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ABSTRACT

Objective : Inulae Flos (IF) has been used to treat arthritis, sever furuncle, fear and palpitation, vomiting, stroke, asthma
and cough in Korean Medicine. Although the anticancer activity of IF has been reported, the molecular mechanism is
still not well understood. In this study, we investigated the growth inhibitory activity of an ethanol extract of IF in
HT-1080 human fibrosarcoma cells and its underlying mechanisms using two-dimensional (2D) and three-dimensional
(3D) cell culture system.

Methods : HT-1080 cells were cultured with IF for 9 days in 3D cell culture. To check an inhibition of cell prolifelation by
IF, MTT assay was performed. DNA contents were measured using flow cytometry. Western blotting was used to evaluate
the regulation of cell cycle- and autophagy-related proteins. Acridine orange staining was performed to confirm
autophagy, and DCF-DA staining was performed to confirm the occurrence of ROS.

Results : IF controlled a spheroid formation and decreased a cell viability in 3D cell culture. IF-induced cell proliferation
inhibition was associated with a distinct increase of S and G2/M phase cell distribution in 2D cell cultre. In addition, IF
significantly induced autophagy and generated reactive oxygen species (ROS). Interestingly, IF-induced cell cycle arrest and
autophagy were recovered after pre-treatment of N-acetyl-L-cysteine, ROS scavenger.

Conclusion : Our results indicate that IF induced ROS-mediated cell cycle arrest and autophagy and it may potentially useful
for human fibrosarcoma treatment.
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Figure & Figure legends

IF (pgiml)
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Y

=E~]

e o
n T

Cell viability (%)
3

IF

v

Day 3

75
IF (pg/mi)

Fig.1. IF inhibited spheroid formation of HT-1080 human fibrosarcoma cells. HT1080 (7x10% cells were plated

onto Corning®96 Well Spheroid Microplates, then, incubated for 72 h
Afterwards, IF was added to each well. (A) The cell morphologic changes

microscope (magnification,x50). (B) Cytotoxicity was measured by a CCK-8

the mean + SD. ((p<0.05, ~"p<0.01). IF, Inula Flos.

in a CO, incubator at 37° C.
were observed using an inverted

assay. The results were presented

A)

Cell number

IF (wa/ml, 24 h)
_ 0 . 50 100 150 _ DMSO
§ H H
= 0 1,000 000 2171 ‘Wﬂ 1,000,000 217 .406: 1,000,000 217 .4M= 1,000 000 2171 .Wa 0 1,000 p00 2177405
DNA content
DNA contents
IF ua/ml G1/G0 s G2/M
0 57.86 17.04 25.10
50 46.33 25.00 28.67
24h
100 24.62 43.49 31.90
150 11.43 46.53 42.04
DMSO 56.62 16.08 27.30

Fig. 2. IF induced S—phase and G2/M cell cycle arrest in HT-1080 human fibrosarcoma cells. (A) The cells were
fixed and stained with Cycle TEST PLUS DNA REAGENT Kit. The DNA contents of cells were analyzed

using a flow cytometer. (B) Table showed cell cycle distribution.
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A) IF(ug/mi, 24 ) B) IF(ugimi, 24h)

0 50 100 150 DMsSO 0 50 100 150 DMSO
‘.—._.._-_-—-—-.. cyclinA ‘—-——---*—‘RB
‘..-..—-—--— cyclin B1 “'—"—-—*‘—""Ezﬂ
‘-—-—-———-— cyclin D1 ‘——-—-——‘EZH

- -
‘_____,_.‘_—_ cyclin D2 ‘ el s ‘P53
‘ e a= = - cyclin D3 ‘-—— - - ‘P27
‘—--—— — | cyelin E ‘— - . - ‘pZ’I
"—'-szs-.-;:-:_ eyclin 61 ‘—— -~ — | ede25¢

-—————-‘B-Actin ‘—————‘B-Actin

Fig. 3. IF modulated the expression of cell cycle related proteins in HT-1080 cells. (A-B) After incubation with

IF for 24 h, the cells were lysed and the cellular proteins were transferred onto nitrocellulose membranes.

The membranes were then probed with the indicated antibodies and the bands were visualized using an ECL

detection system. [ —actin was used as an internal control.

A) IF (ug/ml, 24 h) IF (h, 150 pug/ml)

0 50 100 150 DMSO 0 3 6 12 24
——— ] o3 - [t
‘—————‘pSZ ‘————-—‘psz
‘——-—-—-——‘mTOR ‘———————-‘mTOR
—_—= - ‘ pmTOR ($2481) ‘ —— i ‘ pmTOR (52481)

M
:

= _ ‘ pmTOR (ser 2448) ‘— — — — -——‘ pmTOR (ser 2448)

———‘Atg? ‘ -—-—-._.—_:‘Atg'f

—_—— - ‘ B-Actin ‘———-———-— ‘ B-Actin

B) IF (ug/ml, 24 h)

a

50 100 150 DMSO

3.1 3.4 8.4 22.7

3.3

BRI 108690

ORI KA 108690
Oo0IORE AR 108600

3
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H
H

ORIOBA MO 101
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Fig. 4. IF induced autophagy. (A) The cellswere treated with the indicated concentrations and time. After incubation

with IF for 24 h, the cells were lysed and the cellular proteins were then separated in SDS—polyacrylamide
gels, after which they were transferred onto nitrocellulose membranes. The membranes were then probed with
the indicated antibodies and the proteins were visualized using an ECL detection system. S —actin was used
as an internal control. (B—C) The cells were treated with indicated concentration of IF for 24 h.
Acridineorange (AO) was then added at a concentration of 1 zg/ml for a period of 15 min. (B) The stained
cell was photographed with fluorescence using a fluorescence microscope (Magnification, x200). (C) The cell

were washed with PBS, and quantified by flow cytometry.

A) IF (150 pg/ml,3 h) B) C IF (150 ua/ml,3 h)
-
- - + + IF
- -+ - + NAC .
-4
: == :
o o
3 3
E
DCF-DA
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cdc25¢ § § | g
G1/G0 56.77 G1/G0 : 56.00 G1/G0 :12.55 G1/G0 : 59.12
5:19.20 514473 S:17.55
IZI cyclin B1 = g G2/M 2480 | G2/M 4272 | F G2/M - 23.33
8 . .
c
E g-Actin s P v 5 e o S

DNA content

Fig. 5. IF-mediated autophagy and cell cycle arrest were prohibited by N-acetylcysteine (NAC). Cells were

pretreated with 10 mM NAC, a ROS scavenger for 1 h and then treated with IF for 24 h. (A) To determine
ROS production, cells were stained with 10 ¢M DCF-DA. The stained cell was photographed with
fluorescence using a fluorescence microscope (Magnification, x200). (B) The expressions of LC3 and p62
were determined by Western blot analysis. (C) AThe stained cell with AO - was photographed with
fluorescence using a fluorescence microscope (Magnification, x200). (D) The expressions of cdc25¢, cyclin
Bl and E2F4 were determined by Western blot analysis. (E) The DNA contents of cells were analyzed using

a flow cytometer.
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