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ABSTRACT

Objectives: The root of Platycodon grandiflorum (PG) has been known to possess a range of pharmacological activities
including anti-cancer, anti-inflammatory, and anti-oxidant effects. The present study was designed to investigate whether or
not PG-induced cell death was connected with autophagy and apoptosis in NCI-H460 human lung cancer cells.

Methods: Effects on the cell viability and apoptotic activity were quantified using MTT assays and flow cytometry analysis,
respectively. Protein activation was measured by immunoblotting. Autophagy was measured by LC3 immunofluorescence and
immunoblotting. ROS production and loss of mitochondria membrane potential (MMP) were checked with flow cytometry analysis.

Results: Following exposure to PG, NCI-H460 cell proliferation decreased simultaneously inducing autophagic vacuoles and
up-regulation of microtubule-associated protein 1 light chain 3 and beclin-1 protein expressions. Interestingly, pre-treated with
autophagy inhibitors, 3-methyladenin or bafilomycin Al further triggered reduction of cell viability. PG treatment also induced
apoptosis that was related modulation of Bel-2 family proteins. death receptors and activation of caspases. In addition, PG
stimulation clearly enhanced loss of MMP and reactive oxygen species (ROS) generation.

Conclusions: Our results suggest that PG elicited both autophagy and apoptosis by increasing loss of MMP and ROS
production. PG induced-autophagy may play a cell protective role. [This research was supported by Basic Science Research
Program through the NRF grant funded by the Korea government(No.2013R1A1A2065537).]
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8. Western blot analysis
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Fig. 1. PG (Platycodon grandiflorum) stimulation attenuated the Ievel of cell growth and proliferation in
human non-small cell lung carcinoma (NSCLC) NCI-H460 cells.

(A) NCI-H460 cells were seeded at an initial density of 2.8x10° cells per ml in 6 well plates. After 24 h, cells
were treated with the indicated concentrations of PG for 24 h. Cell viability was measured by MTT assay. The

data is reported as a mean%S.D. of three independent experiments

(*, p0.05 versus untreated control). (B)

Morphologic changes were directly photographed using optical microscope (magnification, x50).
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Fig. 2. PG also induces autophagy in NSCLC NCI-H460 cells.

(A) Cells were treated with the indicated concentration of PG for 24 h and then morphologic changes were
directly photographed using optical microscope (magnification, x200). (B) After PG treatment (2 mg/ml) for 24 h,
cells were fixed on slides, blocked and sequentially stained with primary and secondary antibody or DAPI. Images
of representing distribution of the autophagic marker LC3 were then recorded using an immunofluorescence
microscope (magnification, *200). (C) Immunoblot analysis of LC3, beclin-1 and Atg7 expression levels were
noted. Similar results were revealed in at least two independent blots. B-actin was a loading control.
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Fig. 3. Attenuation of early phase autophagy enhances the cytotoxicity and inhibits autophagosome formation by
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PG in NCI-H460 cells.

(A) Cells were pretreated with or without 3-methyladenin (3-MA, known to early phase autophagy inhibitors) for 1
h. and then stimulated in serum including noted doses of PG for additional 24 h. Effect of 3-MA and PG treatment
on proliferation and cell viability of NCI-H460 cells assessed by the MTT assay. Bars denote S.D. (n=3). *, p<0.05.,
significantly different compared with control. Similar results were observed in replicate experiments. (B) Representative
morphologic changes were directly photographed (magnification, x200).
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bafilomycin Al& 2|8t o] d2THe F24 <)
= AZ AF JAIE Beleh A2 e dselM =
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& 4 9l (Fig. 4B).

EH}Q T /\ E

Fig. 4. Reduce of late phase autophagy significantly enhances the cytotoxicity and inhibits autophagosome

formation by PG in NCI-H460 cells.

(A) NCI-H460 cells were treated with the noted concentration of PG in the presence or absence of Bafilomycin Al
(known to late phase autophagy inhibitors). Cell viability was measured by MTT assay. Bars denote S.D. (n=3).
* p0.05, significantly different compared with control. Similar results were observed in replicate experiments. (B)
Representatlve morphologic changes were directly photographed (magnification, x200).
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Fig. 5. PG treatment induced apoptosis which was partially dependent on the caspases activities in

NCI-H460 cells.

(A) NCI-H460 cells were seeded at an initial density of 2.8x10° cells per ml in 6 well plates. After 24 h, cells
were treated with the indicated concentrations of PG for 24 h. The cells harvested and flow cytometer analysis
was performed for analysis of DNA content. (B) The population of sub-Gl were presented by histogram.

Columns represents the mean+S.D.

of three independent experiments

(*, p€0.05 vs. untreated control). (C)

Representative fluorescence micrographs were showed staining cells with DAPI. Note the abundance of nuclei
changes in PG-stimulated for the noted times (magnification, x200).
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A) Treatment dose (mg/mg) B) Treatment dose (mg/m2)
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Fig. 6. PG exposure modulates apoptosis-related genes in NSCLC NCI-H460 cells.

(A) NCI-H460 cells were treated by PG up to 4 mg/ml for 24 h. Whole lysates from PG-treated NCI-H460
cells analyzed the expressions of Bel-2 family proteins and death receptor proteins by Western blotting. B-actin
was used to ensure equal protein loading. (B) In the same way as (A), the change of three caspases, PARP
and B-catenin were probed. Data are representative of at lest two separate experiments.
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Fig. 7. Loss of MMP was showed in PG stimulated NCI-H460 cells.

(A) Cells were treated with the indicated concentration of PG for 24 h and harvested. Then. mitochondral
dysfunction was detected with lipophilic cationic probe JC-1 by a flow cytometer. (B) Loss of MMP percentage
are presented. The significance was determined using Student's t-test (*, p<0.05 versus untreated control).
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Fig. 8. Reactive oxygen species (ROS) was induced by PG treatment in NCI-H460 cells.

(A) and (B) Cells were seeded and stabilized for 24 h, cells were challenged with 4 mg/ml of PG for the
various periods or indicated dose of PG for 24 h, respectively. ROS levels were detected with flow cytometry
using HoDCFDA probes. Bar graphs represent DCF fluorescence intensities. The data is reported as a meanS.D.
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(*, p<0.05 versus untreated control).
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