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Abstract
Background: Lung cancer, the primary cause of cancer-related deaths worldwide, is
diagnosed at an advanced stage and has a poor prognosis. Non-small cell lung cancer
(NSCLC) is a major histological type of lung malignancy. This study investigated the
effect of ACT001, a novel sesquiterpene lactone derivative, on the proliferation of
NSCLC cells and explored the underlying mechanism.
Methods: The effect of ACT001 on cell proliferation was examined by clone forma-
tion and MTT assay. Differentially expressed genes and enrichment pathways were
analyzed by RNA-seq. Flow cytometry and cell cycle-related protein expression analy-
sis were performed to study the cell cycle. Phosphorylated AKT was detected to
explore the mechanism in natural killer cell triggering receptor (NKTR) KD cells with
AKT activator and/or inhibitor. The therapeutic effect of ACT001 in vivo was studied
in the xenograft tumor model.
Results: ACT001 inhibited the proliferation and G1/S transition in NSCLC cell lines.
By RNA-seq analysis, NKTR may be the target of ACT001. Moreover, knockdown
NKTR promoted cell proliferation and reversed the effects of ACT001. In addition,
ACT001 inhibited AKT phosphorylation, but NKTR knockdown promoted AKT
phosphorylation.
Conclusion: Our results suggested NKTR may be the target of ACT001 in NSCLC.
ACT001 holds promise as a novel method for the treatment of NSCLC.
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INTRODUCTION

Lung cancer exhibits the highest morbidity and mortality of
cancers, with non-small cell lung cancer (NSCLC) being the
predominant histological subtype.1,2 The five-year survival rate
for patients with advanced disease is only 5%.3 Over the past
two decades, considerable efforts have been made to identify
the molecular mechanisms underlying cancer development.4

Remarkable advances in the therapeutic regimens of lung can-
cer have been achieved, in particular, molecularly targeted ther-
apies and immunotherapies such as antiprogrammed cell
death ligand 1 antibodies and immune-checkpoint inhibitors.5,6

Despite efforts to improve the treatment of NSCLC, the avail-
able options remain limited, and patient survival rates have not

markedly improved.7,8 Therefore, new treatment modalities are
urgently needed for patients with advanced disease to control
this deadly disease, expand clinical benefits, and improve sur-
vival and prognosis.

Micheliolide (MCL) is found in Michelia compressa and
Michelia champaca plants. MCL is a derivative of parthe-
nolide (PTL), a natural guaianolide sesquiterpene lactone,
which can suppress leukemia and colitis-associated can-
cer.9,10 Micheliolide has the same anticancer structure as
parthenolide but it is more stable.11,12 ACT001, a derivative
of micheliolide developed by Accendatech, has shown
potent anticancer and anti-inflammatory activities.13,14

ACT001 has also been reported to inhibit the inflammatory
response and activation of the NLRP3 inflammasome in the
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midbrain of 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine
(MPTP)-induced PD mice.13 Because ACT001 can pass
through the blood–brain barrier, considerable research has
been conducted on its antiglioblastoma (GBM) activity. It
has been shown that ACT001 inhibits GBM via NF-κB sup-
pression.15 ACT001 targets glioma stem-like cells16 and syn-
ergizes with cisplatin against gliomas through inhibition of
the phosphoinositide 3-kinase/AKT pathway.17 The
United States Food and Drug Administration has certified it
as an orphan drug for GBM in 2017, and it is currently in
phase II clinical trials (ACTRN12616000228482 in
Australia, ChiCTR-OIC-17013604 in China).18

Some data have shown the potential effectiveness of
ACT001. For example, a patient with relapsed and drug-free
GBM maintained complete remission for 40 months after
receiving ACT001. By inhibiting phospho-NF-κB and IκB-α in
triple-negative breast cancer cells, ACT001 decreases
granulocyte-macrophage colony-stimulating factor (GM-CSF),
promotes apoptosis, and reduces angiogenesis.19 In addition,
ACT001 also induces cell cycle arrest, apoptosis, and the gener-
ation of reactive oxygen species in hepatocellular carcinoma
cells by inhibiting the PI3K/AKT pathway.21 However, the
mechanism of ACT001 is less well understood, especially in
NSCLC. This has significantly limited its clinical application,
and further research is needed to understand its pharmacologi-
cal mechanism.

Herein, we demonstrate, for the first time, that ACT001
inhibits the proliferation of NSCLC. These results may serve
as a preliminary basis for clinical trials of ACT001 in lung
cancer.

METHODS

Cell lines, drugs, and antibodies

Human squamous cell carcinoma cell lines NCI-H1703,
EBC-1, NCI-H226, and human adenocarcinoma cell lines
NCI-H1975, PC9, LTEP-A2, and HCC827 were obtained from
American type culture collection (ATCC) with STR analysis.
All cells were cultured in a standard medium containing 10%
fetal bovine serum and penicillin/streptomycin. ACT001 was
purchased from Accendatech Ltd. Anti-NKTR antibody was
purchased from Santa Cruz Biotechnology (19978-1-AP) for
Western blotting and immunohistochemistry. Antibodies for
cyclinD1 and CDK6 were purchased from Abcam (ab228528)
for Western blotting. Antibodies for AKT and Phosphorylated
AKT were from CST (9272,4060) for Western blotting. All
antibodies were diluted in antibody diluent (beyotime
P0256FT). The AKT activator SC79 (HY-19749) and inhibitors
MK-2206 (HY-108232) were from MCE.

Transfection

Researchers used shRNA carried by a lentiviral vector to
knock down NKTR in H1703 and H1975 cells with

lipofectamine 3000 (Invitrogen) and selected by puromycin
(Invitrogen). NKTR expression was validated by WB.

CancerSEA analysis

The URL for CancerSEA is http://biocc.hrbmu.edu.cn/
CancerSEA/. This cancer database allows exploration of gene
expression and function at the single-cell level. The database
contains datasets from the SRA, GEO, and ArrayExpress
websites. A single gene can be searched directly. The database
allows analysis of the functional status of 41 900 single cells
from 25 tumor types including NSCLC.

GEPIA analysis

GEPIA (http://gepia.cancer-pku.cn/index.html) is a web
server based on the TCGA database and GTEx projects.
Researchers can easily analyze RNA sequencing data from
tumor/normal samples without programming. With GEPIA,
researchers can analyze NKTR differential expression.

Colony formation

Experiments were performed on six-well plates. A total of
500 cells were inoculated in each well. After the cells had
adhered to the wall, different treatments were carried out.
The number of clones was counted after 10–14 days.
Phosphate-buffered saline (PBS) was used to wash the
clones. After that, paraformaldehyde was used to fix the six-
well plates. The plates were set aside for 30 min. Crystalline
purple was used to stain six-well plates. The plates were then
set aside for 20 min.

Cell viability analysis

An MTT assay was performed to detect the proliferation of
NSCLC cells. Experiments were performed using 96-well
plates and 5 000 cells were inoculated in each well. Different
treatments were performed after cell adhesion, and 10 μl
MTT was added to each well after an appropriate time. After
3 h, purple crystals were visualized by the experimenter, the
medium and MTT were discarded, and 150 μl DMSO was
added to each well to dissolve the crystals. The absorbance
values were measured at 490 and 570 nm using an absor-
bance reader.

RNA extraction and quantitative RT-PCR

Trizol was used to extract total RNA. After measuring the
concentration, 500 ng RNA was reverse transcribed to
cDNA. Real-time quantitative PCR (RT-qPCR) was per-
formed using SYBR PCR mix (Takara rr820) following the
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instructions. Data were standardized to the GAPDH level
for at least three repetitions.

The primer sequence of NKTR:

forward primer: 5GCA GTG GCA GTG CTT TCT CT3.
reverse primer: 5TAA TGC GAC CAA CCG GCT C3.

Western blot

According to the procedure, this study utilized a buffer of
Sigma (C2978) and a mixture of protease and phosphatase
inhibitors (Sigma, P8340) to extract proteins. After proteins
quantitative detection (BCA, Solarbio, PC0020), 8%–15% SDS-
PAGE gels were used to separate the same mass of proteins
and protein blots were transferred to PVDF membranes. Block-
ing fluid (beyotime p0235) was used to block the membrane
and the whole process took 30 min. Membranes were later fully
immersed in the primary antibody at 4�C overnight. The next
day, membranes were washed three times for 25 min using
PBS. Then, secondary antibody was used to bind to the pri-
mary antibody for 1 h. PBS was used to wash off the secondary
antibody for 25 min. Finally, a positive protein signal was
detected using an Immobilon Western HRP kit (Millipore).

RNA sequencing

After ACT001 treatment, RNA was extracted from H1703
cells and stored at �80�C. RNA sequencing (RNA-seq) was
accomplished using CapitalBio Technology.

Flow cytometry

A DNA content quantitation assay (cell cycle) kit (Solarbio,
CA1510) was used to analyze the cell cycle. The cell concen-
tration was adjusted to 1 � 106/ml. After the corresponding
treatments, 1 ml of cell suspension was harvested. Then,
70% cold ethanol was used to fix the cells. The whole pro-
cess was carried out at 4�C overnight. Following overnight
fixation, the cells were treated with RNase for 30 min at
37�C for removing RNA contamination. Finally, propidium
iodide (PI) dye liquor was added before incubation of the
cells in the dark at 4�C for 30 min. The cell cycle was
detected with grouped prepared samples.

Immunohistochemistry and hematoxylin–eosin
(HE) staining

NSCLC tissues from 2014–2015 were provided by the Tian-
jin Medical University Cancer Institute and Hospital. The
Ethics Committee of the Tianjin Medical University Cancer
Institute and Hospital consented to this experiment. On the
first day, paraffin sections were dewaxed, hydrated, antigen

repaired, incubated with 3% hydrogen peroxide (H2O2)
protected from light, and blocked in a 5% lamb serum solu-
tion for 15 min. Sections were then treated with primary
antibodies overnight at 4�C. On the second day, the sections
were incubated with DAB enhancers, secondary antibodies,
and DAB chromogen successively.The results were observed
under a microscope and determined independently by two
observers using a blinded method.

The degree of expression was defined by staining shade
and percentage of stained cells in the observations. No
staining, light yellow, brownish-yellow and brownish brown
were scored as 0, 1, 2, and 3. The proportion of stained cells
in the field of view defined as <5% was scored as 0, 5%–25%
as 1, 26%–50% as 2, 51%–75% as 3 and 76%–100% as 4. The
final result was the product of the two figures. High expres-
sion was defined as a score of 5 and above.

HE staining was done using a conventional method. The
dewaxed sections were incubated with hematoxylin and sta-
ined with eosin.

Xenograft tumor model

This experiment was conducted at the Cancer Institute
and Hospital of Tianjin Medical University. Consent for
all operations was obtained from the Ethics Committee.
The results of all animal experiments were approved by
the ethics committee of the Tianjin Medical University
Cancer Institute and Hospital. To establish the lung can-
cer model, 5–6 weeks old BALB/c nude mice were inocu-
lated subcutaneously into the groin with 1 � 107 H1703
cells suspended in 100 μl sterile PBS. Tumor volume (½
[length � width2]) was measured every two days. After
the average tumor volume reached 100 mm3, mice
received 200 mg/kg ACT001 or sterile saline solution
orally every day. On day 13, one mouse in the saline
group died because the tumor was too large. After 12 days
of administration, the mice were killed under anesthesia.
The tumors, livers and kidneys were carefully taken, fixed
with 10% formalin and embedded in paraffin.

Statistical analysis

Statistical differences were analyzed by a Student’s t-test.
The criteria for statistically significant differences were:
*p < 0.05, **p < 0.01, ***p < 0.001 and ****p < 0.0001.
p < 0.05 was considered to be statistically significant.

RESULTS

ACT001 inhibited NSCLC cell proliferation
in vitro

The molecular formula of ACT001 is C17H27NO3�C4H4O4,
with a molecular weight of 409.47 Da24 (Figure 1a). To
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investigate the effect of ACT001 in NSCLC, this study ini-
tially determined its IC50 in NSCLC cell lines using an
MTT assay. The viability of NSCLC cells decreased as the
concentration of ACT001 increased (0.0625–800 μM)
(Figure 1b). Calculations showed that ACT001 had a rel-
atively pronounced inhibitory effect on H1703
(IC50 = 9.21 μM) and H1975 (IC50 = 14.42 μM) cells;
the IC50s of the other cell lines tested ranged from 50 to
100 μM (Table 1). For subsequent experiments, H1703
IC50 concentrations of 0, 100%, and 200% were used,
with an incubation time of 72 h. This study performed
clone formation using H1703 and H1975 cells to observe
the effects of ACT001. The clone formation assay showed
that increasing concentrations of ACT001 inhibited the
proliferation ability of these cells (Figure 1c,d). These
results suggest that ACT001 inhibits NSCLC cell
proliferation.

ACT001 induced G1/S arrest in NSCLC cell
lines

To investigate the effect of ACT001 on NSCLC, this study
performed RNA-seq on H1703 cells treated with or without
ACT001. Pathway enrichment analysis revealed that RNAs
associated with the cell cycle pathway changed the most sig-
nificantly (Figure 2a). To verify the RNA sequencing results,
the experimenter performed flow cytometry. The ratios of
cells in the G1, S, and G2/M phases indicated that ACT001

induced G1/S arrest in the NSCLC cell lines(Figure 2b). At
classical G1/S phase checkpoints, the expression of cyclinD1
and CDK6 decreased following ACT001 administration
(Figure 2c). These results indicate that ACT001 inhibits
G1/S transition.

ACT001 upregulated NKTR expression, and
high NKTR expression favored patient survival
and prognosis

To further explore the mechanism of action of ACT001 in
NSCLC cells, this study determined differentially expressed
genes following ACT001 treatment by RNA-seq (false dis-
covery rate <0.05 and a folder change >2). NKTR is a top
one in ACT001 upregulated genes (Figure 3a). WB and

F I G U R E 1 ACT001 inhibited non-small cell lung cancer (NSCLC) cell proliferation in vitro. (a) Molecular structure formula of ACT001. (b) The
ACT001 72 h IC50 in NSCLC cells. (c) A clone formation assay was performed to investigate the effect of different concentrations of ACT001 on H1703
and H1975 cell lines. (d) Quantification of the clone formation assay. *p < 0.05, **p < 0.01, ***p < 0.001 and ****p < 0.0001

TAB L E 1 Inhibitory effect of ACT001 on non-small cell lung cancer
cells

ACT001 72 h IC50 (μM)

H1703 9.21

H1975 14.42

EBC-1 58.75

H226 91.58

PC-9 53.62

LTEP-A2 70.93

HCC827 52.79
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qPCR assays demonstrated that ACT001 increased NKTR
expression (Figure 3b,c).

To investigate the effect of NKTR expression on the
diagnosis and survival of patients with NSCLC, this study
utilized the GEPIA database (http://gepia.cancer-pku.cn/
index.html). The results showed that NKTR expression
was lower in NSCLC tissue samples than in normal lung
tissue (Figure 3d). The CancerSEA (http://biocc.hrbmu.
edu.cn/CancerSEA/) database showed that NSCLC cells
with low NKTR expression tended to cluster together,
suggesting that low NKTR expression promotes the
malignant progression of NSCLC (Figure 3e). This study
then used IHC to detect NKTR expression in NSCLC tis-
sue from patients and found that its expression was asso-
ciated with the clinical stage; specifically, late-stage
patients had lower NKTR expression levels (Figure 3f)
(Table 2). This study investigated the prognostic impact
of NKTR using the Kaplan–Meier analysis. Patients had
longer overall survival with NKTR overexpression.
(Figure 3g). These results suggest that high NKTR expres-
sion is beneficial for survival and prognosis.

ACT001 induced G1/S arrest by upregulating
NKTR expression

To further investigate the mechanism of ACT001 in
NSCLC, this study used shRNA carried by a lentiviral vec-
tor to knock down NKTR in H1703 and H1975 cells.
(Figure 4a). This was followed by an analysis of the effect
on cell proliferation viability and clone formation. Cell
proliferation data from the MTT assay are shown in
Figure 4b. The proliferation of tumor cells was signifi-
cantly enhanced after NKTR knockdown. The clone for-
mation assay also showed that decreased NKTR
expression promoted tumor cell proliferation (Figure 4c,
d). These results show that NKTR inhibits the prolifera-
tion of tumor cells. The effect of NKTR knockdown on
the cell cycle was measured using flow cytometry. These
results and the statistical chart showed knockdown of
NKTR resulted in fewer cells in the G1 phase in H1703
and H1975 cells. The researcher also observed that the S
phase cells became more (Figure 4e). CDK6 and cyclinD1
protein expression was measured by WB in the NKTR

F I G U R E 2 ACT001 induced G1/S
arrest in non-small cell lung cancer (NSCLC)
cell lines. (a) The bubble chart shows the up-/
downregulation pathway of ACT001
treatment after analyzing the RNA-Seq
database. (b) Cell cycle analysis. Results of
cell cycle analysis were obtained for the
H1703 and H1975 cell lines with ACT001.
The percentages of G1, S, and G2/M phase
cells were analyzed. *p < 0.05, **p < 0.01,
***p < 0.001 and ****p < 0.0001. (c) Western
blot analysis of cyclin D1 and CDK6 in
H1703 and H1975 cell lines after treatment
with different concentrations of ACT001
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knockdown cell lines and found to be upregulated
(Figure 4f). This indicated that NKTR promoted G1/S
arrest in tumor cells.

Based on previous results showing that ACT001
induced higher NKTR expression and NKTR inhibited
tumor cell proliferation, it was hypothesized that
ACT001 induced G1/S arrest and inhibited NSCLC cell
proliferation by upregulating NKTR expression. To vali-
date this conjecture, we performed MTT, clone

formation, and cell cycle assays. After NKTR knock-
down in H1703 and H1975 cells, the ACT001 IC50
values increased (Figure 5a), suggesting that NKTR may
be the target of ACT001 in NSCLC cells. To further
support our conjecture, 20 μM ACT001 was added to
the NKTR knockdown cell lines, and the NKTR mRNA
and protein levels were determined. The results showed
ACT001 upregulated NKTR in the NKTR-knockdown
cell lines (Figure 5b,c).

F I G U R E 3 ACT001
upregulated natural killer cell
triggering receptor (NKTR)
expression, and high NKTR
expression favored patient survival
and prognosis. (a) The data were
RNA-sequenced after dosing
ACT001 in the H1703 cell line and
processed to obtain a heat map. Red,
upregulated DEGs; blue,
downregulated DEGs (p < 0.05, fold
change >2). (b, c) The RNA-Seq
results were verified. The expression
of NKTR protein and mRNA in
H1703 and H1975 cells were
detected by Western blot (WB) and
qPCR. (d) In most types of cancer,
NKTR expression was lower in
tumor tissues compared to normal
tissues. (e) Distribution of NKTR
expression in non-small cell lung
cancer (NSCLC) cells from the
CancerSEA database. (f)
Representative images of NKTR IHC
staining at different expression levels
in NSCLC. (g) Survival analysis of
NKTR in NSCLC patients. The red
line represents patients with high
NKTR expression and the blue line
represents patients with low NKTR
expression. The x-axis indicates
overall survival time (months) and
y-axis indicates survival rate. A
Kaplan–Meier test was performed.
*p < 0.05, **p < 0.01, ***p < 0.001
and ****p < 0.0001
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In order to additionally test this hypothesis, 20 μM
ACT001 was added to the NKTR knockdown cell lines to
analyze the proliferation and cell cycles. The proliferation of
cells subjected to each treatment was measured using a clone
formation assay. The results showed that NKTR knockdown
in vitro reversed the effects of ACT001 (Figure 5d,e), imply-
ing that the effects of ACT001 on cell proliferation are
related to NKTR.

To verify that the influence of ACT001 on the cell cycle
was mediated by high NKTR expression, NC treatment,
ShNKTR treatment, NC + ACT001 treatment, ShNKTR+-
ACT001 treatment groups were examined for changes in the
cell cycle and CDK6 and cyclin D1 levels. The most distinct
G1/S cell cycle arrest was observed in the NC + ACT001
group, followed closely by the ShNKTR + ACT001 group
(Figure 5f,g). These results indicate that the inhibitory effect
of ACT001 on the cell cycle is achieved by increasing NKTR
expression. NKTR is the target of ACT001 in NSCLC.

ACT001 inhibited AKT phosphorylation by
increasing NKTR expression

It has been documented that ACT001 inhibits the AKT
pathway in glioma and hepatocellular carcinoma16,17,21;
therefore, this study speculated that ACT001 inhibited AKT
phosphorylation and NKTR inhibited cell proliferation by
inhibiting AKT phosphorylation in NSCLC. To verify this
hypothesis, this study treated H1703 and H1975 cells with
ACT001 and measured the levels of total and phosphory-
lated AKT protein. ACT001 inhibited the phosphorylation
of AKT. There was no change in total AKT (Figure 6a). This
study also examined the total and phosphorylated AKT pro-
tein levels after NKTR knockdown. Unsurprisingly, total

AKT protein levels were unchanged and phosphorylated
AKT was elevated (Figure 6b). NKTR knockdown in vitro
reversed the effects of ACT001 (Figure 6c). In general,
ACT001 inhibited the phosphorylation of AKT by increas-
ing NKTR expression. To further verify the mechanism by
which NKTR affects cell proliferation, NKTR and P-AKT
levels were observed in NC, ShNKTR treated cells with/
without the addition of AKT activator and inhibition. It was
found that SC79 and MK-2206 could not change the protein
expression of NKTR, suggesting that the AKT signaling
pathway could not regulate NKTR. Following NKTR KD,
MK-2206 was able to reduce P-AKT levels and SC79 was
able to increase the levels of P-AKT in H1975 and H1703
cells (Figure 6d). These data suggested that NKTR inhibited
cell proliferation by inhibiting AKT phosphorylation. In
conclusion, ACT001 inhibited AKT phosphorylation by
upregulating NKTR expression.

ACT001 inhibited the growth of tumors in vivo

This study verified whether ACT001 inhibited tumor growth
and induced high expression of NKTR in vivo by esta-
blishing a xenograft mouse model using H1703 cells. After
the tumor volume reached the standard size, the mice were
treated with saline or ACT001 (200 mg/kg) daily. Volume
changes in the subcutaneous tumors (n = 5) showed that
the ACT001-treated group had a significantly smaller vol-
ume than the saline-treated group (Figure 7a-c). HE staining
of the liver and kidney tissue demonstrated no detectable
hepatic or renal toxicity after ACT001 treatment
(Figure 7d). In addition, an IHC analysis of NKTR and Ki67
expression levels in the tumor xenografts showed that
ACT001 significantly increased the expression of NKTR
in vivo, which was consistent with the in vitro results. More-
over, ACT001 reduced Ki67 expression(Figure 7e).

DISCUSSION

ACT001, a novel sesquiterpene lactone derivative, has
shown excellent antitumor effects in many studies. ACT001
has been studied clinically in glioma, neuromyelitis optica,
diffuse intrinsic pontine glioma, pulmonary fibrosis, and
brain metastases. This experiment investigates the effect of
ACT001 on NSCLC.

Some studies have previously shown that ACT001 is an
adjuvant that improves the efficacy of chemotherapy17 or
other anticancer treatments such as endocrine therapy for
breast cancer.20 In the current study, ACT001 monotherapy
was highly effective against NSCLC. In vitro, ACT001 signif-
icantly inhibited tumor cell growth and cell cycle transition;
in vivo, the ACT001-treated group had a significantly
smaller xenograft tumor volume than the saline-treated
group (p < 0.05). These findings reflect ACT001 mon-
otherapy has potential therapeutic value and good applica-
tion prospects for patients with NSCLC and provides

T A B L E 2 Stratified analysis of NKTR expression in non-small cell
lung cancer

N (%)

Characteristics Total

Low
NKTR
scores

High
NKTR
scores p-value

Gender

Male 130 (90.3) 58 (44.6) 72 (55.4) 0.700

Female 14 (9.7) 7 (50.0) 7 (50.0)

Age (year)

<60 59 (41.0) 27 (45.8) 32 (54.2) 0.900

≥60 85 (59.0) 38 (44.7) 47 (55.3)

Smoking history

Yes 129 (89.6) 57 (44.2) 72 (55.8) 0.500

No 15 (10.4) 8 (53.3) 7 (46.7)

AJCC eighth TNM stage

I/II 122 (84.7) 43 (35.2) 79 (64.8) p < 0.001***

III/IV 22 (15.2) 20 (90.9) 2 (9.1)

Abbreviation: NKCT, natural killer cell triggering receptor.
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relevant evidence supporting clinical trials of ACT001 in
lung cancer.

NK cells can lyse tumor and virus-infected cells without
prior sensitization. T cells can exhibit analogous NK-like
activity that is independent of the major histocompatibility
complex. This activity is thought to be mediated by an inde-
pendent structure, NKTR.22,23 NKTR is a member of the
protein complex responsible for target recognition and sig-
nal transduction on NK cells, part of the target recognition
contractile complex located on chromosome 9 (3–21-3p23)
that is necessary for NK-like killing.24–26 NKTR inhibits
tumor growth in the SP2/0 myeloma model.27 This study
found NSCLC cells also express NKTR. NKTR expression
may be a prognostic marker and treatment target of NSCLC

patients, providing a relevant basis for further research on
new diagnostic indicators and treatments of this disease.
However, this finding is in contrast to that in a previous
study in which a database analysis showed that NKTR was
upregulated in lung cancer.28 There are some reasons to
account for this discrepancy. First, and most likely, the
authors of the above study used the A549, H1299, and
H1650 cell lines, which were different from those used in
the current study. Another possible reason for the discrep-
ancy is that previous microarray data were developed from a
small number of samples of 19 patients. Finally, NKTR gene
expression can be controlled at the level of mRNA splicing
to produce three NKTR isoforms29 which could be a second-
ary reason.

F I G U R E 4 Natural killer cell
triggering receptor (NKTR)
inhibited tumor cell proliferation
and promoted G1/S arrest.
(a) Knockdown NKTR in H1703
and H1975 cells. NC, empty carrier;
Sh, NKTR KD. (b) Proliferation
viability was assayed with MTT in
NKTR KD cells. (c) Clone formation
assays were conducted to investigate
the influence of knockdown NKTR
on H1703 and H1975 cells.
(d) Quantification of the clone
formation assay. (e) Flow analysis of
the cell cycle. Cell number at the G1,
S and G2/M stages was assessed
after NKTR KD. (f) Western blots
were performed to detect cyclin D1
and CDK6 expression after NKTR
KD. *p < 0.05, **p < 0.01,
***p < 0.001 and ****p < 0.0001
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Based on the RNA sequencing results, this study confirmed
that NKTR inhibited NSCLC cell proliferation and induced
G1/S arrest in this paper. In conjunction with previous studies,
it has been determined that NKTR can function as a tumor
suppressor in NSCLC cells while also being an important acti-
vator of NK cells. Based on the study of NKTR, we reach the
conjecture that NKTR may affect the differentiation of precur-
sor cells into NK cells.29 NKTR might have other roles, apart
from activation, which should be studied further. Throughout
the study, this study conjectured that NKTR expression was

important for maintaining the lytic activity of NK cells and
was inextricably linked to immunity.30 This is supported by a
study showing ACT001 reduced the expression of
programmed cell death ligand 1 in glioblastoma.18 In addition,
in the previously mentioned drug-free patients with GBM
treated with ACT001, the pathology showed immunological
changes. Therefore, the interaction between ACT001 and
NKTR, as well as the effect of ACT001 on the activation and
killing ability of T and NK cells, are questions requiring further
investigation.

F I G U R E 5 ACT001 induced
G1/S arrest by upregulating natural
killer cell triggering receptor
(NKTR) expression. (a) The
ACT001 72 h IC50 in NKTR KD
cells. (b, c) Expression of NKTR was
detected by Western blot (WB) and
qPCR after 20 μM ACT001
treatment in NC or NKTR KD cells.
The empty carrier with the ACT001
group is called NC + A, the NKTR
KD with ACT001 group is called
Sh + A. (d, e) The proliferation
ability of different treatments was
determined by clone formation.
(f, g) Flow cytometry and western
blots were used to detect the cell
cycle after 20 μM ACT001 treatment
in NC or NKTR KD cells. *p < 0.05,
**p < 0.01, ***p < 0.001 and
****p < 0.0001
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The current study has some limitations. For example,
ACT001 affected the expression profile of numerous genes
in NSCLC, not just NKTR. These changes, and their poten-
tial role in the effects of ACT001, need to be further
explored. An additional limitation is that the variety of cell

lines used may not have been sufficiently comprehensive.
Overall, the mechanism by which ACT001 affects the NKTR
requires further investigation.

In conclusion, this study verified the inhibitory activity
of ACT001 monotherapy in NSCLC cells both in vivo and

F I G U R E 6 ACT001 inhibited
AKT phosphorylation by increasing
natural killer cell triggering receptor
(NKTR) expression. (a) The total
AKT and phosphorylated AKT
protein were detected by Western
blot (WB) after different
concentrations of ACT001
treatment. (b) The effect of NKTR
on AKT phosphorylation was
measured by WB. (c) The total AKT
and phosphorylated AKT protein
were detected after 20 μM ACT001
treatment in NC or NKTR KD cells.
(d) The total AKT, phosphorylated
AKT and NKTR protein were
detected after MK-2206 (10 μM)
and/or SC79 (10 μM) treatment in
NC or NKTR KD cells

F I G U R E 7 ACT001 inhibited
the growth of tumors in vivo. (a–c)
Xenograft tumor experiments with
H1703 cells, and the tumor volume
changes after being treated with
saline and ACT001, respectively.
(d) Liver and kidney HE staining of
mice after ACT001 administration.
(e) Immunohistochemical (IHC)
analysis of natural killer cell
triggering receptor (NKTR) and
Ki67 in H1703 tumor xenograft.
*p < 0.05, **p < 0.01, ***p < 0.001
and ****p < 0.0001
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in vitro. This study also found that ACT001 inhibited AKT
phosphorylation to induce G1/S arrest by increasing NKTR
expression. ACT001 could be an effective monotherapy for
patients with NSCLC.
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