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Abstract

Rationale: The known prognosis factors for rhabdomyosarcoma (RMS) in child-
ren do not always explain the unsatisfactory outcome of treatment. Changes in
the subpopulation composition of Bone Marrow (BM) effector cells during
the development of RMS may indicate new directions for the search for prog-
nostic factors and points for the impact of targeted therapy. Purpose: To iden-
tify correlations between quantitative changes in the levels of subpopulations
of T, B and NK-lymphocytes of BM and known risk factors for RMS in child-
ren. Objects: The study included 31 patients. The main group included 16 pa-
tients with RMS, average age—6.8 £ 1.0 years, while children 1 - 10 years
old—13 (81.3%), over 10 years old—3 (18.8%) people, girls and boys were 8
people each. The embryonic variant of RMS was established in 10 (62.5%) cas-
es, the alveolar variant—in 4 (25%) cases, in two patients (12.5%), the histo-
logical variant was not established. In 12 (75%) patients, an unfavorable loca-
lization of the RMS (parameningeal, extremities, prostate, bladder) was revealed,
in 4 patients (25%), the localization of the tumor was regarded as favorable.
Patients with T2b—13 (81.2%) and T2a—2 (12.5%) stages prevailed. Regional
and distant metastases were detected in 10 (52.6%) patients. The comparison
group included 15 children in whom the presence of malignant neoplasia was
excluded, the average age was 8.4 + 1.5 years, 11 boys (73.7%) and 4 girls
(26.3%). Methods: All patients underwent morphological (myelogram count-
ing) and immunological (quantitative analysis of lymphocytic subpopulations)
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bone marrow studies. Immunophenotyping in all patients was carried out by
direct immunofluorescence using a triple fluorescent label. Results: Signifi-
cant differences in the levels of subpopulations of BM T-lymphocytes were
found when comparing the values of the main group, distributed by localiza-
tion and histological variant, with the data obtained in the control group of
patients. For example, the percentage of CD3+ T cells with the co-stimulatory
molecule CD28+ was significantly higher in patients with parameningeal RMS
(p = 0.010). Conclusion: Each clinical group of patients has its own indi-
vidual immunological characteristics. The results obtained by us can be
considered indicative and regarded as starting points for further study of
the peculiarities of the subpopulation composition of BM in patients with
RMS.
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1. Introduction
1.1. Justification

Rhabdomyosarcoma (RMS) is a soft tissue sarcoma, which accounts for 3% - 5%
of all solid tumors of childhood, characterized by rapid progression, lymphogen-
ous and hematogenous metastasis [1] [2]. A comprehensive approach is used to
treat patients with RMS, which includes chemotherapy, radiation therapy, and
surgery. When using this method, the 5-year overall survival rate for RMS reaches
65.4%, and when distant metastases are detected simultaneously with the primary
tumor, this indicator does not exceed 35.7% [3].

The choice of treatment tactics is based on identifying factors of poor progno-
sis, which include: age over 10 years, unfavorable localization and size of the pri-
mary tumor over 5 cm, alveolar histological variant, lymph node involvement, and
the presence of regional and distant metastases [2]. The influence of each fac-
tor on the outcome of the disease has been proven throughout the IRS I-IV stu-
dies (1972-1997) [1] [2]. Later, genetic markers of the unfavorable course of RMS
were identified, for example, the chimeric PAX-3FKHR gene [1] [2]. But the
known prognostic factors do not always explain the unsatisfactory outcome of
treatment of individual patients after standard therapy within the same risk
group [1] [2]. Therefore, simultaneously with the improvement of anticancer the-
rapy, the search for new prognosis criteria, including immunological ones, con-
tinues.

One of the possible ways to improve survival rates may be the identification of
clinically effective agents that affect RMS-specific targets [1]. Another direction
of the search for “targets” for immunotherapy is directed towards the study of the
functions of immunocompetent cells and their interaction with the tumor. BM is

a key organ in the formation of an antitumor immune response in the develop-
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ment of hematogenously spreading neoplasias, which include RMS [4]. BM con-
tains the main antibody-producing cells (plasma cells) and effector cells (Cyto-
toxic T-Lymphocytes (CTLs)), T-helpers, regulatory T cells, dendritic cells, nat-
ural killer cells, natural killer T cells, myeloid suppressor and mesenchymal stem
cells [5] [6]. The main role in the antitumor immune response is played by CTLs,
which are formed from a naive T-lymphocyte after antigen presentation, recog-
nition of antigenic determinants by the T Cell Receptor (TCR), subsequent
proliferation, and clone formation of antigen-specific CD3+ CD8+ CTLs [6]. It
was experimentally proved that in the absence of secondary lymphoid organs,
BM macrophages are able to present an antigen to naive T-lymphocytes with the
subsequent initiation of primary T cell reactions and the formation of clones of
antigen-specific CTLs and memory cells and to exercise antitumor immunity,
the effectiveness of which directly correlates with the number of mature T cells
[4].

But, on the other hand, BM cells, such as Mesenchymal Stem Cells (MSC) and
regulatory T-lymphocytes, have recently been identified as cells that contribute
to the metastasis of a malignant tumor. The innate versatility of these cells pro-
vides a variety of functional possibilities for the development of neoplasias, rang-
ing from structural support to signal-mediated suppression of the body’s im-
mune response [7].

Defects of the BM immune system are of decisive importance at the stage
of the onset of small round cell sarcomas, since a number of authors prove
the multipotent BM mesenchymal stem cell as a source of origin of the tu-
mor clone [8]. In addition to participating in the immune response, BM is an
immunological “niche” in micrometastatic lesions, since it creates optimal con-
ditions in which the tumor cell safely, avoids the effects of chemoradiation
therapy being in a dormant state, and is a further source of disease recurrence
[9].

Despite the wide recognition of the significance of the experimental work of
Feuerer ef al. and the validity of their conclusions, this study raises many questions
in the aspect of studying the antitumor function of BM in various malignant
tumors and the possibility of clinical application of the data obtained. On the
one hand, attempts to conduct immunotherapy for sarcomas have so far been
unsuccessful [10]. On the other hand, the possibility of revealing changes in the
subpopulation composition of BM effector cells during the development of RMS
in children (as a manifestation of immunodeficiency), may indicates new direc-
tions for searching for prognostic factors and points for the impact of targeted

therapy.

1.2. Purpose of the Study

To reveal the correlations between the quantitative changes in the levels of sub-
populations of T-lymphocytes-effectors of the bone marrow and the known
risk factors for RMS in children.
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1.3. Study Type

The research was a retrospective cohort non-randomized study.

1.4. Study Period

The research was carried out in 2004-2011. The analysis of the results was car-
ried out as of 01.01.2019.

1.5. Study Inclusion Criteria

1) Patients under 17 years of age who have a morphological diagnosis of rhab-
domyosarcoma for the first time;

2) Informative morphological and immunological analyzes of BM, obtained
before the start of the special study;

3) The established stage of RMS according to the data of the complex exami-
nation, which included: MRI/CT of the primary tumor, CT of the chest organs,
radioisotope diagnostics (RID) of bones and soft tissues, ultrasound of the areas
of regional metastasis and the abdominal organs;

4) Parental consent to participate in the study;

5) To include patients in the control group, a necessary condition was the ab-
sence of data on the presence of a malignant tumor, confirmed by the results of a

comprehensive examination and/or morphological study.

1.6. Exclusion Criteria

1) Lack of informed consent of the patient’s parents for bone marrow exami-
nation;

2) Absence of myelogram in the medical history;

3) Non-informative myelogram (significant admixture of peripheral blood in
the bone marrow punctate);

4) Total replacement of hematopoietic tissue with tumor cells.

1.7. Research Objects

The study included 31 patients. The average age at the time of the study was 6.5
years (1 - 17 years), boys—19 (61.3%), girls—12 (38.7%).

1.8. Main Group

The main group included 16 patients with RMS, aged from 1 to 15 years, with an
average age of 6.8 + 1.0 years, girls and boys were 8 people each. RMS was more
often detected in children 1 - 10 years old—13 patients (81.2%). The clinical data
of patients with RMS included in our study are presented in Table 1.

As can be seen from the data presented in Table 1, the majority of patients in-
cluded in our study (12 people, 75%) had an unfavorable localization of the pri-
mary tumor and, accordingly, a poor prognosis of the disease.

According to the morphological study, the prognostically favorable embryonic
variant of RMS was also found in the majority of patients (10 people, 62.5%),
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Table 1. The clinical data of patients with RMS.

The nature of the Localization of = Histological

Neo Initials  Sex  Age tumor localization  the tumor variant TNM

1 D.B. F 2 Unfavorable Paravertebral Alveolar T2aNOMO
2 D.D. M 8 Unfavorable Parameningeal =~ Embryonic T2bNOMO
3 E.D. M 6 Unfavorable Parameningeal =~ Embryonic T2bNOMO
4 Z.A. M 2,6 Favorable Head and neck ~ Embryonic T2bN1MO
5 L M. M 13 Unfavorable Parameningeal =~ Embryonic T2bNI1M1
6 K.N. F 6 Favorable Pelvis Embryonic T2bNOMO
7 K.D. F 11 Unfavorable Extremity Alveolar T1aNOMO
8 K. A. F 4 Unfavorable Parameningeal Alveolar T1bN1M1
9 L.S. F 4 Unfavorable Extremity Alveolar T2bNOMO
10 L.P. M 15 Unfavorable Prostate Embryonic T2bNOM1
11 L.D. F 7 Unfavorable Parameningeal Not established T2bN1M1
12 M.N. F 1 Unfavorable Parameningeal = Embryonic T2bNOMO
13 S.B. F 7 Favorable Orbit Embryonic T2aNOMO
14 H.M F 8 Favorable Pelvis Not established ~ T2bN1M1
15 Y.S. M 7 Unfavorable Parameningeal =~ Embryonic T2bNOMO
16 UYa M 5 Unfavorable Parameningeal =~ Embryonic T2bN1MO

and the unfavorable alveolar variant in 4 (25%) cases; in 2 (12.5%) patients the
histological variant was not established. In 4 patients (25%) the unfavorable lo-
calization of the primary tumor was combined with its unfavorable histological
variant. On the contrary, in 3 patients (18.8%) with a favorable localization of
the tumor, its favorable histological variant was diagnosed. In 7 patients (43.8%)
with unfavorable localization of the primary tumor, its histological variant was
prognostically favorable.

The prevalence of the tumor process was assessed on the basis of the data of
radioisotope studies of bones and soft tissues, ultrasound of soft tissues and re-
gional lymph nodes, X-ray examination, CT of the chest and anatomical zones in
which metastatic lesions were suspected. When assessing the size of the tumor, it
was revealed that patients with T2b—13 (81.2%) stage prevailed, Tla and T2a—
isolated cases. The presence of metastases (regional and distant) was diagnosed
in 5 (32.5%) patients, in 10 (62.5%) patients there was no lymph node in the
disease debut, a combination of distant metastases and lymphatic nodes lesions

were detected in 4 (25%) patients.

1.9. Control Group

Considering the insufficient amount of information in the medical literature on
the number of BM lymphocyte subpopulations in normal children, we formed a

control group to compare with the data obtained in the study of the levels of
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these cells in patients with RMS. The comparison group included 15 children
aged 1 to 17 years, 11 boys (73.7%) and 4 girls (26.3%) with an average age of 8.4
* 1.5 years. Patients were examined in the scientific advisory department of the
Scientific Research Institute of pediatric oncology and hematology in order to
confirm/exclude the presence of malignant neoplasia. During the examination,
the following diagnoses were established: benign tumors, malformations of or-
gans and tissues, and inflammatory processes. The presence of a malignant process
was excluded according to a comprehensive examination, including histological

examination.

2. Research Methods

The diagnosis of RMS in all cases was verified according to the results of mor-
phological and/or immunohistochemical studies. In all patients included in our
work, bone marrow punctate in the amount of 0.5 ml of BM was taken in test
tubes with dry EDTA, followed by the preparation of morphological preparations
and their staining according to Pappenheim. All patients underwent morphological
(myelogram counting) and immunological (quantitative analysis of lymphocytic
subpopulations) BM studies. The panel of monoclonal antibodies (MCA) used in
the flow cytometric diagnosis included antibodies to the total leukocyte antigen
CD45. Immunophenotyping in all patients was carried out by direct immunoflu-
orescence using a triple fluorescent label. Nucleated BM punctate cells were iso-
lated by standard erythrocyte lysis using FACS Lysing solution, BD. Staining of
lymphocytic populations was carried out using a wide panel of monoclonal anti-
bodies MCA (tricolor fluorescence), manufacturer—Becton Dickinson, USA. The
panel of antibodies used to study subpopulations of BM lymphocytes in patients
with RMS is presented in Table 2.

Table 2. MCA panel for studying subpopulations of BM lymphocytes in patients with
RMS.

Sample FITC PE PE/Cy5 (PerCP) Note
1 Ig G2a IgG1 IgG1 Control
2 Ig G2a IgG1 CD45 Control
3 CD3 CD56 CD45 T cells n NK-cells
4 CDI19 CD5 CD45 B-lymphocytes
5 IgG2a IgG1 CD3 Control within T cells
6 CD4 CD62L CD3 T-helpers, incl. CD62L
7 CD8 CD38 CD3 CTL, incl. CD38
8 CD8 HLA-DR CD3 CTL, incl. HLA-DR+
9 CD57 CD8 CD3 CTL, incl. CD57
10 CD8 CD28 CD3 CTL, incl. CD28
11 TCRap CD25 CD3 TCRap
12 TCRys CD2 CD3 TCRys
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When studying subpopulations of lymphocytes from patients in the control
group, the same panel of antibodies was used as in the study of BM lymphocytes
from patients with RMS (see Table 2).

Statistical calculations were performed using the SPSS 17 software and included
correlation analysis (Pearson’s coefficient), comparison of means (Student’s test)
and Fisher’s exact test with a confidence interval of 95%. Differences were consi-
dered statistically significant at p < 0.05 (95% accuracy).

3. Results

We compared the results of the study of the level of BM lymphocytes subpopula-
tions obtained in the main group of patients with the results in the control group

and correlated them with known risk factors for RMS.

3.1. Comparison of the Number of Subpopulations of BM
Lymphocytes in All Patients with the Results of the Control
Group

We compared the results of the study of the number of subpopulations of lym-
phocytes BM in the all group of patients and the data of the control group and
found that the relative content of CD3+ subpopulations was increased in patients
with RMS (in particular, CD8+ subpopulations) with the activation molecule
HLA-DR+ (p = 0.003 and p = 0.001 respectively) was increased in patients with
RMS as well as T cells with a pdT cell receptor (p = 0.013) (Table 3). The abso-
lute amounts of these subpopulations did not differ from the control values (p >
0.050).

It was also found that the percentage of CD4+ T cells with the Leu8+ adhesion
molecule in patients with RMS was reduced compared to the control group (p =
0.015) (Table 4). On the contrary, the absolute content of these cells in the BM of
patients with RMS was higher compared to the control value (p = 0.047) (Table 4).

Table 3. Comparison of relative content CD3+ HLADR+, CD8+ HLADR+ and ySTCR T
cells of BM in all patients with RMS with the data of the control group.

Subpopulations (%) All patients with RMS Control group P
355+6.0 12.5+2.0
CD3+ HLADR+ 0.003
(n=15) (n=12)
28.7 £ 6.1 89+14
CD8+ HLADR+ 0.001
(n=10) (n=11)
157+ 1.6 9.6 +1.5
yOTCR T cells 0.013

(n=11) (n=10)

Table 4. Comparison of the relative and absolute number of Leu8+ CD4+ T cells in all
patients with RMS with the control group.

Subpopulation All patients with RMS Control group P
Leus+ CD4+ (%) 17.6 £ 3.6 33.5+4.7 0.015
’ (n=10) (n = 10) '
2=*1. 3x1.1
Leu8+ CD4+ (abs.) 7 3 >3 0.047
(n=6) (n=10)
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3.2. Interrelation between the Number of BM Lymphocyte
Subpopulations in Patients with RMS and the Localization
of the Primary Tumor

As you know, the localization of the primary tumor is of great clinical and prog-
nostic significance. We found that in patients with favorable tumor localization
the absolute content of CD3+ HLADR+, CD8+ HLADR+ subpopulations was
significantly higher (p = 0.047, 0.023 and 0.048, respectively) (Table 5). The rel-
ative amounts of these subpopulations did not differ from the control values (p >
0.050).

Comparison of the relative and absolute content of BM T-lymphocytes in pa-
tients with RMS with an unfavorable prognostic tumor localization and data from
the control group revealed an increase in the BM of patients with RMS in the
percentage of CD3+ HLADR+ (p = 0.001), CD8+ HLADR+ (p = 0.001) subpopu-
lations and T-lymphocytes with the ydTCR receptor (p = 0.013 ), and a decrease
in the percentage of T-helper cells (CD3+ CD4+ cells) (p = 0.046), in particular
T-helpers with the adhesion molecule Leu8+ (Leu8+ CD4+ cells) (p = 0.017) (Table
6). The absolute numbers of the listed T cell subpopulations did not differ from
the results in the control group (p > 0.05).

Separately we compared the results of the study of patients with unfavorable
and favorable localization of the primary tumor, and we revealed significant dif-
ferences in the absolute content of a number of subpopulations of BM T cells.

The comparison results are shown in Table 7.

Table 5. Comparison of the absolute content of CD3+ HLADR+ and CD8+ HLADR+
BM subpopulations of patients with RMS (favorable localization of the primary tumor)
and the data of the control group.

Patients with RMS
(favorable localization Control group P
of the primary tumor)

Subpopulations
(absolute numbers)

CD3+ HLADR+ 55+1.8(n=3) 25+0.6(n=11) 0.047

CD8+ HLADR+ 44+x16(n=2) 1.8+ 0.4 (n=10) 0.048

Table 6. Comparison of the relative content of CD3+ HLADR+, CD8+ HLADR+, CD3+
CD4+, Leu8+ CD4+, ySTCR-T cells of BM of patients with RMS (unfavorable tumor
localization) and the control group.

Patients with RMS (unfavorable

Subpopulations (%) tumor localization) Control group P
CD3+ HLADR+ 40.1+6.9 (n=12) 125+2.0 (n=12) 0.001
CD8+ HLADR+ 325+7.1(n=28) 89+14(n=11) 0.001

CD3+ CD4+ 30.3+3.1(n=11) 39.3+2.8(n=14) 0.046
Leu8+ CD4+ 162+4.3 (n=8) 33.5+ 4.7 (n= 10) 0.017
yOSTCR-T cells 16.7+2.1(n=28) 9.6 +1.5(n=10) 0.013
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Table 7. Comparison of the absolute number of subpopulations of BM lymphocytes in
patients with RMS with favorable and unfavorable localization of the primary tumor.

. Patients with RMS Patients with RMS
Subpopulations L. .
N (favorable localization (unfavorable localization P
(absolute quantities) . .
of the primary tumor) of the primary tumor)

CD3+ 19.5+2.4 (n=3) 6.4+ 1.9 (n=10) 0.006
CD3+ CD2+ 29.5+ 3.0 (n=3) 9.5+38(n=7) 0.013
CD3+ CD8+ 163 +2.2 (n=3) 54+14(n=9) 0.003

CD5+ 19.8 £2.5(n=3) 59+2.0(n=9) 0.047

CD56+ 34+0.5((n=3) 0.8+0.2 (n=28) 0.000
CD19+ CD5+ 162+ 119 (n=3) 0.8+0.4 (n=28) 0.044

afTCR 249+ 1.6 (n=3) 82+35(n=7) 0.018

yS6I'CR 4.1+0.8(n=3) 1.3+04 (n=7) 0.005

CD8+ HLADR+ 44%1.6(n=2) 17403 (n=7) 0.017

Based on the data presented in Table 7, it is shown that in BM of patients with
RMS with a favorable prognostic localization of the primary tumor, the absolute
numbers of CD3+, CD3+ CD2+, CD3+ CD8+, CD5+, CD56+, CD19+ CD5+,
CD8+ HLADR+ subpopulations of lymphocytes (p = 0.006, 0.013, 0.003, 0.047,
0.000, 0.044 and 0.017, respectively) are significantly higher and the absolute con-
tent of T cells with a@fTCR and ySTCR T cell receptors is increased (p = 0.018
and 0.005, respectively). The absolute content of CD3+ CD4+ T cells and CD4/CD8
ratio between the compared groups did not differ (p > 0.050). The relative con-
tent of all compared subpopulations of BM lymphocytes in RMS patients of the
two prognostic groups (with favorable and unfavorable tumor localization) was
not significantly differed (p > 0.050).

During the analysis, we noted that the number of T cell subpopulations of BM
in patients with RMS with a parameningeal tumor localization (n = 8) differed
from the results of RMS patients with various other localizations of the primary
tumor. In patients with RMS of parameningeal localization the percentage of CD3+
T cells with the co-stimulatory molecule CD28+ was significantly higher (60.3%
+ 5.9% versus 14.0% + 12.4% p = 0.010), however, the absolute number of CD3+
CD28+ T cells did not differ (p = 0.610).

3.3. Interrelation of Histological Variant of RMS with the
Quantitative Composition of Subpopulations of Mature
BM T-Lymphocytes
We also found that, depending on the histological variant of RMS (alveolar or
embryonic), there are significant differences in the relative number of T cells, Ta-
ble 8 and Table 9. To identify correlations, we compared the data of patients with
alveolar RMS and the control group.
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Table 8. Comparison of the relative number of CD3+ HLADR+, CD3+ CD4+, CD3+
CD28+, CD8+ HLADR+, pdTCR of BM T-lymphocytes in patients with alveolar RMS
with the data of the control group.

Subpopulations (%) Patients with alveolar RMS Control group P
CD3+ HLADR+ 47.7+13.0 (n=4) 12.5+2.0 (n=15) 0.014
CD8+ HLADR+ 252+15.0 (n=3) 89+1.4(n=11) 0.049

CD3+ CD4+ 248439 (n=4) 39.3+2.8 (n=14) 0.023
CD3+ CD28+ 153+ 12.6 (n=3) 60.5+9.8 (n=11) 0.046
yOTCR T cells 204+38(n=3) 9.6+ 1.5 (n=10) 0.008

Table 9. Comparison of the relative number of CD3+ HLADR+, CD8+ HLADR+, Leu8+
CD4+ T-lymphocytes and ySTCR T-lymphocytes of BM in patients with embryonic RMS
with the data of the control group.

Subpopulations (%)  Patients with embryonic RMS Control group P
CD3+ HLADR+ 40.6+7.4(n=9) 12.5+2.0 (n=12) 0.001
CD8+ HLADR+ 38.6+6.2 (n="5) 89+ 1.4 (n=11) 0.000

Leu8+ CD4+ 126+3.3 (n=5) 33.5+4.7 (n=10) 0.011
yS6TCR 155+ 1.5(n=6) 9.6+ 1.5 (n=10) 0.020

In patients with alveolar RMS, compared with the control group, the percen-
tage of CD3+ CD4+ (p = 0.023), CD3+ T cells with the co-stimulatory molecule
CD28+ (p = 0.046) is significantly reduced and higher percentages of CD3+ HLA-
DR+ T cells (p = 0.014) and CD8+ CTLs with an activation molecule HLADR+
(p =0.049) and T cells with a ySTCR receptor (p = 0.008) (Table 8).

Comparison of the relative and absolute content of BM T-lymphocytes in pa-
tients with embryonic RMS with the data of the control group also revealed an
increase in the percentage of CD3+ HLADR+ (p = 0.001), CD8+ HLADR+ (p =
0.000), ySTCR-T cells (p = 0.020) and a decrease percentage of Leu8+ CD4+ T cells
(p = 0.011); the absolute amounts of these subpopulations did not differ from the
control values (p > 0.050) (Table 9).

Comparison of the relative and absolute content of subpopulations of BM lym-
phocytes in patients with RMS between alveolar and embryonic histological va-

riants did not reveal significant differences (p > 0.050).

4. Discussion

In this work, we made an attempt to identify the features of the subpopulation
composition of BM lymphocytes in pediatric RMS patients. Since BM is a central
immunoregulatory organ, in which the development of solid tumors leads to a
change in the composition of T-effector cells that carry out an antitumor im-
mune response, the efficiency of which directly correlates with the number of ma-

ture BM T cells, the changes in the number of mature T-lymphocytes can directly
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correlate with known risk factors for RMS or supplement them [5].

We found that the relative number of activated CD3+ HLADR+ T cells was
significantly increased in all patients with RMS compared to the control group
(due to an increase in the percentage of activated CD8+ HLADR+ CTL), but no
increase in the absolute number of these subpopulations was observed. These
results may indicate that the proliferative response to the recognition of sarcoma
antigens by T cells is moderate due to the low immunogenicity of RMS [11]. The
decrease in the relative and absolute content of another T cell subpopulation—
T-helper cells with an adhesion molecule (Leu8+ CD4+ cells) may reflect the
immunodeficiency state of the patient’s body during the development and proli-
feration of RMS due to the suppression of the cellular link of immunity by direct
or indirect exposure to the tumor.

While the majority of mature T lymphocytes express the af T cell receptor
(afTCR heterodimer), a small proportion of T cells express an alternative ydTCR
heterodimer, through which it recognizes various MHC-like stress-induced au-
to-antigens expressed by malignant cells without primary antigen presentation
in combination with the MHC molecule [6]. The functions of ySTCR-T cells have
not yet been fully studied, although at present the prevailing opinion is that they
serve as one of the connecting components between innate and acquired im-
munity and are one of the first barriers to pathogens [6]. Thus, ydTCR T cells
express some markers characteristic of NK cells (NKG2D) and antigen present-
ing cells—CD16 and TLR. In addition, these T cells secrete cytokines, whereby
they play an important immunoregulatory role and are able to differentiate into
CTLs [6].

When assessing the content of T-lymphocytes with y§TCR-receptor, we found
an increase in the percentage of this subpopulation of lymphocytes both in the en-
tire group of patients with RMS and in patients with unfavorable localization of
the primary tumor. It is possible that an increase in the number of y§TCR-lymph-
ocytes has an inhibitory effect on the spread of RMS.

These data obtained by us in the analysis of the content of ydTCR-T-lymph-
ocytes require further evaluation and more in-depth study in order to identify
their clinical and prognostic value, influence on the course of the tumor process
and treatment results.

When assessing the number of T-lymphocytes depending on the location of
the primary tumor, we found that the CD3+HLA-DR+ subpopulation was sig-
nificantly higher in both groups of patients, mainly due to an increase in CTL
(CD8+ HLA-DR+ cells). It is interesting to note that in patients with favorable
localization of the tumor, this subpopulation was higher in absolute value, and in
patients with unfavorable localization—in relative value. In both cases, we can
explain the increase in the number of CD3+ T cells by the effective presentation
of antigenic determinants to T-lymphocytes with their subsequent activation and
clonal proliferation [6], as evidenced by the expression of the activation mole-

cule HLA-DR. But in patients with favorable localization, more active antigenic
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stimulation of T cells by sarcoma is quite possible. Otherwise, the comparison of
the number of CD3+ T cells of patients with RMS with control values, as well as
within different clinical groups, did not reveal significant differences.

The entire population of CTL (CD3+ CD8+ T cells) was increased in patients
with favorable tumor localization (in absolute terms) compared to those in whom
the localization of the primary tumor was regarded as unfavorable. We believe
that the increase in the percentage of CD3+ CD8+ T cells in patients with RMS
reflects, in the absence of a “tumor counterattack”, a significant activation and
proliferation of CTL, which reaches optimal values with a favorable localization
of the primary tumor. Such observations regarding the infiltration of the tumor
by CD8+ T-lymphocytes are considered as a prognostic factor for the course of
oncological diseases [12].

Comparison of absolute CD5+ values T cells showed an increase in their
number in patients with a favorable localization of the primary tumor, which may
reflect a higher proliferative response of the patient’s immune system to the de-
velopment of the tumor and/or the absence of cytotoxic effects of sarcoma cells
by the type of tumor “counterattack”, which generally contributes to the accu-
mulation of T cells with this marker. The role of CD5+ T-lymphocytes in the course
of RMS has yet to be explored in more clinical examples.

The CD3+ subpopulation of T cells, which has a marker of cell adhesion/active-
tion of CD2+, was significantly higher in absolute value in patients with RMS
with favorable tumor localization. It is possible that the biological features of the
sarcoma of this localization contribute to the optimal activation of effector T-lym-
phocytes and the appearance of the CD2 adhesion marker on their surface, which
promotes the penetration of T cells into the tumor tissue. This assumption also
requires further study.

CD3+ T cells with the expression of the costimulatory molecule CD28+, which
is necessary for the effective presentation of the antigen to the T-lymphocyte [6],
were significantly increased only in patients with parameningeal localization of
the tumor, both in relative and absolute values. A decrease in the percentage of
this T cell subpopulation was observed in patients who had an alveolar histolog-
ical variant of the tumor. It is possible that in these clinical groups there are sig-
nificant differences in the mechanisms of antigen presentation to T-lymphocytes.
In the first case, most likely, there is an effective presentation of the antigen with
clonal proliferation and accumulation of CD3+ CD28+ T cells as a result, and in
the second—an ineffective presentation with subsequent energy of T-lymphocytes
as a manifestation of one of the ways of escaping the tumor from immune sur-
veillance [13]. This assumption can be confirmed or excluded in an in-depth study
of the features of the presentation of Antigen-Presenting Cells (APC) of antigen-
ic determinants in RMS. The clinical and prognostic significance of the changes in
the BM subpopulation composition of patients with RMS within these clinical
groups remains to be determined when studying the role of CD3+ CD28+ T cells

during the tumor process and the results of treatment in a larger number of clini-
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cal examples.

CD3+ CD56+ are immunological markers of NKT cells that are present in BM
and play an active role in the antitumor immune response [6] [14]. When stimu-
lated, NKT cells produce a large number of T-helper cytokines of both types, which
plays a significant role in the modulation of other immune effector cells (CD4+
and CD8+ T cells, NK cells and B cells involved in Th-1 and Th-2 immune res-
ponses) [15]. One of the interesting properties of the NKT cell population is
their paradoxical functions in various pathological conditions, including in ma-
lignant tumors and autoimmune diseases [15]. The functions of NKT cells can
be useful or harmful in various cases, which may be due to the balance between
immune responses moved towards Th-1 or Th-2 types [15]. However, we did not
find significant differences in the number of NKT cells depending on the locali-
zation of the primary tumor and its histological structure.

In our work, we analyzed the number of CD57+ CTL (CD8+ CD57+ T cells)
in patients with RMS, which appear as a result of the accumulation of antigen-spe-
cific oligoclonal T cells in the late stages of differentiation during chronic anti-
genic stimulation [16]. According to their functional properties, such cells are
characterized as highly cytotoxic [16]. It was also shown that the expression of
CD57+ strongly correlates with the simultaneous expression of granzymes and
perforin in CD8+ T cells, and the expression of these cytolytic molecules in CD8+
CD57+ T cells is significantly higher than in their CD8+ CD57— precursors [16].
However, when comparing the level of this subpopulation in the analyzed clini-
cal groups with the control values, we did not find significant differences either
in relative amounts or in absolute values. This result is most likely a sign of weak
immunogenicity of RMS and a feature of the immune response in this type of
sarcoma, as was proved in the work of Tanzarella ef al [11].

Another important subpopulation of T cells-effectors of antitumor immunity
are helper T-lymphocytes (CD3+ CD4+ T cells) [6]. When estimating the num-
ber of this subpopulation, we obtained interesting results. Thus, the content of
CD3+ CD4+ T cells of BM was significantly reduced compared to the control
values in patients with RMS with an unfavorable localization of the primary tu-
mor and an unfavorable (alveolar) histological variant of the tumor. We can
assume that in the analyzed cases, it is possible to inhibit the proliferation of T-
helper cells and/or eliminate them by sarcoma cells in the “tumor counterattack”
type with the participation of the Fas-FasL system [13]. To confirm or refute
these hypotheses, a detailed study of the biological features of the RMS cells
and the mechanisms of their interaction with the patient’s immune system is
required.

The T cell adhesion molecule Leu8 (CD62L) plays an important role in the
penetration of lymphocytes into the foci of inflammation and other tissue dam-
age, as it promotes the attachment of lymphocytes to the vessel wall, subsequent
“rolling” and extravasations of T cells into the surrounding tissues (in our case,

in BM) [6]. Comparison of the number of T-helper cells with the Leu8 adhesion
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molecule (Leu8+ CD4+ T cells) in patients with RMS with control values revealed
a decrease in the percentage of this subpopulation both in the entire group of
RMS patients and in the compared clinical groups: in patients with unfavorable
localization of the primary tumor (as opposed to patients with favorable locali-
zation), and in patients with a favorable embryonic histological variant in com-
parison with the alveolar variant. It is possible that the inhibition of the Leu8+
CD4 + BM subpopulation is a characteristic feature of the immunodeficiency
state in RMS. It is obvious that a decrease in the percentage of CD3+ CD4+ T-helper
cells together with a decrease in the percentage of Leu8+ CD4+ T cells in pa-
tients with RMS may indicate a simultaneous inhibition of the T-helper link and
the process of extravasations of T-helper cells in the tissue. The decrease in the
accumulation of T-helper cells in BM may reflect a new, previously undescribed
type of immunodeficiency—the inability of effector cells of the immune system
to accumulate both in the lesion site and in the central immunoregulatory or-
gan-BM.

In our work, we also analyzed the content of B-la—a subpopulation of B-lym-
phocytes (CD19+ CD5+ cells) in the BM of patients with RMS to assess the state
of B-lymphopoiesis. As is currently known, the function of these B-lymphocytes is a
rapid response to widespread pathogens (mainly bacteria) that enter the body in
the form of IgM synthesis, as well as the synthesis of polyspecific natural immu-
noglobulins present in the blood and body fluids regardless of the presence of
the antigen [6]. The absolute content of CD19+ CD5+ B cells was higher in pa-
tients with RMS with favorable prognostic localization of the tumor compared to
patients with unfavorable localization; the relative content of Bla cells did not
differ between these clinical groups. It is possible that pre-existing changes in the
patient’s immune system allow for the development of an RMS clone of a partic-
ular localization, or the appearance and proliferation of a malignant clone diffe-
rently affects the humoral and cellular components of immunity, depending on
the clinical features of the tumor [17]. These assumptions are extremely inter-
esting for further study in terms of the interaction of the tumor and the human
body.

Summarizing the results obtained, we attempted to present the relationship
of changes in the level of BM lymphocyte subpopulations with risk factors for
RMS and to reflect the influence or cause of this phenomenon from the point of

view of the “tumor-immunity” system (Table 10).

Table 10. The relationship of changes in the level of BM lymphocyte subpopulations with risk factors for RMS and the “tumor-
immunity” system.

Change
Subpopulations ~ Value & Risk factors Presumptive reason
vector
Clonal proliferation of T cells after antigen recognition on
CD3+ abs 1 Favorable tumor localization P & &
APC
CD3+ HLADR+ % 1 ALL patients Effective presentation of tumor antigens to T-lymphocytes
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Continued

CD8+ HLADR+

CD5+

CD3+ CD2+

CD3+ CD28+

CD3+ CD28+

CD3+ CD56+

CD3+ CD4+

Leu8+ CD4+
afTCR
ySTCR
ySTCR

CD19+ CD5+

abs

abs

%

%

%

abs

%

%
abs
abs

%

abs

Not
changed

e T e =

Effective presentation of tumor antigens to cytotoxic

ALL patient:
patients T-lymphocytes
Favorable tumor localization Favorable prognostic factor (?)
Favorable localization Active T cell penetration in BM

Efficient antigen presentation with clonal proliferation and

Parameningeal localization of RMS .
accumulation of CD3+CD28+

Alveolar RMS Anergy of T-lymphocytes, t.umor evasion from immune
surveillance

All groups Low immunogenicity of RMS

Unfavorable localization Inhibition of the proliferation of T-helpers or

Alveolar variant “tumor counterattack”

All RMS patients Immunodeficiency in patients with RMS
Favorable localization of the primary tumor Favorable prognostic factor (?)
Favorable localization of the primary tumor Favorable prognostic factor (?)
All RMS patients Containing the spread of RMS
Favorable localization Influence of RMS on the humoral link of immunity

5. Conclusions

As is currently known, the biology of RMS cells determines the histological struc-
ture and localization of the tumor. We believe that each clinical-age group of pa-
tients may have its own individual immunological characteristics and features of
cell killing reactions against a tumor. Based on the results of the studies carried
out, it is possible that new immunological factors for prognosis, clinical course
and treatment of patients with RMS will be determined, depending on the histo-
logical structure of the tumor and its localization.

Summarizing our results, it can be noted that the revealed increase in the con-
tent of CD3+ T cells (in particular, a subpopulation of CD8+ CTLs) is a quite ex-
pected result, which reflects the response of the immune system to tumor devel-
opment: effective presentation of tumor antigens, their recognition and activa-
tion of naive T-ymphocyte with following clonal proliferation. An increase in
the content of a special ySTCR-T cell subpopulation is an interesting finding
that expands our understanding of the features of the antitumor immune re-
sponse in this neoplasia and the significance of which remains to be clarified.
Changes in the expression of activation and co-stimulatory molecules on the sur-
face of CTLs and T-helpers may have an important clinical and prognostic value
in terms of assessing the functional efficiency of the cellular link of the patient’s
immune system.

But on the whole, the data we obtained can be considered indicative and re-
garded as starting points for further research of the peculiarities of the subpopu-

lation composition of BM in patients with RMS using a larger number of clinical
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examples. Our results of studying the characteristics of the immune response of
the patient’s organism to the development of RMS can contribute to the devel-
opment and implementation of immunotherapy protocols in order to increase

the overall and disease-free survival of patients.
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