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Abstract—Non-Hodgkin lymphoma (NHL) is a heterogeneous group of cancers that differ in pathogenesis
and prognosis. The main methods of treating NHL include chemotherapy, immunochemotherapy, and radi-
ation therapy. However, a significant proportion of these tumors are chemoresistant or rapidly recur after a
short chemotherapy-induced remission. In this regard, the search for alternative cytoreductive therapeutic
methods is relevant. Aberrant expression of microRNA (miRNA) is one of the mechanisms responsible for
the emergence and progression of malignant lymphoid neoplasms. We analyzed the profile of miRNA
expression in the biopsy material from lymph nodes affected by diffuse large B-cell lymphoma (DLBCL).
The key material of the study was histological preparations of lymph nodes obtained by excisional diagnostic
biopsy and treated using conventional histomorphological formalin fixation methods. The study group con-
sisted of patients with DLBCL (n = 52); the control group consisted of patients with reactive lymphadenop-
athy (RL) (n = 40). It was shown that the miR-150 expression level in DLBCL was reduced by more than
12 times (p = 3.6 x 10~'%) compared with RL. Bioinformatics analysis revealed the involvement of miR-150
in the regulation of hematopoiesis and lymphopoiesis. The data we obtained allow us to consider miR-150 as
a promising therapeutic target with great potential in clinical practice.
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INTRODUCTION

According to the classification of hematolymphoid
tumors WHO-HAEMS5 published by the World
Health Organization in 2022, lymphomas are a het-
erogeneous group of cancers that differ in prognosis
and pathogenesis. Non-Hodgkin lymphomas (NHLs)
are divided into B- and T-cell lymphomas. The main
subtypes of NHL include the following: diffuse large
B-cell lymphoma (DLBCL), follicular lymphoma,
Burkitt lymphoma, chronic lymphocytic leukemia,
mucosa-associated lymphoid tissue tumors, mantle
cell lymphoma, and marginal zone lymphoma. The
classification of lymphomas is based on a combination
of data on morphology, immunophenotype, specific
genetic abnormalities, and clinical features of the dis-
ease. In patients with the diagnosed disease, the clini-
cal course is extremely variable: from slow to aggres-
sive. Thus, their treatment strategies and response to
therapy also vary greatly, as do their clinical outcomes.

Abbreviations: NHL, non-Hodgkin lymphoma; DLBCL, diffuse
large B-cell lymphoma; miRNA, microRNA; RL, reactive
lymphadenopathy.

Chemotherapy, immunochemotherapy, and radiation
therapy are considered to be the main treatments for
NHL, but a significant proportion of this type of tumors
is chemoresistant or recurs after the treatment [1]. In
this regard, the search for new therapeutic approaches
remains relevant.

Advances in the study of molecular mechanisms
underlying lymphomagenesis have led to the develop-
ment of targeted drugs [2]. In recent years, microRNAs
(miRNAs) have been considered as such drugs [3].
Aberrant miRNA expression has been described for
most types of malignant tumors, including lympho-
mas [4]. In vitro experiments showed that the use of
long interfering RNA for simultaneous inhibition of
13 onco-miRNAs significantly reduced cell prolifera-
tion, induced cell cycle arrest and apoptosis in DLBCL
cell lines, mainly due to an increase in expression of
PTEN, p27Xirl, TIMP3, RECK proteins and suppres-
sion of p38/MAPK, Survivin, CDK4, c-Myc [5].
H. Due et al. [6] reported that an increase in the miR-155
level in DLBCL cell lines induced changes in the sen-
sitivity of these cells to vincristine. In addition, trans-
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fection of miR-197 and miR-187 mimetics into
DLBCL cell lines increased their sensitivity to doxoru-
bicin, enhancing apoptosis [7, 8]. Increased miR-10a
and miR-26a expression inhibited proliferation and
induced apoptosis of DLBCL cells [9, 10]. Increased
miR-223-3p expression reduced cell proliferation and
accelerated cell apoptosis in mantle cell lymphoma in
vitro and in vivo through modulation of the
CHUK/NF-kB2 signaling pathway [11]. miR-373
significantly slowed down growth of T-cell lymphoma
cells [12]. M. Morales-Martinez et al. [13] noted that
miR-7 regulates NHL chemosensitivity through nega-
tive regulation of YY1 and KLF4 genes [13]. It was shown
that miR-150 can be considered as a potential therapeu-
tic sensitizer that regulates the PI3K/AKT/mTOR path-
way in the treatment of NK/T-cell lymphoma [14].
K. Musilova et al. [15] showed that transfection of
miR-150 into follicular lymphoma cells led to a signif-
icant decrease in the proportion of cells in the S phase,
which correlated with a decrease in tumor cell prolif-
eration.

The possibility of delivering synthetic miRNA
mimetics or inhibitors has opened new therapeutic
perspectives. MRX34 (miR-34 mimetic), mesomiR-1
(miR-16 mimetic) and cobomarsen (anti-miR-155)
showed antitumor activity in phase I clinical trials.
These studies were not specifically designed for NHL,
but included patients with B-cell NHLs [3, 16, 17].

These data confirm the therapeutic potential of
miRNA. Personalized combined therapy can directly
address the main problem in the treatment of tumors
of various localization, drug resistance.

The aim of the work was to determine the miRNA
expression profile in the material of DLBCL lymph
nodes and to search for miRNAs that can be used as
targeted drugs that allow maximum personalization of
the therapy in the future.

EXPERIMENTAL

Studied groups. The experimental group included
patients with DLBCL (n = 52). The control group
consisted of patients with reactive lymphadenopathy
(RL) (n=40). Written informed consent was obtained
from each patient, all data were anonymized. The
study was approved by the Ethics Committee of the
Novosibirsk State Medical University.

The study was carried out on histological prepara-
tions of tumor lymph node biopsies, which were
treated using the classical methods of fixation in for-
malin, dehydration in isopropyl alcohol, defatting
with xylene and impregnated with paraffin.

RINA extraction. To isolate nucleic acids from for-
malin-fixed paraffinized samples, they were deparaf-
finized. To do this, 1 mL of mineral oil was added to a
tube containing three paraffin sections of lymph node
tissue with a thickness of 15 um, and thoroughly mixed
for 10 s on a vortex (BioSan, Latvia), then the tube was
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transferred to a thermoshaker and incubated at 65°C
and stirring frequency of 1300 rpm for 2 min. The
resulting suspension was centrifuged at 13000—15000 g
for 4 min, and the supernatant was removed; 1 mL of
96% ethanol was added to the precipitate, vortexed for
10 s, and centrifuged at 13000—15000 g for 4 min. The
supernatant was removed and 1 mL of 70% ethanol
was added to the precipitate, and the tube was centri-
fuged at the same speed for 2 min. The resulting pre-
cipitate was used to isolate nucleic acids.

Isolation of nucleic acids from the samples was car-
ried out using the RealBest Extraction 100 reagent kit
(Vector-Best, Russia).

miRNA selection. Based on data analysis by
E. Sebestyén et al. [18], miRNAs for which number of
copies in the sample exceeded 100 units that were pres-
ent in at least 80% of the samples studied by the authors
were selected for the study. Twenty-nine miRNAs met
these criteria: miR-124-3p, -144-5p, -15a-5p, -16-5p,
-196b-5p, -221-3p, -29b-3p, -148b-3p, -150-5p,
-18a-5p, -183-5p, -185-5p, -205-5p, -20a-5p, -23a-3p,
-23b-3p, -26b-5p, -30b-5p, -34a-5p, -451a, -9-5p,
-128-3p, -141-3p, -200b-3p, -574-3p, -96-5p, let-7a-
5p, let-7c-5p, and let-7f-5p. For normalization, the
geometric mean of C; values of three miRNAs was
used: miR-378-3p, -191-5p, and -103a-3p, which
were also selected based on the literature data [19—21].
All oligonucleotides were synthesized at Vector-Best.
Depending on the system, the E value (reaction effi-
ciency) varied from 92.5 t0 99.7%.

Reverse transcription (RT). cDNA was synthesized
in a 30 uL reaction mixture containing 3 uL of isolated
RNA, 16.2 uL of 40% trehalose solution, 3 uL of 10x
RT buffer (500 mM Tris-HCI, pH 8.3 (at 25°C),
500 mM KCI, 40 mM MgCl,), 3 uL of 4 mM solution
of deoxynucleoside triphosphates, 3 uL of 10% BSA
solution, 0.32 uL of reverse transcriptase (Vector-
Best), 1.5 uLL of 10 uM solution of the corresponding
primer for RT. The mixture was incubated for 15 min
at 16°C and 15 min at 42°C followed by inactivation
for 2 min at 95°C.

Real time PCR. miRNA expression levels were
assessed by real-time PCR on a CFX96 thermocycler
(Bio-Rad Laboratories, United States). The reaction
mixture with a volume of 30 uL contained 3 puL of
cDNA sample, PCR buffer (Vector-Best), 0.5 uM of
each primer, and 0.25 uM of a probe. Reaction condi-
tions: 2 min at 50°C, 2 min at 94°C and 50 cycles of
denaturation (10 s at 94°C), annealing and chain elon-
gation (20 s at 60°C).

Statistical analysis. Statistical analysis was per-
formed using the Statistica v13.1 program and the
Mann—Whitney U test. P values < 0.05 were consid-
ered statistically significant.
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Table 1. Comparative analysis of miRNA levels differentially expressed in samples of DLBCL and RL patients

miRNA Fold change p-Value® miRNA Fold change p-Value®
miR-26b —3.64 1.5x 10713 miR-29b —2.12 1.1 x 1077
miR-30b —1.96 1.2 x 1074 let-7¢ —2.75 3% 10°°
miR-150 —12.47 3.6 x 1071 let-7f —1.76 2.9 x 1079
miR-451a —2.57 4.8 %1073 miR-9 1.55 7 x 1073
miR-574 —1.56 3.3 x 1073 miR-23a —1.35 1.7 x 1072
let-7a —2.33 1.1 x 10710 miR-23b —2.01 1 x 1073
miR-124 1.90 1.2 x 1072 miR-96 1.54 1.9 x 1072
miR-144 —1.78 5% 1073 miR-148b —1.83 6.2 x 10712
miR-15a —1.47 1.1 x 107* miR-128 —2.00 4.1 % 1077
miR-16 —1.75 9 x 10°° miR-221 —2.47 1.5 x 1074
miR-196b —2.50 1.7 x 1073
aDifferences in expression levels are shown as multiples of values.
Differences were considered statistically significant at p < 0.05.
Table 2. Processes regulated by miR-150 target genes

Process p-Value Target genes
B-Cell activation 0.030 CCR6, EP300, FLT3, MMP14, STAT5B, TP53
B-Cell differentiation 0.019 EP300, FLT3, MMP14, STAT5B, TP53
Cell cycle control 0.049 BIRCS, EP300, POLD3, PRKCA, TP53
Hematopoiesis 0.018 CCR6, CREBI, EP300, FLT3, MMP14, MYB, PRKCA, STAT1,
STATSB, TP53, VEGFA, ZEBI

RESULTS

Expression Analysis of Studied miRNAs
in Clinical Samples

Expression levels of 29 miRNAs were analyzed by
real-time RT-PCR in 52 DLBCL samples and 40 RL
samples: miR-124, -144, -15a, -16, -196b, -221, -29b,
-148b, -150, -18a, -183, -185, -205, -20a, -23a, -23b,
-26b, -30b, -34a, -451a, -9, -128, -141, -200b, -574,
-96, let-7a, let-7c, and let-7f. A statistically significant
change in expression was revealed in DLBCL samples for
21 miRNAs compared with RL: a decrease for miR-26b,
-30b, -150, -451a, -574, -144, -15a, -16, -196b, -221,
-29b, -23a, -23b, -148, -128, let-7a, let-7c, let-7f, and an
increase for miR-124, -9 and -96 (p < 0.05) (Table 1).

The most significant differences, by more than
2 times, in miRNA expression were registered for ten
representatives: miR-26b, -150, -451a, -196b, -221,
-29b, -23b, -128, let-7a, and let-7c. The distribution
of the relative expression levels of these miRNAs,
including the median value and interquartile range, is
shown in Fig. 1.

Thus, miR-150 was found to have the largest range
of expression changes among the studied miRNAs: its
level was reduced by more than 12 times in DLBCL
cells compared with nontumor tissue. Apparently,
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aberrant expression of this miRNA is associated with
tumor development.

Bioinformatics Analysis of miRNA- 150 Target Genes

The understanding of gene regulation mechanisms
is one of the main tasks of molecular biology and bio-
informatics. Experimentally confirmed pathways that
are significantly enriched in miR-150 targets and dis-
orders that can be associated with DLBCL (Table 2)
were identified using the miRPathDB 2.0 resource
(https://mpd.bioinf.uni-sb.de/).

DISCUSSION

Lymphocytes are among the most important cellu-
lar components of the immune system. Most lympho-
mas originate from B lymphocytes that have under-
gone neoplastic transformation. B-cell lymphoma
subtypes are heterogeneous in terms of genetic and
clinical characteristics [22]. The development of
B cells is a complex process involving both transcrip-
tion factors and cytokines, as well as miRNAs [23].
S. Koralov et al. [24] showed that the Dicer ribonucle-
ase, a key participant in miRNA processing, is involved
in the development of B lymphocytes, which suggests
that a complex signaling cascade is involved in the reg-
ulation of this biological process.
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Fig. 1. The relative levels of differentially expressed miRNAs in DLBCL and RL samples. The horizontal black line within the
box is the median, the box is the interquartile range, error bars are the range without outliers, outliers are indicated by circles. For
all miRNAs presented, differences in expression were statistically significant (p < 0.05 according to the Mann—Whitney test).
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We analyzed expression levels of 29 miRNAs in
DLBCL and RL samples and found the most signifi-
cant differences, more than 2 times, for ten miRNAs:
miR-26b, -150, -451a, -196b, -221, -29b, -23b, -128,
let-7a, and let-7c. According to the literature data,
these miRNAs are involved in the regulation of nor-
mal hematopoiesis; therefore, their aberrant expres-
sion may be involved in the development of both
myeloid and lymphoid tumors [25—31]. It should be
noted that miR-150 expression is reduced by more
than 12 times (p = 3.6 X 10~%) in DLBCL samples
compared with tissues of nontumor nodules. Thus,
miR-150 may be one of the key participants in the
malignant transformation of B lymphocytes.

A number of works reflecting the role of miRNAs
in B-cell differentiation and the development of B-cell
lymphomas have been published [32]. miR-150 con-
trols B-cell differentiation by acting on the c-Myb
transcription factor [33]. c-Myb plays an important
role during the development of B cells, in maintaining
their proliferation, as well as in the cell cycle control of
hematopoicetic cells [34]. Disturbances in each of these
biological processes contribute to the progression of
tumors of various geneses, characterizing c-Myb as an
important link in the development of both solid and
hematological tumors. Studies on the mechanisms of
carcinogenesis in Burkitt lymphoma revealed the key
role of ZDHHC11and ZDHHC11B genes in maintain-
ing the MYC—miR-150—MYB pathway, which provide
tumor development [35]. Burkitt lymphoma, like
DLBCL, is an aggressive B-cell ymphoma. The MYC,
MYB, and ZDHHCI1 genes were also shown to be
involved in DLBCL oncogenesis [36]. Thus, it is possi-
ble that similar regulatory pathways, in which miR-150
is involved, may be engaged in the development of
DLBCL. M. Wang et al. [37] identified miR-150 as a
tumor suppressor that reduces proliferation of Burkitt
lymphoma cells, identifying c-Myb and Survivin as
targets for this miRNA. In NK/T-cell lymphoma cells,
increased expression of miR-150 correlates with
increased apoptosis and reduced cell proliferation,
which confirms the role of this miRNA as a suppressor;
at the same time, DKC1and AKT2genes were identified
as its direct targets [38]. In addition, miR-150 is
involved in the development of T cells by regulating
NOTCH3 expression, as well as the AKT3/Bim signal-
ing pathway [39, 40]. A decrease in miR-150 expres-
sion promotes multiple organ invasion and metastasis
of T-cell lymphoma due to increased expression of the
target, CCR6 [41].

From a fundamental point of view, miR-150 can be
considered a regulator of the development of lympho-
mas. In addition, the potential of this miRNA as a
clinical and biological marker has already been shown.
Thus, M. Mraz et al. [42] found that in patients with
chronic lymphocytic leukemia, an increased level of
miR-150 in the blood correlates with a longer overall
survival. A H. Wang et al. [43] showed that reduced
miR-150 expression correlates with shorter overall
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survival and progression-free periods in patients with
primary gastrointestinal DLBCL.

As noted above, miRNAs are important regulators
of normal hematopoiesis. In particular, miR-150 reg-
ulates terminal erythropoiesis in humans [44]. J. Lu
et al. [45] noted that miR-150 modulates the develop-
ment of megakaryocyte-erythroid progenitors, while
the level of its expression is significantly reduced
under conditions of an increased demand for erythro-
poiesis. Very often, in patients with DLBCL, the dis-
ease is accompanied by anemia, which allows us to con-
sider miR-150 as one of the potential regulators of this
physiological process as well. Thus, C. Apple et al. [46]
found differential expression of miR-150, miR-223,
miR-15a, and miR-24 in the bone marrow of patients
with hip joint injury, noting the important role of these
miRNAs in erythropoietic dysfunction associated with
anemia.

Analysis of miRNA expression levels can be used as
biomarkers not only in tissues, but also in blood
plasma. H. Fayyad-Kazan et al. [47] believe that
plasma levels of miR-150 and miR-342 can be consid-
ered as promising biomarkers in the diagnosis of acute
myeloid leukemia.

Thus, it can be assumed that miR-150 mediates
many pathophysiological processes by regulating
expression of its target genes. Based on the data we
obtained, miR-150 can be considered as a promising
therapeutic target with great potential in clinical
practice.
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