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The proliferative effect of Cyclophilin from Pyropia yezoensis in
intestinal epithelial cells

Jae Hun Jung

Department of Food and Life Science, The Graduate School,
Pukyong National University

Abstract

Pyropia yezoensis (P. yezoensis) is a marine algae that has antioxidant,
anti-inflammatory, antitumor and anti—aging activities. Cyclophilin (Cyp),
known as Peptidyl-prolyl isomerase (PPlase), has many function that include
immune response regulation, antioxidants, cell proliferation regulation etc.
Recombinant Cyp from red algae, is known to effect on development and
growth of organism and it has effect of antioxidants and antifungal activity.
But, other biological effect of recombinant Cyp is unclear.

Intestinal epithelial cells have a life span of 3 to 5 days and maintain their
population by periodic proliferation. When they are damaged, they recover the
injured area through proliferation. So, intestinal epithelial cell proliferation is
essential. In this study, we examined effect of recombinant Cyp from Pyropia
yvezoensis (pyCyp) on IEC-6 cells. First, the MTS assay showed that pyCyp
increased cell proliferation in a dose—-dependent manner.

We focused on two cell proliferation mechanism. One is IGF-IR signaling
pathway, the other is EGFR signaling pathway. Both of the signaling pathway
are essential in regulation of cell growth, proliferation and survival. pyCyp

stimulate IGF-IR that induce intracellular signal transduction cascades,

- vii -



including the phosphatidylinositol 3-kinase (PI3K)/Akt pathway and mTOR
pathway. EGFR stimulated by pyCyp induce intracellular signaling pathway
including Ras signaling pathway. Also, we observed cell cycle related protein.
pyCyp increased expression of Cyclin A, Cyclin E, Cdk2 and decreased in
protein levels of p27 and p2l. It means pyCyp promote Cell cycle progression
by increasing S phase percent.

These results indicate that pyCyp stimulate cell proliferation via IGF-IR and
EGFR signaling pathway that induce downstream signaling pathway and
promote cell cycle progression in intestinal epithelial cell and have important
implication for understanding the function of pyCyp purified from Pyropia

yezoensis.
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2011). 257 ToAME= WARY I (Pyropia yezoensis) 5ol 4
s SE2FEA SEYUEE HES T, dBA dE5HoR AFo=
A o] AuHo] gow FxF{F FoAME FHeo Ay xug

polysaccharide, HlE}Y 5 Z+& U

et al, 2015). AT FHolA Fald Fetol== FdaHdE JHAL U
(Park et al, 2015) °] <jell%= 4 2
A5 29 (Kim et al, 2017) 2 A MEZ52 &7 (Lee et al, 2015)
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Cyclophilin (Cyp)< Immunophilin & 3}41ZA] PPlase activityS 7}A] il
2o (Kumari et al, 2013; Nigro et al, 2013) prokaryotes®} eukaryotes
5 s dRiEe §71A, AEENAA EAFTE (Hoffmann and
Schiene-Fischer, 2014). Cyp= WA Eo 93-S =31 (Yurchenko et al,
2010), FAFstE ¥ (Kim et al, 2015) % 4 71sS 7FAa i
Vascular smooth muscle cell (VSMC) & dFAx] A4S FHA]7]7]
= g & A vk (Satoh et al, 2008). ©] ¢Jo%x Cypt Cell
migratione &3l S4E 24& d3A 7= 715 % AT (Obchoei, 2009).
)i Cype Cyp A, Cyp B, Cyp C, Cyp D & thdat F/7F =
AbEe] A 18FH9  Cypgs 7FAa 9ew  (Hoffmann and
Schiene-Fischer 2014) A &EA & FA8ES = 7] FHFatttar st
hE A o7 o 71 &) 2% Arabidopsis &9+ 2970¢] Cyp A7 &
Askar 2tk (Chou and Gasser, 2004). 37 4

Cyp7t %ol &Agtta <A ded 5x7F<  Chlamydomonas
reinhardtiiol = 267019 Cyp A A7F €453 (Vallon, 2005) EHFH =7
(Pyropia seriata), % (Pyropia tenera), WWAMEY 7 (Pyropia
yezoensis)= X3t HolME Cyp FAX7E At e &g 7 #=AsH
Cyclophilin®] 7]5o] ¢&#A31 oy o} Astr|da A=A gL 7]
o WA A Foun £3), 277 711 Cyclophiline] <1412 A2 g

APANAEE JYae] BF 2L 25 FFeta 9RFAod fA%



Aol gk Mzl F2] Hi= Apoptosis EFpoll #E Aol Hol o] &
o] ¢t} (Grajek W and Olejnik A, 2004). =% o] t}3t AFAMAEE &
sl7) S T Ealy] vl olE FrIHoe =z iAol &8 v S

FA F Ark B ohel, wak T2 e GFuel o) ALY A

Lo

Bt (Negroni et al, 2015). wehA AT A xS T4 dATFTAA
7 A E oo g

Insulin like growth factor I receptor (IGF-IR)&= Al¥2 A& 2 F24 3
AHI} AsAG WAYSZAA FL3 IS FP3rt (Galvan et al,
2003). IGF-IR< Alx fWol| &Aste] IGF-13 Adsta +&A7F <4t
st HUA 84S Ul AlE O g AsAdgFdEE P A70
(Annunziata et al, 2011). IGF-IR7} A=W of7]d] ZAgst= ol
IRS1, Shc & ¥#HARJAAEC] AfstA Hit

IGF-IRo| Zgtsle] <24t} HwWA] o] Phosphatidylinositol 3-kinase

£3], IRS1S 2l4k3 #

(PI3K)/Akt pathway®} Mitogen-activated protein kinase (MAPK)
pathway #-& at9] NEAGHAEE SAHSAIA Az B 2 #3l, &
A& FXIA 7T

IGF-IR¢ mFz7MAI 2 A 2S5 Ao #ofdt= EGFR 4] Alxe] 523
#4dgd Azdd dAYSAA Fad 4EE I EGFR
Epidermal growth factor (EGF)$¢} ZAgtslH A <lAksto] s A4S ulA
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EGFRel Grb2, Sosl
o] A¥slo] RasE H]E£35le] PIRK/Akt 5 thds Asdd AZE g4
A 712 o]% MEK-ERK % 319 A3 dGA2E APAA AxE A =

21S ZHA7IA At} (Wee and Wang, 2017).
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kA A3 Cyclophilin®] d¥-A*e A4S 2ZA7|7|= 3vpar &
A YA AFH o, A3/ BHAR ATl oI T} X
of#] wrsl x| A eFgkth. 2elar s xF{7F 7FX Cyclophiline] 27873 Al 3
of tigh E¥e dElA AA &) Wil B A= AR el A
o S Cyclohphiline] AAra] Al E2Q1 [EC-6 cellel ojw 3t & 37} e =
A AHRT a2 gyel BEste] AEAEAGe] oW wAYZFOoR o F
oy A=A o] ¥ EgiTh



0. As ¢ H

O+
1)

1. A=

7 Aot 2 A=

2 AFoA AFESE MEE ATCColA Tt B AT MEF<
IEC-6 (Intestinal epithelial cell-6, Rat)S AF&3}Sitl. A Eujoke] A&
Dulbecco's modified eagle's medium (DMEM), Fetal bovine serum
(FBS), Penicillin/streptomycin (P/S), Phosphate-buffered saline (PBS)T
Gibco BRL (Life Technologies, Gibco BRL, Gaitherberg, MD, USA)A| %
S AFES Al Trypsin, Bovine serum albumin (BSA), Protease
inhibitor 52 Sigma Chemical CO. (Logan, UT, USA)A| &S A}-&3F%
oo Aol g AEES SAs] s MTS/PMS  Solution
(CellTiter 96 AQueous Non-Radioactive Cell Proliferation Assay kit)<
Promegaoll 4] ¢, AF&stdeon A¥ vz Fos =AHst7] 8
BCA protein Assay kit (Pierce, USA)E ¢, A}-&3}%th.

Western blotel 4] Protein standard markers= Dual color marker
(BIO-RAD, USA)A| %S AF&3F 2L, A3 2% antibody: Santa Cruz
(CA, USA), Cell signaling (Beverly, MA, USA), Bethyl (Montgomery,
TX, USA)A FY43t9 2™, Detection Reagent® Supersignal West
Pico Luminol/Enhancer Solution® Supersignal West Pico Stable
Peroxide Solution (Pierce, USA)<S ©]-&3] Bioanalytical Imaging System

C300 (Azure Biosystems, Inc., Dublin, CA, USA) &4 #n]z oz



Y. N8y Ax

(1) pyCype A%

Pyropia yezoensis® genomic DNA (residue 1-165; Genbank:
KJ728870.1)°1 A Cyp gene®] open reading frames PCREZ F%3&lo] A&
ot DNA Z7HS E.coli BL21 (DE3)¢] expression vectordll %) 3} th
(Table. 1). E.coli== ampicillin (50 pg/mL)S ¥31% LB mediumol A ] &
PR, 3% (ODgop)7F 06 ~ 08= 7I5S W, 37ColA 05 mM
Isopropyl-B-D-1-thiogalactopyranoside (IPTG)E A glslo] Cyp wHdS

E=akdh o] & Cell2 8000 g, 4T, 10% F f4lRelste] B g,

ol

lysis buffer (20 mM Tris pH 80, 150 mM NaCl, 2 mM @8
-mercaptoethanol) & A}83}] sonication® = #3f3FA Tl lysate= 25,000
g, 30% 7+ AAET o] insoluble materialS AAZAGY. HES
Ni-NTA affinity resin®} &3tato] 1A]7F FoF 4ToA wwratdvh, 19
t}S Columno] =Y3le] unbound proteine 20 mM imidazole2 &
lysis bufferE E3d) &A% 1, Cype 250 mM9 imidazoleS A& lysis
bufferol] <3 &== 3t o]F TEV proteaseE Yil A &ox O/N
incubation 3}y His-tagZS #| 73} 1, Centriprep2 ©]-&3te] CypE =
A7l & HiPrep Sephacryl S-200 HRS A}-&3to] A A& th.



Table. 1. The primer of Cyclophilin from P. yezoensis used in
PCR

Gene name Primer sequence

Cyclophilin | Forward-

-GGCCATGGCAATGGGGAACCCGCAGGTGTICTTTGAC-3
(P vezoensis) | Reverse:

-CACTAACGCCTGACGCCGCTCGAGATCGAGCTCGGG-3




(2) SDS-PAGE eletrophoresis

pyCyp7t  #dol  HA=A  FRIe7]  fdl Ni-NTA  affinity
chromatography = 2|3+ fractionES SDS-PAGE®] loadingsl il o] &
Coomassie blue brilliant (CBB) StainingS %3 =% 3l3tdch 1y
3 Sephacryl S200= ©]£3F Size exclusion chromatographys &3l

pyCypits ]33, o= SDS-PAGEe°] loading3lil CBB Staining<

1}. Cell Culture

(-~

Ratoll A FalE &2 A ¥Q [EC-6 A|l¥:+= American Type
Culture Collection (ATCC, USA) S 25F Fgntol Ao Al-8-3}

. A3 = Dulbecco’s modified Eagle’s medium B A ¢ 10% FBS<}
P/SE #H7}sle] 5% CO, incubatorel Al st o™, AE7F 100 mm
diameter culture dishol] 80% A= F2st PBSZE Al &3 3 trypsine
AHEE Al AL vl A = 2 wheh agks) SRl

t}. Cell proliferation assay

pyCYP7F IEC-6 AZ 9] 4%

3 48-well plateo] 2x10* cells/well2 A EE BF3 & AER S 93

Jpw

ZZA7= 297F A=A dolr ] 9

24N % vieFstal, SFM WAl = 4A13F o ¥jget o pyCyps ==
g3t 48417 w<b wjFEdth. MTS/PMS solution (Promega Co,



USA)E #H7tslo] 37CelA 308 WAzl ¥ ELISA plate reader
(BIO-RAD, USA)Z 490nm &3#=olA =A3sA ).

2}. Wound Healing assay

pyCypell 93+ Cell migration®] &= &<2lsl7] 98, 6-well plated] Al
ES BT 5 24430 5 200 pl A tipe 2 welle] A ZhEE FEE
AA MO R scratch 3tlTh L th5 PBSE A& & @AnFo= AMNS F
FstA L, pyCyps FE=H-E 48417 A2lgk o2 ¥jA & suctionstil PBS

2 A & dvFor AKS st

u}, Western Blot

(1) Total cell lysate &=

pyCYPE A g3k IEC-6 AEES PBS®E 23] A& 3d}lal protease inhibitor
(1 mg/mL aprotinin, 1 mg/mL prpstatin A, 200 mM NaszVO,, 500 mM
NaF, 100 mM PMSF) 7} ¥3%% RIPA lysis buffer(1% Triton X-100,
Sodium chloride, sodium deoxycholate, 0.1% SDS, 0.5% EDTA 2 mM,
Tris-HCl, pH 75)% Yol 48 HolAl cell lysateE 3|53tz -70C ol
O/N H#3k o5 dAEE (12,000 g, 4 C, 20 min)gte] 1 FF AL 3

Fate] Aeel AHgseTh
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(2) @9 B3

e
X—l

-

@l FRE S50pg/mLE A @Fetel FHEts SDS-PAGE #7953
t}2 PVDF membrane (Millipore, Billerica, MA, USA)° %2 Membrane=
Ao A 1% BSA-TBS-TZ 1417t blocking A7l § &S Bzl 3}
7 7ke] 12 FAE 1:1,00002 sAE 4 TolA 16A17F wkEA A th
TBS-TZ 1583t 23] AlF S sta 224 AE 1:10,000 ~ 1:40,0002] <]
2 A8 2412 REEAIZL §, thA] TBS-T 15%7F 23] AlF s

>
Ol

s

Super Signal West Pico Stable Peroxide Solution¥} Super Signal West
Pico Luminol/ Enhancer solution (Rockford, IL, USA)E A}-&3f

Bioanalytical Imaging System C300 ©]v]x] #A FHd|z2 oz =g
4% & W= AxE S43AY

v}, Cell cycle analysis

MEFT7]] #x % HslE A3 H7] 98] P100 plated] IEC-6 AXE
10% FBSE 33k DMEM #iA| & 3|48 253t al AEZ7F 60% 52
3 SFM<S A @] 3te] 4417 5<F Incubation 3 the pyCypE: s=9E =2
A2 g ohg 48A12F 5ot vl %A th PBSS Trypsin-EDTAZ Al ZE v
ool PARe dto] A= AABL pellett 3|Fdte] 2 9 tubeol
Cell cycle test Reagent®} 41¢] 5%7F vortex 3 & 2o A 30&7F o4
of Fo] wrg-AZ Tt} WS ¥ Muse Cell analyzer #H]E o] &3] =433

o,
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A BAGH A

2= Ay FAANE Zhzte] HE P ZFEUAE AFESHY] 17
st o, BE A5+ Windows SPSS X =213 (Statistical Package for
Social Science, SPSS Inc., Chicago, IL, USA)S o] &3}o] A3, vk
B=Ao] 9% ANOVA test®t Duncan's multiple range testE 283}

ol W, BE FAA Y% 58 p<0.050d A v E kT

kv
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m. 23 9 13F

1. pyCypd AHA ¢ 29I

pyCypE 471 918 AFWHAA Az WA o] 7hAa 9l
+ Cyp® cDNAE E.coli*l AdstAth. Ecoliv 43557 W2 =&
Dro e w7ty Az dod PAELwert wEd g v A |
at7] witel E.colie ©l&3ste] Hste dde WA= WS Bol
853 9t} (Rosano and Ceccarelli, 2014). E.coli W &2 udS #
371 93] IPTGE A sl=d ol A Ecoli®] lac operon®l A HAAM7;
o] Fo} A=l lactose”t} =A< w lac operon®l ZAF = o] U+= inhibitor2}
IF-8-3Fo] operonS 2Bl o] A 7| A HALZE X ET IPTG lactose

Z7F AR AR JF-ol A EaEA 7] witel 1A o R w
HES Frsty] Yel] wo] Algx  gltk (Marbach and Bettenbrock

H

19
(o3

()

, 2012). pyCype A EE 7FA3 A= E.coli7t pyCyps Hds=A &9l

-

7] sl IPTGE 2d& #F=37] d Ecoli, IPTGE 2dE& =%
Ecoli 183 IPTGE WdS& FX3t & dAlielste] pellets o} lysis
bufferel] ¥ fraction, ©]¢ Ni-NTA affinity chromatography= 2] 3%t
fraction & 135S Yo SDS-PAGE®] loadingd91il CBB Staining

o= Fd Ay, IPTGE HdS F=sr] Ay HdS F=3 F9
Ecoli, 947 % 1& pellet, affinity chromatography® ¥#¢3%t

unbound fraction®} pyCyp7} &= o] elution® fractionE©] YEF:
pyCyp7F Z& ¥ o] elution® fractionE 9l laned A KW 20 kDa Yol

_12_



A FASE MEE AT 5t (Fig. 1A). Z2E]3l Size exclusion

chromatography 2 %2 % SDS-PAGE % CBB stainingS 3%

S Aa} 18
kDa 2AolA shtel F7e Wed et 28 Ssdn (Fig 1B).
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AM123456?891011121314 B

245 kDa|
180 kD2
135 kDa
100 kDa

245 kDa

180 kDa
135 kDa

100 kDa

75 kDa 75kDa
63 kDa 63 kDa
48 kDa 48 kDa
35 kDa| 35 kDa
25kDa 25 kDa

201Da

pyCyp 20kDa

Fig. 1. Expression and purification of full length pyCyp protein.

(A) SDS-polyacrylamide gel shows the expression of the pyCyp. The
arrow indicates the pyCyp protein. The whole cell lysate before
induction and after induction are shown in lanes 1 and 2. After
centrifuge, pellets are shown in lane 3. During the Ni—-NTA affinity
chromatography, the washing and unbound fractions are shown in lane
4. The elution fractions are shown in lanes 5 to 14. Gel was stained
with CBB. Protein molecular weight standards (kDa) are shown in lane
M. (B) pyCyp is purified by size exclusion chromatography. One visible

band indicates pyCyp completely separated.
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2. pyCYPel 93t [EC-6 A &3 AyAx 4Z=H 23

7F. pyCYPZF IEC-6 A &3 AIAHAE S vA&= 9T

2 A9 AHEJ IEC-6 M2 FA3 #HHs pyCypZt oH adE
Ueh =% gelslr] 98] MTS assayE A A8to] viabilitye] WH3s 4
HE gk AEY viabilityE SAE W o 7pA] WRio] UAT, 1 F
M % tetrazolium saltE o] &3k viability SHHS %ol AFE3ta 3l
tetrazolium salt:® 370¢] aromatic group® 233 3 Fg=7 A 33
E v 349 A wrgste] Mgt (Marshall et al, 1995).
tetrazolium saltE ©]-& 3+ viability =4 Hol+= MTT assay, XTT assay,
MTS assay 5°] Atk MTS assay:= MTT assay e wF37FA| 2 A] ¢Fo]
aromatic group®] A% ¥ 3}3HE<Ql tetrazolium saltE 7]HbES 2 3}al 9lof
Az W EAste FHa4AE59 WEste] formazans AT AHE

o
formazan< 490nmeoll A TF =S A5t YA EFS & F A MTS A

oFyt WkSSh= AlE W] Y84 E NADH dehydrogenase2t NADPH
dehydrogenase’} QUth ol&5 &4 E 2oldE AFdA A4S Yehyr]
] F-of] Ao}l Al¥E F=9} formazan®] AA =, F 490nmel A =A 3
e 7k AA v g sttt MTS9 34 agASd 93] Y formazan
&S Uede] M= FrHaA fle] ¥R welldl M S35 @&

sle] Ag g 4= A}t (Cory et al, 1991). o2 EA o2 MTS assays=

o oot

A\
o

MTT assay®l "3 FHSHA AFEE = = o] ot IEC-6 A
pyCypE 0, 5 25 50 pg/mLé &% A8 oS 48717+ Foh
incubation 3tttk = A3 pyCypE 5, 25, 50 pg/mL=S HEl S w <F

1209, 130%, 140%2 S4ste] F&= oJEAQ] AET 4] =

i
50
y

ry
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Fig. 2. Proliferative effect of pyCyp on IEC-6 cells.

IEC-6 cells were seeded in 48-well plates at a density of 2x10* cells/well with
DMEM supplemented with 10% FBS. After incubation for 48 h, cells were
serum-starved for 4 h and then treated with pyCyp in the indicated
concentrations for 48 h. The results indicated mean * S.D. in the three

independent experiments. *P<0.05 vs. corresponding control group.
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pyCyp 5 pg/ml
pyCyp 25 pg/ml pyCyp 50 pg/ml

Fig. 3. Photomicrography of pyCyp treatment in IEC-6 cells.

IEC-6 cells were incubated with pyCyp varying concentrations (0, 5, 25 and 50
pg/mL) for 48 h.
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Y. pyCypel 93 IEC-6 A ¥ Wound healing &3

2 A EE EAS AA HH A ES migrations ZZEe] &AbH
A7 SAo RN AV AEY #¥s FATH
(Zhang et al., 2014). &A pyCyp7t sEdEX S E MEZ2A J&FS 7
e AL Fostgar B Ao AEFAS 53 Cell migration &
W= Felstr] g AEZ s gE Well 3 7Fe-d A2 402 ScratchZE
d g pyCypEs 5, 25, 50 pg/mL 2 A glste] 48417F & Scratch’}
BES dugow #zegth 2 A3} Control ol W3] pyCypE # &

Sk ol A Scratch7F @ Fio] T& oEHOZ FIMHFS FASAT

o

(Fig. 4A). 183 Scratch H4-& =74 38ko] vlust A3 0.75 mmol A 0.5
mm, 0.45 mm, 0.32 mm, 0.16 mm=z ZZ} o EAt} (Fig. 4B). o] A2
MEZ2AS 53 Cell migration®] Z1 &% o] Scratch’} W H#°] Wound

healing®] =SS 2 v e},
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(A) G pyCyp (pg / ml)

25 50

O0H

48H

(B)

Dista
=
W

con Spg/ml 25 pg/ml 50 pg/ml
pyCyp (pg/ml)

Fig. 4. pyCyp affect migration of IEC-6 cells.

Measurement of cell migration by wound-healing assay to examine the effect
of pyCyp treatment on IEC-6 cell migration. pyCyp was treated each
concentration (0, 5, 25 and 50 pg/mL) and incubated for 48h (A). Cell migration

distance was quantified by distance of monolayer-wounding (B).
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7}. IGF-IR% o] ¢} #&

it
r o
X
Lo,
3
(el
=
=
rr
of
ofk

pyCypE =R 48417 &9t AHEsk IEC-6 AlxEANA IGF-IR<}te] 24
sto] o8] F=® AE F2d v XE Jdd s 2 H gkl IGF-IRO

ot AFANZTHES AEZFTA A wAYFAA HEA Azdd

Insulin-like growth factors (IGF)= 1702 Al&= o] F o] R polypeptide
ola o= AA| el A thekgt whEel #HAstE F8 AFAA F Fhe]
o F=2 AZAGA FAEEAR AR zZ

paracrinedl] ol #H ¥ = A= loH F2 7|52 Axe] 4%, &3,
AES FHAAZIG. IGF-19] AA U 752 IGF receptor type 13 A%
t W HAEC IGE-IRE 2709 a-subunit?} 2709 B-subunito =
TAEel Q=dH, B-subunit transmembrane domain, juxtamembrane
domain, tyrosine kinase domain¥} C-¥¢  mgz  FAHQ

(Annunziata et al, 2011). IGF-IR9 ZA33}A %™ autophosphorylation®]

Ao A autocrine@}

ol
32
o

¥ o] Insulin receptor substrates (IRSs), Src homology (SH), collagen
domain protein (she)= S3) Ax W AsAG HA=27F JMgHAr}t (Butler
et al,, 1998). oA S = MTS assaysS E3 pyCypol 93 AX S48
B2 Fele gt (Fig. 3). pyCypol &3 AlE£52 537} IGF-IRZH-E A
et AEAZAG 9% Aolgha 7Hgsta IGF-IR 24 2 1 3]
A= ANZHAEAR Dol dheto] AHE skt pyCypEs AdsAS

ibstel olFk IGF-IRS &4e¢] sEoEAor FT7IadsS AT

u
T AUAL L S AARR] IRS1E] Q14Eske} Shee] BE T R SUFe

_21_



IGF-IR A1&

ol A=

3
hm=4

e
2 1Sk

A3lth (Fig. 5). 1% th&

F¢ 7 221 PISK/Akt pathway

)

o~
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i3
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KeX
=
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=

=9

_22_



PIGFIR | i wowe  w— e

1.0 0.9 1.8 2.4

crr | R N . —
1.0 0.9 0.9 1.0

p-IRS-1 . ..‘.ﬂ
sl acn

1.0 1.0 1.7 23
v [ - - -
1.0 0.9 1.0 1.0

She S = ——— —

1.0 155 1.8 21
GAPDH
1.0 1.0 1.0 1.1
con 5 25 50
pyCyp (pg/ml)

Fig. 5. pyCyp affect the protein expression of IGF-IR related
protein in IEC-6 cells.

Cells were treated with pyCyp after preincubation with SFM for 4 h. Whole
cell extracts were prepared and analyzed by western blotting using
anti-IGF-IR, anti-p-IGF-IR, anti-IRS-1, anti-p-IRS-1, anti-Shc, and
anti-GAPDH antibodies.
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1}, PI3K/Akt signailing pathway®l]l "X = <3

kA Ao A pyCypoll 23k IGF-IRS #HHEIAE9 FAS AH KL

t}. PISK/AKkt signaling pathwayell 4] PISKE tdst Aaddd 2o %

ARES ohve 8% JAAE dHA Aot FE - A MEY F
]_

A 23t 5o AE 7)5olth o] AL 2709 subunit =, p&5

Al =l Ag}_ ]
- = 1oy

o} pll0o = o] Fojxf glom 747t 2d28 3 FujagS ot A= o
] A 21 2 IGF-1R, EGFR, non-receptor tyrosine kinase°l| <3 &3 %

t} (Krasilnikov, 2000). PI3K®] &Astel= F 7H4] A =271 d+=d sty
receptor®} p85 subunit®] SH2 domain¥} & #-8&3te] 43 T+= A H
Aol A=Zola, YA v s focal adhesion F-$17F #olstE b
Aol A2E T3 @A3EY. PIBKO o3k MEFAEdo] it A=
Adurd daggdIAEe] FA R PIBK7F #olsta lew (Liu et
al, 2010) ¥y HAFAE FAEHNE FIFS F ATt (Li et al,
Uzt g5 YIAE 9A eNOS, PKA % PI3Ke| <
3 FA%e= Aor dyHtt (Erdogdu et al, 2010). AktE 57 kDa9
serine/threonine kinase® Aktl/a, Akt2/B, Akt3/y 3714 HE|&E &3k}
Akt+= Phosphoinositide-dependent kinase-1 (PDK1)ol 93} Thr 308 ¢
7h QQAkstE] o C-dre] Ser 473 F-917F QQAbSE WA 7 WO 2 A
3] #gdstE=d N-#deo] PH §917F PIP39 Fs#&stA €t
(Song et al, 2005). A 3t¥l Akt: apoptosisE zpehalal A|E o] ZFA 3
w3t A& #FoJsteE Aom deA 3l
Sheng et al. (2003)¢] Aol W= PI3K7F A A LY F4E& =
Attt stk mEbA, pyCypEe IEC-6 Ao Az dl& u PISK/Akt
signaling pathway”7} €/ ¥ o] IEC-6 AX e F2d d&s = sl 7}

jiv

iy
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I A3 p8&sel <lAkskel PDKI19]

ok (Fig. 6).
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Fig. 6. Effect of pyCyp treatment on PI3K/Akt signaling protein
expression in IEC-6 cells.

Cells were treated with pyCyp after preincubation with SFM for 4h. Whole cell
extracts were prepared and analyzed by western blotting using anti—p8ba,
anti-p—p85a, anti-PDK1, anti-phospho-Akt, anti-Akt and anti-GAPDH

antibodies.
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t}. mTOR signaling pathway?©l] "X & < 3F

mTOR signaling pathways Al AW sdl2 PISKO 93] &4ds3lH &
NEZHAGEZ F YEH (Yu and Cui, 2016) AlEe] Az A=

12
i)
o
ol
iy

apoptosis F 2o =3k Aoz dHx At (Huang and
Fingar, 2014). mTOR7} &/ =W 3F¢1A =k p70s6k7F S =AA] A LF
A, dld g4 59 7les Fdste Aoz dEA Utk (Berven and
Crouch, 2000). Rhoads et al. (2006)2 mTOR signaling®] 274ty A 3 9]
<23 migrationel]l FFS Fvhx Ak B AelAM= A pyCypel
ol PIBKel #A4E #Alsida ofojx FflAlEdEd =] mTOR
signaling pathway®l PlX+= 93-S glstsdtt. 1 23 pyCyps 54
2 AP W mTORY <lAtste] olsf mTOR® @] FT7tatls=
Shelekar, 1 k9IRSl p70s6k JA| 1AFstelH A A o] FUlek &
= Ak of¥l Aol A pyCype IEC6 Al2ES 24 o PI3Ke] shefal

ZAY ZAZ9< mTOR signhaling pathway® ZAA7]= AL <lsgdct

_l
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Fig. 7. Effect of pyCyp treatment on mTOR signaling protein

expression in IEC-6 cells.

Cells were treated with pyCyp after preincubation with SFM for 4 h. Whole
cell extracts were prepared and analyzed by western blotting using
anti-mTOR, anti-phospho-mTOR, anti-p70S6K, anti-phospho-p70S6K and
anti-GAPDH antibodies.
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2. PI3K9 @A AExZAe WAE 4

ko] A3lel A IEC-6 Al Ee] pyCypEs AestAS vl PI3KY] wde] &
7hatel Al Aol FR1E= s g9lsgith. ool PI3K  inhibitor<]

LY294002& Ah&ste] PISKe] wrd-& A afstal

R
o
=)
—
&5
%
(@))
B
e
o,
of\
i
=2,

9
n)
o
o2
ot
o
=)
ﬁ
rir
D
=
—
w
QO
wn
wn
Qo
<
i
o
ofo
_0|L
2
)
£
of\
1
(i
o
(&
b
i
do

A3ttt 1 A, pyCypE @d=oz A sP S ui= AEZ7 gzl
na) ZAsg0 10 uM 559 1Y2040022 1217 AH 8 S shar uhA
pyCypE Agd TolAe zxad B3 Fxo2 vehdtt (Fig. 8).

o= As $9E + ddd.
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pyCyp 50 pg/ml

Fig. 8. Effects of the PI3K inhibitor (LY294002) on the pyCyp-induced
IEC-6 cells.

Cells were seeded in 48-well plates at 2x10* cells/well in medium. After 24
h, the cells were maintained in SFM for 4 h. Following pre-treatment with
LY?294002 (10 uM), the cells were incubated with pyCyp for 48 h. Cell viability
was measured using MTS assay kit as the manufacturer’s instructions. The

results represent the means + SD. *P<0.05 vs. corresponding control group.
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u}, EGFR signaling pathway©l] "] X]& <3

RTK (&4 gz 7velaDs B Adx,, 2289 AsddS 9
sk MR EAete &Aootk RTKE AdAxEe] F249 Z3bep 22
AR S -7 shal AR A B FAd = Tad 9ES 3t
((Zwick et al, 2001). RTKol+= IGFR, Vascular endothelial growth factor
receptor (VEGFR), Fibroblast growth factor receptor (FGFR), Hepatocyte
growth factor receptor (HGFR) &°] 1=, thiE4<l RTK < 3tel A9
J74A=} (EGF) 784 EGFR< EGFeF A3slasS o, ofekst Feje] M=
TAE Frste Ao® delA ot (Wee and Wang, 2017). EGFR2 3]+
At T3 2 oy TR AL A #AEEM EGFe Adetds u Al
EZu ) =8A domain® tyrosine kinaseE &A%} A|71A H+=d], o|2A &
d3}¥E kinaset™ downstream 7]&S AAFSIAIZI 2K She, Grb2¢} 22
Hdo] AdstA drk Grb27t 2% A o]olA Sos Al AetA H=H)
o]+ Ras® &A1& ¥ %3lo] Ras-Rafl-MEK-ERKZ ©]o]#]+ Ras signaling
S A3PAIZIt) Ras signaling ¢lol%= EGFRS PI3K/Akt/mTOR signaling,
Phospholipase C (PLC)%} Sre¢te ##E AEZASHAE 25 XA 7= A
oz A gt ole} o] EGFR 4] IGF-IRSF H&Eo] A 54 28
Al Fast JS kol QoL AT Ao A 9] EGFR #-RIAES] ¥istE
Au R fE) 2 AellA = EGFRY #dE AlxE AsdddRs AR
t}.

T4, pyCypsE AElatds wl, EGFRe] Iibshr =& ow F7fstal
a1, SFIQIARQT Grb2, Sosle] ©@¥ia whe Al Z7tsksint (Fig. 9). pyCypel
o8] EGFRO] 14kshrt S7hso] Grb2, Sosl EdF F7letsionz thg A9
o| A= downstream 7] & <] W}l tisA HHEI|Z ST

el
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Fig. 9. Effect of treatment with pyCyp on EGFR related protein
expression levels in IEC-6 cells.

Cells were treated with pyCyp after preincubation with SFM for 4h. Whole cell
extracts were prepared and analyzed by western blotting using anti-EGFR,

anti-phospho-EGFR, anti-Sosl, anti—-Grb2 and anti-GAPDH antibodies.
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v}, Ras signaling pathwaydl] "] X]& <3

Rase= A2 W] wh&olA AlxEe] F2413 &
stthy 4 A 9lth Ras A Abel= K-Ras, H-Ras, N-Ras, R-Ras,
M-Ras %°] 2t} (Saad et al, 2014). Z+7+¢] Ras &9 d & %

2 dARAAAN g2A RS Z}zte] Y]solA Aol rt yEhdrha o

B4 At AT M) EAld d9E o] d4ddE AUF = SosE

M
Jo
il
ke
s
_0|L
2
of\
ko
rol
e
i)
ftlo

A3sHsl=4d] Sost Guanine nucleotide exchange factor (GEF)Z 283}
GDP7} 2% =09 += RasE GTP7F 2% Ras® 7 &3le] RasE &4
7141 @t (Rajalingam et al, 2007). o] 24 &44¥ Rast PI3K, PKC &
o @IS Fol 3t AEZHALES stA He=d o] FolA Raf-1-MEK
(Mitogen—activated and = extracellular-signal regulated Kkinase)-ERK
(Extracellular signal regulated kinase) A2+ AXe T2, A& 9 E3}

5% 3389 (McCurbey et al, 2007). Z128] 31 Ras-PI3K/Akt A= A

=
ke
lo
o|N

2, olsA, 38 % apoptosissE FH It} (Castellano and
Downward, 2011). ¥ 2 3ddx = pyCyps A3t IEC-6 AlXA Ras
signaling?} #d¥E A5 2HS Qs A3, Rasg Y535t 1
sk 9112kl Raf-1, MEK®] #d & 3 ERKS <QI4hst oA & o

s ee FARAd (Fig. 10)
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Fig. 10. Effects of treatment with pyCyp on Ras signaling related
protein expression levels in IEC-6 cells.

Cells were treated with pyCyp after preincubation with SFM for 4 h. Whole
cell extracts were prepared and analyzed by western blot analysis using

anti-Ras, anti-Raf-1, anti-MEK, anti-p-ERK, anti-ERK and anti-GAPDH

antibodies.
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A EF7) e sk Al E7
Ao g dojus AxddS D) o] AL G17] (Gap 1), S71, G2
71 (Gap 2), M7] & 4709 phaseE 7AW ATt Axe] Ao 52
< olY3 AEFVI7F AEH 0w &, wHESIHA o] Fo]x] L A EF7]
o a2 YyHA Ee oA o= 93] o]FofXtt (Jones and
Kazlauskas, 2001). 28]aL G17]19] AE7F S7|2 d@ol7pHA FAE Lol
dojFozn BASHA Hed AEF7]e A AZrt AETAY 25
= 8%lo] Atk G17l= A WA FAZI= Ax7F Z2E9E A5 U=
25 WPstr] S das AE W JAASS FHlske 7Ikelth o] &
Hl 7} 5% Eud oS phase?l S7]&2 Hol7FAl @tk (Vermeulen et al,
2003). 2 o5 sHA o] AgstA AU AE WY Als el o3
AABEE WA HH Hg phase® AyeHA @i GO7IEF 2 FAY

B2 Zol7hA "Bk A G171 $7] Abeldl Check pointES 7FA 3l Q)

ﬁd
Mo
e
=2
2
o
dlo
Mo
e
%

>~
>
M
e
et
£
S
)
2

o
0_1_4
off

_4

o

3l o] & Restriction point (R point)gt F27]% 3t} (Blagosklonny and

Pardee, 2002). S7]&= AXELES 93] EAX o2 DNA A7} o] Fo]A]
= AZIEA shve] GAAIZE 9 7 R dAAR BAEE A7l

thoo] = Alxe G27I= Fo7kAl Ha shue] AlE7E F Y] AxE &
dot=tl 2o dAEe] BT wEolA= AVIE Ad M7IE Holzt Al
¥ Alxde o] dojub Alxdo] AYIHA sfe] AxETE e
Mol MER ELx = Al7]o|t} (Schafer, 1998). G1/S7]1¢] Check pointell
olo] G27]¢} M7] Atolell %= = &1}e] Check point7} =t S7lollA 2l
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¥ DNA HAo] ool AU EFEHAES B9 AxF7x8qe FA s
1 £4E DNAZS 3 o} o] BES G2/M DNA damage check point
g} F27|% gt BAE DNA| o]4e] ivtd AEF7]7F A% 3
of M7]1&2 doj7tal Axzide]l dojyA @k (Barnum and O'Connell,
2014). mpepA 9ok 22 A9 Ado] mErE ATl ¥ FA

Ht}. Obchoei et al. (2015)°] wW=2W Cyp7} AlEXF7] FolA G1/S phase

I
ro

2 Aol = pyCypel o AMEFA I d-dd Adesdd WAYUSES &

X ol F71R A zpe]7t 9
<A gstr] s AEFTIE EASAT. 24 A3 pyCype s=7F
=S5 GO/GL phase® 1t B|Eo] 34%°lA 23%7HA EoE1L
phased] 7t H]&o] 272%°NA 36.7%7A] FreolEA o7 Zvlsle Ao
2 Ho} pyCypE A3 IEC-6 AEE Gl phaseE A4 S phase =9

wn

VYe FANFL2ZA AxTHE FAAT= RS 4T + ugd

rr

(Fig. 11).
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Fig. 11. Representative DNA histograms on cell cycle profile of
IEC-6 cells.

In the dose dependence experiments, pyCyp was added at varying
concentrations (0, 5, 25 and 50 pg/mL) for 48h. Cell was harvested and fixed
by 70% ethanol at least more than 3h. Cell cycle was analyzed by using flow

cytometry (Muse cell analyzer).
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AZ7E SA 8t AL vdd A= 2o wE dgdv)de] s 24
W, oo we} AEZE o] dojuAY HEFA Hed AEFVIE AP AT)
A AAAZI= Heles oAy Az F7] 24 dwdo]l dAasEo gt Al
X F7] 24 @A Z = Cyclin dependent kinase (Cdk)eb o] Cdkell 2
gtete] &4 S x24d3s = Cyclin®t 22 positive regulator7} 31, 18] a1
p2l, p27 53 2 negative regulator Ut MXEF7] @A wel Cyclin
257 SAm 2b7}o
Cyclin®t Cdk7} H3AE Fdste] AEF7] MY =438
#1 4 2t} (Gerard and Goldbeter 2014). G1 phase: GO phase® %1¢]

>

o] Fr|How ZFyteAY i, EAS

s

Hnoe=z

n

ol
=

< A% AT AdA AAste AEF7] 2d A Holt E2F9 22
AArIA S o] &g 3sts WA AMEF7]= Gl phasedl A S phasez 3133}
=4 o]E AAFA A= pocket protein?l Retinoblastoma protein (Rb)7}
Agste] FAo] odAF o] 9tk (Bertoli et al, 2013). Al AEF7] 24
M pyCypE A= @& wl s=ol] e} S phased] Wl &o] T7elaS
golstdnt. wEk 2 AgoMs AE F7 24 gl FoA S phase
of #HE @i WstE glekglth. Gl phasedl A S phase®9] &
ZZA7]E A= Cyclin E®F Cdk27F ¢9lal S phaseE 23S 2147
= Cyclin A7F 9th. 94 A9l 2 CDKe Cycline] &84S 343t
RbE QAtstA o =X ARSIk AeS afAletal dAAIAEe] &
dste o] AxF7]E AAAZI 12]al Cde2bas= Rbe IAstE Bl %
=N 7= ez 4#EA 9ttt (Brenner et al, 2014). Wl negative

regulatorq] p273 p21& CDK-cyclin &40 ZAgsle] E&A 9 7]5S
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AAste] A F7] FayS Wasts Aoz dHAUT AxFAn 74
3lo] Cypi GI1/S phased] 2 FTFS Fo] X AMxEo F24d s}
= Ao=Z Bid vt At} (Obchoei et al, 2015).

kA pyCype IEC-6 Ml A stARs wf YE U= A2F

AEESkI AT A= olet BHste] Alx F7] 2d g iy S

Western blotting= 3l golRodtt. 1 Ay Ax F7] 4o o

9l A3E FTHeted & W, pyCypeE A e IEC6 A:E+= Gl phases
A S phase® MAEFT7|FYS A= A AE

o1ttt gl AMEF7] T S phase Xao] #Ho] 9= Cyclin A,
Cyclin E€} Cdk29] #do] 57F 2 Cde25a2] Hd o] S 7kstel Rb7b 14t
3t¥l el pRb7F Z7ketdar ol ¢ W& Cyclin®t Cdkoll 93 Al £+
!
NS o] AW Ete) 74 MEZF7]7F S phase GA A 8ol =3y
= a9 5 UuA (Fig. 12).
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Fig. 12. Effect of pyCyp treatment on cell cycle related proteins
expression in IEC-6 cells.
Cells were treated with pyCyp after preincubation with SFM for 4h. Whole cell
extracts were prepared and analyzed by western blotting using anti-Cyclin E
anti-Cyclin A, anti-Cdk2, anti-Cdc25a, anti-pRb, anti-p27, anti-p21 and
anti—-GAPDH.
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Fig. 13. The proposed model of proliferation mechanism by pyCyp

treatment in IEC-6 cells.
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