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Background: As one of the most common forms of cancer, non-small cell lung carcinoma (NSCLC), is
characterized by oxygen deprivation (hypoxia). The transcription factor hypoxia-inducible factor (HIF)-1a
is a major mediator which responds hypoxia and regulates many contributing factors. The various modes
of hypoxia regulation are frequently the focus of research studies. With reference to previous published
research, we hypothesized that hypoxia promotes the growth and angiogenesis of NSCLC via the Akt-
PDKI1-HIF10-YKL-40 pathway, and verified it.

Methods: We mainly investigated changes in related factor expression between differently treated CL1-
5 cells. We carried out overexpression and underexpression transfection, Western blot, rt-PCR and ELISA,
and observed cellular biological behaviors by CCK-8 migration and invasion assay, and tube formation assay.
Results: A hypoxic environment significantly increased the phosphorylation of Akt and PDKI1
in mitochondria. The hypoxia-induced accumulation of p-Akt in mitochondria activated PDK1
phosphorylation, promoted the expression of HIF1a, and the expression of YKL-40. The overexpression of
YKL-40 promoted the proliferation, migration, invasion and tubule formation of CL1-5 cells.
Conclusions: A hypoxic tumor microenvironment can promote the expansion and angiogenesis of
NSCLC cells through the Akt-PDK1-HIF1a-YKL-40 pathway. This may provide a new mechanism and

potential interventional target for anti-vascular lung cancer therapy.
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Introduction During the progressive stage of this solid tuberous tumor,

. a disordered, inefficient neovascular system and over-
Lung cancer is the most common form of cancer and the

leading cause of cancer-related deaths (1). Non-small cell
lung carcinoma (NSCLC), which accounts for 85% of lung deprivation. This unruly hypoxic microenvironment in turn

cancer cases, manifests in the form of tumorous growths. promotes tumor malignity (2). Many studies have shown

rapid growth of tumor cells result in intratumoral oxygen
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that a hypoxic microenvironment can induce instability
in the gene phenotype of tumor cells as well as tumor
angiogenesis, therefore promoting tumor metastasis (3-6).
HIF, a transcription factor, plays a critical role in malignant
tumor adjustment in a hypoxic microenvironment (7,8),
with VEGF (vascular endothelial growth factor) and
erythropoietin as two of its common target genes. It has been
reported that HIF1a can regulate tumor angiogenesis by
inducing the secretion of VEGF (6), which is one of the most
predominant angiogenic factors in human lung cancer (6).

A recent study (9) focusing on glioma showed a new
Akt-PDK1 signal in which hypoxic tumors recruited a
pool of active Akt to mitochondria, culminating with
the phosphorylation of pyruvate dehydrogenase kinase 1
(PDK1). In cases of severe hypoxia, phosphorylation acts to
strengthen the tumor and preserve tumor cell proliferation.
Another study (10) showed that inhibition of PDK in
mitochondria suppressed HIF1a signaling and angiogenesis
in cancer. PDK inhibited the ubiquitin degradation of
HIF1la through PHD-pVHL dysfunction, which was a
result of a decrease of PDH and its downstream production
of 2-oxoglutarate in the Krebs cycle (10-15) and an
upregulated level of HIF1a. To date, research into NSCLC
has failed to establish whether the mitochondrial Akt-
PDKI signaling pathway is induced by hypoxia or if it plays
a role in promoting tumor angiogenesis through HIFla
expression.

Concerning the mechanisms of HIF1a in angiogenesis,
excluding VEGE, HIF1a has been found to activate the
TGF-p/smad3 pathway and prompt fibrosis in renal tubular
epithelial cells (16). TGF-B stimulates vascular smooth
muscle cell proliferation (17,18) and inhibits apoptosis (19)
through the Smad3-related pathway. YKL-40 is observed
to be upregulated by the TGF-B signaling pathway (20,21)
and plays an important role in the regulation of epithelial-
mesenchymal transition (EMT) and tumor invasion (22).
YKI-40 upregulates the expression of VEGF and promotes
endothelial cell angiogenesis (23-26). It is widely reported
that there is correlation between the serum level of YKL-40
and poor prognosis in various cancers (27,28) and it
acts as an angiogenic factor in the promotion of tumor
angiogenesis (25,29). However, the role of YKL-40 in
angiogenesis of lung cancer and its association with hypoxia
has not yet been sufficiently explored.

To observe the possible hypoxia-response mechanisms
in NSCLC cells, we hypothesized that the activation of
the AKT-PDKI signaling pathway in mitochondria results
in the upregulation of HIF1la and, consequently, tumor
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angiogenesis and invasiveness in NSCLC cells is promoted
through an increase in the secretion of TGF-B/YKL-40/
VEGEF. We studied human lung adenocarcinoma cell lines
CL1-5 both #n vitro and in vivo and particularly examined
the function of YKL-40 in this possible hypoxia-induced
pathway.

Methods
Materials and reagents

Abs against phospho-Aktl, Aktl, phospho-Akt2, PDKI,
phospho- PDK1, Smad3, phospho-Smad3, and B-actin were
ordered from Cell Signaling Technology (CST). Abs against
cox4, Akt2, B-tubulin were purchased from Proteintech
(WUHAN SANYING). Abs against YKL-40 and HIF1a
came from Abcam. HIF-1a antibody was ordered from
NOVUS.

Cell culture

A CL1-5 lung adenocarcinoma cell line was established
by selecting increasingly invasive cancer cell populations
from a clonal cell line of human lung adenocarcinoma CLI.
CL1-5 is a subline that was selected from the parent cell
line CL1-0 cells cultured on a polycarbonate membrane
coated with Matrigel in a Transwell invasion chamber. For
a controlled experiment, CL1-5 cells were always cultured
in two different groups. CL1-5 cells in the normoxic
treatment group were cultured in 37 °C, 21%0O, and 5%CO,
incubators. The cells in the hypoxic group were cultured
in 37 °C, 1%0,, 5%CO, and 94%N, incubators. The cells
were cultured in groups for 0, 24, 48, and 96 h in the first
HIF1la experiment, with the most obvious difference in
mass shown in the 24-h group; therefore, all of the cells in
the following experiments were cultured for 24 h.

Western blot assay

Protein Akt/PDK1 was extracted using mitochondrial
protein extraction kits (Biobox). Whole cell extracts were
homogenized in RIPA lysis buffer and centrifuged at
12,000 g for 15 min. Protein concentrations were measured
using the bicinchoninic acid assay. Immunoblotting
was performed using specific primary antibodies, and
immunocomplexes were incubated with fluorescein-
conjugated secondary antibody, then detected using an

Odyssey fluorescence scanner (Li-Cor, Lincoln, NE, USA).
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Enzyme-linked immunosorbent assay

We collected the supernatants of the groups of differently
cultured cells. TGF-B, YKL-40 and VEGF levels
were quantified in duplicate using ELISA kits in every
experiment, in accordance with the manufacturer’s
instructions.

Akt siRNA transfection

According to the Aktl/2 sequence information in
Genebank, 6 interference sequences, Aktl-siRNA1, Akel-
siRNA2, Aktl-siRNA3, Akt2-siRNA1, Akt2-siRNA2, Akt2-
siRNA3 and control-siRNA were constructed. They were
inserted into plasmid containing the reporter gene cGFP
marker and Neomyecin resistance gene for the construction
of the siRNA recombinant plasmid. The recombinant
plasmid was then transformed into a competent Escherichia
coli strain DH5a cell. Several single colonies were selected
in the culturing process of a small number of bacteria. After
the recombinant plasmid had been successfully constructed,
the plasmid was then extracted and transfected into CL1-5
cells once the cell coverage rate had reached 70%. After
transfection for 48 h, the mRNA expressions of Aktl and
Akt2 were detected by qRT-PCR to determine the effect
of siRNA. We selected those which had the best silencing
effect on siRNA for subsequent experiments, which were
named control siRNA, Aktl siRNA, and Akt2 siRNA,
respectively (Figure SI).

Akt shRNA stably transfected strain establishment

Akt1/2 shRNA was synthesized according to the selected
Akel/2 siRNA, as described above. Short hairpin RNA
(shRNA) sequences were constructed into LV3 vectors
and then tested for inhibitory activity via transient
transfection into 293T cells. The templates of sShRNA
for Ake2 and control shRNA were designed with the loop
structure TTCAAGAGA. The most effective sequence
specifically for Akt shRNA appeared to be Akt2 shRNA
(Figure S2A), which were inserted along with control scramble
shRNA into the BamHI/EcoRI restriction sites of LV, to
make complete vectors, named Akt2-shRNA and scramble-
shRNA. After transfection to 293T cells, packed lentiviruses
were harvested and then stably transfected to CL1-5 cells
in the presence of 5 pg/mL polybrene. After 2-3 weeks,
single independent clones were randomly isolated and plated
separately to be tested for Akt2 RNA. In this way, two CL1-5
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lines were established: one expressing an AKT?2-specific
shRNA, leading to stable underexpression of AKT2; and
the other, scramble shRINA, as a negative control.

Real-time PCR analysis
Total RNA was isolated using Trizol reagent (Aidlab), and

2 mg total RNA was reverse-transcribed using Reverse
Transcription Reagents (TINGEN). Quantitative PCR
was performed using SYBR Green PCR Master Mix
(VAZYME). The mRNA levels of specific genes were
normalized to that of actin. The mRNA levels of the
indicated genes were analyzed using SYBR Green PCR
Master Mix (VAZYME). The primer sequences used can be
found in 7able 1. Thermal cycling conditions consisted of an
initial denaturing step (95 °C, 2 min) followed by 40 cycles
of denaturing (95 °C, 15 s), annealing (60 °C, 15 s), and
extending (72 °C, 45 s). The specificity of the product made
was controlled via a melting curve.

Cell viability assay

Cell viability was determined by colorimetric assay with
Cell Counting Kit-8 (CCK-8; BD Biosciences). Briefly, cells
were plated at 4x10° cells per well in triplicate in 96-well
plates to measure cell viability, 10 pL. of CCK-8 reagents
were added to each well and then incubated at 37 °C for
1 h. Subsequently, the absorbance rate in each well was read
with a spectrophotometric plate reader at 450 nm. The
results were expressed as the percentage of viable cells over
cells in the control group.

Cell migration and invasion assay

The migration and invasion potential were determined
on gelatin-coated Transwell inserts with 8 pm pore size
(BD Biosciences). For this, cells were trypsinized and
resuspended in 0.1% FCS containing medium. One
hundred and fifty pL of a cell suspension containing 5x10*
cells were added to the Transwell in triplicate per condition.
10% FCS or 0.1% FCS was added to the lower wells as
chemoattractants. Cells that had migrated/invaded and
appeared on the bottom surface of the Transwell insert
membrane were fixed with 75% methanol/25% acidic
acid for 20 min and stained with 0.25% Coomassie blue
in 45% methanol/10% acetic acid, followed by washing
with demi water. The membranes were subsequently cut
out and mounted on microscopic slides for quantification.
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Table 1 Sequence of primers for real-time PCR
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Primer

Sequence (5' to 3')

Akt1 forward primer
Akt1 reverse primer
Akt2 forward primer
Akt2 reverse primer
PDK1 forward primer
PDK1 reverse primer
HIF1o forward primer
HIF1a reverse primer
YKL-40 forward primer
YKL-40 reverse primer
GAPDH forward primer
GAPDH reverse primer
Actin forward primer

Actin reverse primer

TATTGTGAAGGAGGGTTG
ATTCTTGAGGAGGAAGTAG
ACTGAGGAGATGGAAGTG
CCAAGGAGTTTGAGATAGTC
CCTAGAGGGTTACGGGACAG
CGTCGTCATGTCTTTGGGTT
ATGTAATGCTCCCCTCACCC
CCTGAATCTGGGGCATGGTA
CGCAAATGGGCGGTAGGCGTG
CTTCCTAGAGCATGGCTACGTA
TCAAGAAGGTGGTGAAGCAGG
TCAAAGGTGGAGGAGTGGGT
CATGTACGTTGCTATCCAGGC
CTCCTTAATGTCACGCACGAT

Representative pictures of the membranes with cells were
acquired at 5x magnification and the total number of cells
on 50 individual fields per membrane was counted; average
numbers and standard deviation of invading cells for every
condition were calculated.

Tube formation assay

The angiogenic activity was assessed using an in-vitro
angiogenesis assay kit according to the manufacturer’s
instructions (Cayman Chemical, USA). Martigel was pre-
placed in 96-well plates, and 1x10*4 HMVECs (human
microvascular endothelial cells) were added to matrigel
and cultured. The cells in each group were treated
with conditioned medium for 24 h, and the number of
tubules was observed. All experiments were conducted
independently and each was carried out at least three times.

Construction of PDK-1/HIF1a/YKL-40 overexpression
vectors

According to the NCBI human PDK-1/HIF1a/YKL-40
sequences, PDK-1/HIF1a/YKL-40 genes were synthesized.
They were inserted into plasmid containing the reporter
gene cGFP marker and Neomycin resistance gene for
construction of recombinant plasmids. The recombinant
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plasmids were then transformed into competent Escherichia
coli strain DH5a cells. Several single colonies were selected
in the culturing process of a small number of bacteria.
After the recombinant plasmids had been successfully
constructed, the plasmids were extracted and transfected
into CL1-5 cells once the cell coverage rate had reached
70%. After transfection for 48 h, the mRINA expressions of
PDK-1, HIFla, and YKL-40 were detected by qRT-PCR
to determine the levels of overexpression.

Tumor xenografis

For tumor growth, 2x10° cells in 200 pL. PBS were
administered by subcutaneous injection into the right flank
of 6-to-8-week-old immunocompromised male mice (NSG,
NOD.Cg-Prkdc™ 112rg™"""/Sz7). Each group consisted
of eight mice. Tumor growth was monitored every 4 days,
and the mice were sacrificed on day 32. Tumor volume was
calculated with slide calipers using the following formula: V
= width x width x length x 0.5, wherein V is volume (mm’).

Immunobistochemical test

Tumor tissues were divided and fixed in phosphate-buffered
neutral formalin, embedded in paraffin, and cut into 5-pm-
thick sections. The sections were incubated with primary
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rabbit anti-Ki67/vWF antibody (Abcam) at 4 °C overnight
and then with horseradish peroxidase—conjugated secondary
antibody at 37 °C for 30 min. Vector ABC kit (Vector
Laboratories, Burlingame, CA, USA) and DAB reagent
(Dako, Glostrup, Denmark) were employed in the detection
procedure. All slides were analyzed and photographed with
an Olympus microscope (Olympus, Tokyo, Japan).

Statistical analysis

Differences among variables were assessed by Student’s
t-test. Data are presented as the meanz standard error of the
mean (SEM) unless otherwise indicated. Difference were
considered statistically significant when P<0.05. Statistical
analyses were performed with SPSS 16.0 software (SPSS,
Chicago, IL, USA).

Results

Hypoxia induces the recruitment of Akt and PDK1 in
mitochondria and HIF1a accumulation

To explore the differences in protein expression caused by
hypoxia exposure, CL1-5 cells were cultured in normoxic
(21% O2) and hypoxic (1% O2) environments for 0, 24, 48
and 96 h. Western blot analysis showed that the expression of
HIF1a was higher after hypoxic culturing compared with the
normoxic one, particularly for a period of 24 h (Figure 14).
Each group of cells was subsequently cultured for 24 h.
Hypoxic culture significantly increased the phosphorylation
levels of Aktl, Akt2 and PDK1 in mitochondria (Figure 1B).
Expressions of HIF1a and YKL-40 and the phosphorylation
of Smad3 were upregulated under hypoxia (Figure 1C).
Hypoxic treatment also increased the secretion of TGF-f,
YKL-40, and VEGF (Figure 1D). Thus, hypoxia induced the
phosphorylation of Aktl, Akt2, and PDKI in mitochondria
and Smad3, as well as the expression of HIFla, YKL-40,
TGF-B, and VEGE. Preliminarily, it could be observed that
the hypoxic culture activated the Akt-PDKI signal pathway,
as well as cell factors HIF1o/TGF-B/p-Ssmad3/YKL-40/
VEGE. We then examined the accurate interaction between
the factors.

The accumulation of Akt-PDK1 promoted HIF 1o
expression, which induced malignant phenotype of CL1-5
cells under hypoxia

In the next stage of our study, we chose the most effective
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Aktl siRNAs and Ake2 siRNAs from all of the siRNAs
that we designed and synthetized (Figure S1). CL1-5 cells
were first transfected with control siRNA or Aktl siRNA
or Akt2 siRNA for 48 h and then cultured normoxicly or
hypoxicly for another 24 h. Akt1/Akt2 siRNA inhibited
the hypoxia-induced phosphorylation of Aktl1/Akt2 and
PDKI1 in mitochondria (Figure 2A4). Cells transfected by
PDK1 OE (Figure S2B) had significant HIF1a expression,
which was furthered by hypoxia treatment (Figure 2B).
Under hypoxia, PDK1 OE transfection had little effect on
the production of Akt/p-Akt in CLI-5 cells (Figure 2C).
CL1-5 cells transfected with PDK1 OE, LV-Akt2 shRNA
(Figure S2A4) showed lower expression of Akt and p-Akt,
compared with LV-scramble shRNA-infected CL1-5 cells
(Figure 2C), indicating that PDK1 had no influence on Akt
or its phosphorylation. Thus, this supports the idea that
hypoxia-induced Akt2 phosphorylation leads to PDKI1
phosphorylation, sequentially boosting the expression of
HIFlo in CL1-5 cells. The phosphorylation of Smad3
and hypoxia-induced secretion of TGF-p was blocked
by Akt siRNA, as was the increase in the production of
HIF1a/YKL-40/VEGF (Figure 2D,E). The downstream
pathway TGF-B/smad3 and factors YKL.-40 and VEGF are
associated with the Akt-PDK1-HIF1a pathway.

At a cellular level, the growth, migration, invasion, and
tube formation activities of CL1-5 cells, which are promoted
in hypoxic environment, were restricted when the cells had
been transfected with Akt siRNA (Figure 34,B,C,D). The
upregulation of phosphorylation of Akt in hypoxia-cultured
CL1-5 cells upregulated the phosphorylation of PDKI,
induced the high level of HIFla, and eventually prompted
tumor angiogenesis and malignance.

HIF1a is responsible for expression and secretion of

YKI.-40 in CL1-5 cells

We next constructed HIFla overexpression vector
according to NCBI human HIFlo gene order and YKL-40
overexpression vector, and validated its stabilization
and large quantity of expression through qRT-PCR
(Figure S34,B). HIF1a OE transfected CL1-5 cells clearly
created more YKL-40 and phosphorylated Smad3 under
hypoxia, although there was no difference in Aktl/Akt2
or phosphorylation proteins, whether they had been
transfected or not (Figure 44). HIFla OE treatment
regained p-Smad3 and YKL-40, which were reduced by
Akt2 shRNA (Figure 4B). However, YKL-40 OE did not
change Akt2 shRNA-induced phosphorylation of Smad3

Transl Cancer Res 2020;9(4):2904-2918 | http://dx.doi.org/10.21037/tcr.2020.03.80



Translational Cancer Research, Vol 9, No 4 April 2020 2909

A Oh 24 h 48 h 96 h
B Control Hypoxia C Control Hypoxia
Akt
p-At2 [N ~ HIF1a _
p-PDK1 [ ’
D 1001 1000- 4000 -
_ 80 1 8004 3000 -
- —_
E = )
S
2 601 S 600 £
k2 = o)
o = 2 20004
s < w
G 40- Y 4001 G
= < 4
s 1000 1
204 200+
0= 0-
Control Hypoxia Control Hypoxia Control Hypoxia

Figure 1 Changes in protein expression in CL1-5 cells under hypoxia. (A) Western blots showing the expression of HIFla changed over
time under hypoxic or normoxic exposure. B-actin set as internal reference. (B) Representative Western blots pictures; total Aktl, Ake2,
and PDK1 showed little difference in a hypoxic or normoxic environment. Cox4 set as internal reference of mitochondrial proteins. (C) A
representative Western blot picture of cytoplasm proteins setting B-tubulin as reference. (D) ELISA’s data of mass of TGF-p, YKL-40, and
VEGF are depicted as the mean of three independent experiments measured in triplicate + SEM (**, P<0.01).

(Figure 4C). Hypoxic culture promoted the secretion of TGF- secretion through TGEF- B/smad3 signal in CL1-5 cells.
B/YKL-40/VEGEF, and HIF1la OE further promoted the

secretion of these factors in CL1-5 cells (Figure 4D). HIF1a ) )
OE transfection elevated the level of TGE- p/YKL-40/VEGE L L#0 s a key mediator of the Akt-PDKI-HIF1a

in Akt2 shRNA-infected CL1-5 cells (Figure 4E). The results
above indicate that HIF1a promotes YKL-40 expression and To explore the association between YKIL-40 secretion

signaling pathway
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Figure 2 The accumulation of Akt-PDK1 promoted HIF1a expression. (A) The Western blot test of mitochondrial proteins showing that
the levels of Aktl, Akt2, and PDKI phosphorylation increased in a hypoxic environment, and Aktl siRNA inhibited the expression of Aktl
and its phosphorylation and PDKI1 phosphorylation, as did Akt2. Cox4 set as internal reference of mitochondrial proteins. (B) Band map
of CL1-5 cells protein expression in each group; control, transfected by blank vector + normoxic culture; PDK1 OE, transfected by PDK1
overexpression vector + normoxic culture; control + hypoxia, transfected by blank vector overexpress + hypoxia culture; PDK1 OE + hypoxia,
transfected by PDK1 overexpression vector + hypoxia culture. (C) Band map of cell protein expression under hypoxia; control, CL1-5 cells+
transfected by blank vector; PDK1 OE, CL1-5 cells + transfected by PDKI1 ion vector. **, P<0.01. (D) B-actin set as cytoplasmic internal
reference. The levels of HIF1a, YKI.-40, and p-Smad3 markedly increased under hypoxia, and Aktl/Akt2 siRINAs inhibited the expression
of downstream proteins PDK1, HIF1a, YKL-40, and p-Smad3. (E) ELISA assays of TGF-p/YKL-40/VEGF mass in liquid supernatant.
The secretion of TGF-B/YKL-40/VEGF was promoted by hypoxia and restricted by Akt2 siRNA (results of Aktl are not statistically

significant). Data are depicted as mean of three independent experiments measured in triplicate + SEM (**, P<0.01).
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Figure 4 HIF1a is responsible for expression and secretion of YKL-40 in CL1-5 cells. (A) Band map of CL1-5 cells protein expression in
each group; control, transfected by blank vector + normoxic culture; HIFla OE, transfected by HIFlo overexpression vector + normoxic
culture; control + hypoxia, transfected by blank vector + hypoxia culture; HIF1a OE + hypoxia, transfected by HIF1a overexpression vector
+ hypoxia culture. (B) Band map of cell protein expression. (C) Band map of CL1-5 cells protein expression under hypoxia in each group.
(D) ELISA assays of TGF-p/YKL-40/VEGF mass in liquid supernatant of each group. (E) ELISA assays of TGF-B/YKL-40/VEGF mass in

liquid supernatant of each group. **, P<0.01.
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Figure 5 YKL40 is a key mediator of the Akt-PDK1-HIF1a signaling pathway. (A) Western blot band map of CL1-5 cells proteins expression
under hypoxia in each group. (B) ELISA assays of YKL-40 and VEGF mass in liquid supernatant of each group. (C) CCK-8 kit assay
result shows viability of CL1-5 cells. Representative images of (D) migration, (E) invasion, (F) tube-formation assays. Scale bars =100 pm
(D,E), 200 pm (F) Quantitative results for migration (D), invasion (E) data have been shown. Dates are depicted as the mean of three

independent experiments measured in triplicate + SEM (**, P<0.01).

and cell function, we found that Akt2 shRNA stable
transformants reduced the production of YKL-40,
N-cadherin and Vimentin but increased E-cadherin.
YKL-40 OE had N-cadherin and Vimentin regained and
E-cadherin reduced (Figure 54). The secretion levels of
YKL-40 and VEGF wer low in Akt2 shRNA infected
CL1-5 cells, and YKL-40 OE transfection elevated the
level (Figure 5B). The loss of epithelial surface marker
E-cadherin, and the acquisition of mesenchymal markers
including Vimentin and N-cadherin are the hallmarks

© Translational Cancer Research. All rights reserved.

of EMT in the invasion and progress of malignant
tumors (30). The proliferation, migration, invasion, and
tube-formation of tumor cells were then studied. Akt2
shRNA inhibited cell growth abilities under hypoxia and
YKL-40 OE promoted these abilities. The expression of
YKIL-40 accelerated tumor cells’ proliferation, migration
and invasion, and provoked endothelial cell tube formation
(Figure 5C,D,E,F). These suggest that YKL.-40, upregulated
under hypoxia by the Akt-PDK1-HIF1a-TGFB/Smad3
signaling pathway, promoted tumor deterioration through
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EMT and angiogenesis in non-small cell lung cancer.

Growth of xenograft of NSCLC could be targeted by Akt
inbibition but rescued by YKL-40 expression

To confirm the regulating effects of Akt and YKL-40
in vivo, we injected Akt2 shRNA and/or YKL-40 OE-
treated CL1-5 cells into mice subcutaneously. At 32 days
after transplant, tumor volume increased slower in the mice
injected with Akt2 shRNNA than in the scramble mice. While
the tumor volumes of the YKL-40 OE-infected mice were
larger (Figure 64,B), the tumor weight measured on day
32 showed similar statistics as tumor volume (Figure 6C).
"This showed that the growth of xenograft of NSCLC could be
targeted by Akt inhibition but rescued by YKI-40 expression.

YKI.-40-induced angiogenesis and tumor proliferation in
vivo

To further explore the role YKL-40 plays in the mouse
model above, we tested the relevant factors in xenograft.
Proteins inside tumor cells showed corresponding changes.

© Translational Cancer Research. All rights reserved.

Compared with scramble shRNA-transfected mice, the
tumors of the mice with Akt2 shRNA had a lower level of
phosphorylation of PDK1 and Smad3, lower expression
of HIF1a, TGF-B, YKL-40, N-cadherin, vimentin and
VEGE, and a higher level of E-cadherin expression. YKL-
40 OE infection resulted in the upregulation of TGF-p,
YKL-40, N-cadherin, vimentin and VEGF, and
downregulation of E-cadherin, but did not affect Akt2/
p-Akt2, PDK1/p-PDKI1, HIFla, or Smad3/p-Smad3
(Figure 74). Inmunohistochemical staining showed that the
positive expression rates of Ki67 and vWF in tumor cells of
Akt2 shRNA mice was significantly decreased, indicating
the inhibition of cell proliferation and angiogenesis. YKL-
40 OE raised Ki67 and vWF positive rates (Figure 7B,C).
This proved that the production and secretion of YKL-
40, which was activated by the Akt-PDK1-HIF1a signaling
pathway, promoted tumor proliferation and angiogenesis
with the assistance of VEGF in our mouse model.

Discussion

In this study, we found a new regulation pathway in the
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progression of malignant tumors and angiogenesis. A
hypoxic tumor microenvironment induces the accumulation
of Akt and Akt phosphorylation in mitochondria of
tumor cells. Subsequently, p-Akt promotes PDKI1
phosphorylating in mitochondria. The increased level
of p-PDKI1 upregulates the level of HIFla by inhibiting
the degradation of HIFla through PHD-pVHL. HIF1la
promotes TGFB/Smad3 signaling through phosphorylation
of Smad3, and the latter induces YKL-40 expression.
Levels of VEGE, N-cadherin, and Vimentin are boosted by
YKL-40. Changes in these factors appear to improve
the tumor cells’ abilities of proliferation, migration, and
invasion and increase tumor neovascularization (Figure §).
Our study is a supplement of the cognizance about the
method of tumor resisting hypoxia and the association
between hypoxia and YKI-40, to which increasing attention
has been paid, and VEGF, which has received recent
therapeutic success in lung cancer treatment in relation to the
Akt-PDKI1 signaling pathway. It may provide new targets for
drug discoveries targeted at impeding tumor progression.

© Translational Cancer Research. All rights reserved.

Akt is a critical molecule which coordinates complex
intracellular signaling pathways and was explored in relation
to its association with mitochondria in cellular apoptosis
and metabolization (31-34). After Akt was found in
mitochondria in its phosphorylated, active state, following
stimulation, modulating metabolic related enzymes for the
first time (35), the mitochondrial Akt was richly explored
for its bioenergetics and tumor cellular survival-regulating
function (9,35-38). Our study supplement understanding of
of the Akt function in mitochondria. Furthermore, in our
study, only two Western blot assays of Akt and PDKI set
COX4 as an internal reference of mitochondrial proteins,
and all other assays set B-tubulin for cytoplasm proteins
when Akt and PDK1 were included. The changes and
quantity rate of (p-)Akt/(p-)PDK1 showed a similar band
map in total and mitochondrial protein tests, which may
suggest the uniformity in the functions of Akt in relation to
mitochondria and more broadly.

Our study had several limitations. We tested the
cellular proteins using Western blot assay, which was a

Transl Cancer Res 2020;9(4):2904-2918 | http://dx.doi.org/10.21037/tcr.2020.03.80
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Hypoxia

Figure 8 Model illustrating hypoxia-induced tumor malignancy and angiogenesis that is mediated by Akt-PDK1-HIF1o pathway.

semiquantitative protein measurement tool. This may
have resulted in some slight or moderate changes being
overlooked, and so further research is suggested to achieve
more precise measurements and experimental design.

Further exploration of the Akt-PDK1-HIF1a-YKIL-40
pathway is needed before a new method of regulation can be
recommended, and more accurate regulation details relating
to gene edition, transcription, and protein modification are
required.
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