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Shikonin Synergistic with Doxorubicin to Antagonize the Fine Particulate matter (PM2.5) Induced
Lung Cancer Cell Growth by Regulating Apoptosis and Cell Cycle Progression.
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Abstract Results

Multi-drug resistance remain an unsolved major problems in cancer therapy. . , . .

More seriously, the Particulate Matter 2.5 (PM, ) has been implicated In F'9ur‘e 1: Ce” prollferaTlon by MTT C(SSC(Y J
accelerating lung cancer cell growth and metastasis. Shikonin (SHK), a natural
naphthoquinone isolated from Lithospermum erythrorhizon, has been proposed
to enhance the doxorubicin (DOX) antitumor effects in lung cancer cell. The
alm of the current study was to investigate whether SHK synergized with DOX
could control the PM,: induced cellular responses in human lung
adenocarcinoma cell A549 and high-metastatic PC-9 cells by microscopic,
biochemical, and flow cytometric analyses. Compared with A549 cells, PM, .
significantly induced PC-9 cell proliferations when doses are less than 450
ug/mL while higher concentration (1000 ug/mL) precipitated the cell death in RS- S R AR | ..
both cells. Notably, pretreatment with lower dose of SHK (0.5 pg/mL) and Cont 00 10 2040 1000 Cont  08Dox  10Dox  0SSHK  0.5:05 Cont 05Dox  10Dox  05SHK 05405

PM, 5 (1g/ml)

(A) (B) ©)

OA549 mPC-9

-
N
(=]

120.0

A549 cell O-PM2.5 m+PM2.5 PC-9 cell 0-PM2.5 m+PM2.5

*k
*p=0.019 l_l : £<0.001

| ** p<0.001

(=]
(=]
-
N
o
*
*
k-]
1l
e
o
=)
a

100.0

-
o
o

=3
o

80.0

_I_

(==}
o

_I_

D
(=]

60.0

E-3
o

40.0

Cell viability (% of Cont),

N
o

20.0

Cell viability (% of A549 Cont)
Cell viability (% of Cont)
[=2]
o

100.0| ROZN] 91.4 61.8

o

DOX (0. mL) show ignificantl r Il viability, incr

O (O 9 Hg./ ) showed s J cant y de(_: eased ce ap ty’ ¢ _ea_sed Figure 1. Effects of PM, 5, Doxorubicin (DOX), and Shikonin (SHK) on lung cancer cell viability. (A). A549 and PC-9 lung cancer cell lines were exposure to vehicle (Cont) or various doses of
early apoptosis, Induced cell CyC|e arrest in G2/M phase, and exhibited PM, 5 (100, 150, 250, 450, or 1000 pg/ml) for 24 h and the cell viability was determined by MTT assay. The viability of the control cells (Cont) in A549 exposed to PBS only was set as 100%.
ObVIOUS IOSS Of mltochondrlal membrane Otentlal com ared Wlth treated Wlth There were ho significant differences among the PM, 5-treated groups (concentration up to 450 ug/ml), whereas hlgher' concentration of PM, 5 (1000 ug/ml) cause the cell death. (B) & (C)

] ) P P ] Cells were pre-exposure to vehicle or with PM, 5 at concentration of 450 ug/ml and then subjected to vehicle (Cont) or DOX (0.5 or 1.0 ng/ml), SHK (0.5 png/ml), or DOX (0.5 pg/ml) plus SHK
high-dose of DOX (1.0 pg/mL) alone in PC-9 cells. Specially, the effects of (0.5 ug/ml, 1 h prior to DOX). The viability of the cells pretreated with vehicle (Cont) was set as 100%. After 24 h, the MTT cell viability of the co-treatment with SHK and DOX decreased
PM. -induced PC-9 cell pl’O“fEl’&tiOﬂ increased late apoptosis alterations of to 60.8% of the control level in AB49 cells and 59% in PC-9 cells when pretreated with PM,s. Data were collected at least from three independent experiments and represented as

2.5 . . ’ L meantS.E.M. *p<0.05 and **p<0.01 compared with the differences between a Cont group.
cell-cycle, and mitochondrial membrane damage could be antagonized by co-
treatment with SHK and DOX. In conclusions, our data indicated the PM, . . . . . |
has a strong ability to promote cancer metastasis whereas SHK could Flgur'e 2. Flow-cy’rome’rr'y In GHGIYSIS of cell GPOPTOSIS ]

specifically augment the antitumor effects of DOX to change the biological
behaviors of metastatic cells and reduce lung cancer drug resistant. Therefore,
SHK has the potential to be used as a promising complementary agent toward
the personalized medicine for treatment of lung cancer in clinical practice.
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What is Particulate matter 2.5 (PM2.5) ? ©) w F .. e
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Mourbody = immune canl = Can'tbe digested i B YRR Figure 2. Effects of PM, 5, SHK and DOX on apoptosis and necrosis of A549 and PC-9 cells. (A) & (D) Representative flow cytometry results. After exposure to PM, 5 (450 pug/ml) and then
E— S A treated with DOX, SHK, or DOX+SHK, cells were stained with Annexin V/PT and then subjected to flow cytometry. The dotted plot shows Annexin V-FITC in the x-axis and PI in the y-axis.
deatmer B — | Viable cells (scattered in left lower panel), early-apoptotic cells (right lower panel), late-apoptotic cells (right upper panel), and necrotic cells (left+ upper panel) are shown in the quadrant of
the graphs. (B) & (E) Representative photomicrographs of cells were observed with phase-contrast light microscope. Scale bar indicate 40 um. (C) & (F) Quantitative results from
flowcytometry. Data are from at least three independent experiments and represented as meantS.E.M. *p<0.05 and **p<0.01.
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