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Reduced sensitivity to chemotherapeutic drugs is almost inevitable in lung adenocarcinoma patients. Thus, understanding the
relevant mechanisms is urgent. Positive cofactor 4 (PC4) was at first revealed to be a coactivator of basal transcription. Previous
research has shown that PC4 participates in various cellular processes in normal and malignant cells. However, it is still unknown
whether PC4 participates in altering the lung adenocarcinoma cell sensitivity to chemotherapy, and the relevant mechanisms
remain to be explained. In this study, we discovered that PC4 was overexpressed in cisplatin-resistant lung adenocarcinoma cells.
PC4 decreased cisplatin’s cytotoxic effects on lung adenocarcinoma in vivo and in vitro. Furthermore, PC4 positively correlated
with SOX9 in multiple cancers. PC4 was an upstream regulator of SOX9 in lung adenocarcinoma. Furthermore, PC4 mediated
lung adenocarcinoma cell sensitivity to the HIF-PH inhibitor DMOG and the mTOR inhibitor rapamycin, and PC4 mediated the
synergistic effect of DMOG and cisplatin. Finally, PC4 destabilized HIF-1a upon cisplatin treatment. Our research showed that
PC4 participates in mediating lung adenocarcinoma cell sensitivity to multiple drugs. Mechanistically, PC4 governs multiple
downstream pathways associated with chemotherapy resistance, including the SOX9 and HIF-la pathways. Thus, PC4 is a

promising chemotherapeutic target in lung adenocarcinoma.

1. Introduction

Reduced sensitivity to chemotherapeutic drugs is almost
inevitable in lung adenocarcinoma (LUAD) therapy. Re-
cently, many genes were discovered as targets to predict the
progression or therapeutic response of lung adenocarcinoma
[1]. Although many new therapeutic targets have been
discovered and targeted drugs have been developed, most
patients eventually develop resistance to these targeted drugs
and ultimately have a poor prognosis [2-5]. Thus, improving
lung adenocarcinoma cell sensitivity to chemotherapy is still
of great clinical significance.

Positive cofactor 4 (PC4), or SUBI, was at first dis-
covered to be a coactivator of the basal transcription [6, 7].
According to previous reports, PC4 is localized to the nu-
cleus and facilitates activator-dependent transcription [8, 9].
Previous research shows that PC4 participates in a variety of
cellular processes, such as DNA repair, DNA replication,

transcription, and chromatin organization [6, 9-12]. PC4 is
also reported to participate in multiple cancer progressions.
PC4 promotes tumor proliferation and metastasis in breast
cancer [13]. Inhibiting PC4 suppresses the tumorigenesis
and lung metastasis of osteosarcoma [14]. Our previous
research shows that inhibiting PC4 reduces the lymphatic
metastasis of lung adenocarcinoma [8]. However, the role of
PC4 in mediating lung adenocarcinoma cell sensitivity to
chemotherapy remains to be explored, and the relevant
mechanisms remain to be further elucidated.

SRY-box transcription factor 9 (SOX9) is a SOX tran-
scription factor and is located on chromosome 17 [15, 16].
SOX9 determines cell fate through downstream genes in-
volved in maintaining pluripotency, directing cell lineage
differentiation, and sustaining adult tissue homeostasis
[17, 18]. Recent studies indicate a role of SOX9 in altering the
progression and drug sensitivity of several types of tumors,
including lung adenocarcinoma [19]. SOX9 promotes
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tumorigenesis in lung adenocarcinoma through transcrip-
tionally regulating forkhead box Al (FOXA1) [20]. In lung
cancer, SOX9 promotes cancer cells resistant to cisplatin by
increasing aldehyde dehydrogenase (ALDH) activity via
ALDHIAL1 [21].

In this study, PC4 is demonstrated to promote cell
migration in lung adenocarcinoma cells without affecting
cell growth and apoptosis. PC4 decreases lung adenocar-
cinoma sensitivity to cisplatin in vivo and in vitro.
Mechanically, SOX9 is a downstream factor of PC4. PC4
overexpression upregulates while PC4 knockdown inhibits
the expression of SOX9. PC4 also decreases lung adeno-
carcinoma cell sensitivity to the HIF-PH inhibitor DMOG
and the mTOR inhibitor rapamycin. DMOG exerts a syn-
ergistic enhancive effect on cisplatin, which is weakened by
PC4. Moreover, PC4-decreased cell sensitivity to cisplatin is
accompanied by destabilization of HIF-1a.

2. Methods

2.1. Cell Culture. HEK293 T cells and human lung adeno-
carcinoma cell lines (H1299 and PC-9) were obtained and
maintained in our laboratory as previously described [22].
The medium of RPMI and DMEM medium (HyClone, USA)
and fetal bovine serum (FBS) (Gibco, USA) were used to
culture the cells.

2.2. Reagents. Cisplatin (MCE, USA) was freshly weighed
and dissolved in PBS. A-485, DMOG, LY294002, MG132,
MHY 1485, and rapamycin (MCE, USA) were dissolved in
DMSO.

2.3. Plasmids. The pLVX-shRNA2 and pLVX-IRES-
ZsGreenl plasmids (Clontech, USA) were selected as the
lentiviral vectors for PC4 knockdown and overexpression,
respectively. The target sequences for PC4 knockdown were
PC4 shl GAAGGAACAGATTTCTGACAT; PC4 sh2
GACAGGTGAGACTTCGAGA; and PC4 sh3
GCAAAGTGCTAATTGATAT. The PC4-knockdown neg-
ative control (PC4 NC) sequence was designed online from
the Invivogen website and was GCTGGATACGGA-
TAATTAACA. The sequences were cloned into pLVX-
shRNA2 in accordance with previous research [23]. The
pLVX-IRES-zsGreenl vector containing SUB1 mRNA CDSs
was used for the PC4-overexpression group (PC4), and the
empty pLVX-IRES-zsGreenl was adopted as the vector
group (vec). The SOX9-overexpression plasmids (Gen-
echem, China) were transfected and screened with
puromycin.

2.4. Lentivirus Production. The production of PC4-knock-
down and PC4-overexpression lentivirus was conducted by
cotransfecting HEK293 T cells with the pLVX-shRNA2
vector (or pLVX-IRES-ZsGreenl), the psPAX2, and the
pMD2.G (Addgene, USA) plasmids as previously described
[22, 23]. 48 hours after transfection, virus particles were
harvested.
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2.5. Cell Viability. The CCK-8 test was accomplished using
the Cell Counting Kit-8 (CCK-8) (Bioss, China) as we
previously described [22]. The OD values were respectively
obtained in the blank control, control, and experimental
group (ODgjanic ODcontrols ODExperiment)- The cell viability
was calculated as previously described [22]. The relative
survival ratio was calculated as follows: cell viability compi-
national therapy/Cell Viability cigpratin X 100%. The enhancive
effect of drug on cisplatin is calculated as follows: (1-cell
viability combinational therapy/Cell Viability cisplatin) X 100%. Each
result is representative of 6 replicate samples.

2.6. Cell Apoptosis Analysis. The Annexin V-FITC/PI assay
was applied to evaluate cell apoptosis. Cells were seeded in
advance in a 6-well plate. 48 hours later, drugs were
administered. Cell apoptosis was analyzed 24 hours after
drug administration. The flow cytometer (Beckman
Coulter, USA) was used to detect cell apoptosis through
the Annexin V-FITC/PI apoptosis kit (KeyGEN Bio-
TECH, China).

2.7. Western Blot. RIPA lysis containing protease inhibitor
(Thermo Scientific, USA) was used for protein extractions.
Equal proteins were loaded for SDS-PAGE and blotted as
reported by previous research [24]. The antibodies used were
PC4 (ab72132, Abcam), GAPDH (#2118, CST), caspase 3
(#14220, CST), cleaved caspase 3 (#9664, CST), PARP
(#9542, CST), and HIF-1« (bs-0737R, Bioss).

2.8. Cell Migration Assay. Transwell assay was used to
evaluate the cell migration. About 3 x10* lung adenocar-
cinoma cells were suspended in 200 yl non-FBS RPMI and
planted in the upper chamber (Millicell, USA). 600 ul RPMI
including 20% FBS was placed in the lower chamber. After
24-hour incubation, the cells underwent paraformaldehyde
fixing and crystal violet staining. Then microscopic quan-
tification was performed for data analysis. The results rep-
resent three independent experiments.

2.9. Immunofluorescence Assay. Cells were seeded in 96-
well plates for 24 hours, followed by wash with PBS and
fixation with 4% formaldehyde. BSA (5%) containing 0.3%
Triton was used to block the nonspecific proteins, and
SOX9 primary antibodies (Bioss, China) were added at a
dilution of 1:100 and incubated overnight. The secondary
antibody tagged with Alexa Fluor 546 (Thermo Fisher,
USA) was added and incubated for 1 hour. DAPI
(Beyotime, China) was used to counterstain the nuclei. A
Nikon Eclipse Ti fluorescence microscope was applied to
capture the images.

2.10. Tumor Xenograft Model. Six-week nude mice were
obtained from Daping Hospital Laboratory Animal
Center. The nude mice underwent subcutaneous im-
plantation of H1299 vec and H1299 PC4 cells. The cis-
platin treatment and tumor size calculation were in
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accordance with our previous research [22]. The animal
research was conducted under the approval of the Animal
Care and Use Committees of Daping Hospital.

2.11. Statistical Analysis. The SPSS 18.0 (SPSS Inc., USA)
software was applied to finish the statistical analyses. The
data was considered significant when the p value was less
than 0.05. The GraphPad Prism 5 (GraphPad Software Inc.,
USA) software was applied to produce the figures.

3. Results

3.1. PC4 Is Overexpressed in Cisplatin-Resistant Cancer Cells.
First, we searched the GEO database for bioinformatic data
on cisplatin resistance in lung cancer. The GSE108214 series
was analyzed. GSM2892607, GSM2892612, GSM2892615,
and GSM2892622 were included in the A549 cisplatin-
sensitive group (A549 sens). GSM2892609, GSM2892614,
GSM2892617, and GSM2892623 were included in the A549
cisplatin-resistant group (A549 res). Figure 1(a) shows the
volcano plot, and Figure 1(b) shows the mean-difference plot
of the data. Figure 1(c) shows the heatmap of some of the
differentially expressed genes. The expression of the SUB1
gene was analyzed in the database. As demonstrated in
Figure 1(d), SUB1 mRNA expression was elevated in the
A549 res group in comparison with the A549 sens group
(LogFC=0.947, p=0.002).

3.2. The Impact of PC4 on the Malignant Phenotypes of Lung
Adenocarcinoma Cells. First, PC4 was knocked down in PC-
9cells and overexpressed in H1299cells through lentivirus
infection (Figures 2(a) and 2(b)). As shown in Figure 2(a), shl
showed a superior inhibitory effect on the expression of PC4
and was selected for further research. Next, we assessed the
impact of PC4 on the malignant phenotypes in lung adeno-
carcinoma. As shown in Figure 2(c), flow cytometry showed
that the apoptosis levels in the PC4-knockdown PC-9 cells
(1.01£0.36% vs. 1.22+0.54%, p>0.05) and the PC4-over-
expressing H1299 cells (1.34 +0.72% vs. 1.96 + 0.61%, p > 0.05)
were not statistically significant. Furthermore, CCK-8 assays
demonstrated no significant changes in cell growth in the PC-9
shl cells in comparison with the PC-9 NC cells (Figure 2(d)).
Similarly, the growth of the H1299 PC4 cells was not signif-
icantly different from that of the H1299 vec cells (Figure 2(d)).
Interestingly, Transwell assays (Figure 2(e)) showed that the cell
migration ability was significantly reduced in the PC-9 sh1 cells
in contrast to the PC-9 NC cells (p <0.001) and significantly
increased in the H1299 PC4 cells in contrast to the H1299 vec
cells (p <0.001).

3.3. PC4 Decreases Cisplatin’s Cytotoxic Effects on Lung Ad-
enocarcinoma Cells Both In Vivo and In Vitro. Next, we
assessed the impact of PC4 on cell sensitivity to cisplatin. First,
the levels of apoptotic proteins in PC4-knockdown and PC-
overexpression cells treated with 20 uM cisplatin for 24 hours
were measured by western blot. According to the results, the
caspase 3 cleavage and PARP cleavage were obviously activated

in the PC-9 sh1 cells and obviously inhibited in the H1299 PC4
cells compared to their respective controls (Figure 3(a)).
According to the CCK-8 assay, there was no statistical sig-
nificance in the cell viability between the PC-9 sh1 cells and the
PC-9 NC cells at 24 hours after cisplatin treatment
(125.31 £5.16% vs. 114.81 +10.83%, p=0.058). But the cell
viability was significantly reduced in the PC-9 shl cells in
comparison with the PC-9 NC cells at 48, 72, and 96 hours after
cisplatin treatment (87.09+13.15% vs. 41.11 £2.06% at 48
hours, 45.60+4.62% vs. 12.00+£1.39% at 72 hours,
3711+£3.39% vs. 913+117% at 96 hours, p<0.05)
(Figure 3(b)). Similarly, cell viability was increased in the
H1299 PC4 cells in comparison with the H1299 vec cells at 48,
72, and 96 hours after cisplatin treatment (14.99 + 1.47% vs.
44.02 +7.60% at 48 hours, 9.13 +0.56% vs. 17.16 + 3.05% at 72
hours, 5.76 +0.74% vs. 11.93+1.24% at 96 hours, p <0.05)
(Figure 3(b)). Next, flow cytometry was applied to evaluate the
apoptosis of PC4-knockdown and PC4-overexpression cells
treated with 0, 20, or 30 uM cisplatin for 24 hours. As dem-
onstrated in Figures 3(c) and 3(d), there was no statistical
significance in cell apoptosis between the untreated PC-9 NC
and the PC-9 shl cells (1.83 £ 0.32% vs. 2.12 + 0.24%, p > 0.05),
but cisplatin-induced apoptosis significantly increased cell
apoptosis in the PC-9 shl cells in comparison with the PC-9
NC cells (11.42 +1.46% vs. 19.50 +2.54% at 20 uM cisplatin,
16.49 +2.64% vs. 26.54+4.07% at 30 uM cisplatin, p <0.05).
Similarly, cell apoptosis was not significantly different between
the untreated HI1299 vec cells and H1299 PC4 cells
(1.37£0.27% vs. 0.89+0.35%, p>0.05) but was obviously
reduced in the H1299 PC4 cells treated with cisplatin than in
the H1299 vec cells (13.51 £1.69% vs. 6.42+0.89% at 20 uM
cisplatin, 25.14+3.51% vs. 13.17 £2.47% at 30 uM cisplatin,
p<0.05).

In vivo research was conducted through subcutaneous
injection of H1299 vec and H1299 PC4 cells into nude mice
followed by treatment with or without cisplatin. Repre-
sentative images of the nude mice are listed in Figure 4(a).
The tumor growth curves are listed in Figure 4(b). Tumors
weights were recorded and shown in Figure 4(c). The tumor
weights were 0.77 + 0.17 g in the untreated H1299 vec group,
0.45+0.19¢g in the cisplatin-treated HI1299 vec group,
1.39+0.15g in the untreated H1299 PC4 group, and
1.18+0.21 g in the cisplatin-treated H1299 PC4 group. As
expected, the tumor weights were obviously reduced in the
cisplatin-treated H1299 vec group in comparison with the
cisplatin-treated H1299 PC4 group (p < 0.05). Interestingly,
the tumor weights were also significantly reduced in the
untreated H1299 vec group in comparison with the un-
treated H1299 PC4 group (p <0.05). To more accurately
reveal the impact of PC4 in decreasing LUAD cell sensitivity
to CDDP, we further calculated the ratio of tumor weights.
As shown in Figure 4(d), the average weight in the cisplatin-
treated H1299 vec group was 58.81% of that in the untreated
H1299 vec group, and the average weight in the cisplatin-
treated H1299 PC4 group was 84.85% of that in the un-
treated H1299 PC4 group. Thus, cisplatin treatment led to a
41.19% reduction in tumor weight in the H1299 vec group
compared to only a 15.15% reduction in the H1299 PC4
group (p <0.05).
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FIGURE 1: PC4 is overexpressed in cisplatin-resistant lung adenocarcinoma cells. The volcano plot (a) and the mean-difference plot (b) show
the differentially expressed genes of GSE108214. (c) Heatmap showing some of the differentially expressed genes in GSE108214. (d) The
relative expression of SUB1 in CDDP-sensitive A549 (A549 sens) and CDDP-resistant A549 (A549 res) cells in GSE108214. *p <0.05.

3.4. SOX9 Is a Downstream Target of PC4. GSE108214
analysis showed that SOX9 was elevated in the A549 res
group compared to the A549 sens group (LogFC =1.059,
p=0.028) (Figure 5(a)). Furthermore, in another GEO
dataset, GSE135083, the SOX9 expression was also ele-
vated in CDDP-resistant nasopharyngeal carcinoma 5-8F
cells (5-8F DDP) compared to CDDP-sensitive 5-8F cells
(5-8F) (LogFC=3.807, p<0.001) (Figure 5(b)). Next, the
correlations between PC4 and SOX9 in multiple cancer
types were analyzed online (http://timer.comp-genomics.
org). As shown in Figure 5(c), PC4 and SOX9 were
positively correlated in many types of cancers, including
bladder urothelial carcinoma (BLCA) (r=0.383,
p<0.001), kidney renal clear cell carcinoma (KIRC)

(r=0.333, p<0.001), liver hepatocellular carcinoma
(LIHC) (r=0.511, p <0.001), and rectum adenocarcinoma
(READ) (r=0.334, p <0.001). Next, we wondered whether
SOXO9 acted as a downstream target of PC4. According to
the qRT-PCR assay (Figure 5(d)), overexpression of PC4
obviously upregulated the expression of SOX9 mRNA
(p=0.004) in HI1299cells, while knockdown of PC4
inhibited SOX9 mRNA expression (p=0.037) in PC-
9cells. Furthermore, the immunofluorescence results
(Figure 5(e)) showed that knockdown of PC4 obviously
inhibited the expression of SOX9 in PC-9 cells. To further
validate whether SOX9 is a downstream factor of PC4 in
mediating lung adenocarcinoma cell sensitivity to cis-
platin, SOX9 was overexpressed in PC-9 PC4-knockdown
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F1GURE 2: The impact of PC4 on the malignant phenotypes of lung adenocarcinoma cells. (a), (b) Western blot assay revealed the protein
levels of PC4 after LUAD cells were infected with PC4-knockdown or PC4-overexpression lentivirus. (c) The apoptosis of PC4-knockdown
or PC4-overexpression LUAD cells was evaluated by flow cytometry. (d) The growth of PC4-knockdown or PC4-overexpression LUAD cells
was analyzed via CCK-8 experiments. (e) The migration of LUAD cells following PC4 knockdown or overexpression was detected via

Transwell assay. *p <0.05.

cells and treated with cisplatin. As demonstrated in
Figure 5(f), the caspase 3 and PARP cleavage activities
were elevated in PC4-knockdown cells but decreased in
PC4-knockdown and SOX9-overexpression cells. Over-
expression of SOX9 obviously abrogated PC4 knock-
down-induced cell apoptosis in PC-9 cells.

3.5. PC4 Is a Therapeutic Target of Multiple Drugs in Lung
Adenocarcinoma Cells. Next, we evaluated whether PC4
participated in mediating lung adenocarcinoma cell sensitivity to
other therapeutic drugs. The p300/CBP inhibitor A-485, the
HIF-PH inhibitor DMOG, the PI3K/Akt pathway inhibitor
LY294002, the proteasome inhibitor MG132, the mTOR



6

PC-9 H1299

Cisplatin ~ +  + Cisplatin  + +
NC shl vec PC4

Caspase 3 | eeme—e Caspase 3 | s -

Cleaved Caspase 3 _q_ Cleaved Caspase 3 | =
PARP | w PARP ‘-
Cleaved PARP | === Cleaved PARP | s e

GAPDH | . GAPDH | cm—

Cisplatin 0uM 30 uM

Ql-UL
¢ 1037%)

Q1-UR
(0.51%)

PC-9NC §

! ﬁ
(o5
0

PE-A
3

QI-LR
(1.11%)

QI-UR
(8.99%)

T QLR
(6.33%)

0 10" 10" 10° 10° 107 0 10° 10" 10° 10° 107

APC-A APC-A APC-A

0 10° 10' 10° 10° 107

QI-UR Q1-UL
(0.43%) (2.17%)

QI-UL
(0.46%)

QI-UR
(5.46%) "

PC9shl § w

4 . i
10 ‘* QIR 10
(98:36%) (0.76%)

PE-A
3

PE-A
3

7

0 10° 10" 10° 10° 107 0 10° 10* 10° 10° 10

APC-A APC-A APC-A

0 10’ 10* 10° 10° 107

QI-UL
6 ] (2.98%)

Q1-UL
s | 036%)

QI-UR
(0.59%)

QI-UL
6 | (2.10%)

QI-UR
(8.64%)

H1299 vec £ ¥

10° vM’

PE-A
PE-A

(85739%)

QI-IR
(0.62%) 10

QI-UR
(19.23%)

010" 10" 10° 10° 107 010° 10' 10° 10° 107

APC-A APC-A APC-A

10

010° 10° 10° 10°

QI-UR Q1-UL
(3.70%) 6 ] (2.26%)

QI-UR Q1-UL
(0.24%) 6 ] (1.72%)

QI-UL
s 1 (039%)

<

H1299 PC4 £

PE-A
E

QI-UR
(9.48%)

300 5 *

SO1-LR
12.23%) 10°

. 4* QI-LR
107 1(9891%) (0.53%)

il

(53

Bt A2 Q1-LR
(4.20%)

010° 10' 107 10° 107 010° 10' 10° 10° 107

APC-A APC-A APC-A

(c)

Journal of Oncology

PC-9 H1299
2.0 2.0
E 15 E1s
S <
o (=3
g 1.0 3 1.0
a a
S 0.5 IS 0.5
0.0 +— T T T T 0.0 - T T T T
0 24 48 72 96 0 24 48 72 96
Time (hours) Time (hours)
—— PC-9NC —e— H1299 vec
—=— PC-9shl —=— H1299 PC4
PC-9 H1299
200 200

v
S

Cell viability (%)
o S o
(=] =] (=}

w
=]

Cell viability (%)
g

o
o

0 24 48 72 96 0
Time (hours)

24 48 72 96
Time (hours)

mmm PC-9NC m H1299 vec
mmm PC-9 shl mmm H1299 PC4
(b)
PC-9 HI1299
50 50
3 40 2 40
2 30 2 30
<] ]
2. 20 2. 20
° 1)
210 10
0 0
0 20 30 0 20 30
Cisplatin (uM) Cisplatin (uM)
mmmm PC-9NC 1299 vec
— PC-9shl — HI299 PC4

7

010’ 10° 10° 10° 107

(d)

FIGURE 3: PC4 decreases cisplatin’s cytotoxic effects on lung adenocarcinoma cells in vitro. (a) PC4-knockdown or PC4-overexpression
LUAD cells underwent 24-hour treatment with 20 M cisplatin. The expression of apoptotic proteins was evaluated. (b) PC4-knockdown or
PC4-overexpression LUAD cells were administrated with 20 uM cisplatin for 96 hours. The CCK-8 assay was performed every 24 hours. (c),
(d) PC4-knockdown or PC4-overexpression LUAD cells underwent 24-hour treatment with 0, 20, and 30 uM cisplatin. Cell apoptosis was

measured and analyzed by flow cytometry. *p <0.05.

activator MHY1485, and the mTOR inhibitor rapamycin were
used in our research (Figures 6(a)-6(1)). As the CCK-8 tests
discovered, the cell viability of the PC-9 NC and PC-9 shl cells
was 72.83+4.39% vs. 70.50+3.39% (p>0.05) after A-485
treatment, 84.67+553% vs. 7630+5.83% (p<0.05) after
DMOG treatment, 68.71 £4.95% vs. 50.41 £ 5.29% (p <0.05)
after 1Y294002 treatment, 92.02+10.40 vs. 99.60 +8.34%
(p>0.05) after MGI132 treatment, 97.14+3.03% vs.
8527+4.05% (p<0.05) after MHY1485 treatment, and

99.02+3.75% vs. 92.06+4.78% (p<0.05) after rapamycin
treatment. The cell viability of the H1299 vec and H1299 PC4
cells was 62.18 +8.19% vs. 74.07 +5.61% (p <0.05) after A-485
treatment, 39.60+2.32% vs. 51.87+6.16% (p<0.05) after
DMOG treatment, 59.48 +3.30% vs. 54.02+9.51% (p > 0.05)
after LY294002 treatment, 87.17+9.95% vs. 79.95+ 6.60%
(p>0.05) after MGI32 treatment, 82.42+509% vs.
80.95+9.64% (p>0.05) after MHY1485 treatment, and
7310+£8.84% vs. 9247+8.56% (p<0.05) after rapamycin
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treatment. These results showed that LUAD cell sensitivity to
DMOG and rapamycin was significantly increased in the PC4-
knockdown cells and decreased in the PC4-overexpression cells.

3.6. PC4 Destabilizes HIF-1a and Decreases the Synergetic
Effects of DMOG and Cisplatin. Furthermore, we sought to

evaluate the impact of PC4 in mediating the synergetic
effects of cisplatin combined with other drugs. Thus, the cell
viability ratios were calculated to evaluate the enhancive
effect of each drug with cisplatin (Figures 7(a)-7(1)). A-485,
MG132, MHY1485, and rapamycin showed no significant
differences in enhancing the effects of cisplatin between the
PC-9 NC and PC-9 shl cells. DMOG enhanced cisplatin’s
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cytotoxic effects in PC-9 NC cells by 3.63 + 6.39% compared
to 23.74 £ 8.30% in PC-9 shl cells (p < 0.05). The enhancive
effect of LY294002 on cisplatin was 51.88 +3.84% in PC-9
NC cells and only 43.00 + 6.01% in PC-9 sh1 cells (p < 0.05).
Likewise, A-485, MG132, MHY1485, and rapamycin pos-
sessed no significant differences in enhancing cisplatin’s
cytotoxic effect between the H1299 vec and H1299 PC4 cells
(p>0.05). The effect of DMOG on enhancing the effect of
cisplatin was 40.33+10.03% in the H1299 vec cells and
10.94 £ 11.63% in the H1299 PC4 cells (p < 0.05). The effect
of LY294002 on enhancing the effect of cisplatin was
64.82 +4.04% in the H1299 vec cells and 46.62 +8.59% in

H1299 PC4 cells (p <0.05). Thus, overexpression of PC4
decreased the synergistic effect of DMOG and cisplatin while
knockdown of PC4 increased it. Interestingly, the synergistic
effect of LY294002 and cisplatin was inhibited in both the
PC4-knockdown and PC4-overexpression LUAD cells.

As DMOG is an inhibitor of HIF-PH, which results in
HIF-1a stabilization, we presume that the effect of PC4 in
decreasing synergistic effect of DMOG and cisplatin is ac-
companied by changes in the expression of HIF-1a. First, the
expression of HIF-la in PC4-knockdown and PC4-over-
expression cells was detected. However, as shown in
Figure 8(a), neither knockdown nor overexpression of PC4
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had any impact on the expression of HIF-1« in lung ade-
nocarcinoma cells. Next, we assessed the impact of PC4 on
the stability of HIF-1a upon cisplatin treatment. Increasing
concentrations of cisplatin were administered to PC4-
knockdown and PC4-overexpression cells for 24 hours. As
shown in Figure 8(b), cisplatin in a concentration-depen-
dent manner activated the expression of HIF-1la in both
H1299 vec and PC-9 NC cells. Overexpression of PC4 de-
creased the stability of HIF-1la upon cisplatin treatment,
while knockdown of PC4 further increased it.

4. Discussion

PC4 has been reported to participate in many cellular ac-
tivities in cancers [13, 25], but its impact in mediating cell
sensitivity to chemotherapeutic drugs remains to be eluci-
dated. By analyzing the expression of PC4 in the GEO

database, we discovered that PC4 was overexpressed in
cisplatin-resistant LUAD A549 cells, indicating that PC4
may participate in the regulation of LUAD cell sensitivity to
cisplatin.

Through lentivirus infection, PC4 was stably inhibited in
PC-9cells and overexpressed in H1299 cells. The in vitro
study revealed the aggressive phenotype PC4 conferred to
lung adenocarcinoma cells migration, which is consistent
with previous research in other cancer cell types [13, 14].
Next, we discovered that PC4 decreased lung adenocarci-
noma cell sensitivity to cisplatin in vivo and in vitro, as
shown by a decreased cell viability, increased cell apoptosis,
and lower tumor weight in PC4-knockdown group upon
cisplatin treatment.

SOXO9 is well studied in cancer chemotherapy, and its
high expression and activation have been proven to promote
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cell resistance to chemotherapy in multiple types of cancers,
including lung cancer [21, 26-28]. However, the relationship
between PC4 and SOX9 remains determined. Based on
previous findings, we wondered whether the role of PC4 in
mediating lung adenocarcinoma sensitivity to cisplatin is
associated with SOX9. First, we found that SOX9 was ele-
vated in cisplatin-resistant lung adenocarcinoma A549 cells
(GSE108214) and nasopharyngeal carcinoma 5-8F cells
(GSE135083) through GEO dataset analysis. Next, we
revealed positive correlations between PC4 and SOX9 in
multiple cancers. The qRT-PCR results further demon-
strated that knockdown of PC4 downregulated the SOX9
mRNA level, while overexpression of PC4 upregulated it.
Immunofluorescence showed that PC4 knockdown obvi-
ously inhibited the expression of SOX9. These results im-
plicated that SOX9 acts as a downstream factor of PC4.
Finally, overexpression of SOX9 abrogated the apoptosis
induced by PC4 knockdown in lung adenocarcinoma cells,
suggesting that SOX9 acts as a downstream factor of PC4 in
mediating cell sensitivity to cisplatin.

Previous CCK-8 assays revealed that PC4 knockdown or
overexpression had no impact on the growth of PC-9 and
H1299 cells. However, treatment with cisplatin induced
significant changes in the OD values, which was due to the
changes in PC4 expression and was a direct reflection of the
impact of PC4 in decreasing LUAD cell sensitivity to cis-
platin. Based on this, CCK-8 tests were used to detect the cell

response to more therapeutic drugs and their synergistic
effect with cisplatin to determine whether PC4 also mediated
cell sensitivity. As a universal solvent, DMSO is widely used
to dissolve multiple small molecules. However, previous
research demonstrated that DMSO interacted with platinum
complexes, decreasing their cytotoxic effects [29]. The vol-
ume of DMSO had direct impacts on the cytotoxic effects of
cisplatin. In our CCK-8 tests, we used multiple other drugs,
which were all dissolved in DMSO, in combination with
cisplatin. As the volume for each drug added to the cells was
different, to eliminate the impact of DMSO on the accuracy
of our tests, we set an individual cisplatin + DMSO control
group for each drug, replacing the drug with the same
volume of DMSO. The results revealed that the HIF-PH
inhibitor DMOG and the mTOR inhibitor rapamycin me-
diated significant changes in cell viability in both PC4-
knockdown and PC4-overexpression cells. DMOG and
rapamycin induced significantly lower cell viability in PC4-
knockdown cells and higher cell viability in PC4-over-
expression cells, indicating that PC4 also participates in
mediating cell sensitivity to DMOG and rapamycin.

To accurately evaluate the synergistic effect of other
drugs on cisplatin, we first calculated the ratio of cell viability
(CCH VlabllltY combinational therapy/ceu VlabllltY cisplatin X 100%)
Then, the effect of each drug on enhancing the effect of
cisplatin was calculated as (1- cell viability combinational therapy/
cell viability ¢isplatin) X 100%. The results showed that DMOG
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exerts synergistic enhancive effects on cisplatin, which were
altered by PC4 knockdown and overexpression. DMOG
synergistically enhanced cytotoxic effect of cisplatin in PC-9
and H1299 cells, and this effect was enhanced upon PC4
knockdown and reduced upon PC4 overexpression. As
DMOG is an inhibitor of HIF-PH, which results in HIF-1«
stabilization and accumulation, we further investigated
whether PC4 impacted the expression of HIF-1a. Surpris-
ingly, HIF-1a was not altered by PC4. Next, we evaluated the
stability of HIF-1« upon cisplatin treatment and found that
cisplatin stabilized HIF-1a in both PC-9 and H1299 cells,
and overexpression of PC4 decreased the stability of HIF-1«
upon cisplatin treatment, while knockdown of PC4 in-
creased it. These results suggested that the PC4-induced
decrease in lung adenocarcinoma cell sensitivity to cisplatin
is associated with a decrease in HIF-1a stability.

In summary, our research showed that PC4 participates
in mediating LUAD cell sensitivity to cisplatin, DMOG, and
rapamycin and enhances the synergistic effect of DMOG and
cisplatin. Mechanistically, PC4 governs multiple down-
stream pathways associated with chemotherapy resistance,
including the SOX9 and HIF-1«a pathways. Thus, PC4 is a
promising chemotherapeutic target in LUAD.
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