pISSN 1226-2587

J. Soc. Cosmet. Sci. Korea eISSN 2288-9507
Vol. 43, No. 3, September 2017, 239-245 http://dx.doi.org/10.15230/SCSK.2017.43.3.239

Methoxy PEG-45 Thioctate (LA-PEG)2| &t'=3} Ex}0f| CHst o1+
dEE -2 Y- HEEf-0] 2 - F H j

(e

=38 71$a79
(20179 9€ 16¥ A<, 2017d 9€

259 44, 20173 9€ 26 A H)

Effect of Methoxy PEG-45 Thioctate (LA-PEG) against
Oxidative Protein Damage and Anti-glycation

Jin Hwa KimT, Jung Young Oh, Jun Tae Bae, Geun Soo Lee, and Hyeong Bae Pyo

R&D Center, IT’S HANBUL, 634 Eonju-ro, Gangnam-gu, Seoul 06101, Korea
(Received September 16, 2017; Revised September 25, 2017; Accepted September 26, 2017)

2 o wsle= Aty oz vrtg o g dojuhs AR w3t Mg wel gl o] Akslslankg- 5
02 w3 AZY SHHL A4S} g3k 2?‘45 1‘*51-/‘}%(advanced glycation endproducts, AGEs H&
e 2 AA 223 MEE FEstY 235 X80 dEA Utk B AT e ks EJE o
Zl aminoguanidineS ¥ WZF S Z anti—glycation E35 &89 2™, methoxy PEG—45 thioctate
(LA-PEG) & =¥ = 225t anti—glycation 32 Hrlstdth. 4843 LA-PEGE W% 9573 an—
ti—glycation E%Z ZHF F3}4HE (AGEs) A AA &4 0] n)§- =314 Uebgon, d4aksl abel A3 g
ATS YeERATh & Al Zw3) X FE2Q senescence—associated 8 —galactosidase (SA— B —gal) B4
A Aol (HDF) £ o] &3t &1t A7, LA-PEGE AstS wl GAE Axe] 7 2hAste] Alx
9] senescenceE YAIS= A& &AAE ATt & 723, LA-PEGE] anti—glycation &3} 5! 432
QA gl &4k gk Bs a37F SstkA Uehger, dxd sFed A8 A afFoE H8d
e AR ARH

Abstract: Aging is a physiological and irreversible, progressive process involving changes in the ability to maintain cel-
lular functionality. It affects tissues, organs and the whole organism and thus finally cause to death. Oxidative stress
has been postulated to contribute significantly to the accelerated accumulation of advanced glycation endproducts
(AGEs) in collagen, which is implicated in the process of skin aging. In the present study, glycation inhibitory activity
of methoxy PEG-45 thioctate (LA-PEG), and its inhibitory effect of cellular oxidation and senescence was investigated.
Treatment of LA-PEG significantly showed lower fluorescent intensity induced by AGEs. In addition, LA-PEG was sig-
nificantly reduced the formation of ROS induced by AGEs. High antioxidant and anti-glycation activities of LA-PEG
in glycated collagen model indicated its contribution to anti-aging process. Cellular senescence leads to an increase in
senescence-associated (3 -galactosidase (SA- [ -gal) activity, which can be used as a biomarker to identify senescent
cells. Treatment with LA-PEG showed a dose-dependent, statistically significant decreased in SA- /3 -gal indicating re-
duced senescence. These results suggest that LA-PEG may have potent anti-aging effects and can be used as new func-
tional materials against cellular accumulation of AGEs.
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A 2 Hale 42 oo A =3, Fes)
g Bo A vl AFHI Yo}t oI ATFES £33}
of IF =8l= APAUFAL, keratin filamentse] 34,
cornified envelope2] EA Tl FHH FHA T&H 9
At o] ke Zo] B A L ok oA 1
B A7 &4 dxd ]'O] ‘_T—OJ 351'740“7%] ek

Qe olg wud eye
9P Fh AWA} Ak
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oxygen species (ROS)%l A& 02 =FF| o] 9lon,
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acids side chainsollA YebE 4= glom, o]Z <ls)
Efol= Agto] ZE| At @A cross-linking®] 2
Ak @ ksl 3gAIE UE 4 o, IgAE
Zw Ak FHE i Fxs WA ko
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o] 715}k protein unfolding®] doju} Tz o] 34
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o] gbd AAET, uild Fx27) AuE = protein
core®] AFA FHo| =21} proteosome®l] Z 212 F
of 37t AR ARstES] FE7F O EolbAIW,
proteolysisOll =& A 02 &4 Tl o] B
o & AIsHA Eok SFAIRE 3TA A = Tl
o] f 4+3}E o] cross-linking®] Y oJukal, proteolytic
susceptibility”} A 8}= o] T] ©]% proteasomal system®l]
oJ3)] B3ll=A] %3, insoluble protein aggregates”} A3

of FH50 & dotH4-5].
FEO| T (sugar) AFHE A 9o FEY
R g o
o Ao zH a3
3] -2 %*‘E‘@'%a =9 F AUtk G lA
21 ©.™, advanced
glycation end products (AGE)E BA3HA dth AGEE=
AHA o7 Gl AHEo 2
ease, nephropathy, retinopathy, and neuropathy2}= 3
Ho] AtH6-7]. HF- A primary AGEE glycated col-
lagen®] T}, Glycated collagen-> covalent bonds= Z}3ll
< H53HA 7=, collagen repair mechanisms< -3
gt} Glycated collagene S oA YE= vas-
cular changes, poor wound healing and skin stiffness<}
o] St o]H g FEHA 9] glycatione 42 =
sl o A= Lojyb, glycated collagen 204 7] 5
HHEE UERY] AlRbste] oid 3.7% A=A STkl
A}, Glycated collagen®] S7H= 2]o]ol| wpg} thaksh
™, sun exposure 2% F7FETE BRe TlEO] o
AFOoEHE AGEZF 3A4HH, o|AL FHlA o
E A Es It 88 F grilling, frying,
and roasting 55 AGE7} 843} #do] 3lom, o]y
3+ AGE= U 9] normal intestinal flora 83 %= &) g+
o} o] 3k gut flora®] WSh= FF=H ] F0l IF
£ vAH, GFHSI = #H o] ) Glycation (B3}
A 4 olv AW T N-terminal®] o}r] =

71t lysine©] HIBAZ HEEO 2 I (fructose) ] Lt
EE(glucose) 5ol AZYst= HFO=Z o] wwid
of =3%=E= Aol oflzt i nucleotide)? A&
(lipid)ol = dold = Utk o3 B3} 4 A=
= SKsenescence)’t N Hol| wet VEpH, HES
wol et F4olv & 17, Alola & “L"]
AFsHE 23t X EY A= 7lee AET 9

Qo™ vascular dis-
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A Yo WA "o AGEs7F AT 2 d3
Holu} Y Fo| NEute] AGES AT 5 AE
TS (RAGE: Receptor of AGEs)7} RHEOA|=H
AGEs7} RAGE® Zgeld |53 #dd 745 19
A7 &4 3tE o] g Ask-S FUstAY sl
tH8-9]. T A& 718 34 F Maillard reaction prod-
ucts (N[RPS)Q} Zn|E A 7= 2 HBS A
71% &, o] RE3-S] HF I EES E TOE &
gslstd EA4E Ad 18R EFQ carbox-
ymethyl-lysine (CML)= A48t CMLE HE 334t
=91 AGEs®] B4 A=E Uthll= tlusel vz
Z A Qo] anti-glycation ATl F83F A= A}
£ & UH10-11].

2 ATl @id o) ofn| 7o} Fo] 7tErd

719} At HEG3HE(AGEs) 2] A A &3
RAGE &3 %, CML A FS 7181 anti-glycation
BE st AR Ao, 24EdS 5
EHE Aol *gl3ste] anti-glycation EIE B 7}3}
3, FEE AEY ks 2 Al ESKcellular sen-
escence)ol| thet A S SHTOEZN JFA X
32 AAANZE F e B0l UeA LotRdTh

21 && M=
B Ao A AFE-3} aminoguanidine & 7 Aok
Sigma A|$(USA)S AHE-3F31 T} Methoxy PEG-45 thio-
ctate (LA-PEG)= <™ H}°] 27(CJ, Korea)oll A T+ s}
[12], Collagen glycation assay kit Cosmo Bio
(Japan)ZFE FY3ste] A3 TE Dulbecco’s modi-
fied Eagle’s medium (DMEM) and fetal bovine serum
(FBS)=  Gibco®ll 4] At 2 H(USA), RAGE,
GAPDH antibodies= Cell Signaling Technology (CST,
USA)oll A F-48to] AR8-8F Tt

22 A
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2.2.1. Anti—glycation Assay

o] 7hEedy)oh thl o) ofn) o AR A
TYIIE(AGEs) S AA A &35 H7Fsto] an-
ti-glycation 3 At AP0 R HAFFaEel

3t = @3S Yol W=
EE yPr g =AY —’F— A} 5 mL2] neutral-

zZ Holz tt

L‘] A=

izing solutions collagen solution®] i1

+ 50 uL2] collagen solution= 96-well plate]] 2
?}‘éﬂ]&:‘fﬂ 20 mM aminoguanidine solutions sample
dilution buffer2 3]A3tc] FH|gith A8 WES
sample dilution buffer2 3]243}31, Z} welloll positive
control or samplesE 40 uL 2 AT} 10 uLe] 500 mM
RIS g S

standard and sample wells= a fluorescent microplate

glyceraldehyde solutionS Z} wellol] ¥ 17

reader (the excitation wavelength of 370 nm and an emis-
sion wavelength of 440 nm)Z H}Z =43} Thbefore
incubation (0 h)). 37 T4 24 h <%+ I155% incubator
o] %31, 24 h ¥ standard and sample wells= a fluo-
rescent microplate reader (the excitation wavelength of
370 nm and an emission wavelength of 440 nm)Z =%
3} T) Incubation 2] Fgh-& HInSt] anti-gly-
cation 35 &Rl

2.2.2. NI HiQ¥

Ao} Al F(human dermal fibroblasts, HDFs)T
ATCCZEE FY3IRI, 10% FBS, 1% penicillin-
streptomycins 3718t 37 C, 5% CO, Z7A3}ol vl
S}al trypsinization © &2 At ¥lFe F AEE APl
o) g3,

2.2.3. M=LY Stitst st

oAl E(HDFs) S 96-well plateol] 1 x 10° cells/mL
2 EF3t] oF 80%2] confluencyol] =2 w712 4l
&t AL(UVB) A Mol mlieF vixE A A
S HCSS (HEPES-buffered control salt solution: 120 mM
NaCl, 5 mM KCI, 1.6 mM MgCl,, 2.3 mM CaCl,, 15
mM Glucose, 20 mM HEPES, 10 mM NaOH) & A
stof - A AASATE 4 uM
CM-DCFDA (molecular probe, USA) in HCSS with 0.1%
Pluronic F-127 (molecular probe, USA)E o] E0{7}A]
U= Fo5to A g F 37 T 20 min WH-EAIZ] &
APYsE == A8 ok 37 T 30 min W&
Azl 3 20 mJ/em’ UVB (UVBGISTSE, SankyoDenki
Japan)E ZAPIET BE AIRE AT & 37 CTAA
HE-S-A]A AIZFE(20 min, 1 h, 2 h)Z luminescence spec-

serum AES
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trophotometer (Perkin Elmer, UK)E AF8-3to] 333k<
=23}t DCFE 488 nmoll A S&-A]7]a1, 525 nmol|
Al ®WFZEA|A  luminescence spectrophotometer (Perkin
Elmer, UK)E ©|-&3t] Al W JJ4-s S8t

2.2.4, Cell Senescence (SA Beta—gal,)
A2 wshe Al w8t SA 9| Hio]l enpr 2 AHEEH
+ B-galactosidase S ©]-&3t] FAst= WREQl SA- B
-gal assayS &l S35, ©]E #l3l senescence de-
tection kit (Sigma, USA)E AH&-3t%Th. HDFsE 60 mm
culture disholl 3 ZF3le] 24 h Bk M3l HH5 A
1 F ARE AP & A 24 h T vl
i FE A ZE iR E AASIL 1| mL PBSE 13] Al
% 0.5 mL fixing solution= 7}t “F-o 4] 15 min
}Askel 1RSI TAR AEE 94 1 mL
PBSZE 2% A3 3 staining solution mix (staining sol-
ution 470 uL, staining supplement 5 uL, 20 mg/mL X-gal
in dimethylformamide 25 xL)E 0.5 mL2 #7}s}al 37
CollM 24 h 5 A& st FAE AlE= 1 mL
PBSZ A& & 1 mL 70% glycerol= 211 3313 ]
(Olympus, Japan)< &3t GME Ax 5 43t
q_ O:I/JJQ /q]_L_/] =3 o 71— plate‘:’r =3} 5%_0/]
AolA AR BAT T, AA Az ok AaE A

Zo| & Alsste] Asith

» S

fo ¥ o

2.2.5. Ne—(carboxymethyl) lysine (CML) Si&=H
3341 G2l Ne-(carboxymethyl) lysine (CML)
2 8 AGE TZE 7M=& =2 =E enzyme linked
immunosorbant assay (ELISA) kit (Cell Biolabs, Inc.,
USAYE ol 8314 Sae ZAsigTh S0 FREE
CML-BSA standard®} Bl dte] A #ka}9] ),

2.2.6. Protein Extraction and Western Blotting

AN &Z g3 A|EE RIPA buffer (10 mM sodium
fluoride, 0.1% SDS, 1% NP-40, 1 mM DTT, 500 uM
sodium orthovanadate, 10 ug/mL aprotinin, 10 ug/mL
leupeptin, 1 mM PMSF)Z &35} ¥4 8|33t
7|4 AL AL 10% SDS-PAGEE ©]&3l %7
@53t ©|& nitrocellulose membrane 22 o] A F
t} o]E 5% skim milk7} $HEE tris Yol A
RAGE (primary anti-RAGE antibody (CST 4679, 1:

hEkaladEeks]| A, A 439 Al 3 &, 2017

col24 - )

2000; Cell Signaling Technology (CST), Danvers, MA,
USA)), GAPDH (CST, Danvers, MA, USA) &9} z+2t
HE-S-A1Z T} Secondary antibodyZ anti-rabbit IgGE 1 h
HE-S-A1Z1 3 washing}al Supersignal West Pico Trial
kit (Thermo prod# 34079, USA)ES o] &3t AZ8}%]
ot

2.3. Statistical Analysis

B AT BE APe 33 vHEst] AAE A F
AAE L] Fhe mean + S.D.2 EAISATE A <]
4 2152 Graphpad Prism 5.0 (San Diego CAZZET]
S 0] 83901, Student’s r-test Z one-way ANOVA
A8E A8t p < 0.05 fFolFEalA o8 AR
= AAEA

w

2m % 2
3.1, LA—PEG2| Glycation A x|t
Anti-glycation £} ¥7}= glyceraldehydeE ©]-8-3}
o] ©7)7k) glycation% F=dhes 2104 IR
o™, LA-PEG ¥ aminoguanidine®] tiet w=E A3
< ZdYstAch. AP A LA-PEG 0.1 mMellA] 45% o]
9] anti-glycation &7 2 0.5 mMol| A 85% HEL| A
3 AR HF FSIE(AGEs) AE A &Ado] v
F 354l UERS S, anti-glycation agent® ] %1
aminoguanidine® Hlw g A} FEHEE 53 an-
ti-glycation E77} = AS A3 H(Figure 1).

3.2, M= LY SAts &3t

T ELA| o A 2} A o5 AAE ZEjey
Ze YFEE TS SAHToEZHN I + 9
o, A8 A = Figure 20 YERATE S 1‘41_%%
2 BEGCGE ©|-83t LA-PEGY] M= W &
=4 A3} LA-PEG 0.05, 0.1, 0.2, 0.5 mM &%
Z} 21.4%, 55.7%, 76.2%, 85.5%% &% 2 _Ziii =
gtz A adrt kA JER o™, EGCG2t
H 23S W= 58 A8l 877 = AS=Z Y
EFTh(Figure 2).
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Figure 1. Anti-glycation effects of LA-PEG on glyceraldehyde-
derived AGE formation. Collagen gel was incubated with
glyceraldehydes in the absence (control) and presence of
various concentrations from both LA-PEG and aminoguanidine
(0.05-0.5 mM) for 24 h, respectively. Aminoguanidine was
used as a positive control. Fluorescence of samples was
measured at Ex 330 nm and Em 420 nm. Results were
expressed as the average of triple determinations with S.D.
*p < 0.05, significantly different from control.
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Figure 2. The effects of LA-PEG on the production of
intracellular ROS in human dermal fibroblasts (HDFs). HDFs
were incubated with 4 uM CM-H,DCFDA for 20 min, and
irradiated by UVB 20 mJ/ecm®. (A) Confocal microscopic
observation of ROS by CM-H,DCFDA staining in cultured
HDFs, (B) Various concentrations of LA-PEG were used for
treatment. ROS generation was assessed by luminescence
spectrophotometer. The values of DCF fluorescence are
significant (*p < 0.05). Values are expressed as mean + S.D.
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Figure 3. (A) Effects of LA-PEG on UVA-induced
photoageing feature of HDFs tested by cytochemical staining
of SA-/3-gal (light microscopy, x 200). (B) Senescent cells
were measured by HDFs pretreated with LA-PEG and
indicated by percentage of decrease in comparison with that of
UVA-irradiated HDFs as a control. The activity is significant
(*p < 0.05) and the values are mean + S.D.

3.3. Senescence Associated [—galactosidase 4 &7}

X-gal- lactose®] F-AMAIZA] B -galactosidasel] 2|3
A] galactose2} 5-bromo-4-chloro-3-hydroxyindole 2 3]
Ht} X-gal2H-E #31%E  5-bromo-4-chloro-3-hydrox-
yindole> dimers ¥FAste] IhAlg =7 Aok B
-galactosidasei= senescence”} 'WAY G Al Lol A 53] &
FHol &7] w&ol| =38 HEo) X-galS A lstH A
27} g o g HAHET

Zp2) Aol osl F7HE AMEESE AE=ZZRL sen-
escence-associated /3 -galactosidase (SA- 5 -gal) 43S
I3 A3}, LA-PEGE A2stlS Wl |48 A2
F7F F43] 48] MES senescenceE A=
Ao 2 YEPITHFigure 3). ©]+& LA-PEG] &H4ts} &
A& Fot Mz 4t rEd e it S F
ZINZ1aL B A FFAAA AEZES Bl 2 A
Z 5315 AAleke Ao E AYZETh

3.4, CML Mo Xalff 0t

Glyoxal2 glycation product®] Z-JHA| 2 Thall 2y} wt
53t WA AGEsE A8 AFIHYLES
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Figure 4. Effects of LA-PEG on Ne&-CML formation to
HDFs induced by glyoxal. (A) Cells were treated with
various concentrations of glyoxal for N e-CML production,
(B) Inhibitory effect of LA-PEG on glyoxal-induced N &
-CML formation. Results are the mean + S.D. of triplicate
samples. *p < 0.05 compared with control.

2 3EA 540 CML (carboxymethyl-lysine)< 473
&, CML2 H533H4tE?] AGEse] A4 =& ¢
Bl ARl nAR ASE S Sl

oAl Lol glyoxal FE=EE A 2]skal 5Y &< Hl
¥ F CML AR FS 43 A glyoxal = &3
° 2 2751901, glyoxal 400 uM FEIA A LEA
o] CMLe] A== 218 215 th(Figure 4A).

Glyoxal 28] & F|HA|zZol|A CML B3 ¢] F7}3}
= e Ao, glyoxal A2 A F7HEANH
CML #34°] LA-PEGE F=HZ Ao zn i
He 202 Yehstth(Figure 4B).

3.5. MSOIMIZUA Glyoxal 2 == RAGE MA X5l
k=,
Glyoxal-> fructosyl-lysine and N-terminal amino acid

residue-derived fructosaminesZF-E] A glycation

thatabadEss| A, A 4398 A 3 &, 2017
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Figure 5. Effects of LA-PEG on RAGE expression in HDFs.
The HDF cells were treated with different doses of LA-PEG
for 24 h. Total RAGE expression was determined by western
blotting. The band intensities were quantified by densitometry,
normalized to the level of GAPDH. All data are shown as
mean = S.D. of at three independent experiments. *p < 0.05
compared with control.

product®] FXHAE Tl A a wk-3-sto] w24 AGEs
E YA} A FobA oA glyoxal S FEEE A
23k A3 RAGES] W&o F7lehe 218 2lstdl
o™, glyoxal 400 uM FZoA A EZEA §lo] RAGE
Aol 7 w4 AR EE Ao E UERT

Glyoxal 400 uM 2] Z719A4 LA-PEGE TEE=E
A3 A3} H50FEZ 0 F RAGES] A ko] 7Ha
Hol, Alxzu AsdIHFNAE anti-glycation B}
7t Yehts Ao ® &1 tKFigure 5).
4.4d B

2 AT =3P AR A A= E HETEEE
E(AGEs)®] S H7Ito g ni & w3 9 &
g A3l @de M 5 e F=s) AAAE
taLzk s Th Anti-glycation &3 HFEIAHEQ]
o WAPAS BRe] AR F3E Ho] vheEo

AR ATE FFEZ AT 5 JAJ S, in virro A
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A MO R Tkt AlaA o] gk ~38dol 7Hs
st, AEE LA el thal Al DA oA o] FH 3t
E(AGEs) ¥d% H7l% 7Fs38lth LA-PEGE -5
anti-glycation E72 #F TF3HHE(AGEs) A A
gAdol ¢ shAl vebsth Ay kst ast
2 A Zes) A FZEHEQ SA-B-gal S A EY=
golg 4= AN oM, glyoxal S AHE3SI] A 3] 37A
Zo A AGEHH E372 CMLY RAGES] L Hx &
13T GlyoxalZ <13l Z7Fe CML¥} RAGE H&
ZFo] LA-PEG 5% gl 23] s xozxo=z 7+
&3t A9E YEIT

7]|Eol WA Z 4] LA-PEGE AlE A T
g 7S st a35 Uehdo] v 7)e 3
A FEAQ] =3 Vi TR A8 THeE A
o= AzE
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