in the study group had changes in the cardiovas-
cular system;

o 5 patients (16.7%) in the control group and 6 patients 
(20%) in the study group had diseases of the gastroin-
testinal tract;

o 5 patients (16.7%) and 4 (13.3%) patients respectively 
had lower-limb varicose veins.

As for TNM stage, the patients were distributed as follows

o In Control group (CH): T1N1Mo - 1 (3,3%), T2NoMo - 9 
(30%), T2N1Mo - 4 (13,3%), T2N2Mo - 3 (10%), T3No-
Mo - 5 (16,7%), T3N1Mo - 3 (10%), T4N1Mo - 1 (3,3%), 
T4N2Mo - 4 (13,3%).

o In Study group (MCS-428 + CH): T2NoMo - 6 (20%), T2N-
1Mo - 5 (16,7%), T2N2Mo - 4 (13,3%), T3NoMo - 6 (20%), 
T3N1Mo - 3 (10%), T4N1Mo - 3 (10%).

Control group (chemotherapy only) and study group (MCS-428 
+ chemotherapy) were representative.

Figure 2: The distribution of patients in the control  
group for comorbidities.

 Table 1: The distribution of patients for TNM stage.

The second stage of treatment included operation. The volume 
and type of surgical treatment depended on the degree of tumor 
metastases reduction in regional lymph nodes.

Results
The results of the treatment were evaluated at the end of the 4th 

course of NPChT.

11 patients in group I and 8 patients in group II had a complete 
tumor response, 16 patients in group I and 13 patients in group II 
had a partial tumor response (more than 50%); 2 patients in group 
I and 5 patients in group II had a partial tumor response (less than 
50%); the stable disease was observed in 1 patient in group I and 
in 4 patients in group II.
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Group I - MSC-428 + Chemotherapy (CH),

Group II - Chemotherapy (CH).

P<0,05

 Table 2: Tumor response to the treatment.

Histological examination of the surgical material determined 
the degree of therapeutic pathomorphosis in the tumor. The re-
sults of histological examination are presented in table 3.

P<0,05

 Table 3: The degree of therapeutic pathomorphosis.

7 patients (23.3%) in MSC-428 + Chemotherapy group and 4 pa-
tients (13.3%) in the Chemotherapy group had a pathologic com-
plete response of the primary tumor (medical pathomorphosis of 
grade IV), p < 0.05.

The III degree of therapeutic pathomorphosis (necrosis, fibro-
sis, single degenerative cancer cells) was recorded in 14 patients 
(46.7%) and in 9 patients (30%), respectively, p < 0.05.

In general, when using pathological evaluation criteria, which 
include medical pathomorphosis grade III - IV, the effectiveness of 
the treatment was 70% in the study group and 43.3% in the control 
group, p < 0.05.

During chemotherapy the patients of group I (MSC-428 + Che-
motherapy), who took MSC-428 medicine, had less obvious adver-
se reactions compared with group II (Chemotherapy). 56.3% of 
patients of group I had nausea and vomiting, 14.7% had tempera-
ture rising, 5.7% had leukopenia, 61.3% had alopecia II-III stage, 
p < 0.05. In group II, the results were the following: 90.4%, 33.3%, 
16.7% and 93.5% respectively, p < 0.05.

Simultaneously, in patients taking MSC-428, the signs of cancer 
intoxication were slightly expressed: the appetite was present and 
the symptoms of depression were less obvious.

Statistical analysis

The univariate significance of differences in marker expression 
was appraised by Student's t-test for binary or categorical covaria-
tes, or by Spearman's rank correlation for ordered covariates. The 
specific OS and DFS were estimated using the Kaplan-Meier me-
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thod and comparison between study groups was performed with 
the log-rank test. The survival time was measured from the date 
of diagnosis to the date of death or date of last follow-up. In all 
the tests, the significance level was set at 0.05 and all tests were 
two-sided. The statistical analyses were performed using the Sof-
tware StatSoft Inc. STATISTICA for Windows ver.7.0 A.

Dynamics of changes in lymphocyte CD3, CD4, CD8 and CD4/
CD8 index

T-lymphocytes are morphologically indistinguishable from 
B-lymphocytes. These cells are differentiated by the expression 
of marker molecules on their surface. The common marker for all 
varieties of these T-lymphocytes, which is absent in other cells, is 
TCR - CD3 molecular complex [11]. Detection of CD3 - constant mo-
lecules which are common to all types of T-lymphocytes - is used to 
identify T-cells. CD3 was discovered in 1979 with the help of mo-
noclonal antibodies.

The selection of T-lymphocytes in CD8 + and CD4 + is extremely 
important because CD8 + T-cells (T-killers) form a cytolytic mole-
cular complex that ensures the functioning of this T-cell as a cytoto-
xic T-lymphocyte [12].

In CD4 + T-lymphocytes (T-helpers), intracellular mechanisms 
that are necessary for performing the "helper" function, first of all - 
the ability to produce a large amount of cytokines upon activation, 
are formed. As a result, T cells differentiate into functionally com-
plete subpopulations of cytotoxic and helper T lymphocytes [13].

The concept of cancer immunoediting provides critical informa-
tion about the two functions of the immune system at the onset 
and during the development of cancer. However, the dynamics and 
role of CD4 + and CD8 + T cells in the pathogenesis of breast cancer 
remain unclear.

A new consensus has emerged on CD4+ helper T cell and its 
role in facilitating and mediating sustained anti-tumor responses. 
The importance of this cell population has emerged, in part due to 
advances in fundamental immunology and its application in cancer, 
as well as the massive investment in translational clinical science 
brought about by industry focus on the PD-1/PD-L1 class of thera-
peutic antibodies.

To date, most groups working at corralling T cell responses in 
oncological settings have focused on CD8+ killer T cell, showing 
at times breathtaking effect, especially in blood cancers like B-cell 

Immunological indicators

Lymphoma. This includes approaches utilizing monoclonal antibo-
dies and autologous cells, such as CAR T and TCRs. One challenge 
with CD8+ T cell is that often, during cancer evolution and progres-
sion, one of several mechanisms are coopted to limit the ability of 
CD8+ T cells to control tumor cells. This includes an induced beha-
vior in tumors, where tumor-specific CD8+ T cells become exhaus-
ted and no longer capable of exerting an anti-tumor response. 
CD4+ helper T cells are critical to providing the signals necessary 
for sustained CD8+ mediated responses. Furthermore, CD4+ helper 
T cells are capable of exerting direct anti-tumor activity. To sum up, 
this is a critical population of cells whose presence not only corre-
lates to improved responses, but also has a direct biochemical link 
to other important cell populations that further drive cell killing 
[14].

The study found that the patients had a decrease in the content 
of lymphocytes with phenotype CD3 + and CD8 +, as a result of tu-
mor intoxication and the effects of chemotherapy. Due to a decrease 
in the level of CD8 + - lymphocytes, CD4/CD8 index was increased.

In the patients with initially reduced number of CD3 + and CD4 
+ cells, these indicators were fully restored, but MSC-428 intake did 
not have a stimulating impact on the indicators of the patients with 
initially normal number of T-lymphocytes and T-helper cells. MSC-
428 intake resulted in increasing the number of lymphocytes from 
1,3 ± 0,4 to 0.4 to 2,4 ± 0,9, р< 0,05. 

In the control group (chemotherapy/CH), the changes were not 
so obvious - 1,4 ± 0,3 to 1,5 ± 0,7 respectively, р < 0,05. The most 
significant changes were connected with the increase in the num-
ber of CD3 + and CD8 +, as well as the normalization of the immu-
noregulatory index CD4/CD8 (Table 4).
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P< 0,05

 Table 4: Dynamics of changes in lymphocyte CD3, CD4,  
CD8 and CD4/CD8 index.

Dynamics of change in the number of lymphocytes with the 
phenotype CD16 (NK cells)

Currently, neoadjuvant chemotherapy is one of the most com-
monly used treatment strategies for newly diagnosed patients with 
breast cancer. However, resistance to chemotherapy and recurren-
ce continue to be a clinical problem [15].

The previous studies showed that a decrease of the infiltration 
of NK cells into tumor tissue may be a prognostic marker for the 
failure of chemotherapeutic treatment of breast cancer [16].

Natural killers or NK are large granular lymphocytes. They 
make up 5% of lymphocytes in the peripheral blood. NK cells do 
not undergo differentiation in the thymus; they go from the bone 
marrow into the bloodstream and then migrate to tissues where 
they carry out innate immune defence, called natural cytotoxicity, 
which is very important for protecting the body from tumors.

The cytoplasm of NK cells has numerous granules containing 
perforin and granzymes. In addition, NK cells produce TNF-α, whi-
ch can induce apoptosis of target cells. NK-cell deficiency worsens 
as the tumor progresses and depends on the clinical stage of the 
disease [17].

At therapy onset, 68% of patients had an altered number of NK 
cells (CD16). When MSC-428 was taken, there was a significant 
increase in the expression of NK cells (CD16) compared with CH 
group (MSC-428 - 76%, CH group - 34%).

P< 0,05
 Table 5: Dynamics of changes in the number of lymphocytes  

with phenotype CD16.

P< 0,05
 Table 6: The number of patients who recovered to the normal 

killer activity of lymphocytes (CD16), in %. 
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Dynamics of changes in the number of lymphocytes with phe-
notype CD25, CD95

The past years have been characterized by an increasing inter-
est of researchers in the process of programmed cell death, apop-
tosis [18]. In the immune system, apoptosis is considered as a key 
mechanism of regulation of T-cell homeostasis (Brunner T., et al. 
1995; Potestio M., et al. 1998).

The high cell readiness for apoptosis is accompanied by the 
expression of the membrane glycosylated protein APO-1/Fas (Fas 
receptor, Fas-R), whose interaction with a specific ligand (Fas-L) 
initiates the process of apoptotic death (Trauth BC., et al. 1989; Yo-
nehara S., et al. 1989; Nagata S., Golshtein P., 1995).

The recent studies have shown that violation of lymphocyte ac-
tivation, cytokine status (caused not only by a tumor, but also by 
chemotherapy) is accompanied by a change in the expression of 
CD95 and is connected with abnormal apoptosis of immunocytes 
[19].

In this regard, an estimation of the number of CD95 + express-
ing lymphocytes can be a valuable addition to the characterization 
of the immune status and has a prognostic value [20].

Spontaneous apoptosis of T-lymphocytes in the bloodstream 
of patients with serious tumors is a constantly observed phenom-
enon (Saito., et al. 2000; Dworacki., et al. 2001; Hoffmann., et al. 
2002). Circulating CD8 + T lymphocytes are predominantly targets 
for apoptosis (Hoffmann., et al. 2002).

Obviously, Fas expression is increased in CD3 + cells which ex-
perience chronic antigenic stimulation, as in the case of cancer pa-
tients, where Fas expression is found in almost all T lymphocytes 
(Dworacki., et al. 2001; Hoffmann., et al. 2002).

In case of patients with breast cancer, breast carcinoma may be 
the source of FasL [21]. There is evidence in the scientific literature 
that breast tumors overexpress FasL on the cell surface and this 
overexpressed FasL is responsible for T-cell apoptosis (Muschen., 
et al. 2000).

An additional emphasis is placed on the observation that, even 
the patients with Stage I disease, when they were diagnosed and no 
signs of disease were fixed, had a high proportion of T cells under-
going apoptosis (Hoffmann., et al. 2002).

As the enhanced apoptosis of immune cells leads to a lack of 
antitumor effector cells, the search of means for protecting T cells 
from apoptosis in cancer patients is of a great practical interest 
[22].

The expression of CD25 + on CD3 + T cells appears to be con-
nected with the sensitivity or resistance of the patient’s T cells to 
apoptosis [23]. 

The obtained data show that the normal expression of CD25 + 
on T cells in patients with breast cancer, as a rule, serves to protect 
these cells from apoptosis.

The presence or absence of IL-2Rα on a T-cell is crucial for its 
response to IL-2, which can act both as a growth factor and a lethal 
cytokine depending on the cellular microenvironment (Van Parijs., 
et al. 1997). Prolactin, which is known to be able to modulate the 
function of T-lymphocytes and act in conjunction with IL-2 (Ma-
tera., et al. 1992), probably also, affects their survival [24].

In the study, the majority of patients (87%) had an increased 
expression of CD95 + and a decreased expression to IL-2 (CD25) 
that is characteristic not only of Th2 variant of the immune system 
response, but also of hyperproduction of pro-inflammatory cyto-
kines [25].

CD95 (Fas or APO1) is a transmembrane glycoprotein belonging 
to the tumor necrosis factor family and this molecule binding to the 
Fas ligand leads to the induction of the programmed cell death of 
CD4 +, CD8 +, CD16 + cells. 

The high level of CD95 + and TNFα result in apoptotic death of 
activated lymphocytes [26].

In the group that took MSC-428, there was an increase in the 
expression of lymphocytes with phenotype CD25 + and a decrease 
in CD95 + that correlates with the growth of IL-2 production where 
IL-2 is a cytokine that enhances the cytolytic function of T-killers 
and NK cells, increases the production of perforin and interferon-
gamma by these cells (Jin Zhang, 1999; Michelle L. Janas, Penny 
Groves, 2005; Christof Lehmann, 2018).

The decrease in the expression of marker CD95 + protects the 
lymphocytes from apoptotic death that resulted in the increase in 
the number of CD4 +, CD8 +, CD16 + cells, compared with the con-
trol group.
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P< 0,05
 Table 7: Dynamics of changes in lymphocytes CD25, CD95.

Phagocytosis 

At present, phagocytosis is shown to be involved in the elimi-
nation of cells that died as a result of apoptosis, damaged by che-
motherapy [27]. Tumor cells are also subject to phagocytosis and, 
to protect against phagocytosis, they don’t only deplete the functi-
onal property of macrophages, but also overexpress CD-47, which 
acts as a “don't eat me” signal for the macrophages of the immune 
system [28]. The way in which breast cancer cells increase the ex-
pression of CD47 is in the inflammatory pathway of TNF that is 
considered to be the preceding stage of NF-κB activation. Our pre-
vious studies showed the ability of MSC-428 molecules to reduce 
TNF overexpression.

This study has shown that patients with breast cancer have a 
decrease in the absolute number of monocytes and phagocytic ac-
tivity.

The study has revealed the stimulating effect of MSC-428 on the 
phagocytic immunity providing an increase in phagocytosis of tu-
mor cells and the body's ability to eliminate cells that have under-
gone apoptosis as a result of chemotherapy [29].

The determination of neutrophil phagocytic activity using mi-
croscopic counting of phagocytic cells and phagocytic objects 
allowed us to find out a statistically significant increase in pha-
gocytic index in patients who took MSC-428 from 45% to 76%, p 
< 0.05.

In CH group, the changes in these indicators were insignificant 
from 42% to 49%, respectively, p < 0.05.

P< 0,05

 Table 8: Dynamics of changes in phagocytosis.

P< 0,05

 Table 9: The number of patients in whom phagocytic activity 
returned to normal, in%.
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The phagocytic activity reveals the dynamics of the host tumor 
interface. This method is used alone or combined with other me-
thods as an indicator of the extent or activity of the disease. We 
conclude that monocyte phagocytic function can be used as an ad-
ditional prognostic factor in breast cancer monitoring.

Dynamics of changes in the number of lymphocytes with the 
phenotype CD38

CD38 encodes a membrane protein that participates in cell 
adhesion and catalyzes the formation of cyclic ADP-ribose. The 
previous studies have revealved that the cells in which the stable 
expression of CD38 occurs are present in the tumor foci of pati-
ents. The previous studies have shown that the level of CD38 in-
creases with lung cancer, stomach cancer and breast cancer [30].

CD38 increases in breast carcinoma, starting with the second 
stage of tumor growth, and remains high in the subsequent stages, 
regardless of the metastasis location. The highest content of the 
antigen under study is observed with a combined histological form 
of the tumor. The statistically proven high levels of CD38 are kept 
both in single and multiple lesions [31]. A high concentration of 
CD38 antigen is characteristic of any tumor diameter.

There is a model for the participation of CD38 antigen in limi-
ting the migration of mononuclear cells from the vascular bed to 
the tissue space, and, accordingly, to the site of tumor localization 
[32]. The presented model reflects one of the ways by means of 
which the mechanisms of the tumor escape from immune survei-
llance are formed [33]. 

Thus, a high level of CD38 antigen can be considered as one of 
the factors of tumor escape from the anti-tumor response on the 
part of the immune system [34].

CD38 correlates with violation of the signaling pathway of pho-
sphatidylinositol 3-kinase (PI3K)/Akt.

Normalization of CD38 occurs when being remission, thus, it 
is advisable to use it as a monitoring prognostic indicator in the 
treatment of breast carcinoma [35].

MSC-428 molecules are CD38 antagonists, as a result, CD38 ex-
pression is decreased that is considered to be an indicator of the 
therapy effectiveness.

In the study group, during MSC-428 intake, there was a more 
obvious decrease of this indicator from 788 ± 213 to 312 ± 116. In 
the control group, from 801 ± 198 to 592 ± 187, р < 0,05.

P< 0,05

 Table 10: Dynamics of changes in lymphocytes CD38.

The researchers from the University of Texas MD Anderson 
Cancer Center (MD Anderson) identified CD38 as a new immu-
ne checkpoint protein [35] that works by inhibiting the cytotoxic 
function of CD8 T-lymphocytes and thereby contributing to resis-
tance to PD-1/PD-L1 inhibition in cancer. Modern MAbs, such as 
Darzalex (daratumumab) produced by Janssen pharmaceutical 
company (Germany), cost about $ 127,000 per a course of medica-
tion. That’s why they cannot be widely applied because of the low 
purchasing power of patients.

The dynamics of changes in the number of lymphocytes with 
phenotype CD45

CD45, LCA is a common leukocyte antigen which belongs to 
member of the protein tyrosine phosphatase (PTP) family.

CD45 performs an important function in signal transduction 
into the cell from the T-cell receptor and is presented on the surfa-
ce of T-cells by various isoforms. One of the functions of CD45 is the 
binding of T-cell receptor to CD4 or CD8 co-receptors that ensures 
the efficient signal pass from the antigen into the cell [36].

The decrease in expression of CD45 increases the threshold of 
sensitivity for TCR/CD3 complex that leads to defects in positive 
and negative lymphocyte selection (Shivnan, ea 1996), and also 
potentiates Fas-dependent apoptosis (Latinis, ea 1996) [37].

Studying the relationship of the immune response with the de-
gree of breast cancer prevalence revealed a number of very impor-
tant regularities: with a decrease in the overall level of leukocyte 
infiltration (CD45 +), the frequency of metastatic lesions of the re-
gional lymph nodes increased significantly [38]. 
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The detection of distant metastases was also significantly ne-
gatively correlated with the overall level of the immune response 
(CD45 +). The overall level of the immune response, assessed by 
CD45, may serve as an independent factor of favorable prognosis 
in patients with breast cancer.

The definition of CD45 showed that with a mild reaction, the 
overall 5-year survival rate was 61.4 ± 9.3%; with moderate - 72.7 
± 7.0% and with severe - 77.9 ± 5.3% (V.P. Letyagin, N.N. Tupit-
syn, E.V. Artamonova, RONS named after N.N.Blokhin, Russian Aca-
demy of Medical Sciences, Moscow, based on the materials of the 
VII Russian Oncological Conference).

The contemporary researches specify the central role of CD45 
in inducing the expression of a transcriptional inhibitor Bcl-6, whi-
ch regulates the expression of CTLA-4 [39].

Bcl-6 is a key regulator in Th-cell differentiation and in the re-
gulation of CD4+ and CD8+ T-cell memory [40]. 

Although it has been demonstrated before that Bcl-6 is transi-
ently expressed in activated T cells and continuously up-regulated 
in CD8+ effector T cells [41].

CTLA4 or CTLA-4 (cytotoxic T-lymphocyte-associated protein 
4), also known as CD152 (cluster of differentiation 152), is a pro-
tein receptor that, functioning as an immune checkpoint, down-
regulates immune responses. CTLA4 is constitutively expressed in 
regulatory T cells but only upregulated in conventional T cells after 
activation - a phenomenon which is particularly notable in cancers. 
It acts as an "off" switch when bound to CD80 or CD86 on the sur-
face of antigen-presenting cells.

Using antagonistic antibodies against CTLA such as ipilimumab 
(FDA approved for melanoma in 2011) as a means of inhibiting im-
mune system tolerance to tumours and thereby providing a poten-
tially useful immunotherapy strategy for patients with cancer [42].

The 2018 Nobel Prize in Physiology or Medicine was awarded 
to James P. Allison and Tasuku Honjo "for their discovery of cancer 
therapy by inhibition of negative immune regulation".

In MSC-428 + CH group, there was a more intense increase in 
CD45 marker compared with CH group from 11,9 ± 2,1 to 21,4 ± 
3,6 and, accordingly, in CH group from 12,3 ± 2,8 to 15,6 ± 2,9, р 
< 0,05.

P< 0,05

 Table 11: Dynamics of changes in CD45 lymphocytes.

Conclusions 
1. At the beginning of the study, most patients had lympho-

penia. In the group that took MSC-428 + CH, there was an 
increase in the number of lymphocytes from 1,3 ± 0,4 to 2,4 
± 0,9 (84.6% increase). In CH group, the changes were not 
so obvious - 1,4 ± 0,3 to 1,5 ± 0,7 respectively.

2. CD4 + T-lymphocytes are required for antigen presenting 
function and active cytokine production. In MSC-428 + CH 
group, this indicator was 589 ± 137 before the treatment 
and became 892 ± 198 after the treatment (51.4% increa-
se). In CH group, 591 ± 173 - before the treatment and 681 
± 154 - after the treatment (15.3% increase).

3. CD8 + T-cells (T-killers) form a cytolytic molecular complex 
that ensures the functioning of T-cell as a cytotoxic T-lym-
phocyte. In MSC-428 + CH group, this indicator was 112 ± 
23 before the treatment and 315 ± 35 after the treatment 
(181% increase). In CH group, 108 ± 21 - before the treat-
ment and 161 ± 54 - after the treatment (49% increase).

4. According to the changes in the numbers of CD4 + and CD8 
+ cells the ratio of these cells - the immunoregulatory index 
CD4/CD8 - also changed. Initially, it was high due to the cell 
imbalance. After the patients’ treatment in MSC-428 + CH 
group, it became normal: from 4,5 ± 1,2 to 2,5 ± 0,3. In CH 
group, it remained a little higher due to the imbalance of 
CD4 + and CD8 + cells and had the indicator 4,3 ± 0,7 before 
the treatment and 4,1 ± 0,4 after the treatment. The norm is 
2 - 4%. These changes are statistically significant, p < 0.05.

Citation: Sergey N Gusev., et al. “The Results of MSC-428 (Trade Name Mercureid) Nanomolecules Application in Neoadjuvant Therapy in Patients with 

Breast Cancer”. Acta Scientific Cancer Biology 3.3 (2019): 10-22.



20

The Results of MSC-428 (Trade Name Mercureid) Nanomolecules Application in Neoadjuvant Therapy in Patients with Breast Cancer

5. The number and activity of NK cells were initially reduced and 
in MSC-428 + CH group they were 7,4 ± 2,5 before the treat-
ment and 13,2 ± 1,2 after the treatment (78.4% increase). In 
CH group, they were 7,3 ± 1,8 before the treatment and 9,5 
± 1,8 after the treatment (30.1% increase). The norm is 10 - 
20%.

6. Before the beginning of the treatment, the changes in the nu-
mber of NK cells were observed in 28% of patients of MSC-
428 + CH group, after the treatment the recovery to the norm 
was fixed in 76% of patients of the same group. In CH group, 
the changes were observed in 27% of patients, the recovery to 
the norm - in 34% of patients.

7. CD25 as an early activation marker, receptor for IL-2 is ex-
pressed in the developing and activated lymphocytes. In MSC-
428 + CH group, there was a change from 9,3 ± 1,5 to 14,2 ± 
1,8 (52.7% increase). In CH group, respectively, from 9,7 ± 1,4 
to 10,9 ± 1,3 (12.4% increase). The norm is 10 - 18%.

8. CD95 expressing lymphocytes were high in both groups. But 
more intensive recovery occurred in MSC-428 + CH group 
from 25,6 ± 3,2 to 17 ± 1,9 (71.6% decrease). In CH group, 
from 24,8 ± 3,6 to 22,4 ± 3,1 (10.8% decrease). The norm is 
10 - 20%.

9. The phagocyte system is important from the standpoint of the 
elimination of the cells died after chemotherapy. But pCHT 
(preoperative chemotherapy) intake has a suppressive effect 
on the monocyte and phagocyte link of the immune system. 
In MSC-428 + CH group, there was a statistically significant 
increase in phagocytic activity (from 45% to 76%, p < 0.05). In 
CH group, the changes in these indicators were insignificant 
from 42% to 49%, respectively, p < 0.05.

10. CD38 goes up in breast carcinoma, starting with the second 
stage of tumor growth and remains high in the subsequent 
stages. Some researchers offer to use it as a prognostic factor 
for the therapy success. In MSC-428 + CH group, this indicator 
decreased from 788 ± 213 to 312 ± 116 (61.4% decrease). In 
CH group, from 801 ± 198 to 592 ± 187 (26.3% decrease). The 
norm is 150 - 600.

11. The high expression of CD45 marker correlates with 5-year 
survival rate of the patients. In MSC-428 + CH group, the dy-
namics of the increase in CD45 was from 11,9 ± 2,1 to 21,4 ± 
3,6 (79.8% increase). In CH group, from 12,3 ± 2,8 to 15,6 ± 
2,9 (26.8% increase). The norm is 12 - 24%. The prescription 
of MSC-428 provides a higher survival rate.

12. In general, when using pathological evaluation criteria, inclu-

ding medical pathomorphosis grade III - IV, the effectiveness 
of the treatment was 70% in MSC-428 + CH group and 43.3% 
in CH group.

13. 7 patients (23.3%) in MSC-428 + CH group and 4 patients 
(13.3%) in CH group achieved the pathologic complete res-
ponse of the primary tumor (therapeutic pathomorphism of 
grade IV).

14. With 51,5 months median follow-up, patients in the study have 
been followed up for sufficient time, to enable a comparison of 
long-term post treatment effects of MSC-428 + Chemotherapy 
relative to only Chemotherapy. 

Figure 3

During the observation period in the group MSC-428 + Chemo-
therapy, 4 patients had a recurrence: 2 with distant metastases and 
2 with local recurrence.

In Chemotherapy (CH) group, 7 patients had a recurrence: 4 
with distant metastases and 3 with local recurrence.

The combination immunotherapy/chemotherapy demonstra-
tes a promising potential for effective cancer treatment by enga-
ging the immune system in the process of tumor destruction.

MSC-428 nanomolecules had a multitarget impact on a large 
group of lymphocyte receptor proteins, demonstrating the proper-
ties of mixed agonist-antagonist. Agonists: CD3, CD4, CD8, CD16, 
CD25, CD45.

Antagonists: CD38, CD95.

As a result, we have a SMART effect from immunotherapy and 
as a result, a more effective antitumor response for the patient.
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