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Purpose: Rac3 plays an important role in regulating tu-
morigenesis. Autophagy plays a vital role in tumorigenesis 
and tumor progression. The relationship between the two 
remains unclear. The objective of the present study was to 
determine the specific molecular mechanism of intracellu-
lar Rac3 in regulating autophagy and reveal the relation-
ship between tumor cell autophagy and apoptosis. 

Methods: A laser confocal microscope was used to photo-
graph the accumulated EGFP-MAP1LC3 spots for investi-
gating the relationship between Rac3 and autophagy at the 
cellular level. Immunoblotting was also used to investigate 
the relationship between Rac3 and autophagy. The autoph-
agy flux arising from inhibition of Rac3 was detected with 
autophagy inhibitors and ATG5 and ATG7 siRNA inter-
ference experiments. ATF4 and DDIT4 siRNA interference 
and overexpression experiments were conducted to investi-
gate the relationship between endoplasmic reticulum stress, 
the MTOR signaling pathway, and autophagy arising from 
inhibition of Rac3. Co-immunoprecipitation experiments 
were performed to investigate the interaction between 

Rac3 and proteins related to endoplasmic reticulum stress. 
Co-immunoprecipitation was performed to investigate the 
structural domains between Rac3 and HSPA5. 

Results: The expression of ATF4 and DDIT4 was upreg-
ulated, which inhibited the MTOR signaling pathway and 
induced autophagy of human non-small cell lung cancer 
cells after Rac3 siRNA was introduced. The degree of acetyl-
ation of the substrate, HSPA5, increased and the endoplas-
mic reticulum stress response was activated after Rac3 was 
inhibited. 

Conclusion: In conclusion, the degree of acetylation of 
HSPA5 increased and it was dissociated from the receptor, 
EIF2AK3, on the endoplasmic reticulum membrane, thus 
causing the endoplasmic reticulum stress response. Endo-
plasmic reticulum stress activated the expression of the 
ATF4 protein, upregulated the level of DDIT4, inhibited the 
MTOR signaling pathway, and caused cellular autophagy.
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At present, lung cancer has the highest mor-
tality rate among cancers in the world. The 5-year 
survival rate is only 14%. Over the last several 
decades, research on the treatment of non-small 
cell lung cancer has focused on identification and 
verification of molecular targets and potential 
drugs. Autophagy occurs when cells are subject to 
mitochondrial damage, abnormal accumulation of 

proteins, hypoxia, bacterial or viral infections, or 
nutritional deficiency [1]. Autophagy is a conser-
vative catabolic process that degrades damaged 
organelles and proteins with long half-life peri-
ods. It relies on the lysosomal metabolic pathway 
in eukaryotic cells, thus maintaining metabolic 
balance of proteins and stability of the intracel-
lular environment [2]. Autophagy is regulated 
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by many intracellular signaling pathways, such 
as the MTOR signaling pathway, the PI3K-AKT 
signaling pathway, and the Ca2+ signaling path-
way [3-5]. In tumor cells, the P13K/AKT signaling 
pathway is activated and the expression of BCL2 
is upregulated and binds to BECN1 in an inhibito-
ry manner. In such instances, autophagy is inhib-
ited [6]. In addition, under nutritional deficiency 
or conditions of external stress, the tumor sup-
pressor gene p53 is activated. Cellular autophagy 
is further activated by inhibiting MTOR or acti-
vating DRAM1 [7]. The overexpression of p62 pro-
motes tumorigenesis [8] by downregulating NF-
κB, accumulating reactive oxygen species (ROS), 
or increasing DNA damage. Deletion of other 
key autophagy-related genes, such as ATG5 and 
ATG7, can also lead to tumorigenesis, indicating 
that blocking autophagy leads to tumorigenesis 
[9]. Blocking autophagy can substantially increase 
the occurrence of necrocytosis and inflammation, 
which are potential causes of tumorigenesis.

Hypoxia and glucose deficiency can lead to 
activation of AMPK, upregulation of proline de-
hydrogenase/oxidase (PRODH/POX), and increase 
of intracellular ROS, thus promoting autophagy 
of protective A549 lung cancer cells and survival 
of tumor cells [10,11]. Rac3 (AIB1, SRC-3, NCoA3) 
is a member of the nuclear receptor co-activation 
p160 family [12]. The other two members include 
SRC-1 and TIF-2 [13]. Rac3 was first described as 
a co-activator of the estrogen receptor or other 
estrogen receptors [14]. Some studies found that 
Rac3 is also a co-activator of NF-κB [15]. In gen-
eral, it has histone transferase activity and can in-
crease the transcriptional activity of the PPAR nu-
clear receptor [16]. Rac3 was found to be overex-
pressed in hormone-dependent tumors when ini-
tially reported. In recent years, it was also found 
to be highly expressed in hormone-dependent tu-
mors. It is considered to be an oncogene that pro-
motes cell proliferation by different means [17]. It 
exerts its functions through nuclear receptors and 
transcription factors. In recent years, it was found 
that it exerts an antiapoptotic function by posi-
tively upregulating the activity of p38 and AKT 
[18]. Furthermore, it inhibits Caspase-8 and blocks 
the translocation of mitochondrial proapoptotic 
factors to the nucleus [19]. Thus, Rac3 appears to 
have many different functions. However, the rela-
tionship between such functions and autophagy 
remain unclear.

Given that autophagy and the expression of 
Rac3 vary with changes of tumor cells, the aim 
of the present study was to describe the relation-

ship between Rac3 and autophagy, and the under-
lying mechanism, and determine the relationship 
between autophagy and apoptosis in tumor cells. 
This study is expected to serve as a reference for 
clinical treatment of tumors.

Methods

Transfection with siRNA

Transfection was performed when the density of 
cultured cells grown in dishes or plates (Calu-1, A549, 
and H1972; ATCC, Manassas, VA, USA) reached 60–80%. 
A volume of 3.6 μl of siRNA (Invitrogen Life Technol-
ogies Inc., CA, USA) at a concentration of 20 μM was 
added to 100 μl of culture medium. A total of 5 μl of the 
transfection reagent (Invitrogen Life Technologies Inc., 
CA, USA) was added to another 100 μl of culture medi-
um. The two solutions totaling 200 μl were mixed and 
incubated for 15 min at room temperature. The original 
culture medium in culture dishes or plates was discard-
ed and replaced with 600 μl of fresh culture medium 
containing 5% serum (Gibco BRL, Life Technologies 
Inc., NY, USA). The transfection compounds were added 
to the culture dishes or plates. They were well mixed by 
gentle shaking. They were then placed in a carbon di-
oxide incubator (Thermo Scientific, Waltham, MA) for 
culture. The culture dishes or plates were shaken sev-
eral times separated by 15 min intervals. Media were 
replaced with fresh culture medium containing 5% se-
rum after 6 hrs. Cells were then placed in the carbon 
dioxide incubator for further culture.

Plasmid transfection

Transfection was performed when the density of 
cells in culture (H1792, H1299, Calu-1; ATCC, Manas-
sas, VA, USA) reached 60–80%. A total of 1 μg of the 
plasmid (Polysciences, Inc, Warrington, PA) and 2 μl 
of the transfection reagent (Invitrogen Darmstadt, Ger-
many) were each added to 100 μl of culture medium. 
They were well mixed by gently pipetting up and down 
and incubated for 15–20 min at room temperature. The 
original culture medium in culture dishes or plates was 
discarded and replaced with fresh culture medium con-
taining 5% serum. The transfection compounds were 
added to culture dishes or plates. They were well mixed 
and cultured in the carbon dioxide incubator. The cul-
ture dishes or plates were gently shaken once at an in-
terval of 15 min. The cells continued to be cultured in 
the carbon dioxide incubator after the original medium 
was replaced by fresh culture medium containing 5% 
serum after 8 hrs.

Gene cloning

The target fragments were subject to PCR amplifi-
cation (details in ref [20]). The polymerase chain reac-
tion (PCR) system was expanded to 30 μl after target 
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fragments were obtained by PCR. The target fragment 
gel was recovered. The PCR and cloning vector connec-
tion products were subject to dual-enzyme digestion. A 
total of 2 μl of the connection product was added to 10 
μl of DH5α Escherichia coli cells (Science Applications 
International Co, Frederick, MD). Bacterial cells were 
well mixed by pipetting up and down, rapidly placed on 
ice, and allowed to stand for 30 min. They were subject 
to thermal shock for 90 s at 42oC and then placed on ice 
for 2 min. A total of 500 μl of Luria-Bertani (LB) liq-
uid culture medium containing 0.1% Ampicillin (Amp) 
(Hyclone, Logan, UT, USA), was shaken for 1 hr in a 
constant-temperature shaker at 37oC and 220 rpm. A 
total of 200 μl of bacterial suspension was added to LB 
solid plates containing 0.1% Amp (Hyclone, Logan, UT, 
USA). Plates were cultured overnight at 37oC. A total of 
10–20 single colonies were selected for streaking and 
amplification. All streaked bacterial colonies were sub-
ject to electrophoresis. A total of 20 μl sterile water was 
added to 1.5 ml centrifuge tubes. Sterile water was add-
ed to the bacterial colonies in appropriate quantities. 
They were well mixed by pipetting up and down. A to-
tal of 20 μl of phenol/chloroform (Beifang Biotechnol-
ogy Institute, Beijing, China) was added to centrifuge 
tubes. They were vortexed for 10 s and centrifuged for 
10 min at 16,000 g and 23oC. The bacterial colonies that 
tested positive for electrophoresis results were subject 
to PCR. Plasmid extraction and sequencing were per-
formed for the bacterial colonies with available PCR 
results (Qiagen, Valencia, CA, USA).

Immunoblotting

The human lung cancer cell lines were washed 
2–3 times with warm phosphate buffer saline (PBS) af-
ter the culture medium was discarded. An appropriate 
volume of pre-chilled lysis buffer was added (Promega 
Corp., Madison, WI, USA). Plates were placed on ice for 
10–20 min. The cells were harvested with a cell scrap-
er and collected in Eppendorff tubes, and subjected to 
sonication (Thermo Scientific, Waltham, MA) (100–200 
W) twice for 3 s each. Then the cells were centrifuged 
for 2 min at 12,000 g and 4°C. A small volume of su-
pernatant was used for quantification. A total of 20 
μg of protein was loaded in gels and electrophoresed 
through the stacking and resolving layers of the gel by 
SDS-PAGE. Next, the two layers of gel were carefully 
detached following completion of SDS-PAGE. A spongy 
cushion, a piece of filter paper, the gel, a membrane, a 
piece of filter paper, and a spongy cushion were assem-
bled in order, for preparation of protein transfer. After 
bubbles were expelled with a glass rod, the transfer as-
sembly was placed in an electroblotting tank (Thermo 
Scientific, Waltham, MA) for transferring for 90 min at 
a voltage of 100 V (350 mA). Following transfer, mem-
branes were placed in dishes containing 25 ml of block-
ing buffer (Millipore, Billerica, MA) using tweezers and 
gently shaken for 2 hrs in a decolorization shaker at 
room temperature. After addition of Rac3 (Abcam, Cam-

bridge, UK), MAP1LC3B (Abcam, Cambridge, UK), ATF4 
(Abcam, Cambridge, UK), DDIT4 (Abcam, Cambridge, 
UK), p-RPS6KB1 (Cell signaling technology, MA, USA), 
p-EIF4EBP1 (Cell signaling technology, MA, USA), 
HSPA5 (Cell signaling technology, MA, USA), EIF2AK3 
(Cell signaling technology, MA, USA), and acetylated 
lysine (Cell signaling technology, MA, USA) primary 
antibodies, membranes were incubated overnight at 4oC 
and washed three times for 5 min with tris buffered sa-
line (TBST) in a shaker at room temperature. After addi-
tion of the secondary antibody (Boster Bioengineering 
Co., Ltd., Wuhan, China), membranes were incubated on 
a shaker for 1 hr at 37oC, washed three times with TBST 
for 5 min, and developed for observation. 

Co-immunoprecipitation (IP)

The human lung cancer cells H1792 and H1299 
(ATCC, Manassas, VA, USA), were washed once with 
PBS, harvested, and centrifuged for 5 min at 1,000 g 
and 4oC. Next, 1 ml of PBS was added to re-suspend 
the cells after the supernatant was discarded. The cells 
were transferred to 1.5 ml centrifuge tubes and centri-
fuged for 5 min at 5,000 g and 4oC. The supernatant was 
discarded to obtain the cell pellet. Total cellular pro-
tein was extracted (similarly as for immunoblotting). 
Based on the protein concentration obtained, 500–1000 
g of protein were used to prepare IP electrophoresis 
samples. The IP cell lysis buffer containing 1% prote-
ase inhibitor (Cotop, Amsterdam, the Netherlands) was 
added to protein samples until the volume reached 500 
μl. A total of 500 μl of protein suspension was added to 
Protein G-Agarose (Hyclone, Logan, UT, USA) that had 
been washed three times with pre-chilled PBS (centri-
fuged for 30 s at 9,000 g and 4oC each time), and incu-
bated on a reciprocating shaker (ABI PE-Applied Bio-
systems, Foster, CA, USA). The protein samples were 
centrifuged for 30 s at 9,000 g and 4oC. The supernatant 
was added to Protein A-Agarose or Protein G-Agarose. 
It was then incubated overnight at 4oC after addition of 
the IP antibody. On the following day, protein samples 
were washed with the IP cell lysis buffer containing 
1% protease inhibitor. The supernatant was discarded. 
An appropriate volume of 2×SDS was added to the sed-
iment. The sediment was then placed in a metal bath 
for 10 min at 100oC, centrifuged for 10 min, placed in 
a spacer gel for 30 min at 90 V, and placed in a sepa-
ration gel for 90–120 min at 120 V. The protein was 
then transferred to a membrane. Protein was blocked 
for 1 hr after being transferred to the membrane. Poly-
vinulidene fluoride (PVDF) membranes were washed 
with PBS on the reciprocating decoloration shaker 
following blocking. The primary antibody was added. 
The source of antibodies was the same as for immuno-
blotting. Membranes were incubated overnight at 4oC. 
On the following day, PVDF membranes were washed 
with PBST for 7 min and 10 min respectively on the 
reciprocating decoloration shaker. After addition of the 
secondary antibody, they were incubated for 1 hr at 
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room temperature. The PVDF membranes were washed 
for 10 min, 15 min, and 15 min, respectively, following 
incubation with the secondary antibody. Membranes 
were exposed on X-ray film after addition of the chemi-
luminescent horse radish peroxidase substrate.

Statistics

Five random experimental results were chosen in 
each experiment. The software GraphPad Prism 5 was 
used for statistical analysis. All experimental data are 
expressed as mean ± standard deviation. The SPSS19.0 
software was used for statistical analysis of experimental 
data in various groups. The comparisons of the sample 
means were by independent sample t-test. The differ-
ence was considered statistically significant when p<0.05.

Results

Inhibition of Rac3 promotes cell autophagy and the 
expression of MAPILC3B protein

First, Rac3 siRNA was used to inhibit the ex-
pression of the Rac3 protein in Calu-1-EGFP-MA-
P1LC3 cells. Five fields of view were randomly se-
lected under the spot scanning laser confocal mi-
croscope and the average number of bright spots 
in each cell was counted at 24 hrs after the cells 

were transfected with siRNA. The statistical results 
showed that the average number of bright spots in 
the Rac3 siRNA-treated cells increased significant-
ly compared with the control group (Figure 1A-B). 
Furthermore, Rac3 siRNA inhibited the expression 
of specific proteins in Calu-1, A549, and H1792 
cells. We observed changes in the expression of the 
intracellular MAP1LC3B-II protein at 24 hrs after 
cells were transfected with siRNA. The immuno-
blotting results demonstrated that the expression 
of intracellular MAP1LC3B-II protein was upreg-
ulated in the Rac3 siRNA-treated cells compared 
with the control group (Figure 1C).

Autophagy is induced through the ATF4-DDIT4-
MTOR signaling pathway after Rac3 knock-down

Next, we measured the expression of intracel-
lular p-RPS6KB1, p-EIF4EBP1, ATF4, and DDIT4 
at 24 hrs after inhibiting the expression of Rac3 
in Calu-1 and A549 cells using Rac3 siRNA. The 
results indicated that the expression of the four 
proteins decreased following inhibition of Rac3 
(Figure 2A). The changes in intracellular DDIT4 
protein were detected at 48 hrs after the expres-
sion of ATF4 in A549 and Calu-1 cells was inhib-

Figure 1. Expression of autophagosomes induced by Rac3 knock-down and the MAP1LC3B protein. (A) Expres-
sion of the appropriate proteins in the Calu-1-EGFP-MAP1LC3 cells under the spot scanning laser confocal micro-
scope; (B) Detection of the expression of intracellular Rac3, MAPILC3B, and ACTB proteins by immunoblotting at 
24 hrs after inhibition of the specific proteins in Calu-1, A549, and H1792 cells with Rac3 siRNA.
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ited by two different siRNA constructs (ATF4 #1 
and ATF4 #2) targeting ATF4. The immunoblot-
ting results demonstrated that the expression of 
DDIT4 decreased significantly after inhibition of 
ATF4 (Figure 2A). To demonstrate the correla-
tion between the DDIT4 and MTOR signaling 
pathways in lung cancer cells, the changes in the 
expression of p-RPS6KB1, p-EIF4EBP1, and MA-
P1LC3B-II were measured at 48 hrs after two siR-
NAs targeting DDIT4 (DDIT4 #1 and DDIT4 #2) 
were used to inhibit the expression of intracellu-
lar DDIT4. The results showed that the expression 
of p-RPS6KB1 and p-EIF4EBP1 was upregulated 
and the level of the marker of autophagy, MA-
P1LC3B-II, decreased significantly when intracel-
lular DDIT4 was inhibited (Figure 2B). To demon-
strate autophagy of lung cancer cells induced by 
the ATF4-DDIT4-MTOR signaling pathway fol-
lowing inhibition of Rac3, the changes in the ex-
pression of DDIT4, p-RPS6KB1, p-EIF4EBP1, and 
MAP1LC3B-II were measured at 48 hrs after the 
expression of ATF4 in A549 and Calu-1 cells was 
inhibited. The results were consistent with previ-
ous observations. The expression of intracellular 
DDIT4 was significantly downregulated following 
inhibition of ATF4. Furthermore, the expression 
of p-RPS6KB1 and p-EIF4EBP1 was upregulated 
and the expression of MAP1LC3B-II decreased 
(Figure 2C-D).

Inhibition of Rac3 allows for HSPA5 acetylation and 
its dissociation from EIF2AK3

The acetylated form of HSPA5 dissociates 
from EIF2AK3 upstream of ATF4, thus triggering 
an endoplasmic reticulum stress response [21]. As 
a member of the deacetylase family, Rac3 is po-
tentially the deacetylase of the molecular chaper-
one, HSPA5. Therefore, inhibition of Rac3 might 
increase the degree of HSPA5 acetylation and 
induce an intracellular endoplasmic reticulum 
stress response. The cells were treated with the 
Rac3 siRNA at a concentration of 50 M at 24 hrs 
after the H1299 and H1792 human non-small cell 
lung cancer cells were transfected with the plas-
mid pcDNA3.1-HA-HSPA5. The co-immunopre-
cipitation results indicated that the bindings of 
Rac3 and EIF2AK3 to HSPA5 in cells treated with 
the Rac3 siRNA decreased significantly compared 
with the control group (Figure 3A). The Calu-1 
and H1792 cells were treated with the Rac3 siR-
NA in the absence of overexpressed HSPA5. It was 
found that the binding of endogenous HSPA5 to 
intracellular Rac3 and EIF2AK3 decreased. Fur-
thermore, we detected that the degree of acetyla-
tion of intracellular HSPA5 increased (Figure 3B).

The structural domain between HSPA5 and Rac3

The structural domain responsible for acetyl-

Figure 2. Inducing autophagy through the ATF4-DDIT4-MTOR signaling pathway following Rac3 knock-down. 
(A) Two siRNAs against ATF4 were used to inhibit the expression of the ATF4 in A549 and Calu-1 cells. The ex-
pression of Rac3, ATF4, DDIT4, p-RPS6KB1, p-EIF4EBP1, and ACTB proteins in the cells was detected by immu-
noblotting. (B) Two siRNAs against DDIT4 were used to inhibit its gene expression in A549 and Calu-1 cells. The 
expression of intracellular ATF4 and DDIT4 proteins was detected by immunoblotting. (C-D) Two siRNAs against 
ATF4 were used to inhibit the expression of specific genes in A549 and Calu-l cells. The expression of intracellular 
ATF4, DDIT4, p-RPS6KB1, and p-EIF4EBP1 proteins was detected by immunoblotting.
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ation activity of HSPA5 and Rac3 is the 256-464 
(HSPA5) and 65-340 (Rac3) interaction structural 
domain. The plasmids with full length Rac3 and 
different structural domains of the HSPA5 pro-
tein were co-transfected in 293T cells. The results 
showed that Rac3 was only bound to the substrate 
binding structural domains (SBD) of HSPA5 (Fig-
ure 4A-B).

Discussion

Autophagy is a metabolic process whereby 
cells utilize lysosomes to clear or recycle intra-
cellular components for maintaining cellular ho-
meostasis [22]. As it is closely associated with 
many physiological and pathological processes, 

it can serve as a possible target for tumor treat-
ment. The aim of the present study was to explore 
whether the intracellular deacetylase Rac3 can 
promote autophagy in human non-small cell lung 
cancer cells after being inhibited, and determine 
the relationship between autophagy and apoptosis 
induced by inhibition of Rac3. First, we confirmed 
the occurrence of autophagy at the cellular lev-
el and protein level. Next, we demonstrated that 
intracellular Rac3 can induce dose- and time-de-
pendent autophagy after being inhibited. Thus, it 
can be concluded that inhibition of Rac3 in human 
lung cancer cells can induce autophagy. Many cel-
lular signaling pathways regulate the occurrence 
of autophagy. The role of the MTOR signaling 
pathway in regulating autophagy has been thor-

Figure 3. Inhibition of Rac3 allows for dissociation between HSPA5 and EIF2AK3. (A) The cells were treated with 
the Rac3 siRNA for 20 hrs at 2 hrs after H1299 and H1792 cells were transfected with the pcDNA3.1-HA-HSPA5 
plasmid. The hemagglutinin (HA) antibody was used for co-immunoprecipitation experiments. The expression of 
intracellular Rac3, EIF2AK3, HSPA5, and ACTB proteins was detected by immunoblotting. (B) Inhibition of Rac3 
caused the degree of acetylation of HSPA5 to increase. The IgG or HSPA5 antibody was used for co-immunopre-
cipitation experiments at 20 hrs after Calu-1 and H1792 cells were treated with the Rac3 siRNA. The expression 
of intracellular Rac3, EIF2AK3, acetylated lysine, HSPA5, and ACTB proteins was detected by immunoblotting.RETRACTED
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oughly reported [4]. Two important downstream 
proteins of MTORC1 in cells with Rac3 knock-
down include p-RPS6KB1 and p-EIF4EBP1 [23]. It 
was found that the MTORC1 signaling pathway 
was inhibited by Rac3. According to a previous 
report, ATF4 can regulate DDIT4, and DDIT4 en-
ables TSC2 to dissociate from 14-3-3, thus inhib-
iting the MTORC1 signaling pathway [24]. There-
fore, the expression of intracellular ATF4 and 
DDIT4 is detected after Rac3 is inhibited by drugs 
or siRNA. It was found that the expression of both 

proteins was upregulated, and the upregulation of 
DDIT4 occurred slightly later than that of ATF4. 
This suggests that ATF4 may act upstream of 
DDIT4 and regulate the expression of DDIT4.

siRNA interference, overexpression of pro-
teins, and spot scanning laser confocal microsco-
py experiments were employed to determine the 
specific signaling pathway for autophagy induced 
by inhibition of Rac3. We found that the upreg-
ulation of intracellular ATF4 can cause upreg-
ulation of DDIT4, inhibit the MTOR signaling 

Figure 4. Structural domain involved in the binding of Rac3 to IISPA5. (A) Different structural domains repre-
sent amino acids of HSPA5 and full length Rac3 protein that were overexpressed in 293FT cells: 1–255, 256–464, 
465–747, and Rac3 full length plasmid. The FLAG antibody was used for co-immunoprecipitation experiments. 
Intracellular hemagglutinin (HA) and FLAG were detected by immunoblotting. (B) Different structural domains 
with full length Rac3 proteins were overexpressed in 293FT cells: 1–407, 408–653, and full length Rac3 plasmids. 
The FLAG antibody was used for co-immunoprecipitation experiments. Intracellular HA and FLAG were detected 
by immunoblotting.
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pathway, and induce cellular autophagy. Cellular 
autophagy is induced by the ATF4-DDIT4-MTOR 
signaling pathway following inhibition of Rac3. 
It is known that the degree of acetylation of the 
molecular chaperone HSPA5 influences its bind-
ing ability to its receptor on the endoplasmic re-
ticulum membrane [25]. We demonstrated that 
Rac3 is the deacetylase of HSPA5. Therefore, the 
degree of acetylation of HSPA5 would increase, 
thus leading to dissociation from EIF2AK3 when 
the acetylase Rac3 is inhibited. Exposed EIF2AK3 
is subject to multimerization and autophosphor-
ylation. Further phosphorylation activates down-
stream molecules i.e. it activates the endoplasmic 
reticulum stress response. The intracellular tran-
scription factor ATF4 is upregulated when the en-
doplasmic reticulum stress response is activated.

We further demonstrated the structural con-
figuration of the binding between HSPA5 and 
Rac3 using co-immunoprecipitation experiments, 
with respect to the positioning of HSPA5 and 
Rac3 in cells and the role of Rac3 as the deacetyl-

ase of HSPA5. Based on the experimental results, 
HSPA5 can bind to all deacetylase-active structur-
al domains of Rac3, which can account for the role 
of Rac3 in deacetylation of Rac3. 

 In conclusion, our study demonstrated that 
inhibition of the deacetylase Rac3 in human lung 
cancer cells induces autophagy. The reason for the 
occurrence of autophagy is related to increases in 
the degree of acetylation of the molecular chap-
erone HSPA5, thus activating the intracellular 
ATF4-DDIT4-MTOR signaling pathway. We also 
further described the structural configuration of 
binding between HSPA5 and its deacetylase Rac3. 
We propose a possible method of treatment for 
non-small cell lung cancer, i.e. combination of 
a Rac3 siRNA and autophagy inhibitor. This ap-
proach would treat cancer by promoting apoptosis 
of cancer cells.
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