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Antimicrobial peptide Brevinin-2R induces the secretion of a pro-inflammatory
cytokine in HepG2 cells
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Abstract

Introduction: Antimicrobial peptides as the body's defense strategy play an important role in
resistance against infection of microorganism. These peptides are able to modulate the
immune and inflammatory processes through the production of defensive molecules.
Therefore, the modulatory effects of Brevinin-2R, an antimicrobial peptide extracted from the
skin of the frog (Rana ridibunda), was evaluated in this study.

Materials and methods: MTT assay was conducted for evaluating the cytotoxic effect of
Brevinin-2R on human liver carcinoma cells (HepG2). Then, real-time PCR was used to
assess the inflammatory properties of this peptide.

Results: It was appeared that the Brevinin-2R has a low toxicity against HepG2 cancer cells
and can reduce cell growth to 24%. Results of molecular analysis showed that Brevinin-2R
increases the expression of IL-1b and IL-6 genes in cancer cells in a dose dependent manner.
Conclusion: The results show that Brevinin-2R has a regulatory role in inflammation through
targeting the genes involved in the process.
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Introduction

Antimicrobial peptides are parts of the
endogenous immune to resist infection of
microorganism (1). Widely, these peptides

difference in amino acid composition, size
and conformational structures leads to the
diversity of the peptides (2). These

as endogenous antibiotics are able to
inhibit the growth of pathogens (bacteria,
fungi, viruses) (2, 3). So far, the peptides
are purified from some invertebrates
(insects, ticks) (4) and vertebrates
(amphibians) (5, 6). Peptides are
amphipathic molecules with hydrophobic
and hydrophilic parts, they are positively
charged due to the presence of some amino
acids including histidine, lysine and
arginine in their structure (7). The
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peptides are involved in immunity and
inflammation and can modulate the
process through the production of
defensive  molecules  (4).  Various
investigations have showed that these
peptides have the effect of an increase in
chemokine and cytokine's production (8,
9). Angiogenesis and wound healing
process inflammation is an immune
process which is created as a result of the
attack pathogens or tissue damage.
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Macrophages play an important role in
immune response and the release of nitric
oxide (NO), TNF-a, interleukin-6, and -1
as a macrophage-released inflammatory
mediators leads to an increase in defense
capacity (10). Brevinin-2R is non-
hemolytic peptide and a member of the
Brevinin-2 family with 25-amino acid
(KLKNFAKGVAQSLLNKASCKLSGQC)
that derived from secretions of frog skin
(11). This peptide has shown antibacterial
activity against gram positive and negative
bacteria (12). Also, the peptide has shown
cytotoxic effects on various cancer cell
lines, including Jurkat, BJAB, HT29/219,
SW742 cells and etc. (11).This study was
conducted to evaluate the effects of the
peptide on viability of HepG2 cells and
also to evaluate its effect on the expression
of genes involved in inflammation include
IL-1b and IL-6 genes.

Materials and methods

Cell culture: HepG2 cancer cell line were
purchased from NCBI (National Cell Bank
of Iran) and cultured in DMEM medium
supplemented with 10% Fetal Bovine
Serum (FBS) (Gibco, USA), L-glutamine
(Sigma, USA) and 1% antibiotic
(penicillin/ streptomycin) and incubated at
37 °Cinab5% CO2.

Cell proliferation assay: The cytotoxic
effect of Brevinin-2R on the HepG2 cells
was evaluated using MTT assay. The
HepG2 cells were seeded in 96-well plates
at a concentration of 5 x 103 cells/well and
incubated for 24 h. After completion of the
incubation period the cells were exposed
to various concentrations of peptide (10,
20, 40 pg/ml) for 24, 48 and 72 h. After
treatment period, the treatments were
removed and MTT was added to each well
and incubated for 4 hours at 37 ° C in the
dark. After incubation, the MTT was
removed and replaced with 100 pl DMSO
and finally, the optical absorbance was
measured at 570 nm with ELISA plate
reader. All experiments were done in
triplicate.
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Peptide Synthesis: The desired peptide
(Brevinin-2R) was synthesized chemically
using peptide synthesizer  (Applied
Biosystems Model 432A) and then
purified using chromatography (C8
column) method. The column was
developed at a flow speed of 2 ml/min by a
linear gradient of 5-45 %acetonitrile for
40 min containing 0.1 % TFA. Finally, the
purity of Brevinin-2R was determined
using an analytical column (4.6 x 250 mm,
manufactured by Macherey-Nagel GmbH
& Co., Du'ren, Germany) (13).

Real time PCR: Real time PCR was
conducted in order to detection of changes
in inflammatory genes expression. Total
cellular RNAs of treated (different
concentration of  Brevinin-2R)  and
untreated cells were extracted using the
High Pure Isolation kit (Roche, Germany)
according to  the  manufacturer’s
guidelines. Then the RNA was used to
determine the quantity and purity at
wavelength 260 and 280 nm using Nano
drop  spectrometer (Thermo-scientific,
Wilmington, USA). 2 of extracted RNA
was reverse transcribed to cDNA using
thermo scientific kit according to
manufactures protocol. Briefly, cDNA
synthesis was done in the presence of
Oligo (dT)18 Primer, 5X Reaction Buffer,
RiboLock RNase Inhibitor, dNTP,
RevertAid RT and water nuclease-free
then transferred to the Biotech Thermal
Cycler (London, England) incubated for
60 min at 42°C and 70°C for 5 min. Next,
in order to do the real time PCR, 2 pL of
cDNA products was added to SYBER
green, the appropriate forward and reverse
primers and distilled water. Glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) was
used as housekeeping gene. The sequences
of used primers are showed in the table 1.

Statistical analysis

Data was assessed by SPSS software, One
way ANOVA, LSD test with significance
level of P<0.05. All results repeated three
times and presented as mean + SD.
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Gene Forward 5' to 3'

Revers 5' to 3'

GAPDH

5'CAAGGTCATCCATGACAACTTTG3'

5S'GTCCACCACCCTGTTGCTGTAG3'

IL-1b 5' GCTTATTACAGTGGCAATGA3'! 5' GTGGTCGGAGATTCGTAG3'

IL-6 5' TTCGGTCCAGTTGCCTTCTC 3' 5'GAGGTGAGTGGCTGTCTGTG3!
Results
Effect of Brevinin-2R on  cell As shown in Figure 1, Brevinin-2R

proliferation of HepG2 cells: To assess
the effect of Brevinin-2R on viability of
HepG2 cells, treatment with different
concentrations of peptide were performed.

showed no significant toxic effects on cells
and inhibited the cell growth about 5 to
25% at concentrations of 10 to 40ug/ml.
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Figure 1. The effect of different concentrations Brevinin-2R on viability of HepG2 cells at 24, 48 and 72 h

compared with control.

Regulatory effect of Brevinin-2R on
expression levels inflammatory genes:
Treatment of HepG2 cells with various
concentration of B2R led to a significant
increase in the expression of inflammatory
genes in a dose dependent manner. As
shown in Figure 2, the level of IL-1b gene
expression is increased by increasing the
concentration of peptide and there was
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observed a significant increase (P< 0.05)
in gene expression at the concentrations of
20 and 40ug/ml. The effect of B2R on IL-
6 expression in Hep2G cells is shown in
Figure 2. As could be observed, with
increasing the concentrations of peptide
the expression level of IL-6 gene is also
increased.
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Figure 2. The effect of different concentrations of B2R on the expression level of IL-1b and IL-6 in HepG2
cells, 48 h after treatment. Exposure to the peptide led to increased expression of IL-1b and IL-6 genes.

Discussion

So far, many studies have been carried out
on cytotoxic effect of peptides extracted
from various sources on cancer cells.
LfcinB is an antimicrobial peptide that
exerts its cytotoxic effects against of

cancer cells through interact with
negatively charged membranes of target
cells (14).

Gaegurin 6 (GGNG6) is another type of
peptide that has toxic effects against breast
cancer lines. In a study that conducted by
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Kima et al in 2003 was shown that
changes in amino acids, removing or
adding certain areas in GGNG6 can lead to
change its anticancer effects (15). For
example, the removal of the amino
terminal region significantly reduced its
anti-cancer activity while there was no
particular change in the activity of the
peptide by removing the carboxyl terminal
region. In general, it is recommended that
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these peptides and derivatives can be
considered as anti-cancer agents (15).

In another study in 2012 examined the
cytotoxic effects of peptides extracted
from venom on cancer (Hela) and normal
cell (LK) lines. 1CD-85 showed cytotoxic
effects on tumor cells with 1C50: 26.52
pg/ml so that by increasing peptide
concentration, increased the percentage of
inhibition of Hela cells. In this study, was
compared the cytotoxic effect of ICD-85
on cancer with normal cells and the results
showed that the minimum concentration of
cytotoxic effect on normal cells (LK)
3,500 fold less compared to the same
levels in cancer cells (Hela) (16).

In another study anti-cancer and cytotoxic
effects of peptides Cecropin A and B were
assessed on two cancer cell lines namely
breast adenocarcinoma (MDA-MB-231)
and human mesothelioma (M14K). The
results showed that the toxicity of these
peptides is dependent on the concentration
and type of cancer cells and no association
with the type of peptide. The M14K line
cells had lower sensitivity to the action of
Cecropins A and B than the MDA-MB-
231 line cells (17).

The effects of peptides on the immune
system and inflammation were
investigated in various studies. Studies
have shown that a wide range of anti-
microbial peptides caused the release of
pro-inflammatory cytokines and
chemokines (18-3). In this study, we
evaluated the effects of Brevinin-2R as an
antimicrobial peptide on the activity of the
two cytokine namely IL1b and IL6 in

References

1. Peschel A, Sahl H-G. The co-evolution
of host cationic antimicrobial peptides
and microbial resistance. Nature Rev
Microbiol. 2006;4(7):529-36.

2. Brown KL, Hancock REW. Cationic
host defense (antimicrobial) peptides.
Curr Opin Immunoly. 2006;18(1):24-
30.

27

HepG2 cells. For this purpose, cells were
treated with different concentrations of
peptide (10, 20, and 40) then were
analyzed using real time pcr. IL1b and IL6
showed an increase in expression 48 hours
after treatment with B2R (Fig 2). Elssner
and et al in 2004 investigated the effect of
LL-37 on immune system and found that
the peptide is able to increase the
expression of IL-1b by monocytes (8) in
another study that conducted by Yoshioka
and et al in 2008 was shown that the
expose of LAD2 cells with LL-37 peptide
leads to the release of IL-1b from LAD2
cells (19).

rCRAMP is another form of the
antibacterial peptide that exerts additive
effects on the expression of IL-1b (as a
pro-inflammatory cytokine) in glial cells
(20).

Investigation the effect of B2R peptide on
lung cancer cells (A549) showed that this
peptide can lead to increased expression of
IL-1b (as a cytokine) and IL8 (as a
chemokine). The results showed that the
expression of these genes in A549 cell line
is dependent on the concentration and time
(13). Niyonsaba and et al in 2010
investigated the effects of hBDs and LL-
37 (as antimicrobial peptides) and showed
that both peptides are able to induce the
release of certain factors such as IL-2, IL-
4, 1L-6 (21).

The results of the present study is similar
to the above studies, approved the
regulatory effects of antimicrobial peptides
on expression of pro- inflammatory
factors.

3. Tjabringa GS, Aarbiou J, Ninaber DK,
Drijfhout  JW, Sarensen OE,
Borregaard N, et al. The antimicrobial
peptide  LL-37 activates innate
immunity at the airway epithelial
surface Dby transactivation of the
epidermal growth factor receptor. J
Immunol. 2003;171(12):6690-6.


https://jbrms.medilam.ac.ir/article-1-139-en.html

[ Downloaded from jbrms.medilam.ac.ir on 2025-04-04 ]

Original article

J Bas Res Med Sci 2015; 2(2):23-29 .

10.

11.

12.

28

Hancock RE, Diamond G. The role of
cationic antimicrobial peptides in
innate  host  defences.  Trends
Microbiol. 2000;8(9):402-10.

Conlon JM, Kolodziejek J, Nowotny
N. Antimicrobial peptides from ranid
frogs: taxonomic and phylogenetic
markers and a potential source of new
therapeutic agents. Biochim Biophys
Acta. 2004;1696(1):1-14.

Li J, Zhang C, Xu X, Wang J, Yu H,
Lai R, et al. Trypsin inhibitory loop is
an excellent lead structure to design
serine  protease  inhibitors  and
antimicrobial peptides. FASEB J.
2007;21(10):2466-73.

Zasloff M. Antimicrobial peptides,
innate immunity, and the normally
sterile urinary tract. J Am Soc Nephrol.
2007;18(11):2810-6.

Elssner A, Duncan M, Gavrilin M,
Wewers MD. A novel P2X7 receptor
activator, the human cathelicidin-
derived peptide LL37, induces IL-1P
processing and release. J Immunol.
2004;172(8):4987-94.

Heilborn JD, Nilsson MF, Kratz G,
Weber G, Sgrensen O, Borregaard N,
et al. The cathelicidin anti-microbial
peptide LL-37 is involved in re-
epithelialization of human skin wounds
and is lacking in chronic ulcer
epithelium. J  Invest Dermatol.
2003;120(3):379-89.

Je JY, Kim SK. Chitosan as Potential
Marine Nutraceutical. Adv Food Nutr
Res. 2012;65:121-35.

Ghavami S, Asoodeh A, Klonisch T,
Halayko AJ, Kadkhoda K, Kroczak TJ,
et al. Brevinin-2R1 semi-selectively

kills cancer cells by a distinct
mechanism, which involves the
lysosomal-mitochondrial death

pathway. J Cell Mol Med.
2008;12(3):1005-22.

Mehrnejad F, Naderi-Manesh H,
Ranjbar B, Maroufi B, Asoodeh A,
Doustdar F. PCR-based gene synthesis,
molecular  cloning,  high level
expression, purification, and

13.

14.

15.

16.

17.

18.

19.

20.

characterization of novel antimicrobial
peptide, brevinin-2R, in escherichia
coli. Appl Biochem Biotechnol.
2008;149(2):109-18.

Asoodeh A, Haghparast A, Kashef R,
Chamani J. Pro-inflammatory cytokine
responses of A549 epithelial cells to
antimicrobial peptide Brevinin-2R. Int
J Peptide Res Therapeut.
2013;19(2):157-62.

Eliassen LT, Berge G, Leknessund A,
Wikman M, Lindin I, Lekke C, et al.
The antimicrobial peptide, lactoferricin
B, is cytotoxic to neuroblastoma cells
in vitro and inhibits xenograft growth
in vivo. Int J Cancer. 2006;119(3):493-
500.

Kim S, Kim SS, Bang Y-J, Kim S-J,
Lee BJ. In vitro activities of native and
designed peptide antibiotics against
drug sensitive and resistant tumor cell
lines. Peptides. 2003;24(7):945-53.
Sarzaecem A, Zare Mirakabadi A,
Moradhaseli S, Morovvati H, Lotfi M.
Cytotoxic effect of ICD-85 (venom-
derived peptides) on HelLa cancer cell
line and normal LK cells using MTT
Assay. Arch Iran Med.
2012;15(11):696-701.

Anghel R, Jitaru D, Badescu L,
Ciocoiu M, Badescu M. The cytotoxic
effect of Cecropin A and Cecropin B
on the MDA-MB-231 and M14K
tumour cell lines. J Biomed Sci Engin.
2014;7: 504-15.

Lau YE, Bowdish DM, Cosseau C,
Hancock RE, Davidson DJ. Apoptosis
of airway epithelial cells: human serum
sensitive induction by the cathelicidin
LL-37. Am J Respir Cell Mol Biol.
2006;34(4):399-4009.

Yoshioka M, Fukuishi N, Kubo Y,
Yamanobe H, Ohsaki K, Kawasoe Y,
et al. Human cathelicidin CAP18/LL-
37 changes mast cell function toward
innate immunity. Biolo Pharm Bull.
2008;31(2):212-6.

Brandenburg L-O, Jansen S, Wruck
CJ, Lucius R, Pufe T. Antimicrobial
peptide rCRAMP induced glial cell


https://jbrms.medilam.ac.ir/article-1-139-en.html

[ Downloaded from jbrms.medilam.ac.ir on 2025-04-04 ]

Original article

21.

29

activation through P2Y  receptor
signalling pathways. Mol Immunoly.
2010;47(10):1905-13.

Niyonsaba F, Ushio H, Hara M, Yokoi
H, Tominaga M, Takamori K, et al.

J Bas Res Med Sci 2015; 2(2):23-29 .

Antimicrobial peptides human -
defensins and cathelicidin  LL-37
induce the secretion of a pruritogenic
cytokine IL-31 by human mast cells. J
Immunol. 2010;184(7):3526-34.


https://jbrms.medilam.ac.ir/article-1-139-en.html
http://www.tcpdf.org

