
Introduction

Pathological hypoxia exists in solid tumors because of

rapid growth and from anti-angiogenic therapy, and it cre-

ates a microenvironment for tumor cells which has a criti-

cal and complicated role in tumorigenesis, progression, and

chemotherapy [1]. As one of the stress factors, hypoxia

causes changes of the host in an array of genes and pro-

teins. As one of the most important protein regulator of the

hypoxic response, the hypoxia-inducible factor (HIF) has

more than 500 direct transcriptional targets in any given

human cell line [2, 3] and directly regulates the target ex-

pression involving changes of hundreds protein expression

in response to oxygen concentration reduction [4]. 

Autophagy is an evolutionarily conserved stress-re-

sponse mechanism that exists in all eukaryotes from yeast

to mammals and can be activated in response to various

microenvironmental stresses, e.g., hypoxia [5]. Some 20

autophagy-related proteins (ATG) have been identified,

such as ATG5, Beclin1 (also known as ATG6), and micro-

tubule-associated protein 1 light chain 3 (LC3), a human

homolog of yeast ATG8 [6]. The inhibitor 3-methylade-

nine (3-MA) inhibits early autophagy via its inhibition of

class I, as well as class III PtdIns3Ks activity by inhibiting

the sequestration step necessary for autophagosomes for-

mation [7, 8].

The usefulness and importance of chemotherapy in treat-

ing teratoma and other malignant tumors is hampered by the

increasing drug resistance. The role of autophagy remains

controversial in cancer as to whether autophagy acts as a

cell survival or a cell death pathway, and autophagy and hy-

poxia are associated with the efficacy of chemotherapy. In

this study the authors treated PA-1 cells (a human ovarian

cancer cell line) [9] with hypoxia, the autophagy inhibitor 3-

MA, cis-diamminedichloroplatinum (CDDP, cisplatin), or

any combination of them and analyzed the cancer PA-1 cells

with a series of autophagy, cell growth, and cell death mark-

ers and assays, focusing on autophagy induction, cell growth

inhibition, and cell death by CDDP. CDDP caused apopto-

sis in normoxic PA-1 cells and hypoxia treatment decreased

the apoptosis caused by CDDP. 

Materials and Methods

Human ovarian PA-1 cells originally from ATCC were grown

in MEM with 10% FBS and incubated at 37°C with 5% CO

2

. Cells

were trypsin-treated, counted, seeded in 96-well plate at 5000-6000

cells/well and incubated for a certain period of time (five and ten

hours) in the normoxia (21% O

2

) or hypoxia (2% O

2

) condition.

Three concentrations (10, 20, and 30 µM) of CDDP were added to

the designated wells and cultured in the incubator. For the CCK-8

experiments, the culture medium in the well was replaced with 100

µl of CCK-8 solution (final concentration 10%) and incubated for

another one to four hours. OD

450 

was measured and cell growth

inhibition was calculated as follows: cell growth inhibition= 1-

(OD

450

test

-OD

450

blank

/OD

450

control

-OD

450

blank

) ×100% where

test=experiment, blank=wells with medium only, and control=cells
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Summary

Pathological hypoxia exists in solid tumors and it creates a microenvironment for tumor cells which has a critical and complicated

implication for cancer. Hypoxia can also activate autophagy which plays a dual role in cancer. In this study the authors analyzed the ef-

fect of hypoxia, the autophagy inhibitor 3-methyladenine (3-MA), cis-diamminedichloroplatinum (CDDP, cisplatin), and any combi-

nation of them on PA-1 cells (a human ovarian cancer cell line) with a series of assays, focusing on autophagy induction, cell growth

inhibition, and cell death by CDDP. CDDP caused apoptosis in normoxic PA-1 cells and autophagy upon hypoxia treatment decreased

apoptosis induction in hypoxic cells by CDDP, which has implications in cancer chemotherapy resistance.
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without any treatment. 

Cells upon hypoxia for ten hours were treated with BSA block-

ing buffer, incubated with anti-LC3 antiserum (1:1000), and fol-

lowed with second antibody with fluorescent marker, and

examined under a fluorescent microscope.

For electron microscopy, cells were washed with PBS, prefixed

with 2.5% glutaraldehyde for at least two hours at 4°C, post-fixed

with 1% osmium tetroxide for one hour, and stained in 1% uranyl

acetate for two hours. Cells were sequentially dehydrated with ace-

tone at series concentrations of 50%, 70%, 80%, 90%, and 100%

for 15 minutes, respectively, and finally in 100% acetone twice,

each for ten minutes. Cells were further treated in 37°C dry incu-

bator with equal volume of acetone/embedding buffer for two

hours, with 1:4 of acetone/embedding buffer overnight. Cells were

sectioned after two hours incubation in embedding buffer at 45°C,

incubation without any buffer at 45°C for three hours and 65°C for

48 hours. Sections of 50 nm were then cut with an UCT ultrami-

crotome, stained with 3% solution of uranyl acetate and lead cit-

rate, and mounted on mesh grids. Digital pictures (2048×2048

pixels, four MB, and uncompressed grayscale Tiff files) were ob-

tained using a high resolution digital camera connected to the TEM,

and observed at electron microscope with an acceleration voltage of

80 kV.

Total protein concentration of the preparation from PA-1 cells

was examined with BCA, and samples were analyzed with

SDS-PAGE and blot transferred. The blot was incubated with

the first antibody of LC-3 (1:1000), second antibody (1:5000),

and developed with ECL. The signal was quantified with Qual-

ity One software. 

Apoptosis of the PA-1 cells was measured with Alexa Fluor 488

annexinV/PI kit and followed the instruction sheet of the manu-

facturer. Briefly, cells were washed twice with cool PBS, cen-

trifuged, and cell pellet was suspended with 250 µl of 1×annexin

V binding buffer. Five µl reagent A and one µl PI working solu-

tion (100 μg/ml) were added to 100 µl (1×10

5

) cell suspension,

mixed gently, and incubated room temperature in dark for 15 min-

utes. Samples were immediately analyzed with FACS after 400

µl binding buffer was added to the cells and mixed well. 

Data are presented as means ± standard deviation. Student’s t-
test with equal variance was used for comparison and the differ-

ence between groups was calculated using one-way ANOVA with

Kruskal-Wallis H test, Mann-Whitney U test, and Tukey’s test.

For all statistical tests, experiments were repeated at least once

and the authors analyzed all of the data using the SPSS17.0 sta-

tistical program and differences were considered significant at p
< 0.05. 

Results

Hypoxia treatment can cause various responses in cells,

and autophagy is one of them. The authors wanted to dis-

cover if hypoxia induces autophagy in the human ovarian

terotoma cell line PA-1. After ten hours of hypoxia treat-

ment, cells were stained with LC-3 antibody with fluores-

cent monodansylcadaverine (MDC) which can specifically

bind to the autophagosome and appear as particulate dark

or yellow green structures, and observed under a fluores-

cence microscope. Hypoxic PA-1 cells exhibited particu-

late dark or yellow green phagosome structures (Figure 1B)

whereas those of normoxic cells were primarily diffused

and remarkably less bright (Figure 1A).

To further verify if those fluorescent autophagosomes

in the hypoxic cells had the typical dual membranous

structures, cells treated in parallel were processed and ex-

amined under transmission electron microscopy. Dual-

membranous vacuoles containing disintegrated cellular

structure and cytoplasm, typical of autophagy, were ob-

served in hypoxic PA-1 cells (Figure 2B), which was

scarcely seen in control normoxic cells (Figure 2A), sug-

gesting that hypoxia treatment could induce autophagy

in PA-1 cells.

LC3-I and LC3-II are the two hallmark proteins of au-

tophagy [6] and their expression level in PA-1 cells under

normoxia, hypoxia or treated with the autophagy inhibitor

3-MA-3), also a class III PI3K inhibitor, was measured by

Western blot (Figure 3). LC3-I and LC3-II were induced in

hypoxic PA-1 cells (Figure 3A), significantly higher than

that in normoxic cells or cells treated with hypoxia and 3-

MA (five mM) when quantified and presented with the

grayscale (Figure 3B). 

Autophagy is regulated by multiple genes, such as ATG5,

Beclin1 (ATG6), LC3 (ATG8), and so on [6]. Some of the

critical autophagy genes (LC3, ATG5, and Beclin1) were

examined by RT-PCR in normoxic or hypoxic PA-1 cells

with or without treatment of 3-MA at five hours. The tran-

scription of LC3 (Figure 4A), ATG5 (Figure 4B), and Be-

clin1 (Figure 4C) were significantly upregulated in hypoxic

Figure 1. — LC-3

antibody with MDC

staining of autopha-

gosomes in PA-1

cells. Cells were trea-

ted under normoxia

or hypoxia condition

for ten hours, collec-

ted, and stained with

LC-3 MDC kit, and

examined under fluo-

rescent microscope.
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Figure 2. — Auto-

phagosome forma-

tion examined ten

hours after hypoxia

treatment under tran-

smission electron mi-

croscope. (A) No

autophagosome for-

mation in normoxic

PA-1 cells (×12000).

(B) Formation of ty-

pical autophagosome

(arrow) in hypoxic

PA-1 cells (×40000).

Figure 3. — CDDP inhibition of PA-1 cell growth ten hours after each or combinational treatment. (A) Dose-dependent inhibition of

CDDP in hypoxic and normoxic PA-1 cells. Growth of normoxic PA-1 cells was more sensitive (*p < 0.01) to the inhibition of CDDP

than the hypoxic ones. (B) 3-MA (five mM) could make hypoxic PA-1 cells less sensitive (*p < 0.05) to the growth inhibition of CDDP

examined by the CCK-8 assay.

Figure 4. — CDDP (20 µM) caused apoptosis in PA-1 cells ten hours after each or combinational treatment. (H) Graphic presentation

of apoptosis results in PA-1 cells under different treatment(s) with statistics analysis. (A-G) FACS results of necrosis and apoptosis

analysis of PA-1 cells under different treatment(s). (A) Control. (B) CDDP-treated PA-1 cells. (C) PA-1 cells treated with CDDP + hy-

poxia. (D) PA-1 cells with triple treatment (CDDP + hypoxia + 3-MA). (E) PA-1 cells treated with hypoxia + 3-MA (five mM). (F) Hy-

poxic cells. (G) PA-1 cells treated with 3-MA (five mM). 
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cells as compared to normoxic cells, and the autophagy in-

hibitor 3-MA (five mM) could significantly inhibit the up-

regulation of these genes (Figure 4A-C), especially the

ATG5 gene, though not completely back to the control

level.

From results measured by the CCK-4 analysis (Figure 5),

hypoxia treatment alone had no significant impact on cell

growth as compared to cells without any treatment or

treated with 3-MA (five mM). In contrast, CDDP treatment

had an inhibition rate of 25% to cell growth, significantly

higher than those of cells with dual treatment of CDDP and

hypoxia, suggesting that hypoxia treatment made cells

more resistant to CDDP. Triple treatment of cells with

CDDP, hypoxia, and 3-MA further lowered the cell growth

inhibition rate. 

Although hypoxia treatment induced autophagy in PA-

1 cells and CDDP inhibited their growth, the authors

wanted to assess if any of the treatments caused cell death

in PA-1 cells. After the respective treatment(s) for ten

hours, cells were stained with the necrosis marker pro-

pidium iodide (PI) and the apoptosis marker Annexin V

and analyzed with flow cytometry. Hypoxia treatment

alone induced autophagy (Figures 1, 2, 5, 6) which did

not lead to any obvious cell death (Figure 4F) as meas-

ured by FACS after the dual staining. The death level of

PA-1 cells treated with the autophagy inhibitor (3-MA)

alone (Figure 4G) or together with hypoxia (Figure 4E)

also was similar to that of the control cells (Figure 4A).

CDDP treatment caused 25.6% of apoptosis in PA-1 cells

(Figure 4B) significantly higher than those groups men-

tioned above, whereas hypoxia (Figure 4C) significantly

reduced CDDP apoptosis to about 10% (p < 0.05) and the

level of apoptosis with the triple treatment (CDDP + hy-

poxia + 3-MA) was about 18% (Figure 4D), significantly

higher than that of the dual treatment group (CDDP + hy-

poxia) and lower than that of CDDP group. 

Discussion

It is well summarized in the review that inhibition of au-

tophagy causes apoptosis and suppression of apoptosis in-

duces autophagy [10]. In this study, the authors presented

evidence that hypoxia induced autophagy in hypoxic PA-1

cells but hypoxia (and autophagy therein) alone had no ob-

vious effect on cell growth (Figure 3B) and on induction

of apoptosis (Figures 4E, F), and the basal level (before any

treatment) of autophagy in PA-1 cells had no effect either

(Figures 3B, 4A, 4G), which was further demonstrated in

results from control cells treated with the autophagy in-

hibitor 3-MA. It comes as no surprise that DNA damage-

Figure 6. — Western blot analysis (A) of the autophagy protein LC3-I and LC3-II from PA-1 cells ten hours after treatment with nor-

moxia, hypoxia or the autophagy inhibitor 3-MA (five mM), and the quantification (B) shows that LC3-I and LC3-II were significan-

tly (*p < 0.05) induced upon hypoxia.

Figure 5. — Expression level of LC3, ATG5, and beclin1 examined by Realtime-PCR of the normoxic or hypoxic PA-1 cells for five

hourswith or without 3-MA (five mM). (A) LC3. (B) ATG5. (C) beclin1.
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inducing CDDP could inhibit PA-1 cell growth and induce

about 26% of cells apoptosis, whereas hypoxia significantly

reduced apoptosis in CDDP-treated cells to 10%. Since all

cells were double stained with the markers of necrosis (PI)

and apoptosis (Annexin V), and their percentage of necrotic

cells (the upper left quadrant) and late-stage dead cells

(upper right quadrant) was not significantly different from

each other, the main difference was apoptosis induction

(lower right quadrant). The apoptosis in cells after triple

treatment (CDDP + hypoxia + 3-MA) was significantly

lower than the CDDP group, but still significantly higher

than that of cells treated with CDDP and hypoxia, suggest-

ing that hypoxia treatment helps PA-1 cells resist apoptosis

caused by CDDP to some extent, although not completely

blocking it. The addition of 3-MA, the autophagy inhibitor,

into dual treated (CDDP + hypoxia) cells significantly re-

versed hypoxia’s inhibition of apoptosis (from 10% back

to 18%) caused by CDDP, further indicating that hypoxia

inhibits apoptosis induction of CDDP partly through au-

tophagy. 

There are at least two reasons why inhibition of au-

tophagy from hypoxia did not bring the apoptosis back to

the level of CDDP-treated cells. Hypoxia treatment in the

current study induced autophagy in PA-1 cells indeed and

autophagy has been described in the literature to play a role

in protecting cells from apoptosis induction [11], as verified

in the present work (Figure 4). On the one hand, hypoxia

has many consequences [2-4] besides autophagy induction,

and hypoxia treatment could have broader effect on apop-

tosis than just autophagy, and it is conceivable that inhibi-

tion of autophagy alone may not be enough to completely

restore the susceptibility of PA-1 cells to CDDP. Further-

more, since 3-MA can inhibit cell proliferation depending

on its dosage and duration of time [12], the present authors

attempted and chose one concentration (five mM) that was

relatively effective in inhibiting LC-3 gene and protein ex-

pression (Figures 5, 6), and therefore autophagy, without

obvious interference with cell growth and cell death (Fig-

ures 3B, 4E, 4G). Hypoxia promoted autophagy in PA-1

cells as a cytoprotective mechanism in our study, as cells

became more resistant to growth inhibition (less inhibition)

and apoptosis induction (less cell death) from CDDP treat-

ment.

Altogether, hypoxia treatment induced autophagy in PA-

1 cells, which is supported by the remarkable staining of

autophagosome formation under fluorescent microscopy

(Figure 1), the typical autophagosome structure under elec-

tron microscopy (Figure 2), the increased expression of

LC-3 protein (Figure 6), and some of the important au-

tophagy-related genes (Beclin1, LC-3, ATG5 in Figure 5).

Although it is controversial whether autophagy has pro-

survival or anticancer effect, the present data in vitro

seemed to further support the idea that autophagy induced

by hypoxia reduces the resistance of PA-1 cells to CDDP

(Figure 4), because hypoxic PA-1 cell growth became less

inhibited by CDDP after co-treatment with the autophagy

inhibitor. The present results may direct the present au-

thors to extend work on primary cancer cells in the future

and provide insight to improve the efficacy of chemother-

apy to ovary cancer.
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