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Abstract
Background: Non-small cell lung (NSCLC) holds high mortality owing to the di�culty to early detection
from other lung mass, such as tuberculosis. This study evaluates the clinical value of the combination of
circulating cell-free DNA (cfDNA) quanti�cation and metabolic tumor burden to distinguish NSCLC from
tuberculosis.

Methods: A total of 149 NSCLC patients, 151 tuberculosis patients and 150 healthy controls were
included. Quantifying serum cfDNA fragments from ALU (115 bp) gene by RT-PCR. Metabolic tumor
burden (SUV-Maxa) values were detected by preoperative the 18F-�uorodeoxyglucose positron emission
tomography (18F-FDG PET/CT). A549 cell, NCI–H460 cell, NSCLC and tuberculosis mice model were
used to elucidate the speci�c mechanism.

Results: Serum cfDNA levels and SUV-Maxa were higher in NSCLC patients than those in healthy controls
and those in tuberculosis. Meanwhile, mice models showed the similar discovery. In addition, obvious
correlations of cfDNA and metabolic tumor burden were only existed in NSCLC patients and mice model,
rather than tuberculosis and control. Moreover, the combination of cfDNA and metabolic tumor burden
displayed better effect to distinguish NSCLC from tuberculosis than alone use. Mechanistically,
upregulated Glucose transporter 1 (GLU1) increased necroptosis-induce cfDNA rise by FasL/caspase
8/caspase 3 pathway and promoted metabolic tumor burden in NSCLC.

Conclusions: The combination of cfDNA and metabolic tumor burden displayed better effect to
distinguish NSCLC from tuberculosis, owing to upregulated GLU1 increased cfDNA levels by
FasL/caspase 8/caspase 3 pathways and promoted metabolic tumor burden in NSCLC.

Background
Lung cancer remains the most common cancer worldwide and is a leading cause of death due to its high
morbidity and mortality [1]. NSCLC patients account for approximately 85% of all lung cancer patients [1].
The majority of NSCLC cases are diagnosed at late stages (stage III or IV) and have systemic tumor
metastasis with 5-year survival rates of < 5%, owing to the low di�culty of early detection of NSCLC from
other lung mass, such as tuberculosis[2, 3]. Tuberculosis, a common infectious respiratory disease
caused by Mycobacteria, infects 1/3 of the world’s population and often radiologically manifests like
NSCLC [2, 4]. In tuberculosis epidemic regions, it is observed that tuberculosis resulted in 58–92% of
false-positive diagnoses of NSCLC and is also listed as one of the major false-positive cases of
malignant lymph nodes [5, 6]. Therefore, there is an increased demand for new diagnostic options based
on non-invasive way.

Circulating cell-free DNA (cfDNA) refers to extracellular DNA present in peripheral blood, are mainly
derived from tumor DNA fragments by necrotic or apoptotic tumor cells with tumor-epigenetic changes [7,
8]. The activation of caspases 8/ caspases 3 pathway, causing apoptosis through promoting poly (ADP-
ribose) polymerase-induced cleavage of DNA, is recognized as best biochemical hallmark of necroptosis
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[9, 10]. Moreover, size of the cfDNA released from dead lung cancer cells varies between small fragments
of 70 to 200 base pairs and large fragments of about 21 kb and is longer than that of nonneoplastic DNA
[11]. Accordingly, the cfDNA quanti�cation is a new diagnostic options for cancer, due to it is a simple,
non-invasive access to genetic material detectable in plasma and serum by sensitive molecular biology
techniques [12]. Our previous research demonstrates that the levels of cfDNA in patients with NSCLC are
obviously higher than that in patients with tuberculosis [13]. Moreover, cfDNA can be used as indicators
for identi�cation of NSCLC from tuberculosis [13]. Unfortunately, the sensitivity and speci�city of the
cfDNA to differentiate NSCLC from tuberculosis was not satisfactory [13].

PET/CT scans with 18F-FDG (a glucose analogue) is recommended for multiple kinds of tumors
diagnosis due to its high sensitivity and non-invasive procedure to detect cancer [14, 15]. The metabolic
tumor burden is described with the maximum standardized uptake value (SUV-Maxa) of the primary
tumor, depending on the rate of 18F-FDG uptake by the tumor [16, 17]. Currently, PET-CT is a good
procedure for the diagnosis of NSCLC patients because it has the capability of identifying the lesion
which would pass unnoticed in CT, preventing and reducing unnecessary operation [18, 19]. However, PET-
CT shows low speci�city for differential diagnosis of NSCLC from tuberculosis, due to the tuberculosis
site also presents an elevated level of glucose consumption [20, 21]. Of note, recently, a larger
prospective, interventional study demonstrated that the combination of cancer blood testing with PET-CT
was feasible to screen for multi-cancer and guide intervention [22].

The aim of this study is to evaluate the potential clinical value of the combination of cfDNA and
metabolic tumor burden by PET-CT as an auxiliary tool for NSCLC differential diagnosis from tuberculosis
in patients with solitary pulmonary nodules. Besides that, NSCLC mice model and tuberculosis mice
model are used to verify the correlation of cfDNA and metabolic tumor burden. Finally, gene silencing and
inhibitor in vivo and in vitro are performed to elucidate the speci�c mechanism.

Methods And Materials
Subjects

All subjects were recruited from the First and the Second A�liated Hospital of Wannan Medical College.
The protocol for this study was approved by the First A�liated Hospital of Wannan Medical College and
all subjects were provided written informed consent. This research was divided into three groups: healthy
controls (n = 150), tuberculosis (n = 151) and NSCLC (n = 149). NSCLC and tuberculosis were diagnosed
by pathology through PET/CT-guided biopsy or CT-guided biopsy with World Health Organization criteria
[23, 24]. All subjects were without any anti-tuberculosis or anti-tumor treatment before. Subjects with
hepatitis, renal insu�ciency, pregnancy, other severe organic disease were excluded in this research.

Animals

Male BALB/c nude mice (age, 5–6 weeks) were purchased from Slac Laboratory Animal (Shanghai,
China). All animal experiments in accordance were with the Laboratory Animal Guidelines for Ethical
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Review of Animal Welfare (GB/T 35892–2018, China) and with approval from the Laboratory Animal
Ethics Committee of Wannan Medical College. Mice were randomly allocated into one of seven groups:
Control group (n=8), Tuberculosis group (n=8), NSCLC group (n=8); NSCLC+ 0.9% Saline (NS) group (n=8),
NSCLC+ WZB117 group (n=8), NSCLC+ anti–FasL group (n=8), NSCLC+ Z-IETD-FMK group (n=8).

The mice model of NSCLC was achieved by the injection of human non-small cell lung cancer cells lines
A549 cells (1×106, 50 μl) or NCI–H460 (1×106, 50 μl) via the tail vein. 30 days later, the mice were
anesthetized, and the serum and lung tissues were collected [25]. A tuberculosis model was created by
the injection of mycobacterium tuberculosis (1×106 cfu, 50 μl) via the tail vein. The sample and tissue
were obtained for detection after 7 days [26]. Mices in NSCLC+ WZB117 group, NSCLC+ anti–FasL group,
NSCLC+ Z-IETD-FMK group received an injection of WZB117 (1 mg/kg), anti–FasL antibody (1 ug/mice),
Z-IETD-FMK (3 mg/kg) or an equivalent volume of NS via the caudal vein once three days before tissue
collection respectively.

Cells

A549 and NCI–H460 cells were cultured in DMEM containing 10% foetal bovine serum with 5% CO2. Cells
were allocated into one of four groups: NS-siRNA group (n=6), GLU1-siRNA group (n=6), FasL-siRNA
group (n=6), Z-IETD-FMK group (n=6). The siRNA were used to silence GLU1 or FasL gene in A549 and
NCI–H460 cells as reports [27, 28]. The rate of cell apoptosis was detected by MTT in the 24th hour.

Materials

Mycobacterium tuberculosis (ATCC 27294, 1×106 cfu/mg) was purchased from ATCC. Glu 1 inhibitor
(WZB117), caspase-3 and caspase-8 common inhibitor (Z-IETD-FMK) were obtained from
MedChemExpress (New Jersey, MJ). Anti-Glu 1, anti-caspase 3 antibody, anti-caspase 8 antibody and
anti–FasL antibody were obtained from Abcam (Cambridge, MA). [3H]-2-deoxy-D-glucose was obtained
from Perkin Elmer life Sciences and the rate of [3H]-2-deoxy-D-glucose uptake was measured according to
the manufacturer’s instructions.

Blood collection and DNA isolation

The serum samples of 2 ml were collected into EDTA-2K containing tubes. The cell-free serum was stored
at −80 °C. Total DNA was extracted from 400 μl serum by using QIAamp DNA Blood Mini Kit (Germany.
Qiagen). Only the absorbance of the extracted DNA, which was measured by the NanoDrop ND-1000
nucleic acid quanti�er (A 260/280 nm), at a ratio of 1.6–1.8 samples were usable.

Measurement of serum cfDNA levels

The quantization of human and mice serum DNA fragments was detected by quantitative real-time PCR
[13, 29]. Simply, amplifying and quantifying shorter (115 bp) fragments from abundant genomic ALU115
repeats. Sequences of ALU115 primers were forward CCTGAGGTCAGGAGTTCGAG and reverse
CCCGAGTAGCTGGGATTACA; Both calibrators and samples were analyzed in triplicate[13].
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Western blotting

For western blots, lung tissues were lysed in chilled RIPA buffer diluted in PBS and phosphatase inhibitor
for 30 minutes on ice. 10 μg of protein was loaded for SDSPAGE and standard western blotting
procedures. The following primary antibodies and dilutions were used: GLU1 (1:1000); FasL (1:2000);
caspase 3 (1:1000), caspase 8 (1:1000).

PET-CT scan

PET-CT scan were acquired using integrated PET–CT system (Siemens biograph mCT). Images were
acquired 1h after the administration of 18F-FDG. The PET scan was reconstructed by �ltered back-
projection and ordered-subset expectation-maximization, with data from the CTscan used for attenuation
correction. The maximum standardized uptake value (SUV-Maxa) of the tumor was calculated according
to standard formulas. Results were assessed by a nuclear medicine specialist[20].

RNA isolation, microarray analysis and data analysis

RNAs from the lung tissue were isolated with the RNeasy Mini Kit (Qiagen, Valencia, CA) accordance with
the manufacturer’s instructions for microarray analysis. Triplicate RNA samples were obtained for each
test, and cDNA microarray analysis was performed twice for each RNA sample. Based on KEGG Mapper
(https://www.kegg.jp/kegg/tool/map_pathway2.html), the fold changes were analyzed by �ltering the
data set with P-values≤0.05 and the signal-to-noise ratio≥2.0 for screening out differently expressed
genes.

Statistical analysis

Continuous variables were normally distributed by Kolmogorov–Smirnov test and provided as mean±SD.
Overall comparisons were performed with one-way ANOVA and multiple comparisons between the two
groups were derived from the LSD-t test. Categorical variables were expressed as percentages.
Differences in percentages of variables were determined by χ 2 test. Categorical variables were abnormal
distribution and shown as Median (Quartile) [M (P25, P75)]. Differences of serum cfDNA concentrations
and its integrity and SUV_maxa among patients with NSCLC, tuberculosis and healthy controls were
analyzed by using the Kruskal-Wallis test. Multiple comparisons between two groups were derived from
the Mann Whitney U test. Relationships between cfDNA and SUV_maxa were examined using Pearson
linear regression analysis. ROC analysis was carried out to determine the AUC, sensitivity and speci�city.
Statistical analysis was performed by using the SPSS statistical package version 16.0 (Chicago, IL, USA).
Statistically signi�cance was established at a P value < 0.05.

Results
General conditions
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There were 149 patients with NSCLC, 151 patients with tuberculosis and 150 healthy controls in this
research. Characteristics of patients grouped were showed in Table 1. There were no statistical
differences in gender, age and comorbidities among these three groups (P = 0.929 and P = 0.573,
respectively, Table 1). Nevertheless, NSCLC patients showed higher smoking rate (current: 43.62%, former:
36.91%, never: 19.46%) and tobacco exposure (42.65 ± 16.94 years) compared with healthy controls
(current: 30%, former: 26.67%, never: 43.33%, P = 0.000; 30.23 ± 9.12 years, P = 0.000, respectively) and
tuberculosis patients (current: 31.13%, former: 39.07%, never: 29.8%, P = 0.039; 36.78 ± 12.97 years, P = 
0.000, respectively, Table 1)

Table 1
The comparison of clinical characteristics among NSCLC, tuberculosis and healthy control.

  Healthy control (n = 150) Tuberculosis

(n = 151)

NSCLC

(n = 149)

P value

Age (years) 59.92 ± 8.33 59.27 ± 9.70 60.08 ± 9.94 0.734

Gender       0.932

male 116 (77.33%) 114(75.5%) 114(76.51%)  

female 34(22.67%) 37(24.5%) 35(23.49%)  

Smoking status       < 0.001

Current 45(30%) 47(31.13%) 65(43.62%)  

Former 40(26.67%) 59(39.07%) 55(36.91%)  

Never 65(43.33%) 45(29.8%) 29(19.46%)  

Tobacco Exposure (years) 30.23 ± 9.12 36.78 ± 12.97 42.65 ± 16.94 < 0.001

Comorbidities        

Hypertension 55(36.67%) 54(35.76%) 60(40.27%) 0.696

Diabetes 15(10%) 12(7.95%) 18(12.08%) 0.491

Asthma 7 9(5.96%) 12(4.03%) 0.473

 

The cfDNA and SUV-Maxa were increased in NSCLC patients

The serum level of cfDNA [19.78(11.52, 28.36) ng/µl] and SUV-Maxa [3.99 (2.33, 5.71)] were signi�cantly
higher in patients with NSCLC than those in healthy controls [9.75 (5.27, 13.65) ng/µl, P < 0.001, Fig. 1B;
1.93 (1.05, 2.59), P < 0.001, Fig. 1C, respectively] and those in patients with tuberculosis [14.58 (9.149,
18.74) ng/µl, P < 0.001, Fig. 1B; 2.41 (1.50, 3.12), P < 0.001, Fig. 1C, respectively].

The cfDNA levels were associated with SUV-Max a in NSCLC patients
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In healthy controls and patients with tuberculosis, no statistical association was found between SUV-
Maxa and age (P = 0.319 and P = 0.102, respectively), in contrast, statistical association was found in
NSCLC patients (P = 0.029, Table 2). In addition, adenocarcinoma of NSCLC patients showed higher
cfDNA and SUV-Maxa than those in squamouscarcinoma [20.93 (16.89, 36.23) ng/µl vs 17.37 (8.82,
22.81) ng/µl, P = 0.000; 4.36 (3.47, 8.05) vs 3.01 (1.57, 4.22), P = 0.000, respectively]. Moreover, patients
with advanced NSCLC (pathology stage - ) owned higher cfDNA and SUV-Maxa than those in early
NSCLC patients (pathology stage - ) [21.57 (15.95, 31.05) ng/µl vs 17.39 (7.95, 20.56) ng/µl, P = 0.001;
4.31 (3.72, 7.95) vs 2.89 (1.35, 3.46), P = 0.000, respectively, Table 2]. Similarly, there is no signi�cant
correlation of cfDNA and SUV-Maxa in healthy controls (r = 0.163, P = 0.045, Fig. 1D) and patients with
tuberculosis (r = 0.226, P = 0.005, Fig. 1E). However, patients with NSCLC showed obvious correlation of
cfDNA and SUV-Maxa (r = 0.841, P < 0.001, Fig. 1F).
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Table 2
Correlation between clinical characteristics and serum cfDNA or SUVMaxa

  N cfDNA K-Wχ 2
/Z

P SUVMaxa K-Wχ 2
/Z

P

Healthy control              

Age (years)              

≤ 65 119 9.58 (5.06,
12.54)

0.991 0.319 1.88 (1.14,
2.55)

0.501 0.479

> 65 31 10.01 (7.15,
17.75)

    1.94 (0.89,
2.71)

   

Gender (N)              

Male 116 9.82 (6.48,
12.53)

-0.608 0.543 1.90 (1.09,
2.41)

0.514 0.607

Female 34 7.14 (3.52,
17.62)

    2.14 (.79,
3.41)

   

Tuberculosis              

Age (years)     -0.102 0.918   -1.448 0.148

≤ 65 117 14.59 (11.34,
17.91)

    2.53 (1.69,
3.12)

   

> 65 34 14.62 (6.30,
26.99)

    2.10 (1.42,
3.25)

   

Gender (N)     -0.311 0.755   -0.270 0.787

Male 114 14.50 (9.14,
18.78)

    2.43 (1.52,
2.99)

   

Female 37 14.66 (9.73,
18.94)

    2.23 (1.46,
5.15)

   

NSCLC              

Age (years)     -1.636 0.102   -2.182 0.029

≤ 65 113 18.64 (14.45,
23.64)

    3.53 (2.86,
4.72)

   

> 65 36 27.90 (6.68,
41.91)

    7.19 (2.04,
8.94)

   

Gender (N)     -1.110 0.267   -1.157 0.247

Male 114 19.05 (11.17,
26.12)

    3.81 (2.28,
5.33)
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  N cfDNA K-Wχ 2
/Z

P SUVMaxa K-Wχ 2
/Z

P

Female 35 20.29 (14.29,
35.03)

    4.05 (3.00,
8.30)

   

Pathological type     -3.682 < 
0.001

  -4.080 < 
0.001

Adenocarcinoma 76 20.93 (16.89,
36.23)

    4.36 (3.47,
8.05)

   

Squamous
Carcinoma

73 17.37 (8.82,
22.81)

    3.01 (1.57,
4.22)

   

pathology stage     -3.258 0.001   -5.660 < 
0.001

Stage - 64 17.39 (7.95,
20.56)

    2.89 (1.35,
3.46)

   

Stage - 85 21.57 (15.95,
31.05)

    4.31 (3.72,
7.95)

   

NSCLC: non-small cell lung cancer; cfDNA : cell-free DNA; SUV-Maxa: the maximum standardized
uptake value

 

Combining cfDNA and SUV-Max a to distinguish NSCLC from healthy controls

ROC curve analysis showed that the combination of cfDNA and SUV-Maxa (AUC = 0.982, P = 0.000, cut-off
values = 0.22, sensitivity = 94.5%, speci�city = 92.7%) displayed higher e�cacy to distinguish NSCLC from
healthy controls than alone use (AUC = 0. 907, P = 0.000, cut-off values = 20.25, sensitivity = 98.0%,
speci�city = 67.3%; AUC = 0.901, P = 0.000, cut-off values = 7.67, sensitivity = 80.6%, speci�city = 94.3%,
respectively, Fig. 1G, Table 3).
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Table 3
Combining cfDNA and SUVMaxa to distinguish NSCLC from healthy controls.

  AUC
ROC

Cut off
value

Sensitivity
(%)

Speci�city
(%)

95% CI P
value

cfDNA 0.907 20.25 98.0 67.3 0.875–
0.939

< 
0.001

SUVMaxa 0.901 7.67 80.6 94.3 0.860–
0.941

< 
0.001

combination of cfDNA and
AUCMaxa

0.982 0.22 94.5 92.7 0.971–
0.992

< 
0.001

NSCLC: non-small cell lung cancer; cfDNA : cell-free DNA; SUVMaxa: the maximum standardized
uptake value; AUC: area under the curve

 

Combining cfDNA and SUV-Maxa to distinguish NSCLC from  tuberculosis

ROC curve analysis showed that the combination of cfDNA and SUV-Maxa (AUC = 0.935, P = 0.000, cut-off
values = 0.46, sensitivity = 91.9%, speci�city = 90.1%) also displayed better effect to distinguish NSCLC
from tuberculosis than alone use (AUC = 0.804, P = 0.000, cut-off values = 16.83, sensitivity = 96%,
speci�city = 65.3%; AUC = 0.851, P = 0.000, cut-off values = 3.51, sensitivity = 67.1%, speci�city = 93.7%;
respectively, Fig. 1H, Table 4).

Table 4
Combining cfDNA and SUVMaxa to distinguish NSCLC from tuberculosis.

  AUC
ROC

Cut off
value

Sensitivity
(%)

Speci�city
(%)

95% CI P
value

cfDNA 0.804 16.83 96 65.3 0.751–
0.857

< 
0.001

SUVMaxa 0.851 3.51 67.1 93.7 0.807–
0.896

< 
0.001

combination of cfDNA and
AUCMaxa

0.935 0.46 91.9 90.1 0.910–
0.960

< 
0.001

NSCLC: non-small cell lung cancer; cfDNA : cell-free DNA; SUVMaxa: the maximum standardized
uptake value; AUC: area under the curve

 

The cfDNA was associated with [3H]-2-deoxy-DG uptake in NSCLC mice model
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To investigate the speci�c mechanism of the relationship between cfDNA and SUV-Maxa, Two NSCLC
mice models (A549 and NCI–H460) and the tuberculosis mice model were used. Metabolic tumor burden
was displayed by the value of SUV-Maxa in PET/CT, which depended on the rate of contrast agent (18F-
FDG) uptake by tumor [16, 17]. Therefore, the rate of [3H]-2-deoxy-DG uptake was measured to show the
metabolic tumor burden in lung tumor of NSCLC mice model. We found A549 NSCLC group and NCI–
H460 NSCLC group both had a higher rate of [3H]-2-deoxy-DG uptake than those in control group and in
tuberculosis group (Fig. 2B), similarly to human. Moreover, NSCLC group also showed higher cfDNA level
than those in the control group and tuberculosis group (Fig. 2A). Similarly, there is also no correlation of
cfDNA and the rate of [3H]-2-deoxy-DG uptake in the control group (Fig. 2C) and tuberculosis group
(Fig. 2D). However, NSCLC group showed obvious association of cfDNA level and [3H]-2-deoxy-DG uptake
(Fig. 2E, Fig. 2F).

GLU1/FasL/Caspase-8/Caspase-3 were upregulated in lung tumor tissue of NSCLC mice model

To further research the speci�c mechanism of glucose uptake of lung tumor interacting with serum
cfDNA, RNA microarray analysis was performed. GLU1, FasL, Caspase-8, caspase-3 gene were
signi�cantly upregulated in lung tumor of A549/NCI–H460 NSCLC group than those in tuberculosis group
(Fig. 2G). Besides that, Western blotting also showed that GLU1, FasL, cleaved-caspase 8 and cleaved-
caspase 3 were signi�cantly increased, while pro-caspase 8 and pro-caspase 3 were decreased in
A549/NCI–H460 NSCLC group than those in tuberculosis group (Fig. 2H-I).

GLU1 promoted the [3H]-2-deoxy-DG uptake in NSCLC

To investigate whether [3H]-2-deoxy-DG uptaking rely on GLU1, the GLU 1 inhibitor (WZB117) was used.
The increased [3H]-2-deoxy-DG uptake was reversed by WZB117, indicating that the upregulated GLU1
promoted the [3H]-2-deoxy-DG uptake in A549/NCI–H460 NSCLC (Fig. 3C, G).

GLU1 increased cfDNA levels by FasL/caspase 8/caspase 3 pathway in vivo

To explore whether the necroptosis-induce cfDNA was mediated through GLU1/FasL/caspase 8/caspase
3 pathways, GLU 1 inhibitor (WZB117), anti–FasL antibody, caspase 8 and caspase 3 inhibitor (Z-IETD-
FMK) were used in vivo. We found that GLU1 increased the expression of cleaved-caspase 3 through
increasing FasL and cleaved-caspase 8 expression in lung tumor of A549/NCI–H460 NSCLC mice
(Fig. 3A,D,E,H), indicating that GLU1/FasL/caspase 8/caspase 3 pathway was activated in NSCLC to
promote necroptosis. Moreover, the increased serum cfDNA was reversed by WZB117, anti–FasL
antibody and Z-IETD-FMK (Fig. 3B,F), indicating that GLU1 increased cfDNA levels by FasL/caspase
8/caspase 3 pathways in vivo.

GLU1 promoted apoptosis by FasL/caspase 8/caspase 3 pathway in vitro

Vitro experiments also demonstrated the similar results in A549 and NCI–H460 cells line. Knocking down
GLU1 and FasL gene by siRNA and inhibited caspase 8/caspase 3 activities could signi�cantly reduce
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apoptosis, indicated that GLU1 promote apoptosis by FasL/caspase 8/caspase 3 pathway in vitro
(Fig. 4).

Discussion
This study found that the serum levels of cfDNA and metabolic tumor burden (SUV-Maxa and [3H]-2-
deoxy-DG uptake) in patients and mice model of NSCLC were signi�cantly higher than those in healthy
controls and tuberculosis. In addition, the cfDNA levels were positively associated with metabolic tumor
burden in NSCLC patients and mice model. Moreover, the combination of cfDNA and metabolic tumor
burden displayed better effect to distinguish NSCLC patients from tuberculosis patients than alone use.
Mechanistically, upregulated GLU1 in tumor tissue promote necroptosis-induce cfDNA rise through
FasL/caspase 8/caspase 3 pathways. Meanwhile, upregulated GLU1 also promoted the uptake of
glucose of tumor to increase metabolic tumor burden in NSCLC.

Several reports have demonstrated higher levels of cfDNA in the serum of lung cancer patients compared
with healthy controls, serving as a potential diagnostic biomarker [13, 30, 31]. In this study, both NSCLC
patients and mice model displayed higher levels of cfDNA than those in healthy controls, indicating that
cfDNA could be used as a potential diagnostic biomarker for NSCLC. In addition, our present research
also demonstrated that the cfDNA levels also increased in NSCLC patients and mice model compared
with those in tuberculosis patients and mice model, elucidating that cfDNA was a potential diagnostic
biomarker to distinguish NSCLC from tuberculosis just as our previous report [13]. Unfortunately, the
sensitivity and speci�city of the cfDNA to distinguish NSCLC from tuberculosis were not satisfactory,
therefor, it was necessary to seek a new approach to improve the e�ciency of the differential diagnosis.

18F-FDG PET/CT was a valuable new imaging modality for diagnosis and differential diagnosis of
NSCLC [32, 33]. PET/CT parameters (i.e., SUV-Maxa) could provide useful data on tumor metabolism. For
instance, the SUV-Maxa, the value of a single voxel with the highest radiotracer (18F-FDG) concentrations
within the tumor, was a indicator of the metabolic tumor burden [16, 17]. This study found that SUV-Maxa

was increased in NSCLC patients compared with that in healthy controls and tuberculosis patients, and
could be used for the diagnosis and the differential diagnosis of NSCLC just as a previous report [6]. Of
note, although SUV-Maxa was useful and might be a surrogate marker of the metabolic tumor burden, it
was affected by many factors and was highly sensitive to noise [34, 35]. A previous study has
demonstrated that SUV-Maxa had low sensitivity for distinguishing NSCLC from tuberculosis [20]. This
study also revealed this result, indicating that a combined approach to improve the differential diagnosis
rate of NSCLC from tuberculosis was required.

Recently, a larger prospective, interventional study demonstrated that the combination of blood testing
with PET-CT could be used to screen for lung cancer [22]. Therefore, the combination of cfDNA and
metabolic tumor burden was performed to distinguish NSCLC from tuberculosis. Intriguingly, ROC curve
analysis showed that the combination of cfDNA and SUV-Maxa displayed better effect to distinguish
NSCLC from tuberculosis than alone use. Furthermore, patients with NSCLC, rather than healthy controls
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or patients with tuberculosis, showed obvious positive correlation of cfDNA and SUV-Maxa. In addition,
this association also existed in the NSCLC mice model, rather than control mice model or the tuberculosis
mice model, indicating that there may be a connection, to a certain degree, between the metabolism of
cfDNA and tumor burden.

Tumor cell adapted to hypoxic conditions by controlling the expression of many endogenous glycolysis-
related transporters and enzymes, such as GLU1, which played a pivotal role in the mechanisms of
cellular metabolism [36, 37]. Although several studies have reported a correlation between GLU1
expression and SUV-Maxa in NSCLC patients [17, 38], none have veri�ed this relationship in an animal
model. This research found that the expression of GLU1 mRNA and protein were also increased markedly
in two NSCLC mice model, similarly as NSCLC patients, moreover, the increased glucose uptake in tumor
cell was reversed by a GLU1-speci�c inhibitor, indicating that upregulated GLU1 increased metabolic
tumor burden (SUV-Maxa) by promoting the glucose uptake in NSCLC.

Deregulation in apoptotic cell death machinery was a hallmark of cancer, and necroptosis alteration was
responsible for the tumor burden and development and progression [9, 10]. Circulating cfDNA were
mainly derived from tumor DNA fragments by apoptotic tumor cells, while necroptosis was stimulated by
the activation of caspases 8 and caspases 3 [7, 8]. Our present research found that upregulated GLU1
increased the expression of cleaved-caspases 8 and cleaved-caspase 3 through upregulating FasL to
promote necroptosis in vivo and in vitro. Moreover, increased serum cfDNA levels were reversed by GLU1-
speci�c inhibitor, anti–FasL antibody and caspases 8 and caspase 3 common inhibitor, indicating that
the increased serum cfDNA depended on GLU1/ FasL/caspase 8/caspase 3 pathway in NSCLC.

This study has several limitations. First, the sample size was not enough to Distinguish NSCLC from
tuberculosis convincingly by the combination of cfDNA and metabolic tumor burden. Therefore, any
comprehensive analysis of this issue would need to be speci�cally addressed in a case–control matched
study with considerably larger cohorts. Second, other mechanisms for the correlation of cfDNA and
metabolic tumor burden, except for GLU1/ FasL/caspase 8/caspase 3 pathways, should be considered.

Conclusion
As shown in Fig. 5, the present study demonstrated that serum levels of cfDNA and metabolic tumor
burden in patients and mice model of NSCLC were signi�cantly increased than those in healthy controls
and tuberculosis. Moreover, serum cfDNA levels were positive correlated with metabolic tumor burden in
NSCLC. In addition, the combination of cfDNA and metabolic tumor burden displayed better effect to
distinguish NSCLC patients from tuberculosis patients than alone use. Mechanistically, upregulated GLU1
increased the serum levels of cfDNA by FasL/caspase 8/caspase 3 pathways and promoted the uptake
of glucose to raise metabolic tumor burden in NSCLC.

Abbreviations
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NSCLC: non-small cell lung cancer; cfDNA: cell-free DNA; 18F-FDG PET/CT:18F-�uorodeoxyglucose
positron emission tomography ; SUV-Maxa: the maximum standardized uptake value; AUC: area under the
curve; GLU1:Glucose transporter 1.
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Figure 1

The combination of cfDNA and SUV-Maxa displayed better effect to distinguish NSCLC from
tuberculosis. (a) The metabolic tumor burden was described with the maximum standardized uptake
value (SUV-Maxa) of the primary tumor, measured by PET/CT. NSCLC and tuberculosis were diagnosed
by pathology through PET/CT-guided biopsy or CT-guided biopsy. (b) Serum cfDNA levels in healthy
controls, tuberculosis patients and NSCLC patients. (c) The metabolic tumor burden (SUV-Maxa) in
healthy controls, tuberculosis patients and NSCLC patients. (d) The correlation of cfDNA and SUV-Maxa
in healthy controls. (e) The correlation of cfDNA and SUV-Maxa in tuberculosis patients. (f) The
correlation of cfDNA and SUV-Maxa in NSCLC patients. (g) ROC curve analysis to distinguish NSCLC
from healthy controls by the serum cfDNA levels, SUV-Maxa or the combination of cfDNA and SUV-Maxa.
(h) ROC curve analysis to distinguish NSCLC from tuberculosis by the serum cfDNA levels, SUV-Maxa or
the combination of cfDNA and SUV-Maxa. Values represent means (Quartile) [M (P25, P75)].
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Figure 2

Serum cfDNA levels were correlated with [3H]-2-deoxy-DG uptake in NSCLC mice model (a) Serum cfDNA
levels in control mice model, tuberculosis mice model and NSCLC mice model. (b) The metabolic tumor
burden ([3H]-2-deoxy-DG uptake). (c) The correlation of cfDNA and [3H]-2-deoxy-DG uptake in controls. (d)
The correlation of cfDNA and [3H]-2-deoxy-DG uptake in tuberculosis mice model. (e) The correlation of
cfDNA and [3H]-2-deoxy-DG uptake in A549 NSCLC mice model. (f) The correlation of cfDNA and [3H]-2-
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deoxy-DG uptake in NCI–H460 NSCLC mice model. (g) RNA microarray analysis was performed to
investigate the differential gene between NSCLC mice model and tuberculosis mice model. (h, j) GLUT1,
FasL, pro-caspase 8, cleaved caspase 8, pro-caspase 3 and cleaved caspase 3 expression was evaluated
using Western blotting in tuberculosis mice model and A549 NSCLC mice model. (i, k) GLUT1, FasL, pro-
caspase 8, cleaved caspase 8, pro-caspase 3, cleaved caspase 3 expression was evaluated using Western
blotting in tuberculosis mice model and NCI–H460 NSCLC mice model.( Values represent mean±SD, n=8
per group).
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Figure 3

GLU1 increased cfDNA levels by FasL/caspase 8/caspase 3 pathway and promoted the [3H]-2-deoxy-DG
uptake in vivo Glu 1 Inhibitor (WZB117), anti–FasL antibody, caspase-3 and caspase-8 common inhibitor
(Z-IETD-FMK) were injected into (a, d) A549 NSCLC mice model or (e, h) NCI–H460 NSCLC mice model via
the caudal vein once three days to elucidate the speci�c signal pathway. GLUT1, FasL, pro-caspase 8,
cleaved caspase 8, pro-caspase 3, cleaved caspase 3 expression was evaluated using Western blotting.
Increased serum cfDNA levels were reversed by anti–FasL antibody and Z-IETD-FMK in (b) A549 NSCLC
mice model or (f) NCI–H460 NSCLC mice model. The increased [3H]-2-deoxy-DG uptake was reversed by
WZB117 in (c) A549 NSCLC mice model or (g) NCI–H460 NSCLC mice model. (Values represent
mean±SD, n=8 per group).

Figure 4

GLU1 promoted apoptosis by FasL/caspase 8/caspase 3 pathway in vitro The GLU1 or FasL gene were
knocked down by siRNA and the activation of caspase-3 and caspase-8 were blocked by Z-IETD-FMK.
GLUT1, FasL, pro-caspase 8, cleaved caspase 8, pro-caspase 3, cleaved caspase 3 expression was
evaluated by Western blotting in (a, b) A549 cell and (d, e) NCI–H460 cell. Apoptosis percent of (c) A549
cell and (f) NCI–H460 cell were detected by MTT in the 24th hour. (Values represent mean±SD, n=6 per
group).
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Figure 5

Summary, the combination of cfDNA and metabolic tumor burden displayed better effect to distinguish
NSCLC from tuberculosis, owing to upregulated GLU1 in tumor tissue promote necroptosis-induce cfDNA
release through FasL/caspase 8/caspase 3 pathway, as will as also promoted the uptaking of glucose of
tumor to increase metabolic tumor burden in NSCLC.


