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SUMMARY

Sasa quelpaertensis Nakai 1s native to Korea and is only grown on Mt. Halla in
Jeju Island, Korea. Although its beneficial effects for several chronic diseases are
well-known, the role of its effects on chronic intestinal inflammation, colon cancer
stem cells (CSCs), and intestinal microbiome are limited. Inflammatory bowel
diseases (IBD) are chronic inflammatory disorders of gastrointestinal tract. It has
been reported that IBD 1s associated with colon cancer which is one of the most
common types of cancer diagnosed and a major cause of cancer—related mortality.
The present study hypothesized that Sasa quelpaertensis leaf extract (SQE) would
exert a protective effect on inflammation and oxidative stress in a dextran sulfate
sodium (DSS)-induced colitis mouse model and on colon CSCs. Effect of SQE on
proinflammatory markers, mitogen-activated protein Kkinase signaling (MAPKSs),
activation of nuclear factor kB (NF- xB), and anti-oxidant enzyme activity, DNA
damage in DSS-induced colitis mice model were investigated. In addition,
chemopreventive effects of SQE on the characteristics of colon CSCs in witro and
in wvivo. Pyroseugencing was used to analyze the effect of SQE on intestinal
microbiota profiles in chronic inflammatory models. Results showed that SQE
attenuated the severity of DSS-induced colitis, as assessed by disease activity
index scores, shrinkage of colon length, and histopathologic changes. SQE
suppressed DSS-induced proliferation in distal colon tissues, and levels of tumor
necrosis factor-a in serum and colon tissues, nitric oxide synthase, cyclooxygenase,
and levels of phosphorylated MAPK and IxBa in colon tissues. Furthermore, SQE
treatment significantly suppressed the self-renewal capacity of colon CSCs, and
down-regulated P-catenin and phosphorylated GSK3Q@, while it significantly
enhanced cell differentiation. SQE also down-regulated the expression of several
CSC markers, including DLKI1, Notchl, and Sox-2 in witro and in wivo. SQE
suppressed 8-oxo-dG of oxidative DNA damage marker, SOD, and MDA activity in
plasma. The antioxidant enzyme expression, SQD2, Gpxl, and catalase in colon
tissues was higher and SOD1 expression was lower in SQE supplementation group
compared to those of DSS group. Finally, administration of SQE helpled to prevent
intestinal dysbiosis associated with colitis through recovering changed microbial
composition and diversity. Taken together, these results provide evidence that SQE
inhibits inflammation and colon cancer by regulating inflammatory cytokines,
characteristics of CSCs, antioxidant enzymes, and intestinal microbiome profiles

which indicates its benefit for colon health.
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gA deolg dozitha l‘iﬂﬂi’ 2lth (Reynertson, K. A, M. E. Charlson & L. J. Gudas,
2011). Y& dd=o] Ao=m =ET7IME B e GE7IAE 5 nA e g
gt A7 A, 1 7]*

= o AAA
FE7 AL SAI} 71 Hel e ATE o ol A mo

Figure 4) 4E71A XA &4 #

A=7]ME (Cancer Stemcell, CSC)&= Al XEE3}(differentiation), AF7}&-A (self-renewal),
A A (tumorigenicity)2] 5SS 712 AlX =24, oF o L X739 HAHA OL%ﬂ*ﬂJE
targeting HTHH &2 FUAETV}F Theetth. d=ETIAEE @ATA S vetel A wol
ATHA F ForE AYAE VU E S7IAEA AAs 7H MAEe dAY A4S
AAAN7 = dAES MEdste Axe T8t Algd FAZ diFdn. AdE9] 7159 3
hel i}, AmHH A d=7IAEE BACE e AMER FU7IHoRE ol&H7| A=
Drosophila delta-like 1 homologue (DLK1)¥} Hypoxia inducible factor (HIF) <} 7o]
lycopenecll 9|3 Hl&A3}t == ASHILAA 5 71HdAF7E Hasta, oy ATE F
T A 5 7Y FHAEHH A ALEE F e 8T WHolth o= F o a#H
ok oA A5E fst] dETVIMEE BASE st AR REEA <
7 O] W27 dgste & GAAEdE S A e kdeta, =2 ddvtsAES U

2 Wi o)t} (Frank, N. Y, T. Schatton & M. H. Frank, 2010).

R

o)

AF zve W AZ754 AT ZIE YU B AMES AHO|Lt UM Mo
i3t ETE TS WHIE AU E ASI|MEEN0ISHE ME2 SUo ATYY
ol e MFolct

_13_

IP:14.49.138.138, 2017-11-02 17:04:14



H 2 & e 7= s &

1. = A+ A3

AFxs = AF seite] AAstE AERE FHE FAoRE A3y 285oe] ghon %
AU E xgek gy tisk 7lsAdo] FEREEA oy A 2 A S dFsta
t} =<9 A% &% (Chuyen, N. V, T. Kurata, A. Kato & M. Fujimaki, 1982), thi}5F of gk
= FEEY dts a9 2 ofHAE AAFE (dXlotet U, WSl 2004), =R
nE gy FEE ek 2 g, vy oo ey 9 gy (Hn gy A
T, s, 1996), sk ivkte] @ Edde] gy 2 givkE 3Z' Ao 1 54 oA a3

(Choi, S. Y., H. S. Cho & N. J. Sung, 2006) S°| B %3t}

Hol= ATstd AFaa AL om vivte] A7 AR A2 HI o] <l

olfrE WFHWA ZIle] Tso] Hvh AT, FdE B et

Aol g A7] Al zst s th(Table 1).
FEES o8& A58 4 A3 #AF AFE S Tk FAE, 1 A2 94
15 = TEAZ E FHo Fx FE=S 27, 45770
o A c-reactive protein, myeloperoxidase &3

= St S % =AY Wgl k3t tx FEE FAT

Aure] A& 95, §59 &Aoo FasteE 298 BT (HA=, 2007).

<+ small subunit ribosomal RNA (16S rRNA) geneS barcoded pyrosequencing o= 4
sto] Zul microbiome HAE FA sk AT7F A AEHWA oy W oE Az Fuel v
AET3K 9 enterotypeo] AW, AXW T Aolgide] wel tt=23 (Wu, G. D, J. Chen, C.
Hoffmann, K. Bittinger, Y. Y. Chen, S. A. Keilbaugh, M. Bewtra, D. Knights, W. A.
Walters, R. Knight, R. Sinha, E. Gilroy, K. Gupta, R. Young, V. B, S. A. Kahn, T. M.
Schmidt & E. B. Chang, 2011), =3t A}3]o] i Abefol] e} th & 370 93k 2 o] dF 9
Zlolo] metME 2= AGEo] #xEI Ut (De Filippo, C., D. Cavalieri, M. Di Paola,
M. Ramazzotti, J. B. Poullet, S. Massart, S. Collini, G. Pieraccini & P. Lionetti, 2010).
Aol A oF tidStel #3 A= oY EHE ol &3 MAH oy Vw8 B4 AFH
gt 712 A A A= TllolA dFg Aol HE 2 FHAdA ATdE
= Tl HGAEAAN ZEHO G=VIAEA AA AAE HE HE2E XS 4=
AE A4 715485 21 vk 9tk (Kim J1, Kim YS, Lee HA, Lim JY, Kim M, Kwon O,
Ko HC, Kim SJ, Shin JH & Kim Y, 2014).

2012 7= fElueEl AFokEtdAel sAE F AT Ew VA R 2HESY
s

>{EJ

i, FopslRRE, WEe Y, o, ZRELY Y, daFY YR 2EY 58
EFete] 27k 0l o5 VYU FFa A ol HA AF £y FEES
g FAN F AFS ERHE B ATE /54 AES FF A8 oY L AR B}
N e Awolth
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IBDSF B¢t 5o dAdwA=
Zoto]l FH Yolow w3} H|gk
Society, 2007-2008). v]=r¥} & =719 A EIES
o= AP Fe vF HA AES F3 BDE gAEES odwWste Ao %ga}u}b O]é]o

7.

! 1 - A 1 3T
A ghikel A t7F 218 E vk Curcumin, grean tea™ Z#E 3 &9 V5o w AFA A AFS
SEs 29U v Aol Bad BE A (Bengmark S, 2007), 3 iAol w3
T sk = Yl (Table 2).

Table 2. HEEZ 7|54 B APA+

AAE4 7154 AT Y& a3
Aok A E(HT-29) 14 G d extractol
WA ALEL 11 Grape seed extractel [ 1 006
ofgt MEZZFA A E AEALE
et AE (CaCo2) oA G d
° ]_ 40 I rapei See Engelbrecht et al.
] extractel]l €3 PI3-K pathway ®W3}lo] uw}& )
g At gt oA Ez o
HAL AlE (Colo205) oAl curcuminel] 2] gt S L 2006
(Chemopreventiv AT Zhel do] o4 w u et al.
e Potential &l M E (HT-29) oA Resveratrolel] 2] 3%k Jok L 2008
of Natural COX-2, PGE2 7+ vkova et al.
Products)
AOM 443 %= FE2dd9A Sengupta et al.
Garlic and tomato°l] 2|3t )&t oA &3} 2008
HT-29 and LoVo xenografts &%= & 2 oA )
B Li et al. 2007
curcumin®| 23k gt A a3

ool = AWl o (mircrobiome)? €54 Aol B3 AU H2 &l Py
A28 21| barcoded pyrosequencingS ©] 434 IBD®} microbiome?] A¥AS AT u

of m#afof & o] WFE g o] A= =% A & Foltd (Vincent B. Young,
2012). =3 & A3 x5 29 Z probiotics, prebiotics7} ©] &% 7] %= 3o}

= A7 F8 Eokes AF ZHUE ol & obF HEA % A5 F 2E A =
2 gt B¢ FEEC] VM= A VeAdS A =3 A5 F 2d A
o Fe = Aolgta FAHE AW #Fe] LS 48, A5 =AU 7= V1A
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Table 3 TH9 ATdAF vl € I8 AT £of

o MA= &HE

M ng% Mo do N | BB P
) O U
dre [EZx 7Y% w
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A 3R dFNEFE e H 2

1. d+5%
7F. thA A £ 9 Zo] epithelial cellS co-culture 3 in vitro 28-S £3] X8l 3975
A 2l o #2444 Ve sk

. DSSE ol g3te] WY Ak vigrwde Frih
th in vivo BEE F3 S FAIMEY] AEFEAE W= GEFS FA ST
2 oin vivo RS F3 xslde] FHe Faket 2 7jdE EA g

2. AT
7} in vitro A @S 5% Z3UY FEEH O J|FAEY dHEY g o EXRFH A

(1) 2309 22 Az 2 FE2L AFY AFzo0 Bt g s FELo A8
St WEART B FEE Eb o FEB2 FFUoH HPLCE o 4% 2
S0 M2 Ba ARRA FH FATS FAsm FHAR FeHad

(2) Al3E A3 epithelial cell?l CaCo29t 2 A X Raw 264.7 (or differentiation*]Z1 U937)
co—cultureste] o] A H|=3HA HE F LPSE Aste 43S 4o & =

BuFEs Be 78RS At

(3) d=nA=A: 8 3FAFHZ nitric oxide (NO) LA A, TNF-a, IL-18, IL-6,
PGE2 AAAAELH TS5 cell medial A ELISAZ #43}al, NF-kB p65, COX-2, iNOS
e S5 cell lysate =% nuclear extractiono] 4] western blotS ©]-&3fo] EA1&9]c}.
T3 TNF-a, IL-18, IL-6 mRNA wdo] 1 x= &3E Real time PCRS o] &38le] #

43hel e,

. in vivo PF-¢2 Ed S o] &3t HAAS F AE F=

(D) Ay Ui 2 AHeojda: LS F A3ke] gixdel AdEd= <4zl Dextran
Attt (Copper, 1993). C57BL/6 mouse (55+%)S +
A & A thF+*, sulfazalasine (STZ, o

=z
o
), & A F= F 23y FEE FolT o= WY 9T
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(4) el Ay B4 g3 A= A A Y (proximal, middle, rectum)o. 2 Z}Z} %
2e Fydte] 4%z =T G 5, gebdel embedding A% F Sdtol=E wHE
a, B oohE Auke] A2 A Hox WE AT did 24 S 10% formaldehyde
gl o 24A13F 1A & dg¥ &5 A F $, ¥AE3Ee] hematoxylin-eosin (H&E) S &
AMFle] Aol ofi A=o] AL crypt damages Aol wE FFEE WA A5 A
TE5 =A3FA . (Surface epithelial loss, Crypt destruction, follicle aggregates™ =,

percentage of area affected by inflammation)

6G) AXEErA 4 Ax 2493 95 FAH F83 9SS 3= nuclear proteing!

R4
o
=

Proliferating cell nuclear antigen(PCNA)Z immunohistochemistryS S0 2R A X
o] A2 =A3sYth PCNA dM-& streptavidin biotin peroxidase methodZ ©]-& 3} t}.

6) d5rtA F4: FHA TNF-q, IL-1B, IL-6 LA S ELISAE o|§3te] 245k, %
A A Aol Ao ARARES] B HAFEATE del] H9%E& s Chemokine$!
Monocyte chemoattractant protein-1(MCP-1)¥ <9354 cytokine?! Tumor necrosis
factor(TNF-a)9] mRNA &S real time PCRZ 3743l COX-2, iNOS, p65 S

=9o
o=

3=
=7

western bloto 2 43t & 5SS 2H3E superfamily of nuclear receptor?]
9l PPARy @2 W& F = western bloto2 34314

() AsdGAA 71 74 95 @Al #os= MAPK % p38, p-ERK, p-JNK¢ 23 &

7]
western bloto. 2= EA1&}9] ),

8) AFtA: FAEA A SPSS ver 17.0874] Z=I3E& Abgste] 2oy AT E
Abole] EAA T = A58 tHp<0.05).

3. 4723

N
5
2
s
o
B
pch
=
o
v
i
i
)
gk
o
i
i
=)
(@]
@)
ot
5
o
=
a
o
Qe
0o,
o
S
2
1o
(o}
@)
147}
¢
i3
kit
o,
>
o)

fuy A
(1) AMXE 54 =4 A3} Co-culture system®] A AM XA Z3hY F=
e &y A4 AY 54 SAHZY LPSHES 23U F25, 25udy &4
A (tricin, p-coumaric acid) *2]7} A AE AESA FFS FH %=

A} (Figure 5).
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% of viable cells

Control SQE 100 SQE 200 SQE400 T400 PC400

Figure 5. Effect of SQE on cell toxicity of Raw 264.7 cells in co-culture system.
RAW 264.7 cells were treated with various doses of SQE (100, 200 and 400 pg/ml) and
bioactivecompound (tricin, p-coumaric acid). The cell numbers were counted with a
hemocytometer after staining with trypan blue for enumerating viable cells. All data were
repeated at least 3 times. One-way ANOVA was implemented using Turkey's post-hoc
test (a = 0.05).

Y. In vitro 23Y Y FEE3 B4 E 4 (p-coumaric acid®} tricin)®] @Fn7 Ao 1] X
&%
LPSE 9%S %3 co—culture systemolA ZFgle t}dt &= Ao wWE Raw
2647904 HH == ASuNE2Q0 NO, PGE, IL-18, IL-6, IL-6 (Figure 2)¢] &A=
ELISAE &3 5439t (Figure 6).
(2) A A3} Co-culture media®lX NOFA Z3 LPSE 935S
del By felder Fbela, zHUd FE=S AT EE SolA LIPS
controlv-oll H|3] NO &4o] 7FAstAtH(Figure 6A). &
100 pg/ml, =& FE= 200 ng/ml Al o+ dose dependentd} Al 7‘&&%‘\1’/}.
(3) PGE-=4 e g oA S PGE 242 23 E HToaA
4 0 pg/ml, 400 pg/ml A3+ S 3] FHES A
gtA e IFel Bl FAHeR FolstA HFastd tH(Figure 6B).

(4) IL-13=4 A3} LPSel| <) %— 714 IL-1B+= %4
53] 23 FEE 200 pg/ml, 400 pg/ml 5%
”}X] oA om IL-1B9 Fv<

:“.:
HS
ey
e
i
o
©
ot
2
R
S
Y
b
ol
2

>
it

E=3FA] &2 control

(Figure 6C).

B) IL-654 23} AS5HESlA] pro-inflammatory A2 F8.3 9GS 3t IL-69 4

Z3ltfed F=E9 A wet Aasiglow, 3 FE&E 100 ug/ml A2t
LPS Z2EE73 94 Aol7F gl o, 200 ug/mlgk 400 pg/ml =9 ZAA F5
& A & 794 AolE HAFAH(Figure 6D).
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=37 5~
55 - 3 2 1004 el cd
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2% e
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—_ 4 oSS
g 50 E < 504
o
0 2
Control  LPS  SQE 100SQE 200SQE 400 Control  LPS SQE 100SQE 200SQE 400
LPS - + + + + LPS = + + e +
1505 150+
|
i =
2 s b b D b
5 100 S W 150 b
38 38 c
oL & ° ac
2 -
a9 a a 56 a
o
ST 50 ©E 5.
= &
0- 0-
Control  LPS  SQE 100 SQE 200 SQE 400 Control  LPS SQE 100SQE 200 SQE 400
LPS - + + + § LPS 2 # + = *

Figure 6. Effect of SQE on inflammatory cytokines in co-culture system.
(A) NO, (B) PGE2, (C) IL-1B, (D) IL-6. Cells were treated with various doses of SQE.
Co-culture media was collected and analyzed using commercial ELISA kits. Data was

analyzed by one-way ANOVA for multiple comparison (P < 0.05 ).

t}. In vitro ZHYY FEE3 A EA(p-coumaric acid® tricin)® dZ7# mRNA 2%
A4 A= BT
LPS®E 9%S F%3F co-culture systemolA ZI o tldst 5% Ao wE Raw
264.7914 L&A= TNF-q, IL-18, IL-69] mRNA #&S& RT-PCRS %34 =433
H(Figure 7A).

(1) in vitro %W 9 FEE2° TNF-q, IL-18, IL-6 mRNA 3o n X+ &3 LPSe ¢4
< =2 $7Fd TNF-a= RT-PCR= & 543 23, =35l F+5& 100 pg/ml ©f
e A9A 237 A9 goey, 200 pg/ml, 400 pg/ml FEolA = TNF-a9 mRNA 7
27F o %ol dojt Ao g ZAHHAH(Figure 7A). IL-18, IL-6°2] mRNA 23& o] LPS

Tz A F7std e Y E AR e 2 AHEsds v g —%—%% 200
pg/ml, 400 pg/mlel A A== AFS Hol7]= stdoy I a7 A4 g2 o=
E}wto}

(2) in vitro £ FEEI A4 E A (p-coumaric acid®} tricin)¢] TNF-q, IL-183, IL-6 %
3§, IL-6 mRNA Pde] vx= 33 LPSe 9% 2= S7FY TNF-a, IL-18, IL-6
mRNA W& & p-coumaric acid, tricin w5 * 2]k & RT-PCRS &3l 543 A3}, o
A g7t 27 Fe AE & T AT
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A ctri LPS SQE SQE SQE B
ctl LPS T PC SQE
Ctrl 100 200 400 Ctrl 400 400 400

GAPDH GAPDH

Figure 7. Effect of SQE, p-coumaric acid, and tricin on mRNA expression of
inflammatory cytokines

TNF-a, IL-18, and IL-6 mRNA expression were analyzed using RT PCR. (A) SQE dose
dependant group, (B) SQE, p-coumaric acid, tricin treatment. GAPDH was used as a

loading control.

7. In vivo EE2Rde] QAA =34 AT
(1) B%A W8} % 459 2770 B0t 52 2o M2 vyl o] gz Figure
8AsH 2t} DSSE ol &3 thgds &} 4] %’%—3— controle] H] oﬂ/ﬂ DSS® A+
EE YA el A BT e o
o= ek 58 FAAS A SSZA o)9fe] DSS control, DSS 9} J_,\BH
ES AT T o DSSHESA @2 controli ¥ H P S W Fo]HoRE =
: =

o
a7b dofyt Ao ZFHAY. ol AU FEHEe| mmelAEIt Ug
2 2

(2) g FA: DSS controli*<- control ol B3] thAFA7F Zadh=
el F=5& o3 SSZ wdAM s Al dAFAE &t A
% 24X 7F A2 ARG E BFeta, g o] AA HAx

Aol 24e Brsstd O TAE el foHe ol

(3)

o
(N}
©

O

:DSSE U d5E AEd DSSwe 4% 95
17} 29k (Figure 8 = &
= 747"1“0:]6]’ e

ol
[o my
b
&2 I
rlo
o O

2 o

;52

S LA
MN
S
XN
o _ﬂm
o =
i)
o

oyl M & |G

Mo Jm £
FEos e iy

5 1K L0
ol
o
D)

)
T e

A AZFH%E (Disease Activity Index, DAI score): A& 7|7k %<t
9] T2 AdAAE A¥dEEe W oF W ¥k ma
3}st DAI scoreE TAIAoZ HA%H A3 DSSZ IS o

2 DAI score’} 0% ©]%laL, DSS controli< UM A| 4702 253 HuglS w 23

(4)

02,

O

F—H 4y o2 e
(0]

flo ﬁ o\
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o2 DAI score’l =tHFigure 9). &A%

mg/kg b.w., 300 mg/kg bw.& ATF3 +
A ol A5 Ayt gty = A9E A F

A

31.59
A

-

Change Body welght{mg)

Control
DSS
SQE 100
SQE 300
S§87

ol

As

23 zHdd FE= 100

A= FAAE Hd L3 ¥R FF 7t

05

colon weight(mg)
[=]
=

DS§S

colon length{mm)
3 & 8 & 8

o
o
L

Control

-|m

DSS

control

DSS SQE 100SQE 300 8SZ

+ + + +
a

ab 8

DSS SQE 100SQE 300 SSZ
+ + + +

Figure 8. Effect of SQE supplementation on bodyweight and colon length in

DSS-induced chronic colitis mice.

(A) Body weight changed was recorded every 2 times per week. (B) The colon weight

was measured and compared among five experimental groups. (C) Representative pictures

of colon of each group of mouse. (D) The colon length was measured and compared

among five experimental groups. Data was analyzed by one-way ANOVA for multiple

comparison (P < 0.05 )

Disease activity index

10
Days
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Figure 9. Effect of SQE supplementation on DAI score.
DAI was evaluated at average of score of clinical parameters as body weight changes,
rectal bleeding and stool consistency or diarrhea. Data was analyzed by one-way ANOVA

for multiple comparison (P < 0.05 )

vl In vivo TEEY WY ZFFPEF 4

(1) H&E staining: &9 =AFH A 245 e s A ="
H&E staining= A3ttt 1 23 DSSEYSFE3HA &2 control w2 A2 <l
2] histological archltecture@r cytologyE H L (Figure 10A), DSS # %3+ +2 &2

epithelial layer7t FUA| a1 FAE Ldom 543 A5 WE inflammatory cells®] 3
FE ##e "”E‘r(Flgure 10B). DSS+ oA ®.Ql *1:‘7—}??} layere} =2 &g st% 13
= U FEEH FAAY AR Q) d3H1 A" As B ded (Figure
10C, D, and E) o]&= DSSwrol Hl&| Zslvjel A4 9 ﬂﬂi %9 signo] AHo]A L
I A Et crypte] regenerationo] #EEJvE. I A G EAo] LA dF
AEE Ag3ste] vladt 22 Figure 10F9F 2ok 23 FE2E3 YA ES A
glgk ol AFSAHAES crypt damage’} DSS ol H|E| 3l&EH AS & F Qo 53
Y FE=S FoAg A9 SSZRES Fog ART AWAQl I EAET o F
o

20
be

10

Histological score

a

Control DSS SOQE 100SQE 300 SSZ
DSsS = + = = + +
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Figure 10. Histopathology sections of colonic lesions from mice fed SQE or SSZ.
(A) control, (B) DSS, (C) DSS + SQE 100 mg/kg b.w., (D) DSS + SQE 300 mg/kg b.w.,
(E) DSS + SSZ 100 mg/kg b.w.. HE stain, Bar; 50um. (F) Histological score. Data was
analyzed by one-way ANOVA for multiple comparison (P < 0.05 )

B, Z3 Y FEE Foo] }E FERI AXELuA WE BA A
(1) AXxELEr7] SA: Mxe Bd3 d5HAHo T3 Proliferating Cell Nuclear Antigen
(PCNA)S] wdo] =3¢l FE5=9 A o wet fsst=x & 18st7] $1sto] F
Qoﬂ

A B 9l%o] DSSE 958 FE3 oA PCNAS Hal o] controlel]l ¥ls] =LA Z7}
3 AL B F 9, ol Y FEE 100 mgke bw.E AT oA Be
2pol7b glont, B FEE 300 mg/ke bw.E A5 3 oy A ol A

PCNA®] &&o] EAAcR o3t As & + AU (Figure 11B).

B
100+
z bec c c
E 75 =
1 a
E
B
w
2 50+
¥
<
4 4
S5 25
a
0
Control DSS SQE 100SQE 300 S8SZ
DSS = + + + +

Figure 11. Effect of SQE on PCNA expression by immuno-histochemistry method in
the animal model of DSS-induced colitis
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A. (a) Control, (b) DSS, (c) DSS + SQE 100mg/kg b.w. (d) DSS + SQE 300mg/kg b.w.
(e) DSS + SSZ 100mg/kg b.w. 400x magnification.

B. Quantified by PCNA positive cell counting. Data was analyzed by one-way ANOVA for
multiple comparison (P < 0.05 )

A 28U FEE F9d e FEEEY 454 WA EF ¥ FAZEH
&

(1) TNF-a =A23} Eol FJAGA FFT serumelAFEH A TNF-a9 ZAipe=
Figure 1249 2. DSS2 938 f=@ @A W o INFauls} felgon
wolom o]= zg Tl Al Z] o

o o
= T
2) IL-6 S84 ¥

71+ st¥ oy DSST Y Hluwds o 5
mg/kg bw.isS Fod oA FAA
(Figure 12B).
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Figure 12. Effect of SQE supplementation on serum inflammatory cytokines
Effect of SQE on serum TNF-a (A) and IL-6 (B) were analyzed using commercial
ELISA Kkit. Data was analyzed by one-way ANOVA for multiple comparison (£ < 0.05 ).

oh. YWY FEE Fod & TEEDY dFAH ARy 9ud Td 423

(1) COX-2 el dudd: tg ool 2ad dudz 4354 g9 vy £

P

71 f1s8te] western blot A¥E& FdsAT. I A DSSE A5 of] A
COX-27} &d=o] d5o] %E%% glst 4 QA ol 2EUY FEEY FAAE
Fol3t oA fFoH oz AT Aow elFdtH(Figure 13).
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Figure 13. Effect of SQE supplementation on expression of COX-2

(A) Protein expression levels of COX-2 were assessed by western blot. a-tubulin was
used as a loading control. (B) Results were quantified by densitometry and analyzed by
one-way ANOVA for multiple comparison (P < 0.05).
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Figure 14. Effect of SQE supplementation on expression of iNOS

(A) Protein expression levels of iINOS were assessed by western blot. a-tubulin was used
as a loading control. (B) Results were quantified by densitometry and analyzed by
one-way ANOVA for multiple comparison (£ < 0.05).

(3) PPAR-y &9z Wy i AS5S -t 723 A& PPAR-yo o@d 23S 1
w1kl vlugk A3 DSSo =2 AA F7Fgk PPAR-ye] @iz Hdo] Y F&
23} FYA T BFA GoHor 7astdh. E3], PPAR-yE 9121]??} FEo] DSS=
TS FEsA &2 HAE7A JAFE B JAFE T U9 aes Ao
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(Figure 15).
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Figure 15. Effect of SQE supplementation on expression of PPAR-y

(A) Protein expression levels of PPAR-y were assessed by western blot. a-tubulin was
used as a loading control. (B) Results were quantified by densitometry and analyzed by
one-way ANOVA for multiple comparison (£ < 0.05 ).

e g 5o] dojuy= dAlo] #ojdtta d# A = signaling pathway
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Figure 16. Effect of SQE supplementation on expression of p~ERK

(A) Protein expression levels of p~-ERK were assessed by western blot. Total ERK was
used as a loading control. (B) Results were quantified by densitometry and analyzed by
one-way ANOVA for multiple comparison (£ < 0.05).

(5) p-IJNK_ w#iz 23 gdZuk2 wro] ERKe 34 #olsts &= 2 Fxdxe INKY
phosphorylation =2 #9213 A3+ Figure 173 #tl DSSE 955 523 oA
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Figure 17. Effect of SQE supplementation on expression of p—JNK
(A) Protein expression levels of p—JNK were assessed by western blot. a-tubulin was used
as a loading control. (B) Results were quantified by densitometry and analyzed by

one-way ANOVA for multiple comparison (P < 0.05).
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Figure 18. Effect of SQE supplementation on expression of p38.

(A) Protein expression levels of p38 were assessed by western blot. Total p38 was used
as a loading control. (B) Results were quantified by densitometry and analyzed by
one-way ANOVA for multiple comparison (P < 0.05).

o =
A BEg gEERE 91 TNF-a¢} MPC-1 mRNA &4 Zs_ﬂr—t— U %E}.
A

2l
THFoE it Zﬂ% o -’F 9)\912“4, FAA HAs A¥, YA FE=E 100 mg/ke
b.w.2} 300 mg/kg b.w. oA DSSE F X384 &2 control =74 A" APdE =
=3, 23U a5 st tH(Figure 19).
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Figure 19. Effect of SQE supplementation on mRNA Expression of TNF-a in the
colon tissue

TNF-a was assessed by RT-PCR and GAPDH was used as a internal control. (B) Results
were quantified by densitometry and analyzed by one-way ANOVA for multiple
comparison (P < 0.05).

(2) MCP-1 mRNA W&: td Hmzseld weAxe was Fo welss o4

Monocyte chemoattractant protein-1 (MCP-1)ol o3t Za el 855 RT-PCRZ A¥
sk A3 DSSQ] freo] mE MCP-1 mRNA ®37F gldlen, Zgd FEEo|y 34
A Fojg Fol A MCP-1 mRNASl Wal7} gl Ao® veh} B dyois nE 2

oA B3 Ax== MCP-1 mRNAZF 2@ ¥ = Aoz S5 AH(Figure 20).
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Figure 20. Effect of SQE supplementation on mRNA Expression of MCP-1 in the
colon tissue

(A) MCP-1 was assessed by RT-PCR. GAPDH was used as a internal control. (B)
Results were quantified by densitometry and analyzed by one-way ANOVA for multiple
comparison(” < 0.05).
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Figure 21. HT-29 and HCT-116 cells were double-stained and sorted by
fluorecence—-activated cell sorting (FACS) system.

Representative diagrams of flow cytometry analysis of CD133+/CD44+ expression in (A)
HT-29, and (B) HCT-116 human colon cancer cells.

(2) cell viability =AY MTT assays ©ol&3] Zodd FEE9 HAI=7IHAE cell
viabilityell wA= &35 34 3 A3 HT-29, HCT-116 F A EFA]
AelskAl S el Bls] AlEe] Aol oAE Aom yEwiow, E e A §kd
e} cell viability 7} Al = FolstAl A Aot (Figure 22).
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Figure 22. Cell viability of HT-29 and HCT-116 with treatment of SQE.

Cells were exposed to various concentrations of Sasa gquelpaertensis extract (0, 100, 200,
or 400 png/ml) for 48 h. (A) HT-29 cells, (B) HCT-116 cells. Bars represented the means *
SEM. Bars lebeled with different letters differ significantly(” < 0.05).

(3) Cytokeratin 20 Tl Wy @ d=7|MEe E3H&

< 9wy, Cytokeratin 202 &Y S7|HME A R= &
XM= HT-299F HCT-1169] A3 A Cytokeratin 20 a2 o —T—%—% =A3}7] 98
western blot A& FdstAvt. 1 23, =3¢ F=E (SQE) 100 pg/ml, 200 pg/ml,
300 ug/ml =% p-coumaric acid, tricinlS FE%E 300 ug/mloll E£&Ho Y= FERE
Arrate] 28] 8t9S W controlel W& Cytokeratin 20 &l o] up-regulate ¥ %lon, &4
EHS G502 AYPS o Hop 23ge] FEES APsARES 9 Cytokeratin 200 &
71 o ZH5s G2 ¢ AR tH(Figure 23).
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Figure 23. Effect of SQE, p—coumaric acid, and tricin on expression of Cytokeratin
20.

Protein expression levels of Cytokeratin 20 were assessed by western blot. Cells were
exposed to various concentrations of SQE (0, 100, 200, or 300 ng/ml), PC, tricin for 8 d.
Cell lysates were subjected to western blotting to detect protein expression of cytokeratin
20 and a-tubulin was used as a loading control. (A) HT-29 cells, (B) HCT-116 cells. Ctrl,

Control; SQE, Sasa quelpaertensis leaf extract, P.C, p—coumaric acid; T, Tricin.
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(1) DLK1 ¥ =74 HT-299 HCT-116 thash AlszolM ¢ £7]14l% vi7<] DLK19]
A 5 western blotS ©]&3sto] SAATE 1 A}, p-coumaric acid®} tricin A 2]+
A= controld & AolE HolA gov XHUIS] FEES AEs W DLK1S o
2 rgo] AA A tH(Figure 24).
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Figure 24. Effect of SQE, p-coumaric acid, and tricin on expression of DLKI.

DLK1

Protein expression levels of DLK1 were assessed by western blot. a-tubulin was used as a
loading control. (A) HT-29 cells, (B) HCT-116 cells. Ctrl, Control; SQE, Sasa

quelpaertensis leaf extract; P.C, p—coumaric acid;, T, Tricin.

(2) Notchl =& =74 HT-299 HCT-116°14 < =71ME vlARQ Notchle] whuid 4=
=5 western blotS o] &3t FHAsIAT 2 A3, g %%%8 7‘431;9&0 uf
controle]l H]&] Notchl %&eo] dose-dependentd}Al 7A3FH L Aol
p—coumaric acid®} tricin A Aol %= Notchl Wdlo] 7FAHES 32l tHFigure 25).
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Figure 25. Effect of SQE, p-coumaric acid, and tricin on expression of Notchl.
Protein expression levels of Notchl were assessed by western blot. a-tubulin was used as
a loading control. (A) HT-29 cells, (B) HCT-116 cells. Ctrl, Control; SQE, Sasa

quelpaertensis leaf extract; PC, p—coumaric acid; T, Tricin.

(3) Sox-2 ¥&d 4 HT-299F HCT-116014 gt 714X kAl Sox-2 ¢ @i
< western blot& o83t FAIAT. jﬂr, Ul FEEs A
controlel Hl&] Sox-2 Fwo] A ¥xo] wat 7438 L, p-coumaric acid®} tricinll
ME ta 743 AS gelsioy, vE mrER o] FE5 Hue a3t 458
g1 8k H(Figure 26).
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Figure 26. Effect of SQE, p—-coumaric acid, and tricin on expression of Sox-2.
Protein expression levels of Sox-2 were assessed by western blot. a-tubulin was used as
a loading control. (A) HT-29 cells, (B) HCT-116 cells. Ctrl, Control; SQE, Sasa

quelpaertensis leaf extract; P.C, p—coumaric acid;, T, Tricin.

(4) CD133, CD44 &rd 27 : HT-299F HCT-116914 tid¢k &7142 w7l CD133% CD44
o] &S FACSE ol &l =4 2 A3 g Axe FHd wet g 34
o] YEly=dl, HCT-116 Alxe A% XY FZEI p-coumaric acid, tricines # &
Sholl w2} CD133¢F CD44 wiA 9] o] Al Fio we} #HAdte A3 BAou
HT-299] 7% 74 =7 vins Aoz SA = AcH(Figure 27, 28).

w* ot

l?g‘

FL2,

0 !

101

82.69%

Figure 27. Effect of SQE, p-coumaric acid, and tricin on expression of HT-29 cells.
(A) CD133, (B) CD44 a, ctrl; b, SEQ 100 pg/ml; ¢, 200 pg/ml, d, 300 pg/ml, e, PC; f, tricin.

Ctrl, Control; SQE, Sasa quelpaertensis leaf extract; P.C, p—coumaric acid; T, Tricin.
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Figure 28. Effect of SQE, p-coumaric acid, and tricin on expression of HCT-
116cells.

(A) CD133, (B) CD44 a, ctrl; b, SEQ 100 ng/ml; ¢, 200 ug/ml, d, 300 ug/ml, e, PC; f, tricin.

Ctrl, Control; SQE, Sasa quelpaertensis leaf extract, P.C, p—coumaric acid; T, Tricin.

(5) Wnt/B-catenin &&d =4 : HT-299F HCT-116°14 & Z71AE npA 9 7Hiol 3o
Sl A dd 7 AFE S Ysle] wnt/B-catenin®] @A =S western blotS ©] &3}
of FA4s. 1 Ad, F AEF EFolA A FEES A2PS 9 controldl H
3}o] B-catenin® @@ W& S=F0| dose-dependentdtAl 7HA3F AL, p-coumaric acid<}
tricin # &l A% thA B-catenin® 7AE <189 tH(Figure 29).
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Figure 29. Effect of SQE, p-coumaric acid, and tricin on expression of B-catenin.
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Protein expression levels of b-catenin were assessed by western blot. a-tubulin was used
as a loading control. (A) HT-29 cells, (B) HCT-116 cells.

o AF 2L FEEHS GHERDY AAGE7IAERAY mRNA 28 94 &%

(1) Notchl mRNA @& 54: lth7} S7|AE vpA & dst=A2 gzl #1ske]
HT29, HCT116 Aol Al #2dt mRNAZFH %3 dl +%E3 p-coumaric acid, tricin®]
Ag] ol W2 mRNA W3E real-time PCRE o] &3&to] EA&qdn. 1 A3, =7
AlsZmEA QL Notchl mRNA o] Z3d F&5& A= 7Mg %2 3¢ 5 w52 100
pg/mlf-g A Fastda, g @448 p-coumaric acid®} tricinoll A= F 7
Ao 2 fon A Notchl mRNA o] AAES g2lststH(Figure 30).
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Figure 30. Effect of SQE, p-coumaric acid, and tricin on mRNA expression of
Notchl in HT-29 and HCT-116 cells.

mRNA level of Notchl was analyzed using real-time PCR. (A) HT-29 cells, (B) HCT-116
cells.B-actin was used as an internal control. The statistically significant differences
between treatments were analyzed by one-way ANOVA. Different letters in the bars
indicated that those values are significantly different from each other(p < 0.05).

=

(2) CD133 mRNA %3 =H: d=7]M X vl#<Q0 CDI33 mRNA #&do] F MXEFo|A LF
Zg e FEE3 p-coumaric acidol A Foldo® AT AL tricind] o3 &5 wH|
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Figure 31. Effect of SQE, p-coumaric acid, and tricin on mRNA expression of
CD133 in the HT-29 and HCT-116 cells.
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mRNA level of CD133 was analyzed using real-time PCR. (A) HT-29 cells, (B) HCT-116
cells. B-actin was used as an internal control. The statistically significant differences
between treatments were analyzed by one-way ANOVA. Different letters in the bars

indicated that those values are significantly different from each other(p < 0.05).

A FL23 AdxzE 4R HIF-1a9
J’]roqﬂl:‘ VEGF9 mRNA 23S =H39]

(3) VEGF _mRNA 23 =H: =74=x4

down-stream target genel ZAX I #A1AY
[e)
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o 2
tt. 7 A3 VEGF mRNA @3S F HEFIAA BF XY F=EI p-coumaric
acidol| Al freld o s ZFAstal, tricindd 93¢ &5 mwg o= ZHA = A (Figure
32).
A B

(=]
w
]

0.3

o o o
N w =
1 1

VEGF mRNA expresslon

VEGF mRNA expression
o

i1
Ctri SOE 100 SQF 200 SQF 300 PC Tricin

bt
=]

Figure 32. Effect of SQE, p-coumaric acid, and tricin on mRNA expression of
VEGF in the HT-29 and HCT-116 cells.

mRNA level of VEGF was analyzed using real-time PCR. B-actin was used as an internal
control. The statistically significant differences between treatments were analyzed by
one-way ANOVA. Different letters in the bars indicated that those values are significantly
different from each other (p < 0.05). (A) HT-29 cells, (B) HCT-116 cells.
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Figure 33. Effect of SQE, p—-coumaric acid, and tricin on colony formation in HT-29
and HCT-116 cells.

Colony formation was analyzed in HT-29 (A), HCT-116 (B) using clonogenic assay. Cells
were plated at 300 cells/well and treated with various doses of SQE, PC and tricin. After
incubating 10 days, colonies were fixed and stained. Ctrl, Control;, PC, p—coumaric acid; T,
Tricin. Statistically significant differences between treatments were analyzed by one-way
ANOVA. Different letters in the bars indicated that those values are significantly different
from each other (p < 0.05).

(2) Sphere formation =4: o Z7|AE 2] A71E-#] EAIS suspension cell EjolA =A 3}
+ A ¥l sphere formation assayS F8ste] YU FE=E3 S ES] 252 F
gatglom, 71 Ad HT-29 AlxolA 3 FE5E2 200 ng/ml, 300 pg/ml A 2=
A, HCT-116 AlZellA & 2 gd FFE 300 ng/ml Aol e SAH2= {23
sphere 7NE A A Z Y. 53], clonogenic assay®ti= ¥ 8 p-coumaric acid ¢} tricin *
gl ol A sphere o] U FE2E A FE7hA A tH(Figure 34).
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Figure 34. Effect of SQE, p—coumaric acid, and tricin on sphere formation in HT-29
and HCT-116 cells.

Cells were treated with various doses of SQE, PC, and tricin in sphere media to determine
sphere formation. Images for sphere formation were taken using phase contrast microscopy
(magnification, 100x) and sphere numbers were counted and quantified. Ctrl, Control; PC,
p—coumaric acid, T, Tricin. Statistically significant differences between treatments were
analyzed by one-way ANOVA. Different letters in the bars indicated that those values are
significantly different from each other (p < 0.05).

"}, In vivo xenograft EdE& T3 ZIAAY tFd STVAZEAY gt Ao w7 X
= 9% 74

(1) Injection M 4 &4
o= 7| AL F
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Figure 35. tumor incidence (A) and tumor vloume (B) in preliminary study.

% 209 3329 Folo] e 52Rd) TFA, Ao4A, A4H W 24

3
(D) EFAEsE g4 o ke HF a5Aztel= sles #eledtH(Figure 36).

30
—ctr
4 == 100
= —_ =
S m— 300
(]
ga P C
b= =T
3
g 104
0
ctrl 100 300 PC T

Figure 36. Difference of final body weight among groups.

Ctrl, Control; P.C, p—coumaric acid; T, Tricin.

(2) 2ol FWa}k: Al ke 2ol 7t 1% tH(Figure 37).
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Figure 37. Food intake among five groups during experimental period.
Ctrl, Control; P.C, p—coumaric acid; T, Tricin.
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(3) Y SA: HT-29 tdd=71AxE Ao F9 F 657 71
HE APE T4 FuE vt $F control woll MBI ZBIHHS
p-coumaric acid i, tricin oA tumor volume©] #A % &= AEdS HJou TAH
frel 4ol x = At (Figure 38A).

(4) ZdFA=A 289 FEES F93 7} p-coumaric acid ¥ tricin T3 &

D
control ?Loﬂ H]éﬂ tumor FAIZ7F #HAdte AES HYoy, FAHCE FYdS gle A

A

1500
ctr
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10001
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7907 et
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Figure 38. Effect of SQE, p-coumaric acid, and tricin on tumor volume and tumor
weight.

(A) tumor volume (B) tumor weight were measured and compared among five
experimental groups. Data was analyzed by one-way ANOVA for multiple comparison (P
< 0.05). P.C, p—coumaric acid; T, Tricin.

= ,
A3 DLKI19 wud dtd 32 23 F5=2 100 mg/kg b.w., 300 g/kg b.
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Folglk ol Ak 2S5t tH(Figure 39). p-coumaric acid®} tricing o] 3k
M= DLKI 9A &37F wwjgh Aoz 4530
Ctrl SQE SQE PC T
100 300

Figure 39. Effect of SQE, p—coumaric acid, and tricin on expression of DLKI.

Protein was extracted from frozen tumor tissue using Pro-PREP reagent according to the
protocol provided by manufacturer. The protein level of DLK1 was detected by western
blot. a-tubulin was used as a loading control. Ctrl, Control, SQE, Sasa quelpaertensis leaf

extract; P.C, p—coumaric acid; T, Tricin.

Zele gAE7IME &5S sty $skd
o]l E7IAIEAY AL FAsEY 83 AAE E#HF hypoxia inducible factor-la
(HIF-10)¢] @ FHdS western blots o]&3to] Hlwetdct 71 A3 Y F&5=
300 mg/kg bw & FoJ3 3} p-coumaric acid =¥ tricin & AT 53 7oA HIF-a
of gy Wy FFol AA A AS gl F AAHFigure 40).

Ctrl SQE SQE P.C T
100 300

et D ot Wt

Figure 40. Effect of SQE, p-coumaric acid, and tricin on expression of HIF-1la.
Protein was extracted from frozen tumor tissue using Pro-PREP reagent according to the
protocol provided by manufacturer. The protein level of HIF-1a was detected by western

blot. a-tubulin was used as a loading control. Ctrl, Control, SQE, Sasa quelpaertensis leaf

(2) HIF-1a ¥ 3 dg =4 55 24
: 2

extract, PC, p—coumaric acid; T, Tricin.

ol

2 W3 =A: HIF-1a9 down-stream target genel &4, <F¢] Wt 3k 7}
2§ (angiogenesis)oll ZAA Al H3& 3= VEGFY ©#d @3 dlusE 93
ZA o @M AS FE3Fo] western blotS F3sR o, 1 Az g
100 mg/kg b.w., 300 mg/kg b.w. Fofgt oA VEGEF ©¥d g =3o]
5t AS el o Zo FAE A p-coumaric acid ¥ tricin & FoJ3F 7o

VEGF®] #a7F vudh Aew 5450t (Figure 41).
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Figure 41. Effect of SQE, p—coumaric acid, and tricin on expression of VEGF.

Protein was extracted from frozen tumor tissue using Pro-PREP reagent according to the
protocol provided by manufacturer. The protein level of VEGEF was detected by western
blot. a-tubulin was used as a loading control. Ctrl, Control, SQE, Sasa quelpaertensis leaf

extract; P.C, p—coumaric acid; T, Tricin.

(4) p-ERK ¥ =4 sER2ddA Zgdo] o3t Tdad AsddAAdES SHs17]
9)3te] Wnt/B-catenin signaling®] ol&] <3S F W= Mitogen—activated protein
kinases (MAPK) pathway®] 92 <IA}91 Extracellular signal-regulated kinases (ERK)<]
phosphorylation %% western blotg ©]&3lo] SAsd o, 1 A3 Y FE5&
S T3t oA p-ERKQ 3ol =4 743 2, p-coumaric acid oA %= thi A

7

gk Ao w gl =AM (Figure 42).
Ctrl SQE SQE P.C T
100 300
P-ERK = = = e

Figure 42. Effect of SQE, p-coumaric acid, and tricin on protein expression of
p—ERK.

Protein was extracted from frozen tumor tissue using Pro-PREP reagent according to the
protocol provided by manufacturer. The protein level of p~-ERK was detected by western
blot. a-tubulin was used as a loading control. Ctrl, Control; SQE, Sasa quelpaertensis leaf

extract; P.C, p—coumaric acid; T, Tricin.

34 434 F A& vl2oM9 U FAsa g, IFAHE
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1. d4+5%

7 v ESAA A3 v BdS o] &5t I Yle dtksta v E A

U WA SAE F AE vpes 2dS o] §ste] B didAMEZ DNA damageo]| WX+
s g

o A SAE G A rhes BdS ol §ste] B UIY F@TITd WA= FFE FH S
=

g AT F ZdE ek BdS o] &t 23l AU HAE £ vAE a29E
A gk

2. 74

7 Ad 2d: 1AREES) T3 WA E5A4 A A3 2d o]l &

(1) A3 A 9 Aoja: 1AdEs} Y

U, =399 d4ks a3 73

(1) &AtstetA 54 55 g Al vk g14S 45359 myeloperoxidase activity, MDA,
SOD activityE kit& Ab&eted F74eta, SOD, Gpx, catalase & EAES] TAS
western©. 2 =45} o}

t}. 28 ¢ DNA damage 9 A &3 749

(1) DNA damage 574: dldx=A o225 H dAAMEE 8 ste] HBSS AlA 5 wiesh
EDTAZ} £33 RPMI-1640°] ¥S 3 celll viabilityES =4 3%. anti-8-oxo-dG &A1&
&3] DNA damage 23}

2 23U ZFA7]| T vAE 9T 4

(1) AN ZA AFart F53 25 d7 28453 545420 & o HF2+ Azt
< A7l 29E SA57] fste F T3 SASA T AlEF o 25 o 124
P A7 A EsE 1vkeld AR 2g9] 10% Coomassie Brilliant blue dye ImlS #
7bete] AAAA FE ¥l YoEe AHe Aoz st

(2) Ze] do], A A, & FAAZE A AEFA 457 F 12 AZF AAAZ] o S5}
of A% Ao dolo} FAE A, St Fo dolE FTHAoRE UFo] AL
=3

v, 23U FY vAE 2o vX= 4 B4

(D) A "AE +3 B4 v~ WoZFEH Genomic DNAE F% (soil genomic DNA
assay kito]&). #2]%¥ metagenomic DNAS] AZEE 93 PCR Al d3sFal 16S rRNAS o]

43t A E" barcoded pyrosequencing 2 & 3Fe] EzTaxon-e Database/ServerE Al-&3t 1

OB 0

Bee 54 % MAE 24
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Figure 43. in vivo 2% 499 DAI 2 & Zo]

(A) DAI was evaluated at average of score of clinical parameters as body weight changes,
rectal bleeding and stool consistency or diarrhea. Data was analyzed by one-way ANOVA
for multiple comparison (£<0.05) (B) The colon length was measured and compared among

five experimental groups. Data was analyzed by one-way ANOVA for multiple comparison
(P<0.05)

. In vivo S EEDAA 23U F4id a7 79

(1) 343} mt7] 2A: 55 34 Al A& plasmas £33 MPO, MDA, SOD activityS &-¢13}
Plasma leveldlA MPO s=& 2t 25%E 7H #F940 Aol7t ¢l o™ (Figure 44A),
lipid peroxidation AEZE el E= MDAS A4S DSS control ol H&] Z=oj
300mg/kg b.w wellA freld oz 7FAastAth(Figure 44B). @d4kst g4 SODe &4
2 DSSE FoJatA] & controlitol HlE| DSS oA foldoz sy, 23 o
ol A frolxor F74ed th(Figure 44C). T3 o = A dlA SOD1, SOD2, Gpxl a4t
3l &2 23dS western blote® &<lsldtt SOD1S Al &d4tsl g42 A5As
oA X Hiv= =2 59 ROSH 93] #ZAsA H=d DSSE Fo3A &2 control
ol B]3] DSS controlit ol Al & o2 FFasts A3E YeERY A tH(Figure 45A). HHd
ZH = DSS controlirell Hl&| FolHow Friste Ads HAT SOD1F 2
SOD2E d5/delA wde] T7hstAl == DSSE FolshA %2 control ol ]3]
DSS controlitell A freolAo® Frtste A3E YEMA L ZS & DSS control ]
Hlg] FoAow FHasteE A4S BEAtHFigure 45B). Gpxle controlitel H]&] DSS
controlio| Al Feld oz Frlelda ZH oA Feldow 7HA3se] controld FAF
3 FEo R 3EYE= gyE BAvH(Figure 45C). T3k Catalase activityS o) & 2 2 ol A

o

O

kitE E3 g3 A3} DSSE FoslA &2 control ol 4|3 DSS control ol 4 2]
Ao g Fhaste A3E YErda 22 DSS controlitol] W3] fro] Ao ® F7}s)
= A% BHYHFigure 46). o] Ea) =27l 343t &4 9 modulationel EH7F ¢l
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Figure 44. in vivo % 2499 plasma FF A ¥ MPO, MDA, SOD
(A-C) Levels of MPO (A) and MDA (B) and SOD (C) were examined by commercial kit

in plasma for all groups.
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Figure 45. in vivo 3% 249 A ZZ A & SOD1, SOD2, Gpx1¢ =&

(A-C), Expressions of SOD1 (A), SOD2 (B), and Gpxl (C) were analyzed in colon tissues
by using western blot. Level of a-tubulin was detected as a loading control. Band
intensities were quantified by densitometry and data shown are the mean + SEM and were
used were analyzed using one-way ANOVA and Tukey’s post-hoc test (p < 0.05); n = 10

mice per group. SQE, Sasa quelpaertensis extract; DSS, dextran sulfate sodium;, SSZ,

sulfasalazine.
= 31
=
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Figure 46. in vivo & 299 giF =2 A & Catalase ¢ o3&

Catalase activity was examined in colon tissues by using a commercial kit. Data are
shown to as the mean + SEM and were analyzed using one-way ANOVA and Tukey's
post-hoc test (p < 0.05); n = 10 mice per group. SQE, Sasa quelpaertensis extract; DSS,

dextran sulfate sodium; SSZ, sulfasalazine.

2. In vivo T ER A A X3 e DNA &4 94 &394 719

(1) Z=2 9] DNA &4 o4 53 373 55 A A np9x9 gige 4=3)
17 A7l ¥ Anti-8-oxo-dGE &3] Immunohistochemistry® DNA <=4+
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Figure 47. in vivo 32229 % =32 DNA damage

(A) Production of 8-oxo-dG was detected using immunohistochemistry in sections of
colorectal tissue obtained DSS-induced colitis mice for: (a) Ctrl, (b) DSS, (¢c) SSZ, (d) SQE
100, and (e) SQE 300. (magnification, 400 x) (B) The % of positive cells from 3 fields

were counted and averaged. Scale bar: 50 ym. Data are shown to as the mean £+ SEM and

Cirl DSSCIM SSZ SQET00 SQE300
+

- + + +*

were analyzed using one-way ANOVA and Tukey's post-hoc test (p < 0.05); n = 10 mice
per group. SQE, Sasa quelpaertensis extract, DSS, dextran sulfate sodium; SSZ,

sulfasalazine.

v, In vivo TEELDAA X3 U7t FR7]| 5 A= 9% 4

() 237k Boolsel vxE GG 24 22} Rl MAE 9T BAHI 9
8 4B A 3 SEHS SRR FERAS 4 #3re] FoHe Fel 7 99
& FolshA 2

- T L =
S (Figure 48A), &3 A1t oy deolg T3l 73 Fs4d2 DSS
2 controlo] H] & DSS controli-oll A 743 = <
DSS controli Rt} 57Feh= A &S B9t (Figure 48B).
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Figure 48. in vivo € EX2 QA &A% ZFFHAL 2D ZFE&54

(A) Gut transit time for all groups was analyzed by measuring the time of first
development of red stools after carmine red administration. (B) Gut motility was estimated
by the time and colon length for each group. Data are shown to as the mean + SEM and
were analyzed using one-way ANOVA and Tukey’s post-hoc test (p < 0.05); n = 10 mice
per group. SQE, Sasa quelpaertensis extract;, DSS, dextran sulfate sodium; SSZ,

sulfasalazine.

vt In vivo SEE DA ZR7t Y A AE TZ VA= 9F 13
(1) AW vAE g Ogd Wshk DSSE Y 9548 FHE3E
DSSAE % 19¢%ke] Wk~ W& 335k genomic DNAE o}
# A7l ¥ pyrosequencings 3 I AFA FAdho

Wshe = A gre ok vk G Al el A8k

T
—
ok
ol
bl

o

(71 a-diversity: 3 (Control), ¥t 954 & Ada (DSS), =Y Fo (SQE) A1
59 microbial a-diversityE =243 23 st AlF BEFAAA M B EAIF He= A
2 BEFo Ao H+= AEA = YERHE Operational Taxonomic Units (OTUs)<9]
7} Controlioll Hla DSS+tollA #FoH oz wotal SQEwlA tAl F7hste das
B tH(Table 4). L 9ol %= Eveness® richness®] td¥AS yelf= ##<Q Chao-1,
Shannon diversity index”} Controla-ol] H]3] DSSioll A feld oz Aasta SQE° A

freldos Frtstdth AEH S S8l duht ®2 populations YWERH I JEAE H o
F+ A #2 Goods Lib. coveragel:— M 2ol A EF AolE Ho|X kol fALSH

coverage oA BAEHISS & F AdAJT = Microbial diversity:= Host2] Z3ghof 9
3 AAaSEAY S won olyst ATE A HAHA g tA] SIS 7 ASE
HoFRl)

Table 4. in vivo &2 2] WA Pyrosequencings &3 #413F Microbial a- diversity

Control DSS SQE
(n=6) (n=06) (n=06)
Number of OTUs 444 .83 + 66.84 256.33 + 65.64 404.17 +178.21 3

Chao-1 estimators 657.94+91.98 % 366.26 + 109.76 ® 594.05 +259.98 °
Shannon’s diversity
. 4.75+0.19°? 3.96+0.31° 4.52+0.69 2
ndex

Goods Lib. Coverage 0.97 +£0.01 098 +£0.01 0.97 £0.01

Values are mean + SD

Data were shown to as the mean £ SEM and were analyzed using one-way ANOVA with
Tukey’s post-hoc test (p < 0.05); n = 6 mice per group. SQE, Sasa quelpaertensis extract;

DSS, dextran sulfate sodium.
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Figure 49. in vivo EE X2 d9] WA Pyrosequencings 3] £43% Zt 15 7+¢ Beta
diversity

PCoA wusing unweighted UniFrac distances of gut microbial communities obtained from
stool samples at 19 days after DSS treatment. n = 6 mice per group. SQE, Sasa

quelpaertensis extract; DSS, dextran sulfate sodium.

2) 2 "AE 3] 74 Wl DSSE 1A A5 AT F g v 2doA DSS
] 2] 199 #}9] whg-22 W
7l 3 pyrosequencingS =3 WA 4
sty = dA v AE g gl disl A sk

o

(7}) Phylum level: Zt 15 oA 5% Fecal #1Zo] Uelf= Hhe
5 FAss o, Bactenodetesﬁﬂr Firmicutes”} 714 %2 v &S #X| s}
% el A Short Chain Fatty Acids ZatiAbel o] stAA digdazed d3ds A
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FoA7F frofm g o2 st A S B F3oH(Figure 50, Table 5).
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- ThAT7 Chiorofiexi ® Bacteria_uc ® Cyancbacteria Fusobacteria Chlorophyta ® Planctomycetes

Figure 50. in vivo & X299 WA Pyrosequencing® E3 #43% Phylum leveld]
ot 74

Phylum level classfication of 16s rRNA gene segeunces from stoll samples collected 19days
after DSS treatment. Bars represent relative abundances for each sample. n = 6 mice per

group. SQE, Sasa quelpaertensis extract; DSS, dextran sulfate sodium.

Table 5. in vivo &5 22| Wo|A Pyrosequencings &3] #2413t Phylum level®] H1E|g] o}

H] &

Group

e Control (n=6) DSS (n=6) SQE (n=6)
Firmicutes 58.67+4.002 38.51 +10.82° 63.08+11.872
Bacteroidetes 34.75+3.692 50.34+13.27°% 28.14 +6.98 2
Proteobacteria 5.01+£5.77 8.04 + 6.87 3.26+3.58
Deferribacteres 1.39+ 1.68 1.64 +1.56 2.72+£3.00
Verrucomicrobia 0+0 1.25+1.85 2.52+4.25
Actinobacteria 0.14 + 0.09 0.20+0.16 0.26 +0.22
Bacteroidetes/

Bt o 0.59+0.022 1.44+0.28"° 0.47+0.082

Phylum level classfication of 16s rRNA gene seqeunces from stoll samples collected 19

days after DSS treatment. Table is shown to as the mean * SEM and were analyzed

using one-way ANOVA with Tukey's post-hoc test (p < 0.05); n = 6 mice per group.

SQE, Sasa quelpaertensis extract; DSS, dextran sulfate sodium.

(W) Class level: Phylum level?}t -AFalAl vFe|g]o} A o] Controlsol] H]8] DSSstol A W
3tE) 9o, SQETS AA o2 Controld ¥ FAe A4S HAAFAY. 713 & WHEs
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BojET
Hl 3] DSSwtoll A fFeo]How F7}e
3k Phylum levelol Al +2]% ¢l zfo]S Ho]X
3] levelol 4:3l+= Gammaproteobacteria®l H
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AA L
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FAge Wy o S Aee
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R A H(Figure 51, Table 6).

Heat map(Gradient}
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%

B, v, R R, R,

Figure 51. in vivo &2 99 WA Pyrosequencingg 23] #2413 Class leveld] #t

gl ol 74

Class level classfication of 16s rRNA gene segeunces from stoll samples collected 19 days

after DSS treatment. The data contained in the matrix are represented by red and green

colors. The cut off value was set to 5%. SQE, Sasa quelpaertensis extract; DSS, dextran

sulfate sodium.

Table 6. in vivo T&XE 29

of W&

ol A Pyrosequencings %3] #4138 Class level?] dhe] 2]

Group

Bacteria Control (n=6) DSS (n=6) SQE (n=6)
Clostridia 54.7+4.7% 20.7+£730 45.0+£22.14
Bacteroidia 34.7+3.72 50.3+£13.3°0 281+70¢7
Erysipelotrichi 31+45s 16.2+12.0% 17.8+ 1790
Deltaproteobacteria 49+57 2.1+3.0 3.0+3.7
Deferribacteres ¢ 1.4+1.7 1.6+ 1.6 2.7+3.0
Gammaproteobacteria 0.1+0.12 4.1+£74° 02+032
Verrucomicrobiae 0.0£0.0 1.2+ 1.8 25442
Bacilli 0.9+0.0 1.6+1.7 03+0.1
Betaproteobacteria 0.0+0.0 1.8+3.6 0.1+0.1

Class level classfication of 16s

after DSS treatment. Table is shown to as the mean =*
one-way ANOVA with Tukey’s post-hoc test (p < 0.05); n =

rRNA gene segeunces from stoll samples collected 19days
SEM and were analyzed using
6 mice per group. SQE,
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Sasa quelpaertensis extract; DSS, dextran sulfate sodium.

(th) Family level: BFe|2]lo} FA o] Controla-oll Hl&| DSSwellA W3aEdon SQEFS 4
& o2 Controli+ ¥ AR FAS HAFth 2 FolA % Short chain fatty acid<]
g ol thakel eEstE tiAbe] ol stH A acetyl-CoAel pathwayoll ¥osh= HHH| 2o}
@] Lachnospiraceae, Ruminococcaceae®] H|&©°] DSSolA o)X o2 7Asal SQET
ol ] FoAHoz Frtetdth RtH AF Hkgo os WSt AEE QI =Fol F7
3}+= Enterobacteriaceae, Bacteriodaceae 5 ¢ DSSol A oA oz F7Fste] A 1
AE 39 DyshiosisE =3 3 DSSTAAM fel¥o=w FU)sh
Enterobacteriaceaet= Toll like receptor 4 (TLR4)¢} &= o] A5 DA Fdo] 9
= HoFEth SQETolAM = s drElgole] H]&o] Controlw 3 {FAFSHAl YERSTH

(Figure 52, Table 7).
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Figure 52. in vivo 32X 9¢] WMo A Pyrosequencing< 3] 43 Family level®] ¥
H e ol 74

Family level classification of 16s TRNA gene sequences. Bars represent relative abundances

|

ﬂl
1

for each sample. n = 6 mice per group. SQE, Sasa quelpaertensis extract, DSS, dextran

sulfate sodium.

Table 7. in vivo =222 WA Pyrosequencing= &3] 413k Family level®] Hhe|g] o}

74

sl Group - ontrol (n=6) DSS (n=6) SQE (n=6)
Lachnospiraceae 40.98+2.972 12.95£7.520 29.19+16.542
Bacteroidaceac 20.33 +£6.542 4224+875"0 20.29+6.46 2
Ruminococcaceae 12.77+2.872 539+1.60° 12.52+7.76 2
Coprobacillus f 0.17+0.132 9.50 +3.86" 3.75+4.2472
Prevotellaceae 4.08 +£3.38 225+2.84 323+3.64
Enterobacteriaceae 0.07£0.072 4.13+£736° 0.18+0342
Streptococcaceae 0.57+0.41 1.05+1.39 0.17+0.10
Lactobacillaccae 0.30+0.172 0.14 +0.06 0.05+0.05°
- 54
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Family level classification of 16s rRNA gene sequences from stoll samples collected 19days
after DSS treatment. Table is shown to as the mean + SEM and were analyzed using
one-way ANOVA with Tukey’s post-hoc test (p < 0.05); n = 6 mice per group. SQE,

Sasa quelpaertensis extract, DSS, dextran sulfate sodium.

(2}) Genus level: ¥He| 2o} -4 o] Controlitoll H|8] DSSwoll A W3ty Qo SQETES Ad
Ao 2 Controlt ¥ A 7S HoFrh 53] A AhALet @54t recyclingell ¥ st
3 g3 o] ®W3ly= vhdH g]ole]l Enterobacter, Bacteriodes, Clostridium®] H]£-©]
DSStoll Al oA o2 F7bet il SQET oA = fFolAom Aastant. g8 A%
Al GRS Y] tALZE Wstskal thAl Wstel] ofs) g s o] ®iEd & 3l
=5 etz x3d9 JHA7 Al vAdE 319 DysbiosisE AAES HAFATH
(Table 8).

Table 8. in vivo &5 22| WA Pyrosequencings &3] =213 Genus level®] ©BHH| 2] o}

74

Phylum Genus Control (n=6) DSS (n=6) SQE (n=6)
Firmicutes Pseudoflavonifractor 4.83 £ 0.82 2.71+1.32 6.19 + 3.93
Clostridium_g6 0.17+0.13 9.49 +3.85"% 375 +4.23®
Acetatifactor 1.48 + 1.42 1.31 + 1.30 4.78 + 3.55
Oscillibacter 1.68 +£0.75%2 1.12+0.76 444 + 268"
Hungatella 3.56+1.072 0.82+069° 1.50 4+ 1.28%
Turicibacter 1.72 4+ 3.57 1.61 +1.73 1.73 +2.48
Clostridium g21 1.51 £ 0.59 0.75 £0.44 1.78 £ 1.44
Romboutsia 0+0 1.204+2.93 2.09 + 4.35
Lachnospiraceae uc 1.41 = 0.47 0.25 +£0.29 1.47+1.75
Roseburia 0.17 +0.08 0.11 +0.07 0.24 +0.17
Bacteroidetes Bacteroides 20.23 +£6.55+* 41.64 +8.25° 20.10+6.43 *
Alloprevotella 4.07 +3.37 220+ 2.76 3.19+3.61
Alistipes 3.11 1,122 0.31+£0.23°Y 030+0.16°
Proteobacteria Enterobacter 0.02+0.0392 394+ 7400 0.04 + 0.057
Parasutterella 0.01 0.01 1.78 +£ 3.55 0.04 + 0.06
Deterribacteres Mucispirillum 1.38 £ 1.66 1.64 + 1.56 2.72+3.00
Verrucomicrobia Akkermansia 00 1.25 + 1.85 2.52+4.25

Genus level classification of 16s rRNA gene sequences from stoll samples collected 19days
after DSS treatment. Table is shown to as the mean = SEM and were analyzed using
one-way ANOVA with Tukey’s post-hoc test (p < 0.05); n = 6 mice per group. SQE,

Sasa quelpaertensis extract, DSS, dextran sulfate sodium.

(v}) Species level: BHH|2]o} 4] Controliol H]3] DSStoll A ®W3tE oW SQETS 74
g o2 Control ¥ A A4S HAY. 53] Bacteroides acidifaciense] H]& 9|
DSSell A el oz Frkstal SQEwAA el o=z A4St thi(Figure 53, Table

9).
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Figure 53. in vivo TEX 99 WA Pyrosequencinge E3 #4243 C(Class/Species
level®] HHe| o} +A4
(A) Control, (B) DSS, (C) SQE, SQE, Sasa quelpaertensis extract; DSS, dextran sulfate

sodium.

Table 9. in vivo FER 9o WA Pyrosequencings E3a #4138 Species level?] BHe]g]o}

74

Group
Specics Control (n=6) DSS (n=6) SQE (n=6)
Bacteroides acidifaciens 048 +0.412 18.54+9.75¢% 9.53+6.552
Bacteroides sartorii 7.03 +£10.51 6.22 +8.79 0.19+0.19
Clostridium cocleatum 0.17+0.13 9.43 £3.84 3.73+4.21
Mucispirillum schaedleri 1.38 £1.66 1.64 £ 1.56 2.72+298
Enterobacter xiangfangensis 0.01 +0.02 3.38+6.37 0.04 +0.05
Akkermansia muciniphila 0+0 1.24+1.84 2.51+4.24
Romboutsia ilealis 0+0 1.17+2.87 2.08+4.32
Lachnospiraceae uc s 1.41 £0.47 20 0.25+0.29" 147+1.752
Bacteroides _uc 0.30+0.09 1.85+1.18 0.73 +0.38
Butyricimonas virosa 0.45+0.17 0.47 £0.30 0.38+0.19
Ruminococcaceae uc s 0.54+0.49 0.07 £ 0.06 0.27+0.23
Lactococcus lactis subsp 0.41+0.32 0.23+£0.19 0.15+0.11

Species level classification of 16s rRNA gene sequences from stoll samples collected 19days
after DSS treatment. Table is shown to as the mean * SEM and were analyzed using
one-way ANOVA with Tukey’s post-hoc test (p < 0.05); n = 6 mice per group. SQE,

Sasa quelpaertensis extract, DSS, dextran sulfate sodium.
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