ISSN 0006-2979, Biochemistry (Moscow), 2021, Vol. 86, No. 2, pp. 207-216. © Pleiades Publishing, Ltd., 2021.

Published in Russian in Biokhimiya, 2021, Vol. 86, No. 2, pp. 248-258.

Originally published in Biochemistry (Moscow) On-Line Papers in Press, as Manuscript BM20-242, January 21, 2021.

Humoral Effect of a B-Cell Tumor on the Bone Marrow
Multipotent Mesenchymal Stromal Cells

Nataliya A. Petinati’**, Alexey E. Bigildeev', Dmitriy S. Karpenko!, Natalia V. Sats’,
Nikolay M. Kapranov', Yulia O. Davydova', Ekaterina A. Fastova', Aminat U. Magomedova!,
Sergey K. Kravchenko!, Georgiy P. Arapidi>**, Maria I. Rusanova®,

Maria M. LagarkovaZ, Nina I. Drize!, and Valeriy G. Savchenko'

National Research Center for Hematology, Ministry of Health, 125167 Moscow, Russia
2Federal Research and Clinical Center of Physical-Chemical Medicine, Federal Medical Biological Agency, 119435 Moscow, Russia
3Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry, Russian Academy of Sciences, 117997 Moscow, Russia
*Moscow Institute of Physics and Technology (State University), 141700 Dolgoprudny, Moscow Region, Russia
SFaculty of Biology, Lomonosov Moscow State University, 119991 Moscow, Russia
‘e-mail: loel@mail.ru

Received July 30, 2020
Revised September 14, 2020
Accepted September 14, 2020

Abstract—The properties of bone marrow (BM)-derived multipotent mesenchymal stromal cells (MSCs) are altered in the
patients with the diffuse large B cell lymphoma (DLBCL) without BM involvement. It was suggested that plasma from the
patients contains soluble factors that affect MSCs. Plasma and BM-derived MSCs from the DLBCL patients at the onset of
the disease and one month after the end of treatment were studied. Concentration of the plasma cytokines and gene expres-
sion in the MSCs were evaluated by the Bio-Plex Pro Human Cytokine Panel kit to measure 27 analytes and real-time PCR.
Plasma and MSCs from the healthy donors were used as controls. Analysis of cytokines in the plasma from healthy donors
and patients before and one month after the end of treatment revealed significant differences in the concentration of 14 out
of 27 cytokines. Correlations between the levels of secreted cytokines were altered in the plasma from patients indicating
that the immune response regulation was disturbed. Cultivation of the MSCs from the healthy donors in the medium sup-
plemented with the plasma from patients led to the changes in the MSC properties, similar to those observed in the MSCs
from patients. The BM-derived MSCs were shown to participate in the humoral changes occurring in the DLBCL patients.
For the first time, it was shown that the precursors of the stromal microenvironment — multipotent mesenchymal stromal
cells — are altered in the patients with DLBCL without bone marrow involvement due to the humoral effect of the tumor
and the response of organism to it. Comprehensive analysis of the results shows that, when remission is achieved in the
patients with DLBCL, composition of the plasma cytokines normalizes, but does not reach the level observed in the healthy
donors. The discovery of a new aspect of the effect of the tumor B-cells on the organism could help to reveal general regu-
larities of the humoral effect of various tumors on the bone marrow stromal cells.
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INTRODUCTION

Diffuse large B cell lymphoma (DLBCL) is a hetero-
geneous group of diseases that differ in histological,

Abbreviations: BM, bone marrow; CFU-F, colony-forming
unit of fibroblasts; DLBCL, diffuse large B-cell lymphoma;
IFN-y, interferon gamma; IL, interleukin; MFI, mean fluores-
cence intensity; MSC, multipotent mesenchymal stromal cells;
PDT, population doubling time; REL, relative expression level;
TNF-a, tumor necrosis factor alpha.
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immunohistochemical, and molecular characteristics [1].
Only 10-25% of DLBCL patients exhibit bone marrow
(BM) lesions detected by histological or molecular tech-
niques [2]. It is believed that BM is not involved in the
tumor process in the remaining patients with DLBCL.
However, it has recently been shown that stromal cells
and BM progenitors change in the patients with DLBCL
without BM involvement and such alterations persist for
many years [3]. Such changes cannot be attributed to the
direct interaction of BM stromal microenvironment with
tumor cells, as is the case with leukemia [4, 5].
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Considering that many tumors secrete cytokines and
chemokines [6, 7], it was suggested that the plasma of
DLBCL patients contains soluble factors affecting proper-
ties of MSCs and their activation. The presence of a tumor
in the body can be considered as an inflammatory process
[8, 9]. Inflammation is associated with the release of many
factors that are known to activate cells of the BM stromal
microenvironment, in particular, multipotent mesenchy-
mal stromal cells (MSCs) involved in the regulation of
hematopoiesis [10]. MSCs activated by interleukin 13
(IL-1), tumor necrosis factor o (TNFa), and interferon y
(IFN-y) secrete inhibitors and activators of the inflamma-
tory process [11]. It was previously shown that the total
cellular production of the BM-derived MSCs from the
patients with DLBCL without BM damage after 4 pas-
sages was higher than that of the MSCs from the donors of
the corresponding age [3]. The expression of bFGF,
FGFR2, IL-6, IL-8, and other genes in the MSCs from
these patients is increased. We presumed that the plasma
of patients contains soluble factors, most likely pro-
inflammatory cytokines and chemokines, that affect the
properties of MSCs and their activation in the patients.
Testing this hypothesis became the goal of this study.

MATERIALS AND METHODS

Patients. The study investigated MSCs from 35
patients with DLBCL without bone marrow involvement.
Prior to blood and BM sampling, patients and donors
signed an informed consent. The characteristics of all
patients included in the study are presented in Table S1 in
the Supplement. Composition of cytokines and
chemokines was studied in the blood plasma from 9
DLBCL patients before and one month after the end of
treatment. Data on these patients and results of examina-
tion of cells are presented in the table.

Cytokines and chemokines analysis. A Bio-Plex Pro™
Human Cytokine 27-Plex assay kit (Bio-Rad, USA) was
used to analyze plasma concentrations of the following
cytokines and chemokines: IL-1p, [L-1ra, IL-2, IL-4, IL-
5,1L-6,1L-7, IL-8, IL-9, IL-10, IL-12 (p70), IL-13, IL-
15, IL-17, bFGE, Eotaxin, G-CSF, GM-CSE IFN-y, IP-
10, MCP-1 (MCAF), MIP-1a, MIP-1p, PDGF-bb,
RANTES, TNFa, VEGF according to manufacturer’s
recommendations. Detection of the fluorescent beads was
carried out with a Bio-Plex 200 System (Bio-Rad). All
measurements were done in triplicates.

Determination of CFU-F concentration in the bone
marrow of patients and MSCs characteristics. Analysis of
the colony forming unit fibroblast (CFU-F) concentra-
tion and MSCs in the BM from patients were performed
as described in [3].

Effect of plasma from patients on MSCs from healthy
donors. To analyze effects of the plasma from DLBCL
patients on MSCs from the BM of healthy donors, 10 sam-
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ples (MSCs derived from the BM of 4 males and 6 females
aged 14 to 50 years, median age 33 years) were used. MSCs
from donors were cultured for 10 days in a serum-free
medium (StemPro, Gibco) in the presence of 10% plasma
of 5 healthy donors (1 male 34 years old and 4 females 34,
40, 59 and 66 years old) and plasma of 8 DLBCL patients
before and one month after treatment. Each plasma sam-
ple was added to a separate well with MSCs. Total cell pro-
duction as well as expression of surface markers: mean flu-
orescence intensity (MFI) and relative expression level
(REL) of some genes were analyzed in the MSCs from
donors treated with the plasma from patients.

Surface antigens analysis. Expression level of antigens
on the MSCs was determined by flow cytometry. After
MSCs were removed from the bottom of the flask, they
were washed twice with CellWASH (BD Biosciences,
USA), and then 2x10* cells were incubated for 20 min in
the dark with one of the following monoclonal antibodies:
anti-CD90 labeled with PE (BD Pharmingen, USA),
anti-HLA-ABC, labeled with FITC (Biolegend, USA),
anti-CD73, labeled with PE (BD Pharmingen), anti-
CD105, labeled with FITC (Biolegend), anti-CD54
labeled with APC (BD Biolegend) or anti-CD146, labeled
with PE (BD Pharmingen). Analyses were performed
using a FACSCanto II flow cytometer (BD Biosciences),
and the data were analyzed using FACSDiva software (BD
Biosciences).

MSC population was first determined from forward
and side scattering parameters and next isolated based on
the expression of CD90. For this cell population, mean
fluorescence intensities (MFIs) for the FITC, PE and
APC channels were evaluated.

Gene expression analysis in MSCs. Determination of
the gene expression levels in MSCs was carried out by
reverse transcription with subsequent real-time quantita-
tive polymerase chain reaction (Tag-Man modification)
using an Abiprism 7500 instrument (Applied Biosystems,
USA). Total RNA was extracted from MSCs at passage 1
using the standard technique [12]. cDNA was synthesized
using a mixture of random hexamers and oligo(dT)
primers. The gene-specific primers and probes were
designed by the authors and synthesized by Syntol R&D
(Table S2 in the Supplement). Relative gene expression
levels (REL) were determined by normalizing the level of
expression of each target gene to the levels of expression
of B-actin and GAPDH and calculated using the AAC,
method [13] for each MSC sample.

Statistical analysis. The data in Figs. 1, 2, and 3a are
presented as boxplots using GraphPad Prism 8. In the
plots in rectangles, the horizontal line represents the
median, the length of the box represents the quarter spac-
ing, and the vertical lines extend to the minimum and
maximum values. The data in Fig. 3, b and ¢ are present-
ed as mean =* standard error. When normal distribution
was confirmed, samples were compared using Student’s t
test, otherwise Mann—Whitney tests were used for
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Characteristics of patients with DLBCL, CFU-FE and MSCs before and one month after the end of treatment

Prior to treatment One month after the end of treatment
No. | Age | Gender Treatment CFU-F | MSCs produc- | PDT| CFU-F | MSCs production | PDT
per 10° | tion for 3 pas- | days | per 10° for 3 passages days
BM cells| sages (x10°) BM cells (%10
1 30 | male R-(DA)-EPOCH 6 cycles 3 13.9 0.46 6.0 9.30 0.60
2 60 |female | R-NHL BFM-90 6 cycles + 20 7.6 0.47 4.0 7.00 0.43
auto-HSCT
3 68 |female | R-CHOP-21 6 cycles 4 6.2 0.45 3.0 4.10 0.42
4 60 |female | R-(DA)-EPOCH 6 cycles 7 6.5 0.42 1.0 8.00 0.52
R-DHAP 2 cycles
5 63 |female | R-CHOP-21 6 cycles 3 21.3 0.71 2.0 22.40 0.65
6 38 |female | R-(DA)-EPOCH + auto-HSCT 4 16.9 0.57 12.0 7.30 0.45
7 48 |female | R-CHOP-21 4 cycles 3 7.1 0.51 1.0 17.00 0.52
8 61 |female | R-(DA)-EPOCH 5 cycles 7 4.7 0.41 58.0 4.47 0.38
DHAP 1 cycle
9 70 |female | R-CHOP-21 6 cycles 2 4 0.32 58.0 16.0 0.71

Notes. R-(DA)-EPOCH, R-NHL BFM-90, R-CHOP-21 are the names of cycles of chemotherapy, auto HSCT — autologous hematopoietic stem

cell transplantation.

All patients achieved remission of the disease following treatment, which was confirmed by PET-CT.
Plasma from 5 healthy donors (1 male, 4 females) aged 34 to 67 years was used as a control. CFU-F, colony-forming unit of fibroblasts; PDT, pop-

ulation doubling time.

unpaired samples or Wilcoxon’s test for paired samples,
differences at p < 0.05 were considered significant. The
relationship between changes in the concentration of var-
ious cytokines in the plasma of patients was determined
according to the Pearson correlation criterion.
Correlation coefficient was analyzed using GraphPad
Prism 8 software, r > 0.7 or <—0.7 at p < 0.05 was consid-
ered a significant strong correlation.

Comprehensive analysis of the differences between
cytokines in the 3 studied groups was carried out. The
analysis is based on determining the distances between
points in the multidimensional space of the studied
parameters. Fluctuations and significance of differences
for each change were calculated individually. The calcu-
lations are presented in the Supplement in the
“Comprehensive analysis of differences between sam-
ples” section.

RESULTS

Concentration of cytokines in the plasma from
patients with DLBCL. Comparative analysis of the
cytokine concentrations in patient and donor plasma
revealed significant differences in the concentration of 14
of the 27 studied cytokines (Fig. 1, Table S3 in the
Supplement). Concentration of some cytokines was sig-
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nificantly increased in the primary patients compared to
the donors: IL-2 increased 1.5-fold, IL-6 increased 3-
fold, MIP-1a increased 10-fold, IL-10 increased 3-fold,
eotaxin increased 1.5-fold, bFGF increased 1.5-fold,
TNFa increased 4-fold, IP-10 increased 2.5-fold, MIP-
1b increased 3-fold, PDGF-bb increased 3.5-fold,
RANTES increased 2-fold, and VEGF increased 1.2-
fold. After the end of treatment, concentration of the
most proinflammatory cytokines and chemokines in the
plasma from the DLBCL patients that increased at the
onset of the disease in comparison to the level observed in
the plasma from the donors normalizes after the end of
treatment (IL-ra, IL-6, IL-8, IL-10, GM-CSF, MIP-1a,
MIP-1b, TNFa) see Table S3 in the Supplement.
Chemokines and cytokines associated with the growth
parameters of MSCs and also involved in the processes of
immunomodulation changed much slower and did not
normalize one month after the end of therapy (IL-2,
Eotaxin, bFGF, IP-10, MCP-1, PDGF-bb, RANTES,
VEGF).

Relative expression level of genes in MSCs from
patients with DLBCL. Since it was shown that MSCs from
DLBCL patients changed, we studied expression of the
genes that could contribute to the changes in the levels of
cytokines in the patient’s plasma. Expression of the genes
in the BM MSCs from the primary patients, patients after
treatment, and healthy donors was compared. The expres-
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sion level of IL-6, bFGF, and FGFR2 genes increased in
the MSCs from the primary patients in comparison to the
MSCs from the donors (Fig. 2). Considering that the lev-
els of expression of VEGF and the receptor genes FGFR1
and PDGFRb REL were higher in the MSCs from donors
than in the MSCs from the patients and after the end of
treatment, only the level of VEGF expression recovered,
we could presume existence of the different effects of
chemotherapeutic drugs on the expression of genes that
regulate maintenance and differentiation of MSCs.
Correlations between cytokines in the plasma from
DLBCL patients. Changes in correlations between
cytokines in the plasma from patients and healthy donors
indicate disruption of the relationships between these
cytokines, in other words, change in the immune
response regulation. Only significant correlations were
included in the analysis (R > 0.7 and <—0.7, p < 0.05).
Correlations between the concentrations of cytokines in
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the plasma from healthy donors differed from those in the
plasma from patients both before and after treatment
(Table S4 in the Supplement).

Concentrations of the following markers were close-
ly related in the plasma from donors: 1L-6 with 1L.-9, 1L-
10, IL-13, and bFGF; 1L-9 with IL-10, IL-13, IL-15, IL-
17, GM-CSE, and VEGF, IL-12 with IL-1b and IL-10;
IL-7 with 1L-4; MIP-1a with IL-5 and GM-CSF, GM-
CSF with eotaxin; and TNF-a with PDGF-bb. These
cytokines exhibited no relationship in the plasma from
patients before and after treatment.

The following correlations between cytokines were
present in the plasma from all donors and patients: IL-1ra
with IL-1b; IL-2 with IL-5, IL-6, IFN-y, and bFGF; 1L-
4 with IL-1ra; IL-5 with 1L-12, IL-13, IL-15, IL-17,
GM-CSE and bFGF; IL-6 with IFN-y; IL-8 with IFN-y
and MIP-1a; IL-12 with IL-13 and bFGF, 1L-13 with
bFGF, IL-17 with bFGF, and TNF-a with MIP-1b.

D Plasma from donors

Plasma from patients before treatment

D Plasma from patients after treatment

IL-6

N—

mn—

10)=

Concentration pg/ml

T

I I
Eotaxin bFGF TNFa

I | I T
IP-10 PDGFb RANTES VEGF

Fig. 1. Levels of cytokines and growth factors in the plasma from donors and DLBCL patients before and after treatment. On the box plots,
horizontal line represents the median, length of the box represents the interquartile range, and vertical lines extend to the minimum and max-
imum values. The figure shows only cytokines with concentration in the plasma from donors and patients significantly different (»p < 0.05). The
plasma of 9 patients was studied before and one month after the end of treatment. Plasma from 5 healthy donors (1 male and 4 females) aged

34-67 years was used as a control.
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Fig. 2. Relative expression levels of genes in the MSCs from the healthy donors and patients with DLBCL before and after treatment. On the
box plots, horizontal line represents the median, length of the box represents the interquartile range, and vertical lines extend to the minimum

and maximum values. MSCs from 30 healthy donors and 29 patients with DLBCL were analyzed.

Correlations between cytokines in the plasma from
donors and patients before treatment were found between
IL-1ra and IFN-y; IL-4 and IL-1b, IL-2, bFGFE, IFN-y;
IL-6 and MIP-1a; IL-10 and IL-15, bFGF, TNF-a and
MCP-1, RANTES; RANTES and MIP-1b. All of them
were absent after treatment.

Some correlations between cytokines were observed
only in the plasma from patients before treatment and
were not detected in the plasma either from donors or
from patients after treatment: IL-2 with IL-1ra; IL-8 with
IL-6; IL-15 with IL-7; IL-17 with IL-4; G-CSF with IL-
17, IL-2, IL-6, 1L-8, and IFN-y; MCP-1 with G-CSE,
IL-6, IL-1ra, IFN-y, 1L-17, IL-2, and MIP-1a; PDGF-
bb with eotaxin; RANTES with eotaxin, IL-13, MIP-1a,
and PDGF-bb; TNF-a with IFN-y, I1L-17, IL-2, 1L-6,
and IL-1b; VEGF with G-CSE, IL-17, IL-1b, IL-1ra,
IL-4, MIP-1a, MIP-1b, TNF-a.

Some correlations were detected in the plasma from
patients before and after treatment but not in the plasma
from donors: MCP-1 with IL-1b, IL-1ra, IL-2; G-CSF
with IL-1ra and IL-4; GM-CSF with IL-2; IL-15 with
IL-13; IL-17 with IL-1ra; IL-17 with IL-2; IL-8 with IL-
2; MIP-1a with G-CSF, IL-1b, and IL-4; MIP-1b with
IL-1ra; TNF-a with IL-1ra, IL-4, MIP-1a; VEGF with
bFGE IL-2, IL-5, IL-6, IL-8.

Some correlations were revealed in the plasma from
donors and patients after treatment: 1L-2 with I1L-7, IL-
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10, IL-12, IL-13; IL-5 with IFN-y; IL-6 with 1L-12,
GM-CSF, IL-7 with 1L-10, IL-17, IFN-y; IL-8 with
bFGF; IL-10 with IL-13 IL-17; IL-12 with IFN-y; IL-13
with VEGF; IFN-y with bFGE

In addition to analyzing the cytokine and chemokine
interconnections in the plasma from DLBCL patients,
correlations between the gene expression in MSCs from 5
patients and the concentration of cytokines in the plasma
from these patients were also analyzed (Table 1 patients
N3-7, Table S5 in the Supplement). The concentrations
of IL-1b, IL-2, IL-4, IL-5 (p = 0.041 with BMP2), IL-10
and IL-15 (p = 0.02 with BMP2), VEGF (p = 0.021 with
BMP2), and bFGF (p = 0.024 with BMP2) were closely
positive correlated with BMP2 and SOX9. Moreover,
BMP?2 expression was closely correlated with the levels of
IL-8, IL-9, IL-12, IL-13, IL-17, GM-CSEFE, and MCP-1
(p = 0.024). IL-4 and IL-7 were closely correlated with
the expression of FGFRI, FGFR2, and VEGF.

There were reverse correlations between the content
of IL-6 in the plasma from patients and the RELs of
MMP2, SPP1, ICAM1, and SMURF in the MSCs. Close
reverse correlation was observed between the eotaxin con-
centration and expression of /L-6 and SOX9 (p = 0.015),
between G-CSF concentration and expression of ICAM 1
(p =0.033) and SMURF in MSCs; between concentration
of MIP-1b and expression of bFGF (p = 0.025) and IL-&§
(p = 0.02); and RANTES concentration was found to be
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Fig. 3. The effect of plasma from the DLBCL patients on MSCs of the healthy donors. a) Total donors MSCs production in the presence of
healthy donors and patients before and after treatment plasma. Data presented as box and whisker plot (5-95 percentiles). b) Alterations in
the surface markers expression on the MSCs derived from donors and cultivated in the presence of the plasma from patients in comparison
with cultivation with the plasma from donors. ¢) Alterations in the gene expression in the MSCs derived from donors cultivated in the pres-
ence of the plasma from patients in comparison with cultivation with the plasma from donors. MSCs from 10 healthy donors cultivated in the
presence of the plasma from donors (5 samples) and from the DLBCL patients before (21 samples) and after the treatment (18 samples) were

analyzed.

closely correlated with the expression of FGFR2
(R = —0.958, p = 0.01). The SMURF expression was
inversely correlated with the plasma concentrations of
IP-10, MIP-1a, and RANTES. Data on the observed
correlations are presentred in Supplement (Table S4 in
the Supplement). No other close relationships between
the plasma cytokine and chemokine concentrations and
gene expression were detected.

Prior to the treatment, concentration of fibroblasts
(CFU-F) in the BM derived from the patients with
DLBCL closely correlated with the plasma concentration
of the following cytokines: IL-1ra (R = 0.717, p > 0.05),
IL-6 (R =0.956, p = 0.022), IL-8 (R =10.717, p > 0.05),
G-CSF (R = 0.717, p > 0.05), MIP-1a (R = 0.717,
p>0.05), VEGF (R=10.717, p > 0.05), however, a signif-
icant correlation of the CFU-F was observed only for IL-

6. After the treatment, there were no positive correlations
between the concentration of cytokines in plasma and the
CFU-F concentration.

Based on these changes, it was suggested that the
plasma from patients affected the MSCs derived from the
healthy donors.

The effects of plasma from patients with DLBCL on
MSCs from healthy donors. Cultivation of the donor-
derived MSCs in the presence of the plasma from donors
and patients with DLBCL before and one month after the
end of treatment revealed significant changes in the total
cellular production of MSCs for 2 studied passages (pas-
sages 3 and 4). Cultivation of the donor’s MSCs in the
presence of plasma from patients before the treatment
reduced cell production, while the plasma from the
patients after treatment increased it (Fig. 3a).

BIOCHEMISTRY (Moscow) Vol. 86 No. 2 2021
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The number of MSCs in the cultures treated by
donor’s plasma directly correlated with the concentration
of GM-CSF in the donor plasma (R = 0.708, p = 0.018).
No correlations were found between the donor MSC pro-
duction in the presence of plasma from the DLBCL
patients before treatment and the plasma cytokine con-
centrations in these patients. When the MSCs from
donors were cultivated with the plasma from patients after
treatment, cumulative cell production had only inverse
correlations with I1L-2 (R = -0.729), IP-10
(R = -0.742), MCP-1 (R = —0.801) and RANTES
(R = —0.814) concentrations.

Analysis of the surface markers on the MSCs from
donors after cultivation in the presence of the plasma
from healthy donors and from patients with DLBCL
showed that the percentage of MSCs expressing CD54
(ICAM1) significantly increased (almost 2-fold,
p = 0.0032) when the cells were cultivated with the plas-
ma from patients taken at the onset of the disease com-
pared with the cells cultured in the presence of plasma
from the donors. Cultivation of the MSCs from the
donors with the plasma from the patients after treatment
led to a significant decrease in the percentage of CD54"
MSCs, approaching the values observed in the cells treat-
ed with donor’s plasma (Fig. 3b). At the same time, the
MFI level of CD54 increased in the MSCs treated with
the plasma from patients (Fig. 3c). The REL of the
ICAM 1 gene increased in the MSCs treated with the plas-
ma taken from patients at the onset of the disease and
remained elevated after treatment. ICAMI1 is an adhesion
molecule that ensures interaction of MSCs with lympho-
cytes, and its increase indicates activation of the MSCs
treated with the plasma from patients. The MFI values of
CDI105 (ENG) and CD146 (MCAM) decreased in the
MSCs cultured with the plasma from patients. The MFI
of CD274 (PD-L1) increased in the MSCs after addition
of the plasma obtained from the patients at the onset of
the disease and increased even more when treated with
the plasma from patients after treatment.

When analyzing the RELs of genes, it was found that
expression of IL-1b, IL-8, SDF1, and LIF was reduced in
the MSCs treated with the plasma from patients (Fig. 3c).
Expression of SDF1 in the MSCs cultivated with the plas-
ma taken from the patients after treatment was increased
to the level corresponding to that in the MSCs cultivated
with the plasma from donors.

DISCUSSION

Cytokines and chemokines are secreted into the
blood by various tissues. Normally, all factors that regu-
late hematopoiesis are secreted by various organs; for
example, GM-CSF and G-CSF are secreted by lungs,
muscles, bladder endothelium, and lymphocytes [14].
IL-6 is produced by smooth muscle cells, vascular
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endothelium, and macrophages [15]. Chemokines are
also produced by a large number of tissues and tumor cells
[6]. BM stromal cells, including MSCs, are involved in
the secretion of cytokines and chemokines that regulate
hematopoiesis and immune response [11]. The cytokine
concentration in blood is very low but can increase many
fold depending on the needs of the organism. The balance
of cytokines and their relationships can change with
pathology. This study of the plasma from DLBCL
patients showed a significant increase in the concentra-
tion of at least 14 cytokines out of 27 studied compared
with that in the plasma from donors. Concentration of
some of the cytokines normalized after the patients
achieved remission and at the end of treatment. However,
other cytokines, such as bFGE eotaxin, VEGF and
RANTES, remained elevated. We also observed similar
changes in the bFGF expression in the MSCs from
patients, which indicated contribution of MSCs to eleva-
tion of this factor concentration in the plasma from
patients.

Comprehensive analysis of the differences between
the levels of all studied cytokines, chemokines and corre-
lations between them revealed a clear separation of
healthy donors and patients before and after treatment
(Fig. 4). The identified changes may be associated either
with secretion by tumor cells, or response of the body tis-
sues including MSCs to the presence of a tumor, or ther-
apy. The analysis shows that, when remission is achieved
in the patients with DLBCL, composition of the plasma
cytokines normalizes, but does not reach the level of the
one observed in the healthy donors. Not only the balance
of cytokines in the blood plasma, but also changes in the
bone marrow stroma remain partially disturbed likely in
part due to the chemotherapy courses.

The relationship between cytokines is of great
importance for the regulation of hematopoiesis and
inflammation. In the plasma of healthy donors, normal
correlations in the body have been identified ensuring
maturation of the hematopoietic cells [16]. Some of these
relationships persist in patients with DLBCL. These are
correlations of factors involved in the maturation of
megakaryocytes, dendritic cells, and some subpopula-
tions of T and B lymphocytes.

At the onset of the disease, changes occurred that
were most likely associated with the presence of a tumor
in the body. There was an increase in the inflammatory
factors such as IL-6, IL-17, G-CSF, MCP-1, and MIP-1a
that stimulated production and maturation of neutrophils
and macrophages. The levels of most of these factors at
the onset of the disease correlated with each other.

Regulation of the innate immunity by the effector
and regulatory B cells is associated with the expression of
IL-12 and IFN-y (effector cells) and I1L-10 (regulatory
cells) [10]. There was no correlation between I1L-12,
IFN-y, and IL-10 in the plasma from patients at the onset
of the disease. After treatment, strong connection
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emerged between these cytokines, which indicated that
the mechanism of innate immunity had been damaged in
the patients at the onset of the disease but restored after
the treatment.

1L-4, IL-2, and IL-13 secreted by the effector B cells
and IL-10 secreted by the regulatory B cells are involved
in the regulation of adaptive immunity. In patients prior
to treatment, the levels of IL-2 and IL.-4 were correlated,
and the levels of the rest of the cytokines were unrelated.
However, after the end of treatment, correlation devel-
oped between IL-2, IL-12, and IL-10, which indicated
restoration of the B cell functions involved in the adaptive
immune response. The level of IL-10 increased in the
plasma from patients before treatment (Fig. 1). A similar
increase was found in the mouse models of lupus erythe-
matosus [17]. After treatment, the level of IL-10 normal-
ized. It is known that the cytokine profile secreted by B
cells can be altered in various diseases; it has been found
to normalize after the treatment of patients with ritux-
imab [10].

The changes occurring in the patients with DLBCL
without BM involvement affect not only hematopoietic
cells and cytokines but also other tissues, including stro-
mal microenvironment of the BM. In the plasma from
patients the levels of 1L-6 and MIP-1a were significantly
increased prior to the treatment, and after the treatment,
they were reduced to normal values. These cytokines are
involved in the acute inflammatory state. Their plasma
concentrations correlated with the concentration of
CFU-F in the BM, which indicated response of the stro-
mal precursors to the inflammatory process in the body.

When remission was achieved, the correlations disap-
peared, which was most likely because without the tumor
and acute inflammatory process, the concentration of
CFU-F could be regulated by other factors.

IL-10 is secreted by DLBCL cells [18]. The concen-
trations of IL-8, MIP-1a and IL-10 were increased in the
various fluids associated with the tumor and in the peritu-
moral tissue [6]. It was shown that concentrations of I1L-
8, IP-10, MCP-1, MIP-1, IL-6, 1L-12p40/p70, MIP-
la, IFN-a, G-CSE, and IL-2R decreased in the peritu-
moral tissue after removal of the brain tumors [19].
Hence, the data obtained in our work showing increase of
the cytokine/chemokine concentration levels and inter-
relation between these parameters in the DLBCL patient
plasma indicate that the tumor is likely to make a signifi-
cant contribution to the secretion of these cytokines and
chemokines.

Characteristics of MSCs are changed in the DLBCL
patients including total cell production, immunopheno-
types, and expression level of many genes [3]. In this study
relationships between the concentration of cytokines in
the plasma from patients and expression of the certain
genes in the MSCs from these patients at the onset of the
disease were analyzed. Direct correlations were found
between the expression of genes associated with prolifera-
tion, differentiation, and vascular formation in MSCs and
the elevated levels of pro-inflammatory cytokines and
GM-CSF in the plasma from these patients. This explains
the changes in the properties of the MSCs derived from
BM of these patients. An inhibitory effect of the increase
in the levels of IL-6, G-CSE, RANTES, MIP-1a, and
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MIP-1b in the plasma from patients on the expression of
genes involved in differentiation of MSCs and adhesion of
lymphocytes to stromal cells was revealed. Since MSCs
are one of the main components of the niche for
hematopoietic stem cells, a change in their characteristics
in the diseases involving BM has been actively studied.
[20]. However, even without the direct contact of tumor
cells with BM, significant changes occur in the MSCs.
Moreover, it could be assumed that there is a feedback
loop between the concentration of cytokines in plasma
and the secretion of cytokines by MSCs [21]. It was shown
that the 1L-6, IL-8, MCP-1, TNFa, ICAM1, and M-
CSF protein levels were increased in the MSC secretome
of the patients with DLBCL without BM involvement
compared with the levels seen in the MSCs from the
healthy donor [22]. Thus, MSCs from the BM of patients
with DLBCL contribute to the changes in the concentra-
tion and balance of the plasma cytokine levels in the
patients at the onset of the disease.

Based on the obtained results, we decided to study
the effect of the plasma from DLBCL patients on MSCs
from the healthy donors. It was shown that addition of the
plasma taken from the patients at the onset of the disease
to the culture media significantly reduced the total pro-
duction of MSCs derived from the healthy donors, while
addition of the plasma taken from the patients after treat-
ment increased the plasma cell production 2-fold
(Fig. 3a). In addition to the changes in total cell produc-
tion, MSC surface markers also changed. When plasma
taken from the patients at the onset of the disease was
added to the culture medium, the ability of MSCs to
adhere to lymphocytes increased due to the increased
expression of ICAM1 at both RNA (Fig. 3c) and protein
levels. Moreover, the factors that increased ability of
MSC:s to inhibit activation of lymphocytes (PD-L1) were
identified in the plasma taken from the patients before
and after treatment. At the same time, the ability to regu-
late hematopoietic stem cells and endothelial cells
decreased in these MSCs due to reduction in the ENG
and MCAM levels (Fig. 3b). Increase in the expression of
HLA-DR on the MSCs from the healthy donor following
addition of the plasma from patients could be associated
with activation of these cells.

All cytokines whose expression was reduced in the
MSCs cultured with the plasma from patients are
involved in the regulation of hematopoietic cells and
immune response. Expression of SDF1 in the MSCs cul-
tured with the plasma taken from the patients after treat-
ment, unlike other cytokines, increased to the level
observed in the MSCs treated with the donor plasma
(Fig. 3b). These data indicate that the ability of MSCs to
regulate hematopoietic cell migration in the BM was nor-
malized and that the MSCs changes occurring during
DLBCL could be reversible.

Thus, concentration of the proinflammatory and
regulating hematopoietic cytokines in the plasma from
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patients with DLBCL was changed. The balance between
these cytokines was disturbed at the onset of the disease
and partially restored after the end of treatment and upon
remission. Obviously, the presence of a B cell tumor in
the organism affects all tissues, including the BM stroma.
It was shown that this effect is carried out, at least in part,
through soluble factors. MSCs without direct contact
with the tumor cells change their properties, including
the factors expressed and secreted by them, contributing
to the change in the blood cytokine profile. Cultivation of
the MSCs from healthy donors in the presence of plasma
from the patients with DLBCL led to the changes similar
to those observed in the MSCs derived from the patients.
Overall, the obtained data indicate the influence of the
tumor on the BM stromal microenvironment in the
DLBCL patients, regardless of the intercellular contact of
MSCs with the tumor cells. The results of this work
demonstrate humoral regulation of the bone marrow stro-
ma by tumor cells.
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