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Alteration of relative mRNA levels of Tlr-dependent genes in 
melanoma B16 cells by oligoribonucleotides-D-mannitol treatment

ORN-D-M

• Cell number decrease
• G0/G1 arrest in cell cycle
• Appearance of apoptotic cells
• Increasing of mRNA level of 

Toll-like receptors and 
dependent genes

Murine melanoma B16 culture 
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Abstract: Natural oligoribonucleotides in complex with D-mannitol (ORN-D-M) exhibit a range
of biological activities, including antiviral and antioxidant effects. In previous investigations,
we observed that ORN-D-M demonstrated cytotoxicity on various malignant cell lines in a
dose- and time-dependent manner. The aim of the current work was to determine the
possible mechanisms of melanoma B16 cell inhibition by ORN-D-M. For this investigation, we
examined the relative mRNA expression of various RNA sensors and their downstream-
regulated pathways after ORN-D-M treatment of mouse melanoma B16 cells.
It was shown that ORN-D-M caused overexpression of ss-, dsRNA receptors Tlr3, 7, 8, and
Eif2ak; the inflammation-suppressive subunit Nfkb1; and IFN type 1. Along with this,
downregulation was observed in the mRNA expression of inflammatory cytokines Tnfa and
Il1b, which are known as promoters of tumor progression. The ORN-D-M treatment affected
apoptosis regulatory molecules, significantly decreasing the relative mRNA level of the
antiapoptotic Bcl-2, and slightly increasing proapoptotic Bax.
Therefore, ORN-D-M can be an agonist to Tlr and Eif2ak receptors in melanoma cancer cells,
causing the activation of proapoptotic signals through the Nfkb1-dependent pathway.
Keywords: ORN-D-M; RNA receptors; alteration of relative mRNA levels
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Introduction

In recent years, many compounds that are contained in natural sources have been
identified as biologically active agents. Among them is oligoribonucleotides-D-mannitol
(ORN-D-M) – yeast RNA in complex with D-mannitol. This substance has already shown
its efficiency against diverse infectious diseases: respiratory infections [1], [2], herpes [3],
infectious mononucleosis [4] etc. Besides, ORN-D-M possesses antioxidant and
immunomodulative effects [5, 6]. One of the proposed molecular mechanisms for listed
biological effects is the triggering of a Toll-like receptor (TLR)-dependent pathway, which
activates the pro-inflammatory transcription factor, nuclear factor kappa-B (NF-kB),
promoting an innate immune response to viral diseases or oxidative stress. [6, 7].
TLRs are a group of receptors that are directly involved in the regulation of inflammatory
reactions and activation of the innate or adaptive immune responses for the elimination
of infectious pathogens and cancer debris [8, 9]. These receptors are promising targets
for anticancer therapy by the potential in the enhancement of both innate and adaptive
immunity, and the induction of apoptosis in TLR-expressing tumor cells [10, 11].
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+ 5 mg/ml 
ORN-D-M 

Fig. 1  Microphotographs of murine melanoma B16 culture 
before and after 48 h treatment with 5 mg/ml ORN-D-M

48 h

Previously, we have found,
that ORN-D-M inhibits the
growth of different cancer
cell lines, including murine
melanoma B16, in a dose-
and time-dependent
manner [12], but the
mechanism of this activity
is still unclear.

Aim

Given the ability of ORN-D-M to act as TLR agonists and induce downstream pathway
initiation, which has been demonstrated in animal models, we have investigated the
mechanisms and possible involvement of these receptors in the inhibition of B16 cells.
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Object: Murine melanoma B16 cell culture

Treatment: 48 hours with ORN-D-M at various concentrations, dissolved in
nutrient media.

Subject: Cell cycle and the relative mRNA expression of specific RNA sensors and
their pathway components in B16 cells following ORN-D-M treatment.

Methods: Flow cytometry with propidium iodide staining, RT-qPCR.

Methods
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Results and discussion
ORN-D-M treatment has caused
changes in the distribution of B16
cell population in the cell cycle.
Specifically, a dose-dependent
increase in the number of cells in
the G0/G1 phase and a decrease in
the G2/M phase were observed,
which is characteristic of G0/G1
cell cycle arrest. Additionally, a sub-
G0 phase, indicating apoptotic
cells, appeared after treatment in
both concentration.

Fig. 2 (A) Typical distribution graphics of the population of B16 cells in different phases of the cell cycle during 48-
hours treatment with ORN-D-M, obtained using the flow cytometry method with propidium iodide staining. 
(B) Distribution of the population of B16 cells in different phases of the cell cycle during treatment with ORN-D-M.
* - p≤0,05 by the Mann-Whitney U test compared to control

Sub G0 G0/G1 S G2/M

0

20

40

60

80

%
 o

f 
c
e
ll
s
 p

o
p

u
la

ti
o

n

Control

2,5 mg/ml ORN-D-M

5 mg/ml ORN-D-M

* *

* *

* *

А

B



8

Tlr3 Tlr7 Tlr8

Eif2
ak

N
fk

b1

N
fk

bre
la

N
fk

bia

Ifn
a2

Ifn
b1

Tnfa
Il1

b
B
ax

B
cl

-2

0

1

2

3

4

5

R
E

Control 5 mg/ml ORN-D-M

✱

✱

✱

✱✱
✱

✱✱

✱✱

✱ ✱

✱

✱

Fig. 3 Relative expression levels of mRNA of different genes in B16 cells in the response to 48-hours treatment 
with ORN-D-M
* - p≤0,05; ** - p≤0,005 by the Mann-Whitney U test compared to control
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Gene RE experiment/
RE control

P value Functions of gene product in cell Literature

Upregulated genes

Tlr3 2,1 <0,050 Receptors, which indicate pathogen-associated molecular patterns (ss- or ds-RNA) 
and play a critical role in innate immune responses. They regulate the production 
of the transcription factor Nfkb and pro-inflammatory cytokines, including 
interferons type I and Tnfa, Ilb1

[13, 18]

Tlr7 2,6 <0,001

Tlr8 1,5 0,114

Eif2ak 2,5 <0,001 ds-RNA binding serine/threonine kinase. It phosphorylates translation initiation 
factor EIF2S1, which inhibits protein synthesis in the cell

[18]

Nfkb1 2,4 <0,001 Subunit of transcription factor Nfkb, also known as p50. Homodimers of p50:p50 
repress gene transcription, dampen inflammatory responses, and abrogate anti-
apoptotic signaling. Tlr's target gene

[15]

Ifna2 3,4 <0,001 Cytokines, which regulate immune response. It involved in induction of growth 
inhibition and mitotic cell cycle perturbation in cancer cells. Nfkb's target gene

[19]

Ifnb1 1,7 <0,050

Bax 1,8 0,057 Apoptotic activator. It forms a heterodimer with Bcl2, prevents its antiapoptotic
signaling

[14]

Downregulated genes

Nfkbrela 0,4 <0,050 Subunit of transcription factor Nfkb, also known as p65. Dimers of p50:p65 trigger 
the transcription of inflammatory and cell survival genes. Tlr's target gene

[14]

Tnfa 0,3 <0,050 Inflammatory cytokines, regulated by Nfkb. High levels of these cytokines are 
connected to tumor progression and survival, and some Tlr's agonists can decrease 
their production

[17]

Il1b 0,6 <0,050

Bcl2 0,4 <0,050 Antiapoptotic regulator, which controls the mitochondrial membrane 
permeability. Nfkb's target gene

[14]

Nfkbia 0,7 0,178 Inhibitor of transcription factor Nfkb. It prevents Nfkb’s translocation into the nucleus [15]
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Conclusions

ORN-D-M reduces the proliferation of B16 cells by disrupting the cell cycle, arresting
G0/G1 phase and promoting apoptosis.

ORN-D-M triggers mRNA synthesis of Tlr and Eif2ak receptors in murine melanoma
B16 cells, likely causing the activation of apoptotic signals through the Nfkb1-
dependent pathway.
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