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ARTICLE INFO ABSTRACT

Keywords: Anlotinib is a novel molecular targeted agent targeting the vascular endothelial growth factor receptor, which
miR-6077 differs from the other currently available non-small cell lung cancer (NSCLC) molecular targeted drugs targeting
GLUT1

this receptor. Although the application of anlotinib may bring new hope for patients with advanced NSCLC, the
cost of treatment is high. The results of this study showed that microRNA-6077 (miR-6077) represses the ex-
pression of GLUT1 (glucose transporter 1) and enhances the sensitivity of patient-derived lung adenocarcinoma
(AQ) cells to anlotinib. The miR-6077, which potentially binds to the 3’untranslated region of GLUT1, was
identified and screened by miRDB, an online tool; sequences of miR-6077 were prepared as lentivirus particles.
A549 cells (a lung adenocarcinoma cell line) and five patient-derived AC cell lines were infected with control
miRNA or miR-6077, and subsequently treated with the indicated concentration of anlotinib. The expression of
proteins, such as GLUT1, was determined by western blotting. The antitumor effect of anlotinib was identified
through in-vitro (e.g., MTT) or in-vivo methods (e.g., subcutaneous tumor model). Overexpression of miR-6077
repressed the expression of GLUT1 and decreased the glucose uptake, lactate production, or ATP generation in
AC cells. In addition, MiR-6077 may enhance the antitumor effect of anlotinib on A549 or patient-derived AC
cell lines. Therefore, our results indicated that miR-6077 represses the expression of GLUT1 and enhances the
sensitivity of patients-derived lung AC cells to anlotinib.

Patient-derived cell lines
Lung adenocarcinoma
Anlotinib

1. Introduction

Lung cancer is one of the most common human cancers and a ser-
ious threat to human health [1-3]. Due to the limitation of current
technologies applied to clinical diagnosis, a large number of patients
are suffering from an advanced stage of disease (advanced lung cancer)
even at initial diagnosis. Therefore, surgical operation may not be
suitable, and the prognosis or clinical outcome of patients with ad-
vanced lung cancer is poor [4-6]. Clinical strategies for the treatment of
advanced lung cancer are great challenges for doctors or researchers in
related fields. Molecular targeting agents, such as gefitinib or erlotinib,
which were developed to target the endothelial growth factor receptor
(EGFR), have been widely used and demonstrated clear therapeutic
effects [7-9]. However, during the treatment, patients often develop
tolerance to drugs due to multiple factors, such as EGFR mutation
[10,11]. To resolve this problem, new molecular targeting agents tar-
geting the vascular EGFR (VEGFR), such as anlotinib, have been
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developed and provide new hope for patients with lung cancer [12-14].
Achieving safer and more effective molecular targeted therapy is of
great importance.

It is established that the metabolism of human cancer cells increases
to adapt to the rapid proliferation or aggressive metastasis of cancer
cells [15,16]. The increasing metabolism, termed “the Warburg effect”,
is featured by an elevated glucose uptake, which is mediated by the
glucose transporter proteins (GLUTs), and the lactic fermentation of
glucose even at the aerobic condition [17,18]. Among GLUTs, glucose
transporter 1 (GLUT1), which is encoded by the solute carrier family 2
gene (SLC2A1), is overexpressed in human cancers and participates in
the progression or metastasis of cancer cells [19-21]. Moreover, the
effects of lactic fermentation of the Warburg effect on the alteration of
the microenvironment of tumor tissues enhancing the metastasis or the
resistance to antitumor drug have attracted the attention of researchers.
Therefore, inhibiting the expression or activation of GLUT1 is a pro-
mising strategy for the treatment of human cancer.
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Anlotinib is a newly approved molecular targeted agent for the
treatment of non-small cell lung cancer (NSCLC), especially lung ade-
nocarcinoma (AC), the most common subtype of lung cancer [22-24].
Anlotinib targets the VEGFR-related signaling pathway, and inhibits the
proliferation or metastasis of AC cells [13,25]. At present, the cost of
anlotinib continues to bring tremendous financial burden on NSCLC
patients. The discovery and establishment of an anlotinib sensitization
strategy may assist in improving the therapeutic effect of anlotinib and
achieving a similar antitumor effect through reduced dosage. It can also
avoid or improve the potential toxic side effects caused by drug treat-
ment and help to alleviate the economic burden of patients. In the
present study, the full-length sequences of microRNA 6077 (miR-6077)
were prepared as lentivirus particles to overexpress miR-6077 in A549,
a typical AC cell line, or patient-derived AC cell (PDC) lines. The in-
fluence of miR-6077 on the antitumor effect of anlotinib on AC cells
was examined using in-vitro or in-vivo methods. The results showed
that miR-6077 repressed the expression of GLUT1 and enhanced the
sensitivity of PDCs to anlotinib.

2. Materials and methods
2.1. Cell line and agents

The lung AC cell lines A549 or PDC lines were preserved in our
laboratory [26]. The lentivirus containing the full-length sequence of
miR-6077, GLUT1, or GLUT1 with mutated miR-6077-binding sites was
constructed by Vigene Corporation (Jinan, China). The vectors of
GLUT1 with mutated miR-6077-binding sites were named as GLUT1M™,
The inhibitor of miR-6077 was purchased from Thermo Fisher Scientific
Corporation (Waltham, MA, USA).

2.2. (Clinical specimens and quantitative polymerase chain reaction (qPCR)
experiment

The collection of clinical specimens (30-paired AC tissues and non-
tumor tissues) was performed after obtaining written informed consent
by the patients and approval by the Ethic Committee of the General
Hospital of Northern Theater Command, Chinese People's Liberation
Army. Total RNA samples from the clinical specimens or AC cells were
extracted using a PARISTM Kit (Thermo Fisher Scientific), and the re-
verse transcription of RNA samples was performed using Multiscribe™
Reverse Transcriptase (Thermo Fisher Scientific Corporation). The
qPCR experiment was performed according to the methods provided by
Liang et al. and Ji et al. [27,28]. The primers used in the qPCR ex-
periments are listed in Table 1.

2.3. Ion AmpliSeq targeted sequencing experiments [29,30]
The primers for GLUT1, GLUT2, GLUT3, GLUT4, GLUT5, GLUTS6,

Table 1
The primers used in Ion AmpliSeq Targeted Sequencing experiments.
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GLUT7, GLUT8, GLUT9, GLUT10, GLUT11, or GLUT12 (the gene
symbol of GLUT1~12 was SLC2A1, SLC2A2, SLC2A3, SLC2A4, SLC2A5,
SLC2A6, SLC2A7, SLC2A8, SLC2A9, SLC2A10, SLC2A11 or SLC2A12)
were designed using the online tool Ion AmpliSeq Designer (Thermo
Fisher Scientific Corporation). Total RNA samples were extracted from
the clinical specimens using RNA-extraction Kits (Applied Biosystems
instruments; Thermo Fisher Scientific Corporation), and subjected to
reverse transcription into cDNA using RNeasy Mini Kits (Qiagen,
Valencia, CA, USA). The construction of a ¢cDNA sample library was
achieved using the Ion AmpliSeq Library Kits and the Ion Xpress
Barcode Adapter reagents (Thermo Fisher Scientific Corporation). The
examination panel of GLUTs was amplified using 2 X primer pool-
buffers with a 25-cycle amplification (Ion Personal Genome Machine
[PGM] Hi-Q View Sequencing Kit, Catalog number: A30044; Thermo
Fisher Scientific Corporation). The Ion PGM Hi-Q sequencing kits and
the Ion Torrent 318 chips (Ion 318 Chip Kit v2 BC, Catalog number:
4488150; Thermo Fisher Scientific Corporation) were used for the se-
quencing analysis through the Ion Torrent PGM platform (Ion PGM
System, Catalog number: 4462921, Thermo Fisher Scientific
Corporation). The Ion Torrent data were analyzed using the Ion Torrent
Suite v3.0 software (Thermo Fisher Scientific Corporation). The primers
were listed as Table 1.

2.4. Preparation of anlotinib formulation

The molecular agent anlotinib (Cat., No.: S8726) was purchased
from Selleck Corporation (Houston, TX, USA). For cell-based experi-
ments, anlotinib was dissolved using organic solvents (i.e., dimethyl
sulfoxide [DMSO]), and subsequently diluted into indicated con-
centrations of resolutions by Dulbecco's Modified Eagle Medium [31].
The concentrations of anlotinib used in the cell-survival experiments
were: 10umol/L, 3umol/L, 1pmol/L, 0.3umol/L, 0.1 umol/L,
0.03 umol/L, or 0.01 pumol/L. For the animal experiments, 20 mg of
apatinib was firstly dissolved in 100 pL. DMSO, 200 uL polyethylene
glycol 400, and 200 pL. Tween 80 [32,33]. Subsequently, the solutions
were slowly and carefully diluted using physiological saline to a solu-
tion with a total volume of 10 mL. During the dilution, the solution can
be subjected to ultrasonic or churning treatment to improve the dis-
solution of the drug. The final concentration of DMSO, polyethylene
glycol 400, or Tween 80 was no > 1%o, 2%o, or 2%o.

2.5. Cell culture and cell-survival examination

A549 and PDCs were cultured in Dulbecco's Modified Eagle Medium
with 10% fetal bovine serum at 37 °C and 5% carbon dioxide condition.
Cells infected with lentivirus particles were seeded into 96-well plates
(8000 cells per well). Subsequently, the cells were treated with the
indicated concentration of anlotinib for 48 h. After treatment, the cells
were analyzed through MTT assays as previously described [29]. The

Gene Symbol Pool Ion_AmpliSeq Fwd_Primer* Ion_AmpliSeq_Rev_Primer*
SLC2A1 Pooll GGCATGATTGGCTCCTTCTCT GCCCAGGATCAGCATCTCAAA
SLC2A2 Pooll CCTAGGCAGAGCTGCGAATA CACAGCAGTGATGACAGTGAAAA
SLC2A3 Pooll TGGAATCACCCCTAGATCTTTCTTGA GGAGCATTGATGACCCCAGTG
SLC2A4 Pooll TTTCTCCAACTGGACGAGCAA GGCCTCGAGTTTCAGGTACT
SLC2A5 Pooll GTAACCGTGTCCATGTTTCCATTTG CGACTCTGCTGCATCCCATT
SLC2A6 Pooll TGGTCTACACATCCCCTGTCA GGAGGTCGTTGAGGATCATGG
SLC2A7 Pooll ACATCGCGGGACATTCCATT TGGATGGGAACAGGAAGCCTAT
SLC2A8 Pooll GTCTCTGCACAGCCTGTTGAT CCCTTGACATGCAGAGGGAA
SLC2A9 Pooll AAAGATCCCATACGTCACCTTGAG TGATGGTGAGGGTCCCAAAGA
SLC2A10 Pooll CCTTCCTGCTCTACGGACTGA AGTTCTGCCTGTGGCCAAA
SLC2A11 Pooll GAGATGATCATGCTGGGAAGACT ACGATCCCCAGAGCCGTAA
SLC2A12 Pooll TCCTTAGCCAGCTTGCTTGT GAGGAGATTGATGCCCCAGTT

Abbreviations: SLC2: solute carrier family 2; Fwd: forward; Rev.: Reverse;
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relative number of cells in each group was examined by the optical
density (OD) values at a wavelength of 490 nm. The inhibition rate of
anlotinib on AC cells was calculated as follows: (Control group OD
490 nm — administration group OD 490nm)/(Control group OD
490 nm) x 100%.

2.6. Antibodies and western blotting analysis

Antibodies against GLUT1, E-cadherin, N-cadherin, Vimentin,
LDHA, and p-Actin were purchased from Abcam Corporation,
Cambridge, UK. The protein levels of GLUT1, E-cadherin, N-cadherin,
Vimentin, LDHA, and pB-Actin were examined through western blotting
using specific antibodies. The western blotting experiments were per-
formed according to the method described by Li et al. [16]. The B-Actin
was selected as the loading control. The images of western blot was
quantitatively analyzed by Image J (National Institutes of Health, Be-
thesda, Maryland, USA), an Image analysis software, and the quanti-
tative expression level of proteins were examined as the band-intensity.
The inhibition rates were calculated as [(band-intensity of the control
group) — (band-intensity of the administrated group)] / (band-intensity
of the control group) . 100%.

2.7. Biochemical examination experiments

The biochemical examination experiments were carried out fol-
lowing the methods descripted by Li et al. 2017 [34]. The AC cells were
collected and the effects of miR-6077 on cells', glucose uptake, lactate
production and ATP generation were examined. On this basis, the in-
hibition rate was calculated: (control group biochemical index - ex-
perimental group biochemical index)/(control group biochemical
index) , 100%.

2.8. Subcutaneous growth of AC cells in nude mice

All the protocols and methods of the animal experiments were ap-
proved by the Animal Care and Use Committee of General Hospital of
Northern Theater Command, Chinese People's Liberation Army. All
animal experiments were performed in accordance with the UK Animals
(Scientific Procedures) Act, 1986 and associated guidelines. AC cells
(A549 or PDCs) transfected with vectors were injected into nude mice
to form subcutaneous tumors as previously described [35,36]. Fol-
lowing injection (7-10 days), the mice received solvent control or oral
treatment with anlotinib at the indicated concentration every 2 days.
After 3 weeks of treatment (i.e., 10 administrations), all nude mice were
sacrificed, and the final volume and weight of subcutaneous tumors
were measured [35,36].

2.9. The intrahepatic growth of AC cells in nude mice

For the liver migration experiments, A549 cells infected with vec-
tors were injected into the livers of nude mice via the hepatic portal
vein. The nude mice (4-5weeks old) were purchased from Si-Bei-Fu
Corporation (Beijing, China). Following injection (4-5 days), the mice
received treatment with the indicated concentration of anlotinib once
every 2days. After 3 weeks of treatment (approximately 21 days/10
administrations), all mice were examined using microPET (Philips
Corp., Netherlands) as described by Xu et al. and Zhang et al. [16,33].
After the microPET analysis, nude mice were harvested, and images of
livers with lesions/nodules formed by A549 cells were obtained. Le-
sions/nodules formed by A549 cells in the livers of nude mice were
quantitatively analyzed by measuring the radio-activation [37,38] of
livers or the area of lesions/nodules according to the methods described
by Xie et al. [33].

For the liver invasion experiments, A549 cells transfected with the
indicated vectors were mixed with the biological-medical hydrogel
(Cai-Hong-Yi-Xue-She-Bei Corporation, Kunming, China) to form
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hydrogel droplets. Subsequently, the hydrogel containing A549 cells
was adhered onto the surface of the lives of nude mice. Mice were re-
ceived oral administration of anlotinib once per 2 days. After 3 weeks of
treatment (approximately 21 days/10 administrations), the mice were
screening through microPET. The tumor nodules formed by the invasive
growth of A549 cells were examined through Masson staining of the
livers of nude mice following the methods described by Meng et al.
[39]. The captured images were quantitatively analyzed to determine
the relative invasive growth of A549 cells into the liver using the Image
J software, as previously described [40]. The thickness of the nodules or
the whole liver was quantitatively analyzed. The relative invasive
growth of A549 cells in the liver (i.e., the thickness of nodules to the
thickness of the liver) was calculated using the following formula:
(nodule thickness in the control group)/(liver thickness in the control
group) X 100% or (nodule thickness in the experimental group)/(liver
thickness in the experimental group) X 100%. The inhibition rate in
each group was calculated as follows: [(relative invasive growth in the
control group) — (relative invasive growth in the experimental
group)]/(relative invasive growth in the control group) x 100% [35].
Values were corrected for protein concentration and presented as the
mean *= SD of replicate experiments [19,41,42].

2.10. Statistical analysis

The statistical analysis was performed by Bonferroni's correction
without two-way analysis of variance using the SPSS statistical software
(SPSS 9.0; IBM Corporation, Armonk, NY, USA). The ICs, value/con-
centration of anlotinib was calculated using the Origin software (Origin
6.1; OriginLab Corporation, Northampton, MA, USA). A P < .05 de-
noted statistical significance.

3. Results

3.1. miR-6077 is a miRNA potentially targeting the 3’untranslated region
(3’UTR) of GLUTI

The expression of all GLUTS (GLUT1-12) was firstly examined in 30
pairs of clinical specimens (one AC and one non-cancer as a pair of
tissues) from patients with the AC type of NSCLC. As shown in Fig. 1,
the expression of GLUT1 in AC was markedly higher than that observed
in non-tumor tissue (Fig. 1A). Moreover, in AC tissues, the expression
level of GLUT1 is markedly higher than that of other GLUTs
(Fig. 1B-M). Subsequently, miRDB (an online database) was used to
predict a miR that potentially binds to the 3’UTR of GLUT1. The results
are shown in Fig. 2; miR-6077 was shown to bind to the 3’UTR of
GLUT1. The expression levels of GLUT1 and miR-6077 were also ex-
amined in clinical specimens to validate this finding. As shown in
Fig. 2B-E, the expression of miR-3174 was negatively associated with
that of GLUT1 in clinical samples. Moreover, western blotting analysis
was performed to examine the effect of miR-6077 on the expression of
GLUT1 in A549 cells (Fig. 2B). As shown in Fig. 2F and G, over-
expression of miR-6077 repressed the expression of GLUT1. In addition,
transfection with an inhibitor of miR-6077 or GLUT1 with mutated
miR-6077-targeting sites (GLUT1™") almost fully blocked the effect of
miR-6077 (Fig. 2F, G). Therefore, miR-6077 is a miRNA targeting
GLUT1.

3.2. Overexpression of miR-6077 enhanced the sensitivity of AC cells to
anlotinib

Subsequently, the influence of miR-6077 on the antitumor effect of
anlotinib was examined. As shown in Table 2, anlotinib may inhibit the
survival of AC cells in a dose-dependent manner. Overexpression of
miR-6077 enhances the sensitivity of AC cells to anlotinib, and the half
maximal inhibitory concentration (ICsp) values of anlotinib on AC cells
were decreased (Table 2). The expression of GLUT1 in A549 cells and
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Fig. 1. The expression of GLUTSs in clinical specimens obtained from AC patients. Total mRNA was extracted from 30 pairs of clinical specimens (AC and non-tumor
tissues from the same patients). The expression levels of GLUT1 (A), GLUT2 (B), GLUT3 (C), GLUT4 (D), GLUTS5 (E), GLUT6 (F), GLUT7 (G), GLUT8 (H), GLUT9 (I),
GLUT10 (J), GLUT11 (K), and GLUT12 (L) were examined through AmpliSeq methods, and the results are shown as scatter diagrams. The expression levels of these
12 GLUTS are shown as a scatter diagram at the same coordinate (M). *P < .05.
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Fig. 2. miR-6077 is a microRNA targeting the 3’'UTR of GLUT1. (A) miR-6077 was identified using an online tool (miRDB) and potentially targets the 3’UTR of
GLUT1. The binding site and mutated binding site are shown as a schematic diagram. (B and C) The expression level of miR-6077 and the GLUT1 in tumor tissues or
non-tumor tissues are shown as a scatter plot. (D and E) The relationship between the expression level of miR-6077 and the GLUT1 in tumor tissues (D) or non-tumor
tissues (E) is shown as a scatter plot. (F and G) A549 cells transfected with control miRNA, miR-6077, miR-6077 + GLUT-1Mut, or miR-6077 + inhibitor of miR-6077
were harvested for western blotting analysis. The results are shown as images of western blotting (F) or quantitative analysis (G). *P < .05.

PDCs was shown in Supplemental Fig. 1. Moreover, transfection with an
inhibitor of miR-6077 or GLUT1™" inhibited the effect of miR-6077 on
AC cells (Table 2). Western blotting was performed to further examine
the effect of miR-6077 on AC cells. As shown in Fig. 3, miR-6077 de-
creased the expression of N-cadherin or Vimentin, two mesenchymal
indicators, and enhanced the expression of E-cadherin, an epithelial
indicator. Overexpression of miR-6077 also inhibited the expression of

GLUT-1 and lactate dehydrogenase A (LDHA) in A549 cells. Similar
results were obtained in PDCs cells (Supplemental Table 1). Further-
more, the effect of miR-6077 on the glucose uptake, lactate production,
or ATP generation in AC cells was shown as Table 3: overexpression of
miR-6077 inhibited the glucose uptake, lactate production, or ATP
generation in AC cells and transfection of GLUT1™" or miR-6077's in-
hibitor decreased the effect of miR-6077. Therefore, miR-6077
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Table 2
The ICs, values of anlotinib on AC cells' survival.
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Cell lines control miRNA miR-6077 miR-6077 + GLUT1M"¢ miR-6077 + inhibitor
ICs values (umol/L) of anlotinib
A549 0.59 = 0.08 0.10 = 0.03 0.61 = 0.10 0.52 = 0.07
AC PDCs No. 1 0.99 + 0.16 0.31 * 0.46 1.15 + 0.59 0.95 + 0.25
AC PDCs No. 2 0.77 = 0.11 0.20 = 0.05 0.78 = 0.36 0.70 = 0.03
AC PDCs No. 3 1.85 = 0.29 0.33 = 0.08 1.10 = 0.38 1.29 + 0.49
AC PDCs No. 4 1.054 = 0.74 0.58 += 0.10 1.38 = 0.70 1.28 + 0.47
AC PDCs No. 5 0.74 = 0.24 0.10 * 0.04 0.63 *+ 0.06 0.49 + 0.35
Abbreviations: PDCs: patients-derived cells; AC: Lung adenocarcinoma; ICsp: half maximal inhibitory concentration.
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Fig. 3. miR-6077 decreased the EMT and expression of genes related to the Warburg effect in A549 cells. A549 cells transfected with control miRNA, miR-6077, miR-
6077 + GLUT-1Mut, or miR-6077 + inhibitor of miR-6077 were harvested for western blotting analysis. The results are shown as images of western blotting (A) or

quantitative analysis (B-F). *P < .05.

inhibited the epithelial-mesenchymal transition process and the ex-
pression of genes related to the Warburg effect in AC cells by repressing
the expression of GLUT1. Overexpression of miR-6077 also inhibited
the glucose uptake, lactate production, or ATP generation in AC cells.

3.3. Overexpression of miR-6077 enhanced the antitumor effect of anlotinib
on the subcutaneous growth of AC cells

Subsequently, the in-vivo antitumor effect of anlotinib on AC cells
was examined using a subcutaneous tumor model. As shown in Fig. 4
and Table 4, oral administration of anlotinib inhibited the subcutaneous
growth of AC cells in nude mice. Overexpression of miR-6077 enhanced
the sensitivity of AC cells to anlotinib. To further examine the specifi-
city of miR-6077 for AC cells, the cells were transfected with
GLUT1Mut. As shown in Fig. 5 and Table 4, transfection with GLUT1™"*
almost blocked the effect of miR-6077 on the antitumor property of
anlotinib. Therefore, overexpression of miR-6077 enhanced the anti-
tumor effect of anlotinib on the subcutaneous growth of AC cells by
targeting GLUT1.

3.4. Overexpression of miR-6077 enhanced the antitumor effect of anlotinib
on the intrahepatic growth of AC cells

To further examine the in-vivo antitumor activation of anlotinib, the
intrahepatic growth of AC cells in nude mice, mimicking the lung
cancer-liver metastasis or invasion, was also determined. AC cells were
injected into the livers of nude mice via a hepatic portal vein injection
to mimic the migration of AC cells. As shown in Fig. 6, A549 cells
formed multiple and diffuse lesions in the liver. The results are shown
as images of micro positron emission tomography (microPET) or livers
with lesions. Oral administration of anlotinib inhibited the formation of
lesions by A549 cells in the livers of nude mice. Overexpression of miR-
6077 enhanced the antitumor effect of anlotinib on the formation of
lesions by A549 cells in nude mice (Fig. 6). Transfection with GLUT1™"*
almost blocked the effect of miR-6077. Similar results were obtained
from the intrahepatic invasion experiments (Fig. 7). Therefore, over-
expression of miR-6077 enhanced the sensitivity of A549 cells to an-
lotinib.
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Table 3

The inhibition rates (%) of anlotinib on AC cells' glucose uptake, lactate production or ATP generation.
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Cell lines miR-6077 miR-6077 + GLUT1M" miR-6077 + inhibitor
The inhibition rates (%) of anlotinib
A549 glucose uptake 62.19 * 4.82 9.31 * 5.70 19.69 + 1.89
lactate production 49.59 + 541 5.44 = 0.74 10.90 = 0.86
ATP generation 58.17 + 2.45 - -
AC PDCs No. 1 glucose uptake 41.2 = 3.35 - 6.23 = 0.97
lactate production 48.13 *= 4.17 5.94 + 1.48 -
ATP generation 45.36 + 3.64 2.20 = 0.40 -
AC PDCs No. 2 glucose uptake 27.88 = 3.18 -
lactate production 44.45 + 3.25 - -
ATP generation 36.2 = 9.30 - -
AC PDCs No. 3 glucose uptake 27.49 = 599 - -
lactate production 22.26 * 6.49 - -
ATP generation - 20.51 + 4.56 - -
AC PDCs No. 4 glucose uptake - 34.56 * 4.89 - -
lactate production - 39.40 + 2.38 - -
ATP generation - 24.47 = 3.92 - 6.58 = 1.30
AC PDCs No. 5 glucose uptake - 54.36 * 9.38 - 1.95 = 0.45
lactate production - 64.16 = 5.83 - 6.737186
ATP generation - 44.57 = 4.59 - 6.543977

Abbreviations: PDCs: patients-derived cells; AC: Lung adenocarcinoma; ICso: half maximal inhibitory concentration; ATP: adenosine triphosphate.

4. Discussion

Lung cancer has been one of the foremost fatal human malignancies
due to smoking, aging of the population, and environmental pollution.
The SCLC and NSCLC are the main subtypes of human lung cancer
[22-24]. NSCLC accounts for approximately 80% of all patients suf-
fering from lung cancer, and lung AC is the most common subtype of
NSCLC: AC, squamous cell carcinoma, or large cell carcinoma [22-24].
Therefore, this study selected A549 cells, the most commonly used and
recognized AC cell line, and PDC lines, using a series of in-vitro or in-
vivo methods to detect the antitumor effect of anlotinib. MiRNA is a
non-coding RNA playing important roles in gene silencing by acting on
the mRNA of a target gene [43,44]. The miRNA is an important com-

ponent of epigenetic regulation in eukaryotic cells, as

A

Control group

Anlotinib 0.2mg/kg

Anlotinib 0.5mg/kg

Anlotinib 1mg/kg

Control miRNA

Anlotinib 2mg/kg
Anlotinib 3mg/kg
Anlotinib 0.2mg/kg
Anlotinib 0.5mg/kg

Anlotinib 1mg/kg

miR-4794

Anlotinib 2mg/kg

Anlotinib 3mg/kg

Table 4
The ICs, values of anlotinib on AC cells' subcutaneous growth.

Cell lines Control miRNA ~ miR-6077 miR-6077 + GLUT1M"*
ICsq values (mg/kg) of anlotinib

A549 1.63 = 0.20 0.71 + 0.2848 1.74 = 0.40

AC PDCs No. 1 1.92 + 0.37 0.82 + 0.21 2.58 + 0.65

AC PDCs No. 2 1.75 = 0.81 0.76 *= 0.22 1.44 = 0.35
ACPDCsNo.3 - 0.86 = 0.44 -

AC PDCs No. 4 2.05 + 0.41 0.41 + 0.05 1.93 = 0.38

AC PDCs No. 5 1.55 = 0.42 0.83 += 0.10 1.52 + 0.12

Abbreviations: PDCs: patients-derived cells; AC: Lung adenocarcinoma; ICsy:
half maximal inhibitory concentration.
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important regulator of tumor cell proliferation and other related me-
chanisms [41,42,45]. In addition, the construction and utilization of
various viral vectors (i.e., lentivirus, rotavirus, adenoviral vector, etc.)
to express full-length sequences of miRNAs in tumor cells and tissues
has become a viable strategy for related gene therapy [44,46-51]. In
the presence study, the expression vector of miR-6077 was used to
prepare lentivirus particles. These particles were used to infect AC cells,
leading to a significant sensitization of cells to anlotinib. Moreover,

beside miR-6077, Guo et al. (2016) reported that the miRNA-451 could
inhibit the proliferation and invasion of glioma cell by downregulating
glucose transporter 1 [52]. Ding et al. (2017) reported that the miR-
148b inhibits glycolysis in gastric cancer through targeting SLC2A1
(GLUT1) [53]. Santasusagna et al. (2018) reported that the miR-328
could mediate a metabolic shift in colon cancer cells by targeting
SLC2A1 (GLUT1) [54]. Yan et al. [80] indicated that the miR-200c
could inhibit the proliferation of oral squamous cell carcinoma cells by
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Fig. 6. miR-6077 enhances the sensitivity of A549 cells to anlotinib by targeting GLUT1. A549 cells transfected with control miRNA, miR-6077, or miR-
6077 + GLUT1Mut were injected into the livers of nude mice via the hepatic portal vein to mimic the lung cancer-liver migration. Subsequently, the mice received
oral administration of anlotinib. The results are shown as (A) images of microPET, (B) images of liver organs with lesions formed by A549 cells, (C) the radio-
activation of livers to blood, (D) the inhibition rates of anlotinib on A549 cells according to the radio-activation of liver organs to blood, (E) the relative area of
lesions formed by A549 cells in the livers, and (F) the inhibition rates of anlotinib according to the relative area of lesions formed by A549 cells. The arrows were
indicated the images of 18F_FDG in nude mice's liver regions (A) or the tumor-lesions formed by AC cells in liver organs of nude mice (B). *P < .05.
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Fig. 7. miR-6077 enhances the sensitivity of A549 cells to anlotinib by targeting GLUT1. A549 cells transfected with control miRNA, miR-6077, or miR-
6077 + GLUT1Mut were mixed with hydrogel to adhere onto the surface of livers, mimicking the lung cancer-liver invasion. Subsequently, the mice received oral
administration of anlotinib. The results are shown as (A) images of microPET, (B) images of Masson staining of livers with lesions formed by A549 cells, (C) the radio-
activation of liver organs to blood, (D) the inhibition rates of anlotinib on A549 cells according to the radio-activation of liver organs to blood, (E) the relative depth
of lesions formed by the invasion of A549 cells in the liver, and (F) the inhibition rates of anlotinib according to the relative depth of lesions formed by the invasion of
A549 cells in the liver. The arrows were indicated the images of '5F-FDG in nude mice's liver regions (A) or the tumor-lesions formed by AC cells in liver organs of

nude mice (B). *P < .05.

targeting Glutl [55]. These results focus on the miRNA/GLUT1 axis in
glioma, gastric cancer, colon cancer or oral squamous cell carcinoma
and the study reports the role of miR-6077/GLUT1 axis in lung ade-
nocarcinoma. Interestingly, miRNA could also function as positive

10

regulator of glucose metabolism and Warburg effects. Chen et al. (2019)
reported that the miRNA-10a promotes cancer cell proliferation in oral
squamous cell carcinoma by upregulating GLUT1 and promoting glu-
cose metabolism [56]. Xu et al. [10] reported that the miR-1204
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promotes ovarian squamous cell carcinoma growth by increasing glu-
cose uptake [57]. Therefore, it is valuable to further examine the
miRNA targeting on GLUTSs and determine whether miRNAs function as
a tissues specific feature.

The Warburg effect (aerobic glycolysis) in human cancer cells often
exhibits the aberrant metabolism characterized by markedly high levels
of glucose-absorption or glycolysis even in the presence of normal
oxygen conditions. Moreover, it facilitates alteration of the micro-en-
vironment, proliferation, metastasis, or drug resistance by elevating
glucose uptake or the accumulation of lactate [58]. Recently, the
Warburg effect was shown to be a hallmark of cancer, and a potential
target for antitumor treatment [59,60]. There are numerous strategies
for inhibiting the Warburg effect in tumor cells: (1) using miRNAs to
inhibit the expression of metabolism-related pathways, such as hy-
poxia-inducible factor or c-MYC [61-67]; or (2) discovering or
screening the inhibitor of metabolism-related factors or signaling
pathways [68,69]. Among these factors, LDHA is the key enzyme
mediating the last step of glycolysis that catalyzes pyruvate into lactate,
and is highly expresses in multiple types of human cancer [70-72]. Li
et al. reported that miR-30a-5p suppressed the LDHA-mediated War-
burg effect and inhibited the growth and metastasis of breast cancer
cells [34]. Although LDHA is a major regulator of the Warburg effect
and changes in the tumor tissue microenvironment (lactate accumula-
tion), the main cause of the Warburg effect in tumor cells is glucose
uptake [71]. In the present study, the expression level of GLUTs in AC
specimens was examined. The expression of GLUT1 in tumor tissues
was significantly higher than that reported in non-tumor tissues. Among
all GLUTSs, the expression of GLUT1 in tumor tissues was significantly
higher than that observed for other GLUTs. Therefore, GLUT1 may be
the most important GLUT in AC. Moreover, overexpression of miR-6077
inhibited the expression of GLUT1, the Warburg effect, and the epi-
thelial-mesenchymal transition process in AC cells. It is established that
alteration in the micro-environment of cancer cells is related with the
metastasis of cancer cells and especially the development of drug re-
sistance [72]. Therefore, repressing the expression of miR-6077 may be
a promising approach for the treatment of AC and it is valuable to ex-
amine the detailed mechnisms of miR-6077 on the AC cells' Warburg
effects related feature.

Anlotinib is a newly approved molecular targeted agent for the
treatment of NSCLC. In the presence study, PDCs were used to examine
the sensitivity of cells to anlotinib. Overexpression of miR-6077 en-
hanced the sensitivity of cells to this agent. Testing the sensitivity of
PDCs to anlotinib not only better than using NSCLC cell lines (such as
A549), but also assisted in predicting the clinical benefit of therapy
with anlotinib to patients. Moreover, this study used a variety of re-
search methods to detect the antitumor activity of anlotinib, including
subcutaneous tumor formation and an intrahepatic tumor model.
Injection of AC cells via the hepatic portal vein, mimicking the lung
cancer-liver metastasis and the invasion of AC cells from the surface of
liver into the liver, may quantitatively assess the invasive growth of AC
cells [39,73-76]. The metastatic effect of lung cancer in patients is
mainly lung cancer brain metastasis, lung cancer liver metastasis and
lung cancer bone metastasis [77-79]. This study established related
animal models to simulate liver metastasis of lung cancer, and more
tumor animal models will be established in the future to simulate lung
cancer brain metastasis and lung cancer bone metastasis.

5. Conclusions

In summary, our results indicated that miR-6077 represses the ex-
pression of GLUT1 and enhances the sensitivity of patients-derived lung
AC cells to anlotinib.
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