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ofof 3lER Fx9] /o] Fadlty B Ao tertomotide?] TRE 7WO R 12 9] LelHElo|=

1 FAS A4S SHsto] FEAo] MAH tertomotide 212 FH HElo|EE TEdkAL 5HY L) o] E
3t gEol A A3 cytokine?] TNF-¢ £H]o| W|A= JFE SAoto] 7t Yepo|=o] 3] S5 ¥
FHHRFELE BT estradiololH tertomotide °1449] FALHS 71K HEO|EE EE515H. 2 A9
I tertotmotide F2l WEO|EES &3t At FBF &4 A Aol T30l 2 Z0E i, FAF
&g 59 AEEAol ot FEAol ‘;lo Hepo|=of tisf A4serd FLor F2E HASH 75F IAY
= AFEEELE TESHe §RAETY £2 A7 2 AR AEdn.
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Abstract Tertomotide is a peptide fragment of hTert and developed as a vaccine targeting cancer. It
has been reportedly known to ameliorate inflammatory symptoms in clinical tests and in animal studies.
However, the therapeutic potential of tertomotide is not supposed to be comparable to conventional
anti-inflammatory agents due to low druglikeness In order to treat inflammations present in varous
lesion, the structure of tertomotide is required to be modified. In this context, 12 octapeptides were
designed based on tertomotide and screened for the anti-inflammatory activity in activated monocyte
by measuring TNF-e secretion. As a result, some octapeptides has been exerted anti-inflammatory
activity, comparable to or better than tertomotide and estradiol, known anti-inflammatory agents. This
result is supposed to be helpful for developing therapeutic purpose exploiting other tertomotide-derived
peptides and would be an example for designing novel drug based on active biomolecules with

undesirable structure by convergence study of biology and computer-aided medicinal chemistry.
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1. M2

G52 A-A WY(innate immunity)?] AEZ A
A 7 49 Iol tf-gsto] 7P A Dofdtt.
QR A=02HH A7|E EEske HAA|AY] dRo]
U gt @54H7E AEH 08 fAE] THASOl
Fred 29 HR3E viRsto] A, 14,
EPEdd, 8548 A 9 9o o|2= Tt A
ko g o|gd 4= QIti1]. drfjo o|=2 AAFLo] A+
SHEHA HTE o 2 QI ¥3A] Ado] F7sta §lom
R0l O 4F LAFEEY F7L AEHA Bk
BEA A9 F7tel 71995t ezl AAER] |5
e ASAZI} IL-1, IL-18, TNF-¢ 59 |34 4
o]&7}Ql, chemokine, nitric oxide, prostaglandin
E2E £H|ste] HA7 A3 HA AFE T d5

Aole AAsT UH IL-10, TGF-B 59 FHZ Ao]
E7RRIo] £H|=|o] o]0 o5 AFA MolEFIRIS] HH]
7b A= 2&]o] AHYEHA FEHTHAI

A9 A A EHlEE 958 WEE F

TNF-e= o8] 9374 ddolA k59 F4o] =L 9]
t}. Z2%(Crohn’s Disease) 52 954 4%, AA
59 934 fRAs FHEA 59 954 TEATY
AAE Yol TNF-e9] &/4d< 2= AsiAlY TNF-e,
9] A4, BHIE A= AoiAI7E AR, A= 9l
own T AFA deoA AR GLSEFA Yok
FE TNF-¢9 24 Adfiste 287142 7= 4
27t theoltH4-6]. o= 2FE9] EH 2 2A TNF-e7t
RS gugith

Tertomotide:= 167§9] ofu]lieAtO & o]=o]A] HE}
ol=& QIZt e e]= hTert (human telomerase
catalytic subunit)?] QEZA AL, SIS, HIAA
ZHY 59 A=RE s AEE  FehuiloloH7].

hTerto] otu|ieAt 4E F MHC moleculex}e] 23t 2
37t 22 FEE 23l 16709 ofr]Ar Zolg
z7o| MdeE]o] ook o g I UcH7]. A

A BFA B4d0] Yt @Ado] EAaEo] FEAE
09 A5 A HdS iR 9" AFA
A /o] FRlH HE UTHB-10]. 1A Wel oheket &
204 WSt A4 Sl A&t d okEo] A4l
£8AZ FU= ook SHATE tertomotides 2FE Fo
wHalo] mUiFALR AgtElo] SltH7]. Al L‘_ﬁ]i oF
Eo| = H o iE g, £, gAL HiE
oF=/d(druglikeness)& B7Ish= oFe FH ?‘i—?ﬂ 5%

F

~

TJojo} 3t} Tertomotided & FHAT= +H=
u} glol} a4 olokEo| HlE AljHom = Hxjk
MW = 1866.21), €3t Axro]Ho] gli= F-A%t
%, FAuA(amphiphilicity), G‘Oﬂolb‘r Zrol A Q] B3
Vs 5 1o kel 2 ALE dlid]
AE719 tertomotideE FHF QFEE st A2
A7 %5 Ao woErk(11]

2 AFolA= Tertomotide®] 240 HE 5
517] flote] L2 E F4ste] 87 ofn|iAl Zolo HEt
o|E HEZLE Aol ofn|icitE AR X|goto] HE}
o|=& HARHKFig.1). 7 HEto|=rF Aok et
of|A] TNF-e &4l P3| TS H7Iste] +2-24
BA(Structure-Activity Relationship, SAR) 9+&
5L o]F Boll FES S 7= A FE

= 0= A=

Hefol=g £&skudt sttt

¢

¢
i
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(b) Peptide frame
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Design of octapeptides for anti-inflammatory
activity. (a) Structure and amino acid sequence
of tertomotide. (b) Structure and amino acid
sequence of of novel octapeptides.

2. G7 WY
2.1 BEOIE gA2t =4 & St AR

AtollAl AAE Heto|Ee #2771 duldo] H]s)
A]5] Zo} i wo] 23t BLOSUM 100& ol-8st
o] ofu|iAkS X|B5FHIL tertomotideZHE F&3t
SEHEo|E QS 7[E0R 2 fAMIE B4
sFATH12]l. 88 YA19] alanine tertomotide?] Y
FZoJA+= phenyl-alanine o] B2 B A2}
& oRE 7] Hld ZE HeEolEdlA 8W A=

phenyl- alanine, alanine, glycine& Z}Z} vjjx|o}o]
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v ety SFHAEZE tPSA (topological Polar
Surface Area)?} ClogP (Calculated partition
coefficient)& AHsIAL 37 AHEZE MW
(Molecular Weight)2t CMR (Calculated Molar
Refractivity H=isto] E7[5FTH13]. tPSA, ClogP,
MW, CMRZ Chemoffice £ZEo}(PerkinElmer,
Waltham, MA, USA)E o]&sto] A4kstaict.

2.2 HE0IE &Y

£ AFolA AMEE HE|E= 25 Fmoc-7]49F 32
A Hetols IS Bol] AREHIJT AFEA
(Mass spectrometry, Shimazu, Kyoto, Japan)2} Al
Mo g 315 E/o] EAE I HEo|E] %
= HPLC (Shimazu, Kyoto, Japan)Z £415}0] 95%0°]
AU ERlotgint. Hefo|& Hda B2 B HER
(Peptron, WA, g=)ollA] =353t

2.3 g9 gd "t
FH A2 macrophage-like THP-1 A|3ZofA] &

H == TNF-¢9 &¢& S35t B71st3ith. Human
TNF-e¢ Quantikine ELISA kits (R&D Systems,
Minneapolis, MN, USA)E ©]-835}o] ELISAS 4333}
. THP-1AIZ(ATCC, Manassas, VA, USAYE 10%
fetal bovine serum (FBS, invitrogen, Carlsbad, CA,
USA)E Z3t DMEM (Dulbecco’s modified eagle’s
medium, Gibco, Carlsbad, CA, USA)IA ®iF &
96-well platedl] Zr well B 2 x10° A&7} Hz& &
F5kal 100 ng/mLe PMA  (Phorbol-12-
myristate-13-acetate, Sigmaaldirich, Burlington,
MA, USA)E Azste] 2047t 52t £3H F&skl 1
ng/pL LPS (lipopolysaccharides, Sigmaaldirich)
£ LPS®} 7} HEtolert 3 23E HiRE wAsta
1 AIZE B3t vt ARALY] 7ho]Eof wha) A5
<= FIste] ELISAZ <33t TNF-e9 ¥ 2
Multi-Mode Microplate Reader (BioTek, Winooski,
VT, USA)IA 450 nm S5 S5t Aottt
Helo]=E 0.05~5 pMO] H2 Aot

2.4 ME MEY Tt

SERElo| B A o] mXE FRFRE A2 A
£407 grlelHet. Cell Counting Kit-8 (Dojindo,
Kumamoto, Japan)& °©|&3dl¥tt. AHZE 96-well

plated] well @ 2-5 x 10° 7]2] AZES B33}l 244]
ZF Bt 37°C, 5% CO: incubator (Thermo
Scientific, 1L, USA)°A] viFsla HElo|=E 7=
FEHE Astnt. 4417F B9t vis & WST-8
(water soluble tetrazolium)& Ag|skal 37°CollA 2
A7t B9t vt & Synergy 2 Multi-Mode
Microplate Reader (BioTek, Winooski, VT, USA)Z
olgstod 450 nmoA FBEE FF5to] BEHE B

715¥9ie.

2.5 A X

£ A9 BE AF A= 33] o4 BHE
o2 Yepfigiet tixatat AT Atel9] B4
A AL Student's paired t-testS H-&3IH oM p (<
0.05 &4 §942 24stith

1 ok
)
Jo
1o

3. Zut

SEHEolEE AA5H] H
tertomotideZH-¥ F&3190. =4 AS2ES 17
519 tertomotide W4l threonine, serine¥} 2712]
arginine®| YA ot= FES FHOE nHdS A5t
Aot FE4S nEste] B 1000 oJstE Wl
A 51l whhA] gERo|E9] ZolE ofm| k4t S7HE A
golelet. e 92 o 44 5 ou /A7
A =44 3719 v=4 27171 HASHlocalized) s
o] £/do] =4 BHE £ Qlo] Fig.1 (a)°ll Ut HEZ
2 XE AAsta #HTY] AF Al HSA 717t
I £ Sl FHE AolE Haslel] Hste] &
©@oll alanined iAo} H|54 Z|E WE7E X%
sto] SEpgEtolE | lE AAISATHFig. 1(b)).

SEHEolE nE|QlS 7Rte R 2Y ofu|ieAkS A
Sioto] 12 9] SEHHE|EE AA ISkt 247
A2AE-S HEE FAISH] Hlste] fARE 449 ofr]
Ao 2 A3sl9al o]F fl5te] BLOSUM 100 ©l&
SHH12]. Table 1.014 BEX FAM] 7182 70%22
AAsta XS ZFPsioiet. ot Hepo|= 591 62 #
AHdol 70%l HIAA] Zoti=T ol tHE HEelE
0] 270 o|5t9] ofm|iito] A gkE W HEjolt 59
62 3709 ofw|iAto] 2|ek=]S17] wiEo|thTable. 1. 5,

do
ok

g,
o

(e}
[
1=
)
i
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Table 1. Biological and physicochemical property of octapeptides.

Serial No. Octapeptides Structural Steric property Lipophilicity o Collular
(;(22{1?;) HZN_@iéigii@iéﬁ:g coH ho@z)lggy MW CMR? wsa? gt MY todcity”
1 HoN-A-L-S-S-R-L-R-A-CO:H 90.0 873.01 18.01 354.44 -5.94 + -
2 HoN-A-L-S-S-R-L-R-G-CO:H 771 858.99 17.64 354.44 -6.19 ++ -
3 HoN-A-L-8-S-R-L-R-F-CO-H 7.4 949.11 20.02 354.44 -4.81 ++ -
4 HoN-A-L-§-T-R-L-R-A-COH 80.0 887.04 18.38 354.44 -5.70 -
5 HoN-A-L-S-T-R-L-R-G-CO:H 67.1 873.01 18.01 354.44 -5.94 -
6 HoN-A-L-S-T-R-L-R-F-CO.H 61.4 963.13 20.39 354.44 -4.56 - -
7 HoN-A-L-T-S-R-V-R-A-CO:H 88.6 873.01 17.64 354.44 -6.44 - -
8 HoN-A-L-T-S-R-V-R-G-CO:H 75.7 858.99 17.27 354.44 -6.69 +H+ -
9 HoN-A-L-T-S-R-V-R-E-CO:H 70.0 949.11 19.65 354.44 -5.30 +H+
10 HoN-A-L-T-S-K-L-R-A-CO:H 90.0 859.03 17.93 325.74 -4.60 ++
" HoN-A-L-T-S-K-L-R-G-COH 771 845.00 17.56 325.74 -4.85 +H+ -
12 HoN-A-L-T-S-K-L-R-F-CO:H 7.4 935.12 19.94 325.74 -3.47 +H+ -
tertomotide -L-L-T-S-R-L-R-F- 1866.21 ++
estradiol(E2) 272.38 ++

The homology was calculated based on the frame to each peptide substituted by BLOSUM 100. “Molecular Weight. “Calculated Molar Refractivity,
“Topological Polar Surface Area. “Calculated partition coefficient. ‘The effect of peptides and positive controls on the TNF-a secretion by
Macrophage-like THP-1 cell line. “Determined by cell viability test using WST-8. The activity and toxicity was qualitatively determined as followings,
- not effective, + modestly active, ++ moderately active, +++ highly active.

6). 89 9A9 alanine tertomotide®] Y FZo
A= phenyl- alaninec]¥ o2 2 w14 AT 2R o
7] Yol ZE #HERo|moA 8W YA

phenylalanine, alanine, glycine& Z}Z+ vjx|sto] H]
WG

B=
=

3.2 o424, S2pEN 4

FEA 7R A% 2 BAE 96 &
7t AR EAFT CMRE AL BAF2 850
~950 ZANA 12 F9 HEP|E BE FASIAL
CMR HA] 17~20 ZAoNA BF FALSHA e
mEhA] I 08 BT FARE R E olErta wdE
ot A EZ AALE tPSAS ClogPHAl AAIE et
o|E Ajolof] & A}olE UERHA| ghof BF 484 e}
ol & wetEch tigt 88 YX|9|| phenylalanine©] &
= Hepo|E oA ClogP7} &olAl= Agko] YL
U ojHs] =2 84S UEith

3.3 A=Y A

Tertomotide®} estrogengd FAANZZEO=E A5}
I AAE 5%20.05 ~ 5 pM)ollAl macrophage- like
THP-1 A|ZE9] TNF-¢ 81§ S35t AT &4

2 24si9n PAETe] Z Y o Re BYS

7R #eto|=g ZruAlsigit). Hele|E 2, 3, 10°]
FANERTTL FARE S-S YT fEol|E 8, 9,
11, 12& 9 &2 &4& YelthFig. 2). HetolE9
o] Bk g&EHolA] gol S Y oR HYrist
o] Table.19] 7|53

38 X9 threonineZ serineC& |33t HE}o]
EE2 @4o] 19 &A g%tal(Table. 1. 1, 2, 3), 3
H, 499 threonine, serine® ZYZ} serine,
threonine2 & FAlof ATzt Helo]|E= T/Jo] FA]
514 GoltKTable. 1. 4, 5, 6). °]= 3%, 49 919
threonine, serine A|go] A0 uj$- 22 Xjo]
dol= AT} JoA-gof| 2% AT T YEid
ot 69 X 9] leucined valine2 &2 X &3t Fx0)A
= AR 2 E40] Wl et vlg4 27|19 A
718 54% FE Ho] fETE HoEtH(Table.
1. 7, 8, 9. 5¥ YA9] arginine lysine2& X35t
Heto|Eo A AR =2 Edo] UEttHTable. 1.
10, 11, 12). Arginine¥} lysine2 2% @714, FAs}t
d 715 7R o) iAto| B2 JARRE AJA 9] of] it
o= 235t AlolX|qtk 31, 41 H|of|A 9] XEt=
9] =2 /0] YA 27]9] A7]|oA 9 Atol7t
249 HskE doxithy AtsErh

89 91A] | alanine°] =YE HElO|EE2 ARHEC
B o] WA wEEHUKTable. 1. 1, 4, 7, 10). ¥
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Fig. 2. Impact of octapeptldes on the secretion of TNF-a by macrophage-like THP-1 cell. “Control. byehicle.
“Estradiol. “Peptides (1~12). “Tertomotide. *p { 0.05 versus vehicle by Student’s paired t-test. n = 6, Error
bar: S. D.

o] 81 9JX]°f| phenylalanine®] = HEOIEES of
Az &/go] A YepdtiTable. 1. 3, 9, 12). ¥ +
Zolli= 89 #A[°ll phenylalanineo] BiA|=|o] 9lo1t
oY d AA Al BT AT SRR 5= 1L
2loto] alaninel & WABIR =L o] FEL FAadHA
ottt Phenylalanine® benzyl 717} 33t A2 &3}
S 4EAEE Bl 2ol 430 o

sttty woEh 8 YRS glycineo & |3
01’ Helo|EEL A2 =2 FAL YEHHTable.
1. 2, 8 1D. w&hA L9 FZX(benzyl-)E K45k
U AAH-)SteloF sk F3+2719] methyl 715 =9
Sk A2 58-S 258 Wofstke Z0E U

3.4 M&E =4

THP-IAZE o & A BEH HAHE 5351
FAYZF tertomotide, estradiold} B=
o|E7} M|z ABAo|| u|X= FFS BUIeE 23 AE
E ol B8 J3F R 9T

4. 22 % 2%

B53 Aet ABE ol ABA, AQAE AREE &
g Zo]= A £9A|Z+= dexamethasone, hydrocortisone

O] AREEY BARET S0l AZdslar v AE|Ro]
T A &9AE AHRCIE A FES Al AT
=R QW 7|7 AREEO] Hout AYIZE Fojxj] K
Z-go| dHAH AMEL FE 2A7H B/FE Agoltt
[14-16]. o]0 £ Ao+ A E/do] &=l HElo]
9] tertomotideE 7|Hto 2 M2 ¥ B =&

starat st
EF vh&I AAH tertomotide?)
9 B} gloy tertomotide”t =8Ado|E2 Azt
& B X A0 R WSt AU 5=
AdoAs 8808 Fojsty o] UEHoH=E
HALO AY 42 $~8/dol=t weETH7-101.
g A Aol 8 f|X]e] viA]gt alanine 279
g @S W Z0E Yei IR 4eAREol 9l
< ZoE ot 224 |AMIE 9IS BLOSUM
1002 °]&5t3l=t otn|Al X|ghof] whE Faide] &
AHd EA4olli= PAM (Point Accepted Mutation) HiE
g7t © gol| ZojAgt =4 AQ HRE fldiA=
BLOSUMP®| B 45111 SERfElo| == thafdof H|sf
odXi 5] Ze FxolEE BLOSUM 100& ol&a}gict
1. ETi5ekd AR E &85k Z7Hd Ay A4S
H]_u_ A7 12 Y SEhgetol=Y] 24 Aot =
89] Zpol7} AA] Yot FARE FEHE UEHd Ze=E
waEo
49 FE 242 5=-9EH FFS UEA &
=t ol AAEACIAE &3] WHAE= hormesis
Jo& & 4 Qlt}. o] d42 wko ukEt €4go]
biphasic, triphasic ¥3& Yetli7| = $It}{18]. E3H
Hetol& ER9] FA%E PRI o] o] Frze
2 A== A g3t AL Sk 11 & Aol
A ARt BFHoE Brit o Qle FHdeRE
Fd 22O estradiolT} tertomotided APl
o|¢} Hlwsto] FJAHHoR Hristoitt.
ojAto] A= Q09F5HH tertomotideS 7|9tO 2 oF
E40] MAEES A9 SEgEolE & A dxT
Hr} a0l 53 HEto|=5o] TEH U HE

A EAHL o

mlﬂ

o

50
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olt 97} 7P 5% S UEhlth E& &40l &

T 9]&Ho|R] gkl TNF-¢9] Wro= 715t Aulojm
2 A% JFH ATet 287140 tigt & A7t o]
FojAof gttt A8y TNF-o7} 4574 28] #&0
83 E FES FEEAY 7S e w
o}, &3 tertomotide 7 HE|E £ A2
4 MY AR 8 5 e 7FeAS A
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