ONCOLOGY LETTERS 18: 955-961, 2019

Placenta-specific 8 is a potential novel target for
osimertinib resistance in non-small cell lung cancer
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Abstract. Currently, osimertinib (AZD9291) is the
only third-generation epidermal growth factor receptor
(EGFR)-tyrosine kinase inhibitor approved by the Food and
Drug Administration for the treatment of non-small cell lung
cancer (NSCLC) with EGFR T790M mutations. However,
acquired resistance is an inevitable clinical challenge.
Although placenta-specific 8 (PLACS) has been proven to
serve an important role in tumor progression and resistance,
its effect in AZD9291 resistance in NSCLC remains largely
unknown. The aim of the present study was to investigate the
functional role of PLAC8 in AZD9291 resistance in NSCLC.
The results revealed that the level of PLACS was significantly
upregulated in AZD9291-resistant cells compared with that
in parent cells. Overexpression of PLACS in parent cells
markedly decreased drug sensitivity, and enhanced cell
proliferation, colony formation and migration. Furthermore,
the levels of aldehyde dehydrogenase 1 family member Al
(ALDHI1A1) were observed to be upregulated in resistant
cells and PLACS8-overexpressing parent cells, suggesting
that ALDHIAI may be involved in the association between
the overexpression of PLAC8 and AZD9291 resistance in
NSCLC. Overall, PLACS overexpression promoted NSCLC
resistance to AZD9291, and PLAC8 may be a potential target
for the reversal of AZD9291 resistance.

Introduction

Lung cancer is the leading cause of cancer-associated
mortality, and non-small cell lung cancer (NSCLC) accounts
for >80% of all lung cancer cases (1). Despite advances in
chemotherapy and targeted therapy, the overall 5-year survival
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rate of lung cancer remains poor (<15%), which is mainly
attributed to resistance and metastasis (2,3). Epidermal growth
factor receptor (EGFR) mutations have been reported in 15%
of NSCLC cases in Western countries, and in up to 40% of
cases in Asian countries (4). Osimertinib (AZD9291) is a
third-generation EGFR-tyrosine kinase inhibitor (TKI) that
was approved by the Food and Drug Administration (FDA)
in 2015 for the treatment of EGFR T790M-positive NSCLC
patients (5). Inevitably, these patients eventually acquire
resistance to AZD9291. Recent clinical data indicated that
the emergence of C797S mutations has been identified in a
subset of tresistant patients (6). However, other mechanisms
contributing to the development of AZD9291 resistance in the
majority of cases remain unknown.

Placenta-specific 8 (PLACS) is a relatively small protein
containing an evolutionarily-conserved cysteine-rich
domain, which is expressed in human oocytes and preim-
plantation embryos, regulating placental and embryonic
development (7,8). Increasing evidence has demonstrated
that PLACS is involved in the regulation of various cellular
processes, and serves an important role in tumor progression
and resistance (9-11). In colon cancer, elevated PLACS levels
led to the development of epithelial-mesenchymal transition
features and increased invasiveness, while knockdown of
endogenous PLACS resulted in smaller tumors and reduced
local invasion (12). Additionally, silencing of PLACS in renal
cell carcinoma cells significantly increased their sensitivity
to cisplatin (13). However, to the best of our knowledge, the
functional role of PLAC8 in AZD9291 resistance in NSCLC
has never been investigated.

The aldehyde dehydrogenase (ALDH) family is a group
of enzymes that oxidize aldehyde into carboxylic acid and are
involved in modulating early stem cell differentiation (14,15).
ALDH 1 family member A1 (ALDH1A1), a member of the
ALDH family, has been demonstrated to be a marker for
cancer stem cells (CSCs) in numerous types of tumors (16,17).
In lung CSCs, ALDH1AL is upregulated and positively corre-
lated with the stage and grade of lung cancer patients (18).
Furthermore, ALDH1A1 was reported to be overexpressed
in cisplatin-resistant lung cancer cell lines, and ALDH1A1
silencing significantly increased apoptosis and drug sensi-
tivity (19). Taken together, these previous studies suggested
that ALDH1A1 may contribute to AZD9291 resistance.
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In the present study, the expression levels of PLACS in
AZD9291-resistant and AZD9291-sensitive NSCLC cell
lines were analyzed. To the best of our knowledge, it was
demonstrated for the first time that the PLACS levels were
significantly upregulated in the resistant cells, indicating a
potential regulatory role of PLACS in AZD9291 resistance in
NSCLC. Subsequently, PLAC8 overexpression was induced in
the AZD9291-sensitive NSCLC cells, and drug sensitivity and
biological functions were assessed. Finally, the potential asso-
ciation between PLACS expression and AZD9291 resistance
in NSCLC was preliminarily studied.

Materials and methods

Cell lines and culture. The AZD9291-resistant NSCLC cell
lines PC9/AZD9291 and HCC827/AZD9291, as well as the
respective sensitive cell lines PC9 and HCC827, were kindly
provided by Dr Tianxiang Chen (Shanghai Chest Hospital,
Shanghai, China). These four cell lines were cultured in
RPMI-1640 medium (Invitrogen; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) supplemented with 10% fetal bovine
serum (FBS; Invitrogen; Thermo Fisher Scientific, Inc.) and 1%
penicillin/streptomycin (Invitrogen; Thermo Fisher Scientific,
Inc.). For resistance maintenance, 1 gmol/1 AZD9291 (Selleck
Chemicals, Houston, TX, USA) was also added to the culture
of the two resistant cell lines. All cells were cultured at 37°C
in a humidified atmosphere containing 5% CO,.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). RT-qPCR assay was performed to detect the
relative mRNA expression levels of PLAC8 and ALDHI1ALI.
Briefly, cells (6x10° cells/well) were incubated in a 6-well plate
for 24 h, and then the total RNA was isolated using TRIzol
reagent (Invitrogen; Thermo Fisher Scientific, Inc.), according
to the manufacturer's protocol. The concentration of the total
RNA was measured with a Nano-100 micro-spectrophotom-
eter (Hangzhou Allsheng Instruments Co., Ltd., Hangzhou,
China). Next, ReverTra ACE (Toyobo Life Science, Osaka,
Japan) was applied to reverse transcribe the total mRNA into
single-stranded cDNA. The qPCR assay was subsequently
performed using a SYBR Premix Ex Taq™ II kit (Takara
Biotechnology Co., Ltd., Dalian, China) in a final volume of
10 ul, containing 0.5 ul cDNA, 0.5 pl of each primer, 5 ul
SYBR Green and 3.5 ul deionized water. The primers used
were as follows: PLACS forward, 5'-GTGTGACTGTTTCAG
CGACTG-3', and reverse, 5-CTGCAACTTGACACCCAA
GG-3'; ALDHIAL1 forward, 5'-GCACGCCAGACTTACCTG
TC-3', and reverse, 5'-CCTCCTCAGTTGCAGGATTAA
AG-3'; GAPDH forward, 5-GGAGCGAGATCCCTCCAA
AAT-3', and reverse, 5-GGCTGTTGTCATACTTCTCAT
GG-3'". Relative mRNA expression was normalized to GAPDH
expression, which served as the internal control. The reactions
were performed in a 96-well optical plate at 95°C for 5 min,
followed by 42 cycles of 95°C for 5 sec and 60°C for 1 min.
Relative quantification of gene expression was performed by
the 244€4 method (20).

Western blot analysis. Western blot assay was performed to
evaluate the relative protein expression levels of PLACS and
ALDHIALI. Briefly, cells (6x10° cells/well) were incubated
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for 24 h in a 6-well plate and the lysates were prepared with
radioimmunoprecipitation assay buffer (containing 50 mM
Tris-HCI, pH 8.0, 150 mM sodium chloride, 1.0% IGEPAL
CA-630, 0.5% sodium deoxycholate and 0.1% sodium dodecyl
sulfate; Sigma-Aldrich; Merck KGaA, Darmstadt, Germany),
followed by centrifugation (13,800 x g; 10 min; 4°C). Total
protein concentration was determined using a Bradford assay.
Next, 20 pg protein was separated by SDS-PAGE (15% gel)
and subsequently transferred to polyvinylidene fluoride
membranes. The membranes were incubated with the corre-
sponding primary antibodies at 4°C overnight, followed by
incubation with horseradish peroxidase-conjugated secondary
antibodies for 1 h at room temperature. The primary anti-
bodies, including PLACS (cat. no. 13885; 1:1,000), ALDH1A1
(cat. no. 54135; 1:1,000) and GAPDH (cat. no. 5174; 1:1,000),
and the secondary antibody (cat. no. 7074; 1:2,000) used in
the assay were obtained from Cell Signaling Technology, Inc.
(Danvers, MA, USA). GAPDH was used as a loading control
to measure the expression of each protein. Bands were visual-
ized using Pierce™ ECL Western Blotting Substrate (Pierce;
Thermo Fisher Scientific, Inc.). Gray values of the blot bands
were then analyzed using ImagelJ software (National Institutes
of Health, Bethesda, MD, USA), and the relative gray value
was used to represent the relative protein expression.

Lentivirus production and infection. Full-length human
PLACS8 was amplified and cloned into the PLVX-mCherry-N1
plasmid (Clontech Laboratories, Inc., Mountainview, CA,
USA). 293T cells were subsequently transfected with lentivi-
ruses containing PLAC8-PLV X and packaging plasmids using
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.), following the manufacturer's protocols. The supernatant
medium containing lentivirus was collected by centrifugation
(5,000 x g; 60 min; 4°C) to remove cellular contaminants.
The resulting lentiviruses were used to infect the sensitive
cell lines PC9 and HCCS827, and then successfully infected
cells were selected using 2 yg/ml puromycin (Sigma-Aldrich;
Merck KGaA). Positive clones were screened and verified by
RT-gPCR analysis. Cells overexpressing PLACS8 were termed
PC9-PLACS8 and HCC827-PLACS, while control cells were
termed PC9-CTL and HCC827-CTL.

Cell proliferation. Cells were digested and seeded at a
density of 3,000 cells/well in 96-well plates. Then cells were
cultured for 1, 2, 3, 4, 5, 6 and 7 days, separately, and 10 ul
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT; Sigma-Aldrich; Merck KGaA) was added to the
appropriate wells and incubated for another 3 h. Subsequent
to discarding the supernatant, 100 pl dimethyl sulfoxide
(DMSO; Sigma-Aldrich; Merck KGaA) was added to the cells,
and the absorbance was detected at 492 nm. Cell prolifera-
tion was evaluated using the following equation: Proliferation
rate=A(sample)/A(control).

Cell viability. Cells were seeded in 96-well plates
(5,000 cells/well) and cultured overnight. The transfected cells
were treated with 0,0.01,0.05,0.1,0.5, 1 and 10 uM AZD9291
respectively the following morning and incubated for 72 h.
Subsequently, 10 xl MTT was added to each well and incubated
for a further 3 h. The supernatant was then removed and 100 1
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Figure 1. PLACS expression is upregulated in AZD9291-resistant NSCLC cell lines. (A) mRNA and (B) protein expression levels of PLACS in parent and
AZD9291-resistant NSCLC cells. "P<0.05, “P<0.01 and ““P<0.001. PLACS, placenta-specific 8; AZD9291, osimertinib; NSCLC, non-small cell lung cancer.
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Figure 2. Overexpression of PLAC8 promotes AZD9291-resistance in NSCLC cells. (A) mRNA and (B) protein expression levels of PLACS in control and
PLACS-overexpressing NSCLC cells. (C) PC9 and (D) HCC827 viability in control and PLACS8-overexpressing cell lines. The cells were treated with different
concentrations of AZD9291 for 72 h, and then an MTT assay was applied to detect cell viability. "P<0.05, “P<0.01 and ““P<0.001. PLACS, placenta-specific 8;

AZD9291, osimertinib; NSCLC, non-small cell lung cancer; CTL, control.

DMSO was added to each well. Finally, the absorbance was
measured at 492 nm, and the cell viability was determined as
follows: Cell viability (%)=A(sample)/A(control) x100%. The
half-maximal inhibitory concentration (ICs,) was also calcu-
lated with SPSS software (version 16.0; SPSS, Inc., Chicago,
IL, USA). Resistance index was then calculated as follows:
Resistance index=IC;y(cells overexpressing PLACS8)/IC;,
(corresponding control cells).

Colony formation assay. Cells were seeded in 6-well plates
(400 cells/well) and incubated for 10-14 days, until visible
colonies were observed. The medium was replaced every
3 days during the culture period. Subsequently, the plates were
washed with PBS, and the colonies were fixed with methanol

for 20 min, stained with 1% crystal violet for 30 min and
counted. The number of colonies containing >50 cells was
determined.

Migration assay. The migration assay was performed using
24-well transwell inserts (8-um pore size; EMD Millipore,
Billerica, MA, USA), according to manufacturer's protocol.
Briefly, 2x10* cells/well suspended in serum-free RPMI-1640
medium were seeded in the upper chamber, and RPMI-1640
containing 10% FBS was added to the lower chamber.
Following incubation for 24 h, cells on the upper surface of
the membrane were removed. Cells remaining on the bottom
surface were fixed with methanol for 20 min and then stained
with a 1% crystal violet solution for 0.5 h. Finally, the stained
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Figure 3. Effect of PLACS8 overexpression on the proliferation, colony formation and migration of non-small cell lung cancer cells. (A) PC9 and (B) HCC827
proliferation ability in control and PLAC8-overexpressing cell lines. Cells were cultured for 7 days and an MTT assay was used to detect the growth ability
daily. (C) Colony formation ability of PLACS8-overexpressing cells and the number of colonies following culture for 10-14 days and staining with crystal violet.
(D) Migration ability of PLAC8-overexpressing cells and the number of migrated cells following culture for 24 h in Transwell chambers and staining with
crystal violet. “P<0.05, "P<0.01, “"P<0.001, and *#P<0.001. PLACS, placenta-specific 8; CTL, control.

cells were photographed and counted in at least five randomly
selected fields.

Statistical analysis. The data are presented as the
mean =+ standard deviation, and an unpaired Student's t-test
was used to analyze the statistical significance of the data.
Analysis was performed with SPSS software and GraphPad
Prism software (version 5; GraphPad Software, Inc., La Jolla,
CA, USA). Each experiment was performed at least three
times. A statistically significant difference was denoted by a
value of P<0.05.

Results

PLACS expression is upregulated in AZD9291-resistant
NSCLC cell lines. Increasing evidence has demonstrated that

PLACS is associated with various cellular processes, and is an
important regulator of tumor progression and resistance (10). In
the present study, the PLACS levels in AZD9291-resistant and
AZD9291-sensitive NSCLC cell lines were initially assessed
by RT-qPCR and western blot analyses. As shown in Fig. 1A,
the PLAC8 mRNA level in the resistant cells was significantly
upregulated, and was almost 100 times higher than that in the
parent PC9 and HCC827 cells. To confirm these results, the
protein levels of PLAC8 were then evaluated. PLACS protein
expression was notably upregulated in the resistant cells
(Fig. 1B), consistent with the RT-qPCR results. These find-
ings indicated the potential correlation between upregulated
PLACS levels and AZD9291 resistance in NSCLC.

Overexpressed PLACS8 promotes AZD9291 resistance in
NSCLC cells. To investigate whether PLACS is involved
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Figure 4. ALDHIALI levels were upregulated in PLAC8-overexpressing cells. (A) mRNA and (B) protein levels of ALDHIA1 in AZD9291-sensitive and
-resistant non-small cell lung cancer cells. (C) mRNA and (D) protein levels of ALDHI1AL1 in control and PLAC8-overexpressing cells. "P<0.05, “P<0.01 and
""P<0.001. ALDHIA1, aldehyde dehydrogenase 1 family member Al; PLACS, placenta-specific 8; AZD9291, osimertinib; CTL, control.

in AZD9291 resistance in NSCLC, PLACS8 overexpression
was induced in PC9 and HCCS827 cells (PC9-PLACS and
HCC827-PLACS, respectively), and then the I1Cs, value for
AZD9291 was assessed by an MTT assay. As shown in Fig. 2A,
the mRNA levels of PLACS8 were significantly upregulated in
PC9-PLAC8 and HCC827-PLACS cells as compared with
those in the control cells (PC9-CTL and HCC827-CTL). The
results for PLACS protein expression shown in Fig. 2B further
confirmed that PLAC8-overexpressing cells were constructed
successfully.

The sensitivities of the four cells to AZD9291 were
then detected. As shown in Fig. 2C and D, resistance trends
were observed in PC9-PLAC8 and HCC827-PLACS cells as
compared with their corresponding control cells. The ICj,
values of the control and PLACS8-overexpressing PC9 cells
were 0.163 and 1.019 uM, respectively, while these values in
HCCB827 cells were 0.035 and 0.245 uM, respectively. These
data suggested that the resistance index reached 6-7, thus
PLACS may serve an important role in AZD9291 resistance
in NSCLC (21).

Effects of overexpressed PLAC8 on NSCLC cell proliferation,
colony formation and migration. Subsequently, the current
study assessed the proliferation, colony formation and migra-
tion abilities of PLAC8-overexpressing cell lines. The MTT
results indicated that the cell growth patterns of PC9-CTL
and PC9-PLACS8 were similar in the first 5 days of culture,
whereas PC9-PLACS cells exhibited significantly increased
growth at 6 and 7 days (Fig. 3A). A similar proliferation trend
was observed in Fig. 3B for HCC827 cells. Furthermore,
overexpression of PLACS significantly elevated the colony
formation ability, with a markedly greater number of colonies

present in PLACS8-overexpressing cells (Fig. 3C). The migra-
tory cell numbers in the overexpressing cell lines were also
significantly increased compared with the corresponding
control cells, despite the differential migration ability between
the two control cell lines (Fig. 3D).

ALDHIAI levels are upregulated in PLACS-overexpressing
cells. ALDH1AL1 is a putative marker for CSCs in numerous
types of tumors and is reportedly overexpressed in certain
resistant cells (14). Therefore, the present study examined
whether ALDH1AL is also upregulated in AZD9291-resistant
cells. As shown in Fig. 4A and B, ALDHIA1 mRNA and
protein levels were significantly increased in resistant cells as
compared with those in parent cells, suggesting an underlying
link between upregulated ALDHI1A1 levels and AZD9291
resistance. Based on the role of PLACS8 in AZD9291 resistance
discussed earlier, it was hypothesized that ALDH1A1 expres-
sion may be regulated by PLACS. To confirm this, the levels
of ALDHI1A1 in PLACS-overexpressing cells were detected,
and it was observed that ALDHIA1 mRNA was significantly
upregulated in the overexpressing cells (Fig. 4C). The results
of the western blot analysis illustrated a similar protein
expression pattern (Fig. 4D).

Discussion

EGFR-TKIs have demonstrated significant benefits in the
treatment of NSCLC with EGFR mutations (22). However, the
majority of patients develop resistance within 1 year (23). At
present, AZD9291 is the only third generation TKI approved
by the FDA. The inevitable acquired resistance to AZD9291
is a significant clinical challenge, and there is an urgent need
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for the identification of possible mechanisms involved in
AZD9291 resistance.

Accumulating evidence suggests that PLACS is an impor-
tant player in various cellular processes, thus promoting cancer
progression and resistance. Increased expression of PLACS
facilitates the pro-survival function of autophagy to allow
for proliferation in cadmium-transformed prostate epithelial
cells, and induces resistance to cadmium toxicity (24). It has
been reported that knockdown of PLACS expression in clear
cell renal cell carcinoma cells significantly reduced the prolif-
eration rates and colony formation ability (13). Additionally,
PLACS is a critical regulator of autophagy during pancreatic
cancer progression (25). In the present study, it was observed
that the PLACS level was substantially upregulated in
AZD9291-resistant cell lines. Overexpression of PLACS
in sensitive cells contributed to resistance to AZD9291 and
significantly increased the cell proliferation, colony formation
and migration, which is in agreement with the findings of the
aforementioned studies. Notably, increased migration ability
indicated potentially higher metastatic ability and tumor
malignancy (26). Therefore, PLAC8 may promote increased
malignancy in addition to resistance to AZD9291.

CSCs are a unique population of cancer cells identified to
have stem-like features, including self-renewal, differentiation
and tumorigenesis, which serve an important role in tumor
progression and resistance (27,28). A recent study suggested that
targeting the surface markers of CSCs may facilitate targeted
therapy innovation (29). In the present study, it was demon-
strated that ALDH1A1 was upregulated in AZD929]1-resistant
NSCLC cell lines, consistent with a previous study reporting
that overexpression of ALDHIA1 was detected in lung
cancer cells that are resistant to afatinib, a second generation
TKI (30). Furthermore, cisplatin-resistant A549 cells exhibited
elevated levels of ALDH1A1, while knockdown of ALDH1A1
significantly decreased A549/DDP proliferation, increased
apoptosis and reduced cisplatin resistance (19). Subsequently,
the level of ALDHI1AL1 in PLACS8-overexpressing cells was
assessed in the current study, and the results suggested that the
ALDHI1AL level was markedly increased in PC9-PLACS8 and
HCC827-PLACS. These results indicated that the upregula-
tion of ALDH1A1 may be an important mediator between the
overexpression of PLAC8 and AZD9291 resistance in NSCLC
with increased proliferation, colony formation and migration.

PLACS8 is a relatively small protein, containing
a cysteine-rich domain with several CXXC motifs.
Jimenez-Preitner et al (7) reported that PLACS is required
for brown fat differentiation via interaction with C/EBPf,
and binds to the C/EBPf promoter to induce its transcription.
Another study by Jimenez-Preitner er al (31) revealed that the
transactivating effect of PLACS8 on the C/EBPf promoter is
critical for white adipocyte differentiation. Therefore, it can be
inferred that the elevated ALDHI1AL1 observed in the present
study may be attributed to the transcriptional regulation of
the ALDHI1A1 promoter by PLACS, thus inducing resistance.
Nevertheless, further studies need to be conducted to inves-
tigate the regulatory mechanism of PLAC8 on ALDHI1A1
expression.

In conclusion, the current study reported that upregulated
PLACS prompted NSCLC cell resistance to AZD9291, and
significantly elevated the proliferation, colony formation and
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migration potential. Furthermore, ALDHIA1 may provide
a link between the overexpression of PLAC8 and AZD9291
resistance in NSCLC, while PLACS8 may be a potential target
for addressing this resistance.
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