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Confocal imaging of Bim translocation to endoplasmic

reticulum during DHA-induced ASTC-a-1 cell apoptosis
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Bim, a proapoptotic member of Bcl-2 family, plays an important role in cell apoptosis. It is generally
thought that Bim translocates to mitochondria in response to apoptotic stimuli. We use confocal mi-
croscopy to image the temporal-spatial dynamics of Bim during dihydroartemisinin (DHA) induced human
lung adenocarcinoma (ASTC-a-1) cell apoptosis. Interestingly, we find that DHA induces Bim transloca-
tion to endoplasmic reticulum (ER) rather than mitochondria, implying that Bim-ER pathway might be
involved in the DHA-induced ASTC-a-1 cell apoptosis.
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Dihydroartemisinin (DHA), a semi-synthetic derivative
of artemisinin, isolated from the traditional Chinese herb
Artemisia annua, is recommended as a first-line anti-
malarial drug with low toxicity. More recent studies
including those from our laboratory have revealed that
DHA can inhibit the growth of cancer cells through apop-
totic pathway[1,2]. However, the mechanism of apoptosis
induced by DHA has not yet been elaborated clearly[3,4].

Confocal microscopy imaging has been widely used to
investigate the temporal-spatial dynamics of molecules in
single living cells. The key feature of confocal microscopy
is its ability to acquire in-focus images from selected
depths, a process known as optical sectioning. Images
are acquired point-by-point and reconstructed with a
computer. In this letter, confocal imaging is performed
on a confocal microscope system with C-Apochromat
40× (numerical aperture NA=1.3) and 100×(NA = 1.4)
oil objectives (Carl Zeiss Inc., Germany). The system
is equipped with a CO2 pump (Carl Zeiss MicroImag-
ing Inc., Germany) and a temperature regulator (Carl
Zeiss MicroImaging Inc., Germany), which keep cells in
the normal culture condition during imaging. Cells are
maintained at 37 ◦C with 5% CO2 in humidified chamber
throughout the experimental process[5]. The excitation
wavelengths are 488 nm for green fluorescent protein
(GFP) and 543 nm for er-RFP (encoding endoplasmic
reticulum (ER) targeted red fluorescent protein (RFP)).
The emission fluorescence channels were 500–550 nm for
GFP and 560 nm long-pass for er-RFP[6].

ER and mitochondria are two important cellular or-
ganelles in cell apoptosis[7,8]. Bim, a BH3-only protein,
plays an important role in cell apoptosis[9]. It is gener-
ally considered that Bim translocates to mitochondria
in response to apoptosis stimuli[10,11]. We use time-
lapse confocal imaging to monitor the dynamics of Bim
translocation during DHA-induced human lung adeno-
carcinoma (ASTC-a-1) cell apoptosis in single living cells.
Contrary to our expectation, we find that it is the ER
but not mitochondria that Bim translocates to during

DHA-induced ASTC-a-1 cell apoptosis.
Cell counting kit (CCK-8) assay is a sensitive nonra-

dioactive colorimetric assay for determining the num-
ber of viable cells in cell proliferation and cytotoxicity
assays[12,13]. The effect of DHA on cell viability was
assessed using CCK-8. Cells were suspended at a final
concentration of 5× 103 cells/well and cultured in 96-well
flatbottom microplate. After exposure to DHA, CCK-8
(10 µL) mixed with culture medium (90 µL) was added
to each well of a 96-well flatbottom microplate, and the
plate was incubated for 1 h at 37 ◦C in a humidified 5%
CO2 incubator. Viable cells were counted by absorbance
measurements at 450 nm using auto microplate reader
(infinite M200, Tecan, Austria). The value of optical
density (OD) at 450 nm was inversely proportional to
the degree of cell apoptosis. All experiments were per-
formed in triplicate on three separate occasions[12,13]. As
shown in Fig. 1, the proliferation of the ASTC-a-1 cells
was inhibited in a time-dependent manner after treat-
ment with 20 µg/mL of DHA for different time (0, 12,

Fig. 1. Cell viability measured by CCK-8 assay. Cells are
seeded into 96-well flatbottomed microplate and incubated
with DHA for various time (0, 12, 24, and 48 h). Data an-
alyzed with SPSS10.0 software are expressed as mean ± SD.
Well number n = 4 for all CCK-8 assay. **P < 0.01, com-
pared with control. SD: standard deviation.
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Fig. 2. Hochest 33258 images of cells. Cells are treated with
20 µg/mL of DHA for 48 h. Nuclear morphology is examined
by fluorescence microscope. (a) Control cells show dispersive
light blue nucleus and intact structure; (b) DHA-treated cells
show cell shrinkage, chromatin condensation, and margina-
tion in the nucleus.

Fig. 3. Bim does not translocate to mitochondria under the
treatment of DHA in ASTC-a-1 cells. Cells are treated with
20 µg/mL of DHA for 24 h. Dynamics of Bim are examined
by fluorescence microscope. Control cells show Bim uniform
distribution. DHA-treated cells show Bim translocation, but
no co-localization with mitochondria. The scale bar is 5 µm.

Fig. 4. Bim translocates to ER under the treatment of DHA.
Cells are treated with 20 µg/mL of DHA for 24 h. Dynam-
ics of Bim are examined by fluorescence microscope. Control
cells show the uniform distribution of Bim. DHA-treated cells
show the co-localization between Bim translocation and ER.
The scale bar is 5 µm.

24, and 48 h). These results show that DHA effectively
exerts cytotoxicity on cells in a time-dependent manner.

To determine the form of DHA-induced cell death, we

used Hoechst 33258 staining to image the morphology
of deoxyriboncleic acid (DNA). Morphological changes
and DNA fragmentation are considered as the major
cytopathologic hallmarks of the apoptotic process[1].
Hoechst 33258 is one of the blue fluorescent dyes that can
penetrate the cell membrane freely. Cells were grown on
the coverslip of a 35-mm chamber. After being treated
with 20-µg/mL DHA for 24 h, the cells were washed
with phosphate buffer saline (PBS) three times and incu-
bated with 1-µmol/L Hoechst 33258 mixed with culture
medium (499 µL) for 20 min at room temperature in
the dark. Cells were then washed three times with PBS
and observed under a laser scanning confocal microscope
(LSM510/ConfoCor2, Zeiss, Germany) (Fig. 2). The
images of Hoechst 33258 were recorded using a digital
camera (Nikon, Japan) with the resolution of 1280 ×
1280 pixels. The nuclei in normal cells exhibited diffused
staining of the chromatin (Fig. 2(a)). However, after ex-
posure to 20-µg/mL DHA for 48 h, the cells underwent
typical morphologic changes of apoptosis such as chro-
matin condensation, margination, and shrunken nucleus
(Fig. 2(b)), the arrows point to cells displaying nuclear
fragmentation). These results suggest that the form of
cell death induced by DHA is apoptosis.

Although we have certificated the form of cell death
induced by DHA was apoptosis, the mechanism has not
yet been elaborated clearly. To investigate the func-
tion of Bim in DHA-induced apoptosis, we used confo-
cal microscopy to image the temporal-spatial dynamics
of Bim during DHA-induced cell apoptosis. Generally,
it is reported that Bim translocates to mitochondria to
promote apoptosis[10,11]. In order to determine whether
Bim translocated to mitochondria, we used confocal mi-
croscopy to image the temporal-spatial distributions of
Bim (Fig. 3). Cells were grown on the coverslip of a
35-mm chamber for 24 h, transfected with GFP-BimL
plasmids for 36 h, then treated with 20-µg/mL DHA for
24 h, and stained with Mito-tracker dyes, a mitochon-
dria specific marker. Subsequently, cells were examined
using a laser scanning confocal microscope (LSM510/
ConfoCor2, Zeiss, Germany). Although DHA induced
a significant Bim translocation as our expectation, it
was disappointed that Bim did not translocate to mito-
chondria in DHA-induced cell apoptosis (Fig. 3). To
assess whether Bim translocated to ER during DHA-
induced apoptosis, cells were cotransfected with er-REP
and GFP-BimL plasmids for 48 h, subsequently treated
with 20-µg/mL DHA for 24 h, and then examined us-
ing a laser scanning confocal microscope. Surprisingly,
the overlay image shows that DHA-induced Bim translo-
cates to ER (Fig. 4), implying that Bim might play a
role in DHA-induced apoptosis via ER pathway.

Our data show that DHA induces translocation of Bim
to ER. It is likely that Bim accumulates on ER and
acts as a trigger for caspase-12 activation, thus bring-
ing about the ER stress-induced apoptosis[14]. It is also
likely that Bim translocates to ER, and acts as a trigger
for Bax/Bak activation, then leads to the release of Ca2+

from ER, which stimulates the release of mitochondrial
cytochrome c[15,16]. However, the exact molecular mech-
anism needs to be further explored. We will make further
research to assess the function of Bim in DHA-induced
cell apoptosis.
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In conclusion, to our knowledge, we for the first
time find that DHA induces Bim translocation to ER
rather than mitochondria, implying that Bim-ER path-
way might be involved in the DHA-induced ASTC-a-1
cell apoptosis. But the exact mechanism needs to be fur-
ther investigated.
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