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Abstract

Muscle atrophy is characterized by a decrease in the mass of the muscle. With an increase in life expectancy and chronic
illnesses, the incidence of muscle atrophy is increasing and the quality of life of patients is decreasing. Thus, reducing muscle
atrophy is of high clinical and socio-economic importance. Mistletoe is a semi-parasitic plant that has been used as a
traditional medicine in many countries to treat various human illnesses. It has been reported that Korean mistletoe extract
(KME) has diverse biological functions including anti-tumor, anti-oxidant, anti-diabetic, anti-obesity properties, and extension
of lifespan. Especially, we have recently reported that KME improves exercise endurance in mice, indicating its beneficial
roles in enhancing the capacity of skeletal muscle. In this study, we investigated whether KME could activate the signaling
pathway related to protein synthesis in a mouse model of muscle atrophy. Interestingly, KME efficiently activated the
Akt/mTOR pathway, and Akt and mTOR are important signaling hub molecules for the acceleration of protein synthesis
in muscle cells. In addition, KME also increased the activity of S6 kinase which is involved in the regulation of muscle
cell size. Moreover, the ERK activity, required for transcription of ribosomal RNA for protein synthesis, was also enhanced
in KME-treated mouse muscle. These data support the idea that KME increases muscle mass via increased protein synthesis.
Our findings also suggest that Korean mistletoe might be a promising candidate for the development of functional foods
that are beneficial for preventing muscle atrophy.
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o A& FAHIAA}-1(insulin-like growth factor, IGF-1)2}
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Z+E t(Sandri, 2008). EASLE Akt= ThA] mTOR(mammalian
target of rapamycin) & ¢14HeFA] 7131, TFA] mTOR®| 2f3) &4
3l= S6K(p70 ribosomal protein S6 Kinase)7} T2l H & 9]
Ao A EE o 71ESS AASAIZ| A ZEA| 2
M el ghdo] s ojubz EckSandi M 2008)
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Fig. 1. Effect of Korean mistletoe extract (KME) on akt
phosphorylation in mouse muscle cells. Western blot
analyses of Akt and phospho-Akt in quadriceps muscles
from denervated mice fed PBS, 0.3% and 1.5% mistletoe
extract, respectively. Whole cell lysates from quadriceps
were immunoblotted with antibodies to Akt, phospho-Akt.
™ denotes p<0.0001.
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Fig. 2. Korean mistletoe extract (KME) activates the
phosphorylation of mTOR in muscle cells. Western blot
analyses of mTOR and phospho-mTOR in quadriceps mus-
cles from denervated mice fed PBS, 0.3% and 1.5% mistletoe
extract, respectively. Whole cell lysates from quadriceps
were immunoblotted with antibodies to mTOR and phospho-
mTOR. ™ denotes p<0.001.
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A zAolAte] H3HS Fl= S6 Kinase(S6K) = Thl A, $AL @
A4 o T ohFet A olshkgolA Fad 48 o
THMagnuson - 2012). E3F SeK+= zhututo] o] o]3f 3
T, PI3K 9] inhibitor®] wortmanninof 2| A= ZAo] A A
HEZ o]55 0|83 AFolA PBK/AkYmTOR Al&dd 7

£ B4 2dEH= Aol & AFEol UrhArvisais F
2006). 53] SOK7} AojH npe-A0 LTSN 2= AT &3
ole ZEAIE HolA YkARE, TSAEL 27]7F Hadhe
Ao] Eelx]o] S6K7} AL Tl S B3 A1 A 2
SA|Z9] 7] 2H o] ojFte] 1 ¥ ¢t Ohanna 5 2005).
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Fig. 3. Induction of S6k phosphorylation by Korean
mistletoe extract (KME) in muscle cells. Western blot anal-
yses of S6K and phospho-S6K in quadriceps muscles from
denervated mice fed PBS, 0.3% and 1.5% mistletoe extract,
respectively. Whole cell lysates from quadriceps were im-
munoblotted with antibodies to S6K and phospho-S6K.
* denotes p<0.05.
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Figure 4. Korean mistletoe extract (KME) treatment pro-
motes the phosphorylation of ERK in muscle cells.
Western blot analyses of ERK and phospho-ERK in quad-
riceps muscles from denervated mice fed PBS, 0.3% and
1.5% mistletoe extract, respectively. Whole cell lysates from
quadriceps were immunoblotted with antibodies to ERK
and phospho-ERK.

2002). MAPK %9] 3}149] ERK(extracellular signal-activated
kmase)b A-]X}-EEE_ A]E 1‘:21-01] _[_i J,]-o:]o]-o:} }\ﬂ__};_‘] ZA]
4 B3| A F5220 IS sk, ISAIEA oA 9]
ggshEle Tl g0 Bl 2ol RE RNAL) A}
£ ZA5t= Ao 2 gl 9tk Stefanovsky S 2006). w2}
N A Aol 228 Ak ATUY ARt Rl
MAPK Z2E5 2493} AlA ZSAZY gid §4dL 371
N7e Aoz Amdt.

OO O
a4

a=
£ AFoAE Agato] 2B o3t 2915 oA L 2
Sult) 2ol Tt BRI A W] stel 291%0]
=9 YA N A9io] F2Bo] 7]E FelH 2%
A GHE fESHE ATAT J2E BH A
A9 oifg 2ASITh 1 BT, A9A] 228 A
2o gl FAo] Poldhs AKUmTOR/S6K A5 AT 7

oh-2 BEA it Aol FEEel o7 T Y NS B2 2

it

Ast 375

= A%k e o ATk B3 i o da
g ZlEF RNA 2 S7HA17]= ERKE 843} He A
£ o, AAe] FEE0] ZHAIEY T9id A ztHE
T OFE AT AY H2E FAl As2Ese Aer &
AH AT Aol 2252 o186 2 A7 2oe 271
55 A 7)E L2&AKKunkel 5 2012)3 of-$- GA}51HA

£ SHCE st id S SR Aade BEE
243} A7le AS 2 Y7t Yok wEhA] Aol 58
o] Z9=2] JA|®at ofygh(Jeong 5 20174), T vt
sH| shat, szl B4R A0 7HAA S A2 A
2F}

A = S5 A= FHG A=Holu a4
A oFES 7H‘:”H A FobA 5= %’3}01 +EFY F2E
TAY 253 Bo] Y% 2oz AAHL U= 4
“Jo]thCohen 5 2015). WehA A A A2 2-5317] o2&
g =95 2HAE A Ee A9T 5 e 73_70“4
Folut ofS Jigsh=t oA =4t Aol Ut &
A7FE o S Aoz wE U 54t Aol
o715 S AYBAHS Hoh A 85 Ak
A Aol 25 W 84 Al e 971 878

l

:L

=

251

>

2 A3E2 s ERY QYR wHeEY]

<7189 7Hd 9 ARTI7HA] AFANE AFA(112084 - 2, 2012)

lo
)
e
tlo
it
<
e
-+
i)
2
o

References

Arvisais EW, Romanelli A, Hou X, Davis JS. 2006. AKT-
independent phosphorylation of TSC2 and activation of mTOR
and ribosomal protein S6 kinase signaling by prostaglandin
Falpha. J Biol Chem 281:26904-26913

Bianchi L, Volpato S. 2016. Muscle dysfunction in type 2 diabetes:
a major threat to patient's mobility and independence. Acta
Diabetol 53:1-11

Cohen S, Nathan JA, Goldberg AL. 2015. Muscle wasting in
disease: molecular mechanisms and promising therapies. Nat
Rev Drug Discov 14:58-74

Cruz-Jentoft AJ, Landi F, Topinkova E, Michel JP. 2010. Under-
standing sarcopenia as a geriatric syndrome. Curr Opin Clin
Nutr Metab Care 13:1-7

Ehrenborg E, Krook A. 2009. Regulation of skeletal muscle

physiology and metabolism by peroxisome proliferator-



376 A

activated receptor delta. Pharmacol Rev 61:373-393
Frontera WR, Ochala J. 2015. Skeletal muscle: a brief review
of structure and function. Calcif Tissue Int 96:183-195
Gomes MD, Lecker SH, Jagoe RT, Navon A, Goldberg AL.
2001. Atrogin-1, a muscle-specific F-box protein highly ex-
pressed during muscle atrophy. Proc Natl Acad Sci USA
98:14440-14445

Jackman RW, Kandarian SC. 2004. The molecular basis of skeletal
muscle atrophy. Am J Physiol Cell Physiol 287:C834-843

Jeong J, Park CH, Kim IB, Kim YH, Yoon JM, Kim KS, Kim
JB. 2017. Korean mistletoe (Viscum album coloratum) extract
regulates gene expression related to muscle atrophy and
muscle hypertrophy. BMC Complement Alternat Med 17:68-77

Jung HW, Kim JW, Kim JY, Kim SW, Yang HK, Lee JW, Lee
KW, Kim DW, Kang SB, Kim KI, Kim CH, Kim JH. 2015.
Effect of muscle mass on toxicity and survival in patients
with colon cancer undergoing adjuvant chemotherapy. Sup-
port Care Cancer 23:687-694

Jung HY, Lee AN, Song TJ, An HS, Kim YH, Kim KD, Kim
IB, Kim KS, Han BS, Kim CH, Kim KS, Kim JB. 2012.
Korean mistletoe (Viscum album coloratum) extract improves
endurance capacity in mice by stimulating mitochondrial
activity. J Med Food 15:621-628

Jung HY, Kim YH, Kim IB, Jeong JS, Lee JH, Do MS, Jung
SP, Kim KS, Kim KT, Kim JB. 2013. The Korean mistletoe
(Viscum album coloratum) extract has an antiobesity effect
and protects against hepatic steatosis in mice with high-fat
diet-induced obesity. Evid Based Complement Alternat Med
168207

Kienle GS, Kiene H. 2010. Review article: Influence of Viscum
album L (European mistletoe) extracts on quality of life in
cancer patients: a systematic review of controlled clinical
studies. Integr Cancer Ther 9:142-157

Kim IB, Jeong JS, Yoon TJ, Kim JB. 2013. Safety evaluation
of Korean mistletoe extract. Korean J Food and Nutr 26:
383-390

Kim KW, Yang SH, Kim JB. 2014. Protein fractions from
Korean mistletoe (Viscum album coloratum) extract induce
insulin secretion from pancreatic beta cells. Evid Based
Complement Alternat Med €703624

Kunkel SD, Elmore CJ, Bongers KS, Ebert SM, Fox DK, Dyle
MC, Bullard SA, Adams CM. 2012. Ursolic acid increases
skeletal muscle and brown fat and decreases diet-induced

obesity, glucose intolerance and fatty liver disease. PLoS

S EREE

[e)

Ul

HERES

of
o

35

One 7:€39332

Latres E, Amini AR, Amini AA, Griffiths J, Martin FJ, Wei Y,
Lin HC, Yancopoulos GD, Glass DJ. 2005. Insulin-like growth
factor-1 (IGF-1) inversely regulates atrophy-induced genes
via the phosphatidylinositol 3-kinase/Akt/mammalian target
of rapamycin (PI3K/Akt/mTOR) pathway. J Biol Chem 280:
2737-2744

Lee SH, An HS, Jung YW, Lee EJ, Lee HY, Choi ES, An SW,
Son H, Lee SJ, Kim JB, Min KJ. 2014. Korean mistletoe
(Viscum album coloratum) extract extends the lifespan of
nematodes and fruit flies. Biogerontology 15:153-164

Magnuson B, Ekim B, Fingar DC. 2012. Regulation and function
of ribosomal protein S6 kinase (S6K) within mTOR signalling
networks. Biochem J 441:1-21

Nader GA. 2005. Molecular determinants of skeletal muscle mass:
getting the "AKT" together. Int J Biochem Cell Biol 37:
1985-1996

Ohanna M, Sobering AK, Lapointe T, Lorenzo L, Praud C,
Petroulakis E, Sonenberg N, Kelly PA, Sotiropoulos A,
Pende M. 2005. Atrophy of S6KI1(-/-) skeletal muscle cells
reveals distinct mTOR effectors for cell cycle and size
control. Nat Cell Biol 7:286-294

Rosenberg IH. 1997. Sarcopenia: origins and clinical relevance.
J Nutr 127:990S-991S

Rossi P, Marzani B, Giardina S, Negro M, Marzatico F. 2008.
Human skeletal muscle aging and the oxidative system: cel-
lular events. Curr Aging Sci 1:182-191

Sandri M. 2008. Signaling in muscle atrophy and hypertrophy.
Physiology (Bethesda) 23:160-170

Schiaffino S, Mammucari C. 2011. Regulation of skeletal muscle
growth by the IGF1-Akt/PKB pathway: insights from genetic
models. Skelet Muscle 1:4

Stefanovsky V, Langlois F, Gagnon-Kugler T, Rothblum LI, Moss
T. 2006. Growth factor signaling regulates elongation of RNA
polymerase I transcription in mammals via UBF phosphory-
lation and r-chromatin remodeling. Mol Cell 21:629-639

Strniskova M, Barancik M, Ravingerova T. 2002. Mitogen-
activated protein kinases and their role in regulation of
cellular processes. Gen Physiol Biophys 21:231-255

Won HS. 1991. Age-related changes in body growth, muscle pro-
tein content and cellular-mediated immunity and rats fed
stock diets. Korean J Food and Nutr 4:133-139

Zarogoulidis P, Lampaki S, Turner JF, Huang H, Kakolyris S,
Syrigos K, Zarogoulidis K. 2014. mTOR pathway: A current,



Vol. 30, No. 2(2017) 295 vho-L BdojA =it A edto] &2 ot & P Asdg A=Y &3 377

l

up-to-date mini-review (Review). Oncol Lett 8:2367-2370
Received 10 March, 2017

Revised 05 April, 2017
Accepted 18 April, 2017





