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Description

[0001] Described is the use of plant-derived miR172 molecule or its synthetic equivalent, selected from amongst
miR172a or miR172b, for decreasing inflammatory processes in the organism, a method of decreasing B and T lym-
phocyte proliferation, as well as a method of reducing protein FAN (Factor Associated with Neutral Sphingomyelinase
Activation) level. The goal of the present invention is to deliver a novel therapeutic method based on miRNA molecules,
which through the interaction with mRNA encoding FAN protein, negatively regulate its expression and decrease the
inflammatory response of the organism.
[0002] MicroRNAs (miRNAs) are a class of single-stranded, regulatory RNAs that are widely evolutionarily conserved
among many known species [1-3]. These short (18-24 nt), non-coding molecules mediate post-transcriptional gene
expression regulation by promoting cleavage or inhibiting translation of the target mRNA [4-6]. As a mature sequence
forms, miRNAs are generated in multi-step process, which begins with miRNA gene transcription into long primary
transcript with many stem-loop units (pri-miRNA). The pri-miRNA is further processed into the hairpin precursor (pre-
miRNA) and cleaved to generate miRNA:miRNA* duplex with two nucleotide overhangs at the 3’ end. Described, individual
stages of miRNAs precursors processing are slightly different in animal and plant organisms [7-10]; however, the final
step of miRNAs maturation process is similar in both cases. Namely, one of the duplex strands (*-strand) is usually
degraded; whereas the second strand is loaded on the RISC (RNA-Induced Silencing Complex) multicomplex, which
binds to the specific mRNA transcript [9-13]. Through this hybridization, miRNAs negatively regulate the expression of
target genes thereby controlling cell development, apoptosis, proliferation, differentiation and other important functions
in living organisms [9, 14, 15]. In humans, several reports have associated the expression profiles of specific miRNAs
with certain physiological and pathological stages, tumorigenesis or even patient response to treatment. Thus, in medicine
miRNAs become new diagnostic and prognostic biomarkers [16, 17], and have been incorporated in a few novel therapies
for treating several human disorders [18, 19]. In the medical context, miRNAs are also well known for their involvement
in the regulation of organism immune response, immunity or inflammation. miRNAs’ effect on these processes is con-
nected among others with the: (1) interferon and cytokines signalling pathways, (2) development and differentiation
regulation of B and T lymphocytes, macrophages, monocytes, NK cells, as well as granulocytes, or (3) activation of
some of these cells, which are part of innate and adaptive immune system [20-23]. The aforementioned T and B lym-
phocytes and factors such as the tumor necrosis factor alpha (TNF-a) play an important, indeed: critical, role in a number
of autoimmune diseases - e.g., rheumatoid arthritis, psoriasis, atherosclerosis, Crohn’s disease and multiple sclerosis
[24-31]. At present, there are several known methods; of treating autoimmune diseases, such as anti-TNF-α therapy;
however, due to their significant adverse effects (including increase susceptibility to infections) further research are
carried out to find novel therapies, which will allow to decrease or even avoid these negative effects [32, 33]. One such
recently proposed therapeutic target in the treatment of autoimmune diseases is the FAN (Factor Associated with Neutral
Sphingomyelinase Activation) protein encoded by the NSMAF gene [34]. FAN is an adaptor molecule, which, through
its interaction with the NSD domain of the TNF-R1 receptor, modulates expression of genes induced by the TNF-a;
namely, genes encoding inflammatory proteins, such as interleukin 6 (IL-6), and chemokines, e.g., CCL5, CCL9, CCL20
and CXCL-2 [34-36]. Research performed on mice showed that in FAN-/- individuals, the TNF-α-induced expression of
the aforementioned pro-inflammatory molecules was selectively altered. This resulted in a disruption of the leukocyte
population in secondary lymphoid organs, as observed through the reduction of macrophages, neutrophils, dendritic
and lymphoid cells number in the spleen [34, 36].
[0003] Aside from all drug treatments, there are also many known household methods of dealing with inflammation
and immune responses [37-39]. One of the most effective and oldest methods is the use of cabbage (Brassica oleracea
var. capitata), and more precisely applying cabbage leaves compresses or drinking the cabbage juice. Due to its specific
properties, cabbage has been used in natural medicine mainly for rheumatic pain, veins and lymphatic vessels inflam-
mation, bruises, sprains, mastitis, or gastrointestinal problems. Its "spectrum" of use is however much wider and en-
compasses treatment of both internal and external diseases [40-42]. As is suggested by the newest research, the effect
of consumed plants on the human organism may be attributed not only to the minerals, antioxidants, vitamins or polypep-
tides contained therein, but also to the presence of small RNA molecules - miRNAs. The study by Zhang et al. provided
evidence not only that food-derived miRNAs are abundant in human serum but also that they can negatively regulate
expression of specific genes in mammals. For example, MIR168a inhibits expression of the low-density lipoprotein
receptor adapter protein 1 (LDLRAP1) in liver and thereby disrupts LDL plasma homeostasis [43]. Plant-derived miRNAs
were also identified by Wang et al., who showed that miRNA molecules compose a significant sRNAs fraction in human
plasma [44]. These recent reports on the cross-kingdom regulation by plant miRNAs open a new door for natural medicine
and the treatment of many known diseases.
[0004] In the patent application CN102887948 (publ. 2013-01-23) antibacterial and immunoregulation polypeptide
medicine is described. The invention belongs to a biotechnology, and relates to an antibacterial and immunoregulation
apoE-mimetic peptide medicine. The apoE-mimetic peptide ApoE23 has a structure represented by the sequence 1. In
vivo and in vitro tests demonstrate that the apoE-mimetic peptide can lower the LPS-induced TNF-alpha, IL-6 and IL-
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10 expression in THP-1 cells and human peripheral blood mononuclear cells, obviously reduce the death rate of mice
with septicopyemia, reduce the TNF-α, IL-6 and LPS concentrations in the blood plasma of the mice with septicopyemia,
relieve the inflammation in the lung, liver, small intestine and spleen of the mice with septicopyemia, and can kill Es-
cherichia coli, Pseudomonas aeruginosa, pan-drug resistant Acinetobacter baumannii and Staphylococcus aureus. The
apoE-mimetic peptide can be used to prepare Gram-negative bacilli resistant and pan-drug resistant Gram-negative
bacilli resistant polypeptide medicines and immunoregulation polypeptide medicines and anti-septicopyemia medicines.
[0005] Patent application WO2012153854 (publ. 2012-11-15) provides novel means for modulating the expression of
cytokine-chemokine genes associated with inflammation and infection are described. Specifically, the invention provides
an antisense nucleotide that comprises the sequence complementary to the 3’UTR of the CCL2, CCL20, CX3CL1, IL-
23A, CD69, NF-κB p65, TNF-α Fam89a, Grk5, phosopholipid scramblase 1, Runx1, semaphorin 4A, Steap4, lymphotoxin
β Psmb10 or TLR2 gene induced by IL-1β and that is capable of modulating the expression of the gene; sense oligo-
nucleotide that contains the sequence complementary to the endogenous antisense transcription product containing the
sequence complementary to the 3’UTR of the gene and that is capable of modulating the expression of the gene; and
an agent that prevents and/or treats inflammatory disease or infection and contains the sense or antisense nucleotide.
[0006] In the patent application AU2012201409 (publ. 2012-03-29) RNA interference is provided for inhibition of tumor
necrosis factor α (TNF-α) by silencing TNF-α cell surface receptor TNF receptor-I (TNFRI) mRNA expression, or by
silencing 5 TNF-α converting enzyme (TACE/ADAM17) mRNA expression. Silencing such TNF-α targets, in particular,
is useful for treating patients having a TNF-α-related condition or a risk of developing a TNF-α-related condition such
as the ocular conditions dry eye, allergic conjunctivitis, or ocular inflammation, or such as dermatitis, rhinitis, or asthma,
for example.
[0007] Patent application WO2012115469 (publ. 2012-08-30) relates to an antiinflammatory functional food compo-
sition for oral administration, and more particularly, to a method for extracting, from grain and fruit, active ingredients
which are effective in preventing inflammation and improving symptoms, and to an anti-inflammatory functional food
composition comprising the extracts for oral administration. To this end, the anti-inflammatory functional food composition
for oral administration according to the invention is prepared by obtaining extracts of Morus alba L. (mulberry), black
turtle beans (black beans), and onions, and mixing said extracts at an appropriate ratio. The thus-prepared functional
food composition may be used as a composition for anti-inflammatory analgesics, and has the effects of preventing and
alleviating the symptoms of arthritis, as it exhibits, in an appropriate capacity range, superior antioxidant effects, inflam-
matory edema relieving effects, acute inflammation and chronic inflammation inhibitory effects, effects of inhibiting the
expression of lipoxygenase, cyclooxygenase-2, inducible nitric oxide synthase (iNOS) and type I collagenase which are
pro-inflammatory enzymes, and effects of inhibiting the production of tumor necrosis factor-alpha (TNF-α), interleukin
1-beta (IL-1β), interleukin 6 (IL-6) and prostaglandins, which are pro-inflammatory factors.
[0008] In a patent application KR101090177 (publ. 2011-12-06) an IL-32 antagonistic RNA aptamer is provided to
suppress TNF-α expression and to develop a therapeutic agent for inflammatory diseases. An RNA aptamer has a
sequence of sequence number 7 and binds to IL-32 as an antagonist. The RNA aptamer blocks the function of intrinsic
IL-32. The RNA aptamer has high affinity with IL-32. The RNA aptamer is applied for developing a therapeutic agent for
treating chronic inflammation such as rheumatic arthritis.
[0009] The patent application JP2003267880 (publ. 2003-09-25) describes composition for antiallergy and antiinflam-
mation, which has excellent stability, cost, and is safe. The interleukin-4 production inhibitor comprises Brassica oleracea
acephala and/or Brassica orelacea acephala extract. The composition for antiallergy and the composition for antiinflam-
mation comprise the interleukin-4 production inhibitor and have excellent effect on allergies such as allergic rhinitis,
pollinosis, etc. These compositions are orally administered or used as skin care preparations.
[0010] Patent application WO03070897 (publ. 2003-08-28) concerns methods and reagents useful in modulating TNF
superfamily and TNF receptor superfamily gene expression in a variety of applications, including use in therapeutic,
diagnostic, target validation, and genomic discovery applications. Specifically, the invention relates to small nucleic acid
molecules, such as short interfering nucleic acid (siNA), short interfering RNA (siRNA), double-stranded RNA (dsRNA),
micro-RNA (miRNA), and short hairpin RNA (shRNA) molecules capable of mediating RNA interference (RNAi) against
TNF superfamily and TNF receptor superfamily gene expression and/or activity. The small nucleic acid molecules are
useful in the treatment of septic shock, rheumatoid arthritis, HIV and AIDS, psoriasis, inflammatory or autoimmune
disorders and any other disease or condition that responds to modulation of TNF and/or TNF receptor expression or
activity.
[0011] In the patent application US2008279862 (publ. 2008-11-13) methods for treating an inflammatory or an immune
condition are described. The invention relates to methods for treating an inflammatory or an immune condition with IL-
1 inhibitors and an inhibitor of B cell or T cell activation. Methods for treating an inflammatory or an immune condition
with TNF inhibitors and an inhibitor of B cell or T cell activation are described.
[0012] In the patent application US2012301484 (publ. 2012-11-29) novel regulatory T cell proteins and uses thereof
are described. One protein, designated PD-L3, resembles members of the PD-L1 family, and co-stimulates αCD3 pro-
liferation of T cells in vitro. A second, TNF-like, protein has also been identified as being upregulated upon αCD3/αGITR
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stimulation. This protein has been designated Treg-sTNF. Proteins, antibodies, activated T cells and methods for using
the same are disclosed. In particular methods of using these proteins and compounds, preferably antibodies, which bind
or modulate (agonize or antagonize) the activity of these proteins, as immune modulators and for the treatment of cancer,
autoimmune disease, allergy, infection and inflammatory conditions, e.g. multiple sclerosis is disclosed.
[0013] Patent application DE4006768 (publ. 1991-09-05) relates to the antirheumatic agent (I) obtained from the juice
of cabbage leaves, which also contains olive oil to give the mixture the right consistency. Preferably it is in the form of
a salve, which contains (in addition to the olive oil) an emulsifier and a preservative. A preferred ratio: 10-80 wt.% leaf
extract/juice and 10-80 wt.% olive oil; ideally the salve contains a total of 5-80 (10-40) wt.% olive oil and emulsifier.
Preferably the olive oil is cold-pressed. The antirheumatic agent (I) alleviates inflammation and pain associated with
rheumatism. It can also be used in cases of lumbago, migraine, headache, tendon inflammation, dislocation and swelling.
If necessary the salve can be wrapped in tissues and used overnight as a compress.
[0014] In the patent application PL397846 (publ. 2003-07-18) method of treating TNF-α-related diseases, comprising
administering of TNF-α inhibitors, including TNF-α antibodies is described.
[0015] The goal of the present invention is to provide a novel method of treating various types of disorders and
conditions, which decreases the inflammatory response of the organism by means of using plant-derived miR172 mol-
ecule or its synthetic equivalent. In the present invention, the plant-derived miR172 molecules are represented, respec-
tively, by bol-miR172a or bol-miR172b molecules derived from Brassica oleracea var. capitata (cabbage). Previous
reports concerning the use of cabbage in the treatment of various diseases and conditions did not associate its medicinal
properties with the presence of miRNA molecules. For purposes of the present invention, the bioinformatics analysis of
the results obtained by high-throughput sequencing of Brassica oleracea sRNAs was carried out, which confirmed the
presence and determined the relative quantity of miRNA molecules in mature cabbage leaves. In the next step of carrying
out the invention, the prediction of human target genes for identified cabbage miRNAs was performed.
[0016] The aforementioned bioinformatics target genes prediction for B. oleracea miRNAs revealed that bol-miR172a
and bol-miR172b molecules, present in considerable quantities in cabbage leaves, may interact with mRNA encoding
FAN protein and therefore negatively regulate its expression. The FAN protein mediates inflammatory responses by
interacting with tumor necrosis factor receptor-1 (TNF-R1) and for this reason become a novel, potential therapeutic
target in the treatment of autoimmune diseases [34, 36]. The carried out for the purposes of the present invention,
measurements of FAN protein quantity performed on PBMCs (Peripheral Blood Mononuclear Cells) with the use of the
ELISA assay confirmed that the presence of bol-miR172a or bol-miR172b reduces the level of FAN protein. Moreover,
an in vitro test assessing the function of T and B lymphocytes under the stimulation of specific mitogens revealed that
abundance of the aforementioned miRNAs molecules (at an appropriate concentration) decrease T and B lymphocytes
proliferation. Phenotypic evaluation of PBMCs, also performed for purposes of this invention, additionally showed that
the presence of bol-miR172a, as well as simultaneous presence of bol-miR172a and specific mitogen, slightly alters
fraction of CD25+ cells in lymphocyte CD3+ population.
[0017] Despite the existing prior art and the knowledge related to miRNAs, the research performed so far neither
furnish any proofs supporting the influence of plant miRNA molecules on the regulation of inflammatory processes in
the human organism nor provide methods of utilising said molecules for therapeutic purposes.
[0018] Realisation of the goal so specified, as well as showing of proofs that specific miRNA molecules are responsible
for certain medical properties of some plants, have been achieved in the present invention.
[0019] The subject matter of the invention is the plant-derived miRNA molecule or its synthetic equivalent, selected
from amongst miR172a or miR172b, wherein miR172a is represented by the sequence SEQ. ID No. 1 and miR172b by
the sequence SEQ. ID No. 2, and wherein said molecule has at least 6 out of 7 nucleotides present in the "seed" region
represented by the sequence GAAUCUU and has at least 75% sequence similarity to SEQ. ID No. 1 or SEQ. ID No. 2,
for use in decreasing the inflammatory response or for preventing an increase in the inflammatory response of the
organism.
[0020] Preferably, the plant-derived miRNA molecule or its synthetic equivalent is for reducing proliferation of T and
B lymphocytes.
[0021] Preferably, the plant-derived miRNA molecule or its synthetic equivalent is for reducing the level of FAN (Factor
Associated with Neutral Sphingomyelinase Activation) protein.
[0022] Preferably, the plant-derived miRNA molecule or its synthetic equivalent interacts with mRNA encoding FAN
protein negatively regulating its expression and therefore reducing proliferation of T and B lymphocytes.
[0023] Preferably, the plant-derived miRNA molecule or its synthetic equivalent interacts with mRNA encoding FAN
protein negatively regulating its expression and therefore reducing the level of the FAN protein.
[0024] Preferably, the expression of FAN protein is negatively regulated and the level of FAN protein is reduced.
[0025] Preferably, the plant-derived miRNA molecule or its synthetic equivalent is 6, 7, 8, 9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28 nucleotides long.
[0026] Preferably, the plant-derived miRNA molecule or its synthetic equivalent has 2’- or 3’-O-methylation of the
ribose of last nucleotide at the 3’ end.
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[0027] Preferably, the inflammatory response of the organism is decreased by reducing proliferation of T and B lym-
phocytes.
[0028] Preferably, the inflammatory response of the organism is decreased by reducing the level of FAN protein.
[0029] The attached Figures allow for a better understanding of the essence of the present invention.

Figure 1 The binding site of mRNA encoding FAN protein (marked as "Reference") predicted for bol-miR172a
molecule (marked as "Query"). In the alignment "|" refers to a perfect complementarity between bases, "-" represents
a gap, while ":" stands for a G:U wobble pair. The calculated score for presented alignment is 177, while minimum
free energy of the structure (MFE) was -24.16 kcal/mol.
Figure 2 Results of the measurements of FAN protein concentration (ng/ml) depending on the bol-miR172a molecule
(presence at 3 different concentrations). The in vitro ELISA assay was performed on human peripheral blood MNCs.
The presented results are mean values (ng/ml) calculated from two replicates.
Figure 3 Results of the in vitro assay for the human T and B lymphocyte function, where Fig. 3a shows the influence
of the bol-miR172a molecule (present at 3 different concentrations) on the proliferation of T lymphocytes stimulated
by phytohemagglutinin (PHA), Fig. 3b shows the influence of the bol-miR172a (present at 3 different concentrations)
on the proliferation of B lymphocytes stimulated by Staphylococcus aureus (Cowan strain, SAC), Fig. 3c shows the
influence of the bol-miR172a (present at 3 different concentrations) on the proliferation of T lymphocytes stimulated
by anti-CD3 antibodies (OKT3), and Fig. 3d shows the influence of the bol-miR172a (present at 3 different concen-
trations) on the proliferation of B lymphocytes in the case of their auto stimulation. The presented results are mean
cpm values calculated from three replicates.
Figure 4 Results of the phenotypic evaluation of human PBMCs using flow cytometry, where Fig. 4a shows the
results of phenotypic evaluation of PMNCs incubated with miRNA and miRNA + PHA mitogen for 3 hours, Fig. 4b
shows the results of phenotypic evaluation of PMNCs incubated with miRNA and miRNA + PHA mitogen for 6 hours,
and Fig. 4c shows the results of phenotypic evaluation of PMNCs incubated with miRNA and miRNA + PHA mitogen
for 24 hours. The presented results constitute the fraction (%) of CD25+ cells in lymphocyte CD3+ population are
mean values calculated from three replicates.

[0030] Herein below are shown exemplary modes of carrying out the invention defined above.

EXAMPLES

MATERIAL AND METHODS

Example 1

High-throughput Sequencing Identification of miRNA Molecules from the Mature Brassica oleracea Leaves

[0031] Using the modified Trizol method as described by Szarzynska et al. [45], total RNA enriched with sRNA was
isolated from the mature cabbage leaves (Brassica oleracea var. capitata, cultivar Balbro) in three independent biological
replicates. Next generation sequencing (NGS) using the Illumina HiSeq technology was performed according to the
manufacturer’s protocol. Sequencing reads were generated from three constructed small RNA libraries. Each raw sRNAs
dataset was further bioinformatically analyzed to clean, remove unnecessary tags and identify sequences representing
conserved and novel miRNAs. The relative quantities of discovered cabbage miRNA molecules were estimated on the
basis of mean values, calculated from the normalized number of miRNA tags in all three libraries [46]. The data obtained
from small RNAs sequencing have been deposited in the NCBI’s Gene Expression Omnibus repository under accession
number GSE45578.

Example 2

Prediction of Putative Human Target Genes for Brassica oleracea miRNAs

[0032] The sequences of the identified conserved and novel cabbage miRNAs were used to predict their potential
human target genes. The Homo sapiens 3’UTR, 5’UTR and CDS sequences, that were downloaded from the UCSC
Genome Bioinformatics Site (http://genome.ucsc.edu/) and NCBI CCDS Database (www.ncbi.nlm.nih.gov/CCDS/Ccds-
Browse.cgi) [47], respectively, served as reference target genes dataset. The bioinformatics targets prediction was
performed using miRanda method (www.microrna.org/microrna/getDownloads.do). The miRanda search procedure ex-
amines sequence complementarity, interspecies conservation and thermodynamic stability of the miRNA:mRNA duplex
[48]. The prediction parameters were as follows: (1) G:U base pairing was permitted but scored lower (score +2) than
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canonical base pairs (score +5), (2) the alignments with gaps and non-canonical base pairs in the "seed" region (2-8 nt
at the 5’ end of the molecule) were discarded, and (3) alignments with scores over 130 and minimum free energy (MFE)
of the structure less than -17 kcal/mol were selected. The generated list of putative human targets genes was sorted by
the highest alignment score and lowest MFE of the structure. To designate potential processes involving the predicted
mRNA sequences and to suggest a probable influence of cabbage miRNAs on human organism, the selected targets
were mapped on the UniProt database (www.uniprot.org) and annotated using the Blast2GO (ht-
tp://www.blast2go.com/b2ghome) software [49]. The obtained dataset was analysed manually and the most interesting,
for the invention, human target gene for cabbage bol-miR172 was selected, namely mRNA encoding FAN protein
represented by the sequence SEQ. ID No. 3.

Example 3

Measurement of FAN Protein Quantity Using ELISA Assay

[0033] Mononuclear cells (MNCs) were isolated from peripheral blood of healthy donors by density gradient centrifu-
gation for 12 min (2500 rpm, room temperature) using Ficoll- Histopaque (1077 g/l). Isolated MNCs were washed twice
with 0.9% NaCl solution (1800 rpm, 10 min) and cultured in Parker medium supplemented with L-glutamine (2 mM), 3-
β-mercaptoethanol, HEPES (0.23%), fetal calf serum (FCS, 10%) and gentamicin (0.1 mg/ml). The appropriate volume
of miRNA was added to the cultures to yield a 15 pM, 30 pM and 60 pM concentrations. LPS in a 1 mg/ml concentration
(Sigma-Aldrich) was used to stimulate cells. After addition of LPS, cells were incubated at 37°C, in 5% CO2 humidified
atmosphere for 72 h. Next, cells were collected, centrifuged (1800 rpm, 10 min) and washed twice with phosphate-
buffered saline (PBS). Centrifuged cells were resuspended in 200 ml of PBS and frozen in -20°C. According to the ELISA
kit manufacturer’s protocol (Cloud-Clone Corp.), cells were frozen and thawed three times before FAN protein labelling.
The level of FAN protein was determined in the collected supernatant using the LEDETECT96 plate reader at 450 nm
wavelength.

Example 4

In vitro Proliferation Assay for Lymphocyte Function

Peripheral Blood Mononuclear Cells (PBMCs) Isolation:

[0034] Mononuclear cells (MNCs) were isolated from peripheral blood of healthy donors by gradient centrifugation
using Gradisol (Ficoll) (1077 g/l). Next, they were counted in a Bürker chamber using Türk solution. Isolated MNCs were
diluted to 1x106 cells/ml concentration in culture medium. The cell lines were cultured in Parker medium supplemented
with L-glutamine (2 mM), 3-β-mercaptoethanol, HEPES (0.23%), fetal calf serum (FCS, 10%) and gentamicin (0.1 mg/ml).

Proliferation Test :

[0035] The lymphocytes cultures were seeded into a 96-well plate with 1x105 cells/well and stimulated by specific
mitogens: anti-CD3 monoclonal antibodies (OKT3, 1 mg/ml), phytohemagglutinin (PHA, 20 mg/ml, Sigma-Aldrich) and
Staphylococcus aureus Cowan strain (SAC, 0.004%) suspension. To each well the appropriate volume of miRNA was
added to yield a 15 pM, 30 pM and 60 pM concentrations. The control cultures contained the equivalent volume of culture
medium only. The prepared cultures were incubated at 37°C, in 5% CO2 humidified atmosphere for 72 h. After addition
of the [3H] thymidine, incubation was continued for 17 h in the aforementioned conditions. The cell cultures with [3H]
thymidine incorporated into DNA, were transferred from plate onto filter paper by automatic harvester. For cell counting
the scintillation counter was used. The results are reported as counts per minute (cpm).

Example 5

Evaluation of PBMCs Phenotype under PHA Mitogen Stimulation and miRNA Abundance

[0036] The evaluation of CD25+ (a chain of IL-2 receptor) cells subpopulation in MNCs population was performed with
the use of immunofluorescence technique and flow cytometry. Mononuclear cells (MNCs) were isolated from peripheral
blood of healthy donors by gradient centrifugation using Gradisol L (1077 g/l). Next, the isolated MNCs (in 1 x 106 cells/ml
concentration) were incubated for 3 h, 6 h and 24 h with miRNA in 30 pM concentration, after PHA (Sigma-Aldrich)
stimulation in 20 mg/ml and 30 mg/ml concentration. Cell’s phenotype was labelled with the appropriate monoclonal
antibodies CD25-FITC and CD3-PE (Becton-Dickinson) by bicolor immunofluorescence technique. The MNCs were
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incubated with the antibodies for 15 min in room temperature, without access to the light. The labeled cells were then
washed twice with PBS supplemented with 0.1% FCS. Next, they were resuspended in 500 ml of FACSFlow and detected
by the flow cytometer F ACSCalibur (Becton-Dickinson). Data acquisition, storing and analysis was performed with the
use of CellQuest software (Becton-Dickinson). The results were presented as CD25+ cells fraction in CD3+ cells (lym-
phocytes T) population.

RESULTS

Identification of miRNA Molecules in Mature Cabbage Leaves

[0037] To identify a larger set of miRNA molecules in the mature Brassica oleracea var. capitata leaves the high-
throughput sequencing of three independent sRNA libraries was performed. The generated raw reads were further
bioinformatically processed. As a result of aforementioned analysis, 261 conserved miRNAs (belonging to 62 families)
were discovered (together with their estimated quantities) [46]. Among the most abundant molecules, the bol-miR172a
(SEQ. ID No. 1) and bol-miR172b (SEQ. ID No. 2), which are the subject matter of the invention, were found.

Potential Human Target Genes Prediction for Identified Brassica oleracea miRNAs

[0038] In the next step of carrying out the invention, prediction of putative human target genes for cabbage miRNAs
molecules was performed. The results generated by miRanda method were sorted by the highest alignment score and
lowest MFE of the structure. Among the predicted human targets the most interesting for the invention and associated
with the inflammatory processes, was the mRNA molecule encoding FAN protein (SEQ. ID No. 3). Molecules bol-miR172a
(SEQ. ID No. 1) and bol-miR172b (SEQ. ID No. 2), which are present in a large quantities in cabbage leaves, were
selected to interact with the mRNA encoding FAN protein. The aforementioned hybridization occurs, according to the
method used, in the CDS region of the target mRNA. The sequence complementarity of the miRNA and mRNA binding
site was designated to 89.4%. The calculated alignment score was 177, while minimum free energy of the structure was
-24.16 kcal/mol (Fig. 1).

Influence of miRNA Abundance on FAN Protein Level

[0039] An important step in the implementation of the invention was to determine the impact of the molecule bol-
miR172a or bol-miR172b on the FAN protein level. Performed on the human PBMCs, in vitro analysis with the use of
ELISA method showed that abundance of bol-miR172a in a concentration of 15 pM, 30 pM, as well as 60 pM reduces
significantly level of the FAN protein in analyzed preparation. The greatest decrease of FAN protein quantity was observed
in a presence of bol-miR172a in 30 pM concentration (Fig. 2).

Effect of miRNA Abundance and Mitogen Stimulation on T and B Lymphocyte Proliferation

[0040] In vitro evaluation of the human T and B lymphocyte function associated with their autostimulation or stimulation
by specific mitogen, such as PHA, SAC and OKT3, showed that abundance of bol-miR172a in 30 pM concentration
significantly reduce the B and T lymphocyte proliferation in the case of their autostimulation or presence of a specific
mitogen (Fig. 3a, b, c and d).

Phenotypic Evaluation of MNCs by Flow Cytometry

[0041] Flow cytometric analysis of human PBMCs incubated for 3 h, 6 h and 24 h with bol-miR172a molecule (in 30
pM concentration), confirmed the slightly altered fraction of CD25+ cells in lymphocyte CD3+ population relative to the
control.
Additionally, similar minor changes in fraction of CD25+ cells in lymphocyte CD3+ population relative to the control were
observed in the case of the simultaneous presence of bol-miR172a molecule (in 30 pM concentration) and PHA mitogen
in 30 mg/ml concentration (Fig. 4a, b and c).

To Summarize:

[0042] Performed in vitro lymphocyte proliferation assay, which measures lymphocytes ability to proliferate in response
to various stimuli, showed that presence of bol-miR172a molecule reduces the proliferation of B lymphocytes, as well
as T lymphocytes in the case of their autostimulation or stimulation by SAC, OKT3 and PHA mitogen, respectively.
Moreover, the phenotype evaluation of PBMCs using flow cytometry method revealed that abundance of the bol-miR172a
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molecule, with or without the simultaneous presence of the PHA mitogen, slightly changes the fraction of the CD25+
cells in T cell population. Aforementioned results showed that bol-miR172a and bol-miR172b molecules are able to
modulate B and T lymphocyte proliferation without affecting the activated T cells (CD25+) subpopulation. The mechanism
responsible for the presented actions of bol-miR172a and bol-miR172b molecules is related to their interaction with
mRNA encoding FAN protein. The influence of bol-miR172a molecule on the FAN protein level in PBMCs was evaluated
by in vitro ELISA assay. Performed analysis revealed that abundance of the bol-miR172a (in all tested concentrations)
results in a significant reduction of the FAN protein level.

SEQUENCE LISTING

[0043]

SEQ. ID No. 1
miR172a, RNA molecule, 21 nt
AGAAUCUUGAUGAUGCUGCAU

SEQ. ID No. 2
miR172b, RNA molecule, 21nt
AGAAUCUUGAUGAUGCUGCAU

SEQ. ID No. 3
NM_003580.3, Homo sapiens neutral sphingomyelinase (N-SMase) activation associated factor (NSMAF),
transcript variant 1, mRNA, 3582 bp
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Claims

1. Plant-derived miRNA molecule or its synthetic equivalent, selected from amongst miR172a or miR172b, wherein
miR172a is represented by the sequence SEQ. ID No. 1 and miR172b by the sequence SEQ. ID No. 2, and wherein
said molecule has at least 6 out of 7 nucleotides present in the "seed" region represented by the sequence GAAUCUU
and has at least 75% sequence similarity to SEQ. ID No. 1 or SEQ. ID No. 2, for use in decreasing the inflammatory
response or for preventing an increase in the inflammatory response of the organism.

2. The plant-derived miRNA molecule or its synthetic equivalent for use according to claim 1 for reducing proliferation
of T and B lymphocytes.

3. The plant-derived miRNA molecule or its synthetic equivalent for use according to claim 1 for reducing the level of
FAN (Factor Associated with Neutral Sphingomyelinase Activation) protein.

4. The plant-derived miRNA molecule or its synthetic equivalent for use according to claim 1 wherein the plant-derived
miRNA molecule or its synthetic equivalent interacts with mRNA encoding FAN protein negatively regulating its
expression and therefore reducing proliferation of T and B lymphocytes.

5. The plant-derived miRNA molecule or its synthetic equivalent for use according to claim 1 wherein the plant-derived
miRNA molecule or its synthetic equivalent interacts with mRNA encoding FAN protein negatively regulating its
expression and therefore reducing the level of the FAN protein.

6. The plant-derived miRNA molecule or its synthetic equivalent for use according to claim 5 wherein the expression
of FAN protein is negatively regulated and the level of FAN protein is reduced.

7. The plant-derived miRNA molecule or its synthetic equivalent for use according to claim 1 wherein the molecule is
6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28 nucleotides long.

8. The plant-derived miRNA molecule or its synthetic equivalent for use according to claim 1 wherein the molecule
has 2’- or 3’-O-methylation of the ribose of last nucleotide at the 3’end.

9. The plant-derived miRNA molecule or its synthetic equivalent for use according to claim 1 wherein the inflammatory
response of the organism is decreased by reducing proliferation of T and B lymphocytes.

10. The plant-derived miRNA molecule or its synthetic equivalent for use according to claim 1 wherein the inflammatory
response of the organism is decreased by reducing the level of FAN protein.

Patentansprüche

1. Pflanzen-stammendes miRNA Molekül oder sein synthetisches Äquivalent, ausgewählt aus miR172a oder miR172b,
wobei miR172a mit der Sequenz SEQ. ID No. 1 und miR172b mit der Sequenz SEQ. ID No. 2 dargestellt ist, und
wobei dieses Molekül mindestens 6 von 7 Nukleotiden im Seed-Region dargestellt mit der Sequenz GAAUCUU
aufweist und mindestens 75% Sequenzähnlichkeit zu SEQ. ID No. 1 oder SEQ. ID No. 2 hat, zur Verwendung in
Verringerung der Entzündungsreaktion oder Verhinderung der Entzündungsreaktionsteigerung des Körpers.
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2. Pflanzen-stammendes miRNA Molekül oder sein synthetisches Äquivalent zur Verwendung gemäß Anspruch 1,
zur Reduktion der Proliferation von T und B Lymphozyten.

3. Pflanzen-stammendes miRNA Molekül oder sein synthetisches Äquivalent zur Verwendung gemäß Anspruch 1,
zur Reduktion des FAN (Factor Associated with Neutral Sphingomyelinase Activation) Proteinespiegels.

4. Pflanzen-stammendes miRNA Molekül oder sein synthetisches Äquivalent zur Verwendung gemäß Anspruch 1,
wobei das Pflanzen-stammendes miRNA Molekül oder sein synthetisches Äquivalent eine Wechselwirkung mit
mRNA kodierende FAN Protein negativ regulierende seine Expression aufweist und somit die Proliferation von T
und B Lymphozyten reduziert.

5. Pflanzen-stammendes miRNA Molekül oder sein synthetisches Äquivalent zur Verwendung gemäß Anspruch 1,
wobei das Pflanzen-stammendes miRNA Molekül oder sein synthetisches Äquivalent eine Wechselwirkung mit
mRNA kodierende FAN Protein negativ regulierende seine Expression aufweist und somit den Spiegel von FAN
Protein reduziert.

6. Pflanzen-stammendes miRNA Molekül oder sein synthetisches Äquivalent zur Verwendung gemäß Anspruch 5,
wobei die Expression von FAN Protein negativ reguliert und der Spiegel von FAN Protein reduziert wird.

7. Pflanzen-stammendes miRNA Molekül oder sein synthetisches Äquivalent zur Verwendung gemäß Anspruch 1,
wobei das Molekül eine Länge von 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27
oder 28 Nukleotiden aufweist.

8. Pflanzen-stammendes miRNA Molekül oder sein synthetisches Äquivalent zur Verwendung gemäß Anspruch 1,
wobei das Molekül eine 2’- oder 3’-O-Methylation der Ribose am letzten 3’-Nukleotidende aufweist.

9. Pflanzen-stammendes miRNA Molekül oder sein synthetisches Äquivalent zur Verwendung gemäß Anspruch 1,
wobei die Entzündungsreaktion des Körpers durch die Reduktion der Proliferation der T und B Lymphozyten ver-
ringert wird.

10. Pflanzen-stammendes miRNA Molekül oder sein synthetisches Äquivalent zur Verwendung gemäß Anspruch 1,
wobei die Entzündungsreaktion des Körpers durch die Reduktion des Spiegels von FAN Protein verringert wird.

Revendications

1. Molécule miARN dérivée de plante ou son équivalent synthétique, choisie parmi miR172a ou miR172b, où miR172a
est représentée par la séquence SEQ. ID N° 1 et miR172b par la séquence SEQ. ID N° 2, et où ladite molécule a
au moins 6 parmi 7 nucléotides présents dans la région "semence" représentée par la séquence GAAUCUU et a
une similarité de séquence d’au moins 75% avec SEQ. ID N° 1 ou SEQ. ID N° 2, destinée à diminuer la réponse
inflammatoire ou à prévenir une augmentation de la réponse inflammatoire de l’organisme.

2. Molécule miARN dérivée de plante ou son équivalent synthétique pour une utilisation selon la revendication 1 pour
réduire la prolifération des lymphocytes T et B.

3. Molécule miARN dérivée de plante ou son équivalent synthétique pour une utilisation selon la revendication 1 pour
réduire le taux de protéine FAN (facteur associé à l’activation de la sphingomyélinase neutre).

4. Molécule miARN dérivée de plante ou son équivalent synthétique pour une utilisation selon la revendication 1 où
la molécule miARN dérivée de plante ou son équivalent synthétique interagit avec l’ARNm codant pour la protéine
FAN régulant négativement son expression et réduisant ainsi la prolifération des lymphocytes T et B.

5. Molécule miARN dérivée de plante ou son équivalent synthétique pour une utilisation selon la revendication 1 où
la molécule miARN dérivée de plante ou son équivalent synthétique interagit avec l’ARNm codant pour la protéine
FAN régulant négativement son expression et réduisant ainsi le niveau de la protéine FAN.

6. Molécule miARN dérivée de plante ou son équivalent synthétique pour une utilisation selon la revendication 1 où
l’expression de la protéine FAN est régulée négativement et le niveau de la protéine FAN est réduit.
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7. Molécule miARN dérivée de plante ou son équivalent synthétique pour une utilisation selon la revendication 1 où
la longueur de la molécule est de 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 ou
28 nucléotides.

8. Molécule miARN dérivée de plante ou son équivalent synthétique pour une utilisation selon la revendication 1 où
la molécule a une 2’- ou 3’-O-méthylation du ribose du dernier nucléotide à l’extrémité 3’.

9. Molécule miARN dérivée de plante ou son équivalent synthétique pour une utilisation selon la revendication 1 où
la réponse inflammatoire de l’organisme est diminuée par la réduction de la prolifération des lymphocytes T et B.

10. Molécule miARN dérivée de plante ou son équivalent synthétique pour une utilisation selon la revendication 1 où
la réponse inflammatoire de l’organisme est diminuée par la réduction du niveau de la protéine FAN.
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