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ABSTRACT

[18F]Fluorodeoxyglucose (FDG) PET/CT imaging has been widely used in the
diagnosis of malignant tumors. ATPase family AAA domain-containing protein 2 (ATAD?2)
plays important roles in tumor growth, invasion and metastasis. However, the relationship
between [18F]FDG accumulation and ATAD2 expression remains largely unknown. This
study aimed to investigate the correlation between ATAD?2 expression and [18F]FDG uptake
in lung adenocarcinoma (LUAD), and elucidate its underlying molecular mechanisms. The
results showed that ATAD2 expression was positively correlated with maximum standardized
uptake value (SUVmax), total lesion glycolysis (TLG), glucose transporter type 1 (GLUT1)
expression and hexokinase2 (HK2) expression in LUAD tissues. In addition, ATAD2
knockdown significantly inhibited the proliferation, tumorigenicity, migration, [18F|FDG
uptake and lactate production of LUAD cells, while, ATAD2 overexpression exhibited the
opposite effects. Furthermore, ATAD2 modulated the glycometabolism of LUAD via AKT-
GLUTI1/HK2 pathway, as assessed using LY294002 (an inhibitor of PI3K/AKT pathway). In
summary, to explore the correlation between ATAD2 expression and glycometabolism is

expected to bring good news for anti-energy metabolism therapy of cancers.



INTRODUCTION

Lung cancer is one of the most common malignancy worldwide, with rising incidence and
mortality rates yearly (1). Adenocarcinoma is a histological subtype of non-small cell lung
cancer, which is commonly treated by surgery, chemotherapy and targeted therapies (2).
Rapid tumor progression, prone to metastasis and chemotherapy resistance have emerged as
the challenges in cancer treatment. Hence, the discovery of molecular markers reflecting
tumor's biological behavior can be of great value for targeting anticancer drug resistance.
ATPase family AAA domain-containing protein 2 (ATAD2) is composed of an ATPase
domain and a bromodomain that located on human chromosome 8q24, with possible
occurrence of nuclear chromatin acetylation (3,4). ATAD?2 is involved in several regulatory
mechanisms, such as cell proliferation and metastasis, and holds great promise as a new
prognostic marker (5,6).

Fluorodeoxyglucose (FDG) is a structural analogue of glucose, and [18F]FDG is the
most widely used in PET imaging for cancer diagnosis. [18F]FDG uptake is increased in
most malignant tumors, and can be associated with the overexpression of glucose transporter
type 1 (GLUTI1) and hexokinase 2 (HK2) (7). Tumor cells are notoriously dependent on
glucose metabolism as the primary energy source for adenosine triphosphate (ATP) synthesis.
ATAD2 is a member of AAA+ ATPase family (8), which plays important roles in ATPase
activity and ATP production. However, the relationship between ATAD2 expression and
glycometabolism remains largely unclear. The present study aimed to investigate the
correlation between ATAD2 expression and [18F]FDG uptake in lung adenocarcinoma
(LUAD). In addition, the potential underlying molecular mechanisms were elucidated by

detecting the expression levels of GLUT1 and HK2 in LUAD after ATAD?2 transfection.



RESULTS
ATAD?2 expression is up-regulated in LUAD tissues and cell lines

To investigate the role of ATAD2 in LUAD, ATAD?2 expression levels were detected in
66 LUAD tissues and 52 adjacent normal lung tissues. As shown in Fig. 1A, the expression
levels of ATAD2 were up-regulated in LUAD tissues compared to normal tissues. The
positive expression rates of ATAD2 were 72.7% (48/66) and 19.2% (10/52) in LUAD tissues
(n=66) and adjacent normal lung tissues (n=52), respectively. Besides, it was found that the
expression levels of ATAD2 were higher in LUAD cell lines compared to HBE cell line, as
revealed by qRT-PCR and Western blot analyses (Fig. 1B and 1C, respectively). Table 1
shows the correlation between ATAD2 expression levels and clinicopathological
characteristics of patients with LUAD. Statistical analysis revealed that ATAD2
overexpression was closely related to the positive lymphatic metastasis and poor
differentiation, but not significantly correlated with age, gender and tumor size. Moreover,
the high expression levels of ATAD2 significantly predicted poor LUAD progression
compared to low ATAD2 expression by analyzing The Cancer Genome Atlas (TCGA)

database (http://tumorsurvival.org/index.html)(Supplementary Fig. S1A). These results

suggest that ATAD2 may promote oncogenesis in LUAD patients.
ATAD?2 expression is positively correlated with SUVmax, TLG, GLUT1 expression and
HK?2 expression

To examine the correlation between ATAD2 expression and semi-quantitative indices of
[18F]FDG PET/CT imaging and glycometabolism, maximum standardized uptake value
(SUVax), metabolic tumor volume (MTV) and total lesion glycolysis (TLG) were measured,
and the expression levels of ATAD2, GLUT1 and HK2 in 66 LUAD tissues were determined

by immunohistochemical staining. Notably, the expression levels of ATAD2 in LUAD were



positively correlated with SUVmax and TLG, but not MTV (Fig. 2C). SUVax was positively
correlated with tumor stage (Supplementary Table S1). In addition, ATAD2 expression was
significantly correlated with the expression levels of GLUT1 and HK2 in LUAD tissues (Fig.
2C). These results indicate that ATAD2 may promote [ 18F|FDG uptake and glycometabolism
in LUAD.
ATAD2 promotes proliferation, tumorigenicity and migration of LUAD cells

To determine whether ATAD?2 can affect the proliferation, tumorigenicity and migration
of LUAD cells, both A549 and H1299 cells were transfected with ATAD2 siRNAs and
plasmid. As shown in Fig. 3A and 3B, the siRNAs were effective at silencing ATAD2
expression, while the plasmid was effective at overexpressing ATAD2, as confirmed by qRT-
PCR and Western blot analyses. Cell proliferation, tumorigenicity and cell migration capacity
were evaluated by EdU, colony formation and transwell assays, respectively. The results
demonstrated that ATAD2 knockdown significantly inhibited the proliferation, tumorigenicity
and migration of A549 and H1299 cells (Fig. 3C, 3E and 3G, respectively). In contrast,
ATAD?2 overexpression enhanced the proliferation, tumorigenicity and migration capacity of
A549 and H1299 cells (Fig. 3D, 3F and 3H, respectively). PI3K/AKT signaling pathway
plays essential roles in the proliferation and migration of tumor cells. Furtherly, after
LY294002 (an inhibitor of PI3K/AKT pathway; 20 uM) treatment, the results indicated that
ATAD?2 promoted cell proliferation, tumorigenicity and migration via PI3K/AKT pathway
(Fig. 3D, 3F and 3H, respectively).
ATAD?2 promotes glycometabolism in LUAD cells

To elucidate the role of ATAD2 in glycometabolism, the expression levels of GLUT1
and HK2 were examined by Western blot analysis. The results showed that the protein

expression levels of GLUT1 and HK2 were significantly decreased in both A549 and H1299



cells following ATAD2 down-regulation (Fig. 4A), whereas the increased expression levels of
GLUT1 and HK2 were observed ATAD2 up-regulation (Fig. 4B). Cellular glucose uptake,
lactic acid production and adenosine triphosphate (ATP) level were determined to assess the
effects of ATAD2 in glucose metabolism. [I8F]FDG uptake was used to evaluate the
glucose uptake capacity in LUAD cells. Glucose-containing or glucose-free medium was
replaced 2 h before the addition of [18F]FDG. As shown in Fig. 4C and 4D, [18F]FDG
uptake was decreased after ATAD2-siRNAs transfection and increased after ATAD2-plasmid
transfection in both A549 and H1299 cells incubated with or without glucose. To further
explore the end-products of glycometabolism, lactic acid and ATP levels were determined.
The results showed that lactic acid production were reduced in LUAD cells transfected with
siRNAs, while elevated in LUAD cells following ATAD2-plasmid transfection (Fig. 4E and
4F). However, there were no significant changes in ATP content whether ATAD2 expression
level was up- or down-regulated (Fig. 4G and 4H). These findings indicate that ATAD2 can
promote the glycometabolism of LUAD, possibly through the mechanisms of GLUT1 and
HK2 up-regulation.
ATAD?2 promotes glycometabolism in LUAD via AKT-GLUT1/HK2 pathway

AKT is known to play an important role during the activation of GLUTI and HK2.
Therefore, the expression levels of AKT and phosphorylated AKT (pAKT) were measured in
LUAD cells transfected with ATAD2-siRNAs and ATAD2-plasmid. The expression levels of
pAKT were significantly reduced after ATAD2-siRNAs transfection and increased after
ATAD2-plasmid transfection in both A549 and H1299 cells (Fig. 4A and 4B). Furtherly, the
results showed that the expression levels of GLUTI, HK2 and pAKT were significantly
decreased in A549 and H1299 cells treated with 20 uM LY294002 (Fig. 4B). Likewise,

[18F]FDG uptake (Fig. 4D) and lactate production (Fig. 4F) were reduced after LY294002



treatment. However, no significant change in ATP level was observed in LUAD cells (Fig.
4H). Taken together, the above findings suggest that ATAD2 may regulate glycometabolism

in LUAD via AKT-GLUT1/HK2 pathway.

DISCUSSION

The expression of ATAD2 in various malignant tumors is significantly higher than that
in normal tissues (9), and ATAD2 has been used to evaluate the clinical prognosis of various
cancers, such as lung cancer (10,11), breast cancer (11), hepatocellular carcinoma (12),
ovarian cancer (13), endometrial cancer (14) and gastric cancer (15), which are consistent
with the results of ATAD2 expression in our study. Notably, we found that the expression
levels of ATAD2 were up-regulated in LUAD tissues and cell lines compared to normal lung
tissues and cell line, respectively (Fig. 1). Furthermore, we confirmed that ATAD2
overexpression was closely related to the positive lymphatic metastasis and poor tumor
differentiation (Table 1), as well as poor LUAD progression by analyzing TCGA database
(Supplementary Fig. S1A). However, the survival analysis revealed that there was no
significant difference in LUAD patient survival time between ATAD2 high-expression group
(n=33) and ATAD2 low-expression group (n=33) via the Kaplan-Meier method
(Supplementary Fig. S1B). This probably due to the short follow-up period of our cases, and
we will continue to follow them in future work.

[18F]FDG PET/CT is the most widely used in vivo molecular imaging technique (16).
Semi-quantitative indicators, such as SUVmax, MTV and TLG, can reflect the state of
glycometabolism in tumor cells. In this study, for the first time, we found that ATAD2
expression was positively correlated with SUVnax, TLG, GLUT1 expression and HK2

expression in LUAD (Fig. 2). Previous studies have shown that one of the reasons for



increasing glycometabolism in malignant tumor cells is the overexpression of glucose
transporters, especially GLUT1 and GLUT3. High expression of GLUT1 is predominantly
found in LUAD (17). Besides, hexokinase is a rate-limiting enzyme that catalyzes the initial
step of cellular glycometabolism (18). In most malignant tumors, HK2 is highly expressed
and plays a crucial role in the regulation of high-rate glycolysis (19,20). Both GLUT1 and
HK2 can be used to reflect the alterations of glycometabolism in LUAD. Therefore, it is
believed that ATAD2 can promote glycometabolism by overexpressing GLUT1 and HK2 in
LUAD.

ATAD?2 is an essential determinant of tumor proliferation and metastasis (6,21). In the
present study, we confirmed that ATAD2 induced cell proliferation (Figure 3C, D), colony
formation ability (Figure 3E, F) and migration capacity (Figure 3G, H) in vitro, which were
consistent with previous findings. To investigate the effects of ATAD2 on glycometabolism,
the protein expression levels of GLUTI and HK2 were determined, as well as cellular
glucose uptake, lactic acid production and ATP level. The results showed that the levels of
GLUTI expression, HK2 expression, [18F]FDG uptake and lactic acid were significantly
decreased in both A549 and H1299 cells after silencing ATAD2 (Fig. 4A, C, E), while
overexpressing ATAD?2 exhibited the opposite effects (Fig. 4B, D, F). These findings support
that ATAD2 can promote glycometabolism and increase the production of metabolic products.
However, ATP level was not significantly altered whether ATAD2 overexpressed or silenced
(Fig. 4G, H). This is probably related to the compensatory allocation of energy in tumor cells.
Furthermore, ATAD2 is a member of ATPase family that catalyzes the hydrolysis of ATP into
ADP, and the ATP produced by glycometabolism may be counteracted. The underlying cause
remains to be determined in future studies.

PI3K/AKT pathway plays an important role in the glycometabolic reprogramming of



tumor cells. AKT, as known as Warburg kinase, is a core factor of PI3K/AKT pathway (22).
The activation of Myc in tumors continuously activates PI3K/AKT pathway and induces
AKT downstream transcription factors for the regulation of tumor glycometabolism (23).
Oncogenic activation of the PI3K/AKT pathway could promote cellular glucose uptake (24).
Myc induces metabolic reprogramming, involving glycolysis, which is necessary for efficient
cell proliferation (25,26). Ciro et al (27) have reported that ATAD2 is a co-activator of Myc,
which can enhance its transcriptional activity. Fan ef al (10) have shown that the activation of
Myc promotes cellular glucose uptake, glycolysis and lactic acid production. Our results
revealed that the expression levels of pAKT were decreased in both A549 and H1299 cells
after ATAD2 knockdown (Fig. 4A), and these effects were opposed by ATAD2
overexpression (Fig. 4B). In addition, it was noted that the expression levels of GLUT1, HK2
and pAKT (Fig. 4B), as well as [18F]FDG uptake (Fig. 4D) and lactic acid production (Fig.
4F) were reduced by LY294002 treatment. Overall, ATAD2 co-activates Myc, induces the
activation of PI3K/AKT pathway, and promotes the expression levels of GLUT1 and HK2,
thus leading to an increase in glycometabolism rate (Supplementary Fig. S2).

In summary, ATAD2 exhibits a significant positive correlation with glycometabolism in
LUAD, regulates cell proliferation, tumorigenicity and migration capacity, as well as
promotes [18F]FDG uptake and lactate production via AKT-GLUTI1/HK2 pathway. To
explore the correlation between ATAD2 expression and glycometabolism is expected to bring
good news for anti-energy metabolism therapy of cancers.

MATERIALS AND METHODS
Study Population
Sixty-six patients (31 men and 35 women; mean age, 59.91+£9.79 years) with LUAD

were included in this study. All of them underwent [18F]FDG PET/CT scan before tumor



resection at the First Hospital of China Medical University from June 2015 to August 2016.
The inclusion criteria were as follows: 1) the diagnosis of LUAD was confirmed by
pathologic examination of the surgical specimens (n=66); and ii) the surgical excision
specimens containing normal lung tissues (n=52) were used as a control group. Patients who
i) received chemotherapy/radiotherapy before PET/CT scanning, and ii) suffered from
multiple cancers were excluded from this study. Demographic and clinical characteristics
were recorded and analyzed. This study was approved by the ethics committee of the
First Hospital of China Medical University (IRB number: AF-SOP-07-1. 1-01), and all
participants signed a written informed consent form.
PET/CT Imaging

PET/CT imaging and data acquisition were performed using an integrated PET/CT
scanner (Siemens, Germany). For quantitative analysis, the volume of interest (VOI) was
delineated, while SUVnax, average standardized uptake value (SUVmean) and MTV were
measured. VOI was delineated automatically, and the threshold of SUVmean and MTV was
50%. TLG was calculated using the following formula: TLG = SUVpgean X MTWV.
Each index was measured three times to obtain an average value.
Immunohistochemistry

Five micrometer sections of formalin-fixed and paraffin-embedded LUAD tissues
(n=66) and normal lung tissues (n=52) were immunohistochemically stained with anti-
ATAD?2 antibodies using EliVision two-step staining method. Meanwhile, the 66 LUAD
tissue samples were incubated with anti-GLUTI1 and anti-HK2 antibodies. All antibodies
were purchased from Abcam (UK). The color strengths of immuohistochemical analysis were
defined as follows: 0 (colorless), 1 (yellow), 2 (light brown) and 3 (dark brown). The number

of positive cells per field of vision was measured and classified as 0 (none), 1 (1-10%), 2 (11-
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50%), 3 (51-80%) and 4 (>80%). The score of one visual field was obtained by multiplying
the above two scores, and the total score was the mean of the five visual field scores.
Cell Culture and Transfection

Human LUAD cell lines (A549 and H1299) and human bronchial epithelial (HBE) cell
line were obtained from the Chinese Academy of Sciences. A549 cells were grown in
Dulbecco modified Eagle medium (DMEM; HyClone, USA), while H1299 and HBE cells
were grown in RPMI-1640 medium (HyClone, USA) supplemented with 10% fetal bovine
serum (FBS; CLACK, USA) at 37 °C and 5% COa.. Lipofectamine 3000 (Invitrogen, USA)
was used for transient transfection, according to the manufacturer’s protocol. ATAD2-siRNAs
and control were purchased from Pharma (Viewsolid, China). ATAD2 overexpressing cell
lines were transfected with ATAD2 RC218291 plasmid; while pCMV6-Entry (PS100001;
Origene, USA) was used as a negative control plasmid. In addition, LY294002 (Abcam, UK)
was used to inhibit PI3K/AKT pathway.
Cell Proliferation, tumorigenicity and Migration Assays

Cell proliferation was evaluated using YF594 Click-iT EdU Imaging Kit (Everbright,
USA). After EAU incubation, cells were fixed and stained with Click-iT reaction mixture
according to the manufacturer’s protocol. Moreover, cell nuclei were stained with
Hoechst33342. The captured images were used to calculate the percentage of EdU-positive
cells via Image J software. For colony formation assay, the cells were seeded into 6-well
plates at a density of 500 cells per well. After culturing in the cell incubator (37°C, 5% COx)
for 14 days, the cells were fixed in 70% ethanol and then stained by crystal violet. The
migration capacity of cells was examined by a transwell assay. Briefly, 2x10° cells
resuspended in 200 pl serum-free medium were transferred into the upper chamber; while

600 pl of medium containing 10% FBS was loaded into the lower chamber. After 14 h of

11



incubation, the cells passed through the membrane were stained with 0.1% crystal violet.
Finally, the images were recorded and analyzed. Each assay was repeated for three times.
Cell Metabolism Assay

To examine the changes in cell metabolism, cellular ATP level, glucose uptake and lactic
acid production were determined. Relative cellular ATP content was measured using an ATP
assay kit (Beyotime, China) according to the manufacturer’s instructions. [18F]FDG cellular
uptake can be used to evaluate the capacity of glucose uptake in tumor cells. [I8F]FDG at a
final concentration of 4 pCi/mL was added and cultured at 37 °C and 5% CO> for 60 min.
Cell lysates were prepared using trypsin, and the radioactivity of the whole-cell lysates was
then assessed using gamma counter. The levels of lactate in the external medium were
measured using a lactic acid assay kit (KeyGEN, China) according to the manufacturer’s
instructions. These readouts were normalized to the amount of the corresponding protein. All
experiments were carried out independently in triplicate.
Quantitative Real-time Polymerase Chain Reaction (QRT-PCR) and Western Blot
Analyses

Please see the supplementary information.
Statistical Analysis

All statistical analyses were performed using SPSS (version 22.0). Statistical differences
between two groups were compared by Mann-Whitney U, Kruskal-Wallis H and two-tailed
Student’s #-tests; while Spearman’s test was used for correlation analysis. Survival analysis of
LUAD patients were carried out using the Kaplan-Meier method. Data were presented as
mean £ SD. P values of less than 0.05 were considered statistically significant ("P<0.05 and

*P<0.01). Figures were plotted using GraphPad Prism (version 6.0).
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FIGURE LEGENDS

Fig. 1. Up-regulation of ATAD2 expression in LUAD. (A) Immunohistochemical staining of
ATAD?2 expression in LUAD tissues and adjacent normal lung tissues (x400). The expression
level of ATAD2 was increased in LUAD tissues compared to normal lung tissues (Z=-6.236,
"P<0.01; Mann-Whitney U test). (B) The protein expression level of ATAD2 was up-
regulated in LUAD cell lines, as revealed by Western blot analysis. (C) The mRNA
expression level of ATAD2 was up-regulated in LUAD cell lines, as indicated by qRT-PCR
analysis. All ¢-tests results in a P-value below the adjusted significance threshold. *, P<0.05,

** P<0.01.

Fig. 2. Correlation of ATAD2 expression with [18F]FDG accumulation and the expression
levels of GLUT1 and HK2. (A) A 58-year-old male patient with left LUAD exhibited high
ATAD?2 expression. [18F]FDG PET/CT scans showed intense [18F]FDG accumulation in
LUAD tissues (SUVmax=10.98; MTV=1.4; TLG=10.89). Immunohistochemical analysis
revealed high expression levels of GLUT1 and HK2 (x400). (B) A 58-year-old female patient
with left LUAD exhibited low ATAD2 expression. [18F]FDG PET/CT scans demonstrated

modest [18F]FDG accumulation in LUAD tissues (SUVmax=1.49; MTV=1.83; TLG=1.79).
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Immunohistochemical analysis revealed low expression levels of GLUT1 and HK2 (x400).
(C) The expression levels of ATAD2 were positively correlated with SUVmax, TLG, GLUT1

expression and HK2 expression (" P<0.01), but not MTV (P>0.05) by Spearman’s test.

Fig. 3. ATAD2 promotes the proliferation, tumorigenicity and migration of LUAD cells. (A)
The mRNA and protein expression levels of ATAD2 were down-regulated after transfected
with siRNAs. (B) The mRNA and protein expression levels of ATAD2 were up-regulated
after transfected with plasmid. (C) ATAD2 knockdown decreased cell proliferation, as
evaluated by EdU assay. (D) Cell proliferation after ATAD2 up-regulation and LY294002
treatment was assessed using EdU assay. (E) ATAD2 knockdown decreased tumorigenicity,
as revealed by colony formation analysis. (F) Assessment of tumorigenicity was performed
by colony formation analysis after ATAD2 up-regulation and LY294002 treatment. (QG)
ATAD2 knockdown reduced cell migration, as shown by transwell assay. (H) Evaluation of
cell migration capacity was performed using transwell assay after ATAD2 up-regulation and
LY294002 treatment. All ¢-tests results in a P-value below the adjusted significance threshold.

* P<0.05, **, P<0.01, NC=negative control, NS=not significant, magnification: x200.

Fig. 4. ATAD2 promotes glycometabolism in LUAD cells via AKT-GLUT1/HK2 pathway.
(A) The relative protein expression levels of target proteins were determined after ATAD2
knockdown. (B) The relative protein expression levels of target proteins were determined
after ATAD2 up-regulation and LY294002 treatment. (C) [18F]FDG uptake was suppressed
with (a) or without (b) glucose after ATAD2 knockdown. (D) Effects of ATAD2
overexpression and L'Y294002 on [18F]FDG uptake incubated with (a) or without (b) glucose.

(E) Effect of ATAD2 siRNA on cellular lactate production. (F) Effects of ATAD2

14



overexpression and LY294002 on cellular lactate production. (G) Effect of ATAD2 siRNA on

cellular ATP content. (H) Effects of ATAD2 overexpression and L'Y294002 on cellular ATP

content. All #-tests results in a P-value below the adjusted significance threshold. *, P<0.05,

** P<0.01, NC=negative control, NS=not significant.
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Tables

Table 1
Correlation between ATAD2 expression and the clinicopathological characteristics of patients

with lung adenocarcinoma by Mann-Whitney U or Kruskal-Wallis H tests.

Clinicopathological No. of ATAD2 Z/x’ P value
characteristics patients expression level

(mean£SD)
Age (year) -0.182 0.856
<60 34 2.81£2.916
>60 32 2.81+£2.767
Gender -0.019 0.984
Male 31 2.93£3.108
Female 35 2.70+2.586
Tumor size (cm) -1.523 0.128
<2 27 2.08+2.272
>2 39 3.31+3.076
Lymphatic metastasis -3.264 0.001%
Negative 47 2.06+2.434
Positive 19 4.67+£2.911
Tumor differentiation 9.484 0.009™
grade
Well 20 1.34+1.975
Moderately 33 2.81£2.356
Poorly 13 5.08+3.608

** P<0.01



Supplementary information

MATERIALS AND METHODS
Quantitative Real-time Polymerase Chain Reaction (QRT-PCR) Analysis

Total RNA was extracted using TRIZOL reagent (Invitrogen, USA). PrimeSeript RT
reagent kit with gDNA (TaKaRa, Japan) was used to reverse transcribe the total RNA into
cDNA according to the manufacturer's protocol. Real-time PCR was carried out in a
Lightcycler 480 gRT-PCR system (Roche, USA) using SYBR® Premix Ex Tag™ 11 (TaKaRa,
Japan). The relative fold changes in gene expression was calculated using 2°24¢T method. All
reactions were performed in triplicate. The primer sequences used in this study are listed in
Table S2.
Western Blot Analysis

Total protein was extracted from the cells using RIPA buffer. Equal amounts of protein
were subjected to sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE),
transferred onto polyvinylidene difluoride (PVDF) membranes, and incubated overnight with
primary antibodies at 4 °C. The primary antibodies used were as follows: anti-ATAD2 mouse
antibody (1:1000, Abcam), anti-GLUT1 rabbit antibody (1:2000, Abcam), anti-HK2 mouse
antibody (1:500, Abcam), anti-AKT rabbit antibody (1:1000, Cell Signaling Technology),
anti-pAKT rabbit antibody (1:2000, Cell Signaling Technology), and anti-pB-actin mouse
antibody (1:500, KeyGEN). After the secondary antibody (1:5000, ZSJQ Biosciences)
incubation, the blot signals were captured by Bio-Rad Image System, and then analyzed

using Image Lab software (Bio-Rad).
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Fig. S1 The survival probability analysis in lung adenocarcinoma (LUAD) patients. (A) The
high expression levels of ATAD2 significantly predicted poor LUAD progression compared
to low ATAD2 expression by analyzing The Cancer Genome Atlas (TCGA) database

(http://tumorsurvival.org/index.html). (B) The survival time analysis between ATAD2

high-expression group (n=33) and ATAD2 low-expression group (n=33) via the

Kaplan-Meier method.



Fig. S2
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Fig. S2 The schematic diagram of ATAD2 expression increasing [18F]FDG uptake. ATAD2
expression increases [ 18F]FDG uptake value in lung adenocarcinoma via AKT-GLUT1/HK2
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TABLES
Table S1
Correlation between [I8F]FDG uptake and the tumor stage of patients with lung

adenocarcinoma by Mann-Whitney U test.

Tumor stage

[18F]FDG uptake value

(eartSD) I+ TI+TV ‘ P value
(n=54) (n=12)

SUVmax 5.62+4.337 8.88+5.945 -2.003 0.045"

MTV 4.06+5.578 6.31+12.182 -0.116 0.907

TLG 35.42+107.254 61.09+139.493 -1.812 0.070

*, P<0.05

Table S2

Primer sequences used in this study.

Gene Application Primer sequences

B-actin qRT-PCR Forward: 5'-GCAGAAGGAGATCACTGCCCT-3'

Reverse: 5'-GCTGATCCACATCTGCTGGAA-3'
ATAD2 qRT-PCR Forward: 5'-GGAATCCCAAACCACTGGACA-3'

Reverse: 5'-GGTAGCGTCGTCGTAAAGCACA-3'

Negative siRNA sense: 5’-UUCUCCGAACGUGUCACGUTT-3’
control antisense: 5’-ACGUGACACGUUCGGAGAATT-3’
ATAD?2 siRNA1 sense: 5’-CCCACUAAAUUUUCGGAAA(tt-3°

antisense: 5’-UUUCCGAAAAUUUAGUGGGag-3’
ATAD2 siRNA2 sense: 5’-GCAAGACCAAGAUACCGAUtt-3°

antisense: 5’-AUCGGUAUCUUGGUCUUGCag-3’

4



ARTICLE IN PRESS



