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Background: TR activity has been found to be elevated in people at high risk of developing prostatic
cancer and is over-expressed in solid tumors. We hypothesized that plasma TR activity was highly correlated
with carcinogenesis in NSCLC and might thus be a biomarker for its early diagnosis.
Methods: The plasma TR activity of cancer patients and non-cancer volunteers was measured using the
DTNB method and analyzed using the receiver operating characteristic (ROC) curve method. TR expression
of excised carcinoma tissue was performed using immunohistochemical staining. The study was registered on
clinicaltrial.gov NCT01985113.
Results: Our results showed that plasma TR was significantly up-regulated in cancer patients compared
with healthy volunteers. The cut-off value was 7.1 U/mL, and this cut-off value was further verified in
resectable non-small cell lung cancer (NSCLC) patients. The expression of TR was higher in carcinoma
tissues compared to para-carcinoma tissues.
Conclusions: Plasma TR was a diagnostic biomarker for NSCLC.
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Introduction
Lung cancer is the leading cause of cancer deaths
worldwide. The incidence rate of lung cancer is the second
highest, but the mortality is highest among all malignant
tumors (1). Non-small cell lung cancer (NSCLC) accounts
for 85% of all lung cancer cases. Most NSCLC patients
are diagnosed at an advanced stage and have a five-year
overall survival rate of less than 5% (2). The poor survival
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rate strongly suggests the significance of the development
of early diagnostic techniques. However, until now, none
of the tumor-associated biomarkers has been proven to be
effective for early diagnosis in NSCLC patients.
Thioredoxin reductase (TrxR/TR) is a member of
the selenium-containing pyridine nucleotide-disulfide
oxidoreductase family and consists of three isoforms, TR1,
TR2 and TR3. TR1 is the major isoform and is localized in
the cytoplasm, where it catalyzes the NADPH-dependent
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reduction of oxidized thioredoxin (Trx). The TR system has
been well-documented to play an essential role in various
metabolic pathways including selenium metabolism, DNA
synthesis, and oxidation resistance in cancer cells (3,4).
Over-expression of TR1 has been observed in multiple
carcinoma cell lines and tissues (5,6). In human breast and
hepatocellular cancer, over-expression of TR1 has been
proven to be an independent marker for a poor prognosis in
patients (7,8). Elevated TR activity was observed in men at
a high risk for prostate cancer (9).
Previous studies have shown that depletion of TR1 can
reverse the tumorigenicity of lung carcinoma cells (10).
Numerous studies have further validated the anti-tumor
effect of TR1-specific inhibitors (11-15). Our group has
demonstrated that 1,2-[bis (1,2-Benzisoselenazolone-3
(2H)-ketone)] ethane (BBSKE), a specific inhibitor of
TR, was able to induce carcinoma cell apoptosis, and the
mechanism for this effect involved the suppression of the
TrxR/TR-Tr-NF-kappaB pathway (16-18). The biological
mechanism for TR in cancer proliferation suggested the
natural hypothesis that TR is a diagnostic biomarker. Thus,
it was of great clinical significance to develop a technically
convenient, economically beneficial and scientifically
reproducible method for the early diagnosis of NSCLC.

consent was signed by each patient for the scientific use
of the biological samples. This study was approved by the
Ethics Committee of the Hunan Cancer Hospital and
registered on Clinicaltrials.gov (NCT01985113). The
biological specimens were recorded in the tissue bank of
the Precision Medical Center of Cancer of the Affiliate
Cancer Hospital of Xiangya School of Medicine Central
South University. The plasma TR activity was measured
to confirm the diagnostic cut-off value in the development
cohort.

Methods

Measurement of TR activity in plasma/tissue using
DTNB assay

Study design and patients
This was a prospective, observational clinical study that
consisted of two parts, a “development cohort” and a
“validation cohort.”
In the “development cohort”, blood samples were
collected from 309 patients who had been diagnosed with
malignant tumors by pathological analysis in three hospitals
(Hubei Renmin Hospital, Wuhan Zhongnan Hospital
and Hunan Cancer Hospital) and 667 healthy people in
four medical centers (Beijing, Wuhan, Guangzhou and
Changsha) in China. The plasma TR activity was tested,
and receiver operating characteristic (ROC) curve analysis
was then performed to determine the diagnostic value of
TR activity.
In the “validation cohort”, patients who met the
following criteria were eligible: (I) 18–80 years old; (II)
clinically diagnosed with resectable NSCLC, according to
the seventh edition of the American Joint Committee on
Cancer (AJCC) staging for NSCLC: T1–3, N0–2, M0 or
T4, N0–1, M0; (III) anti-tumor treatment-naïve. Informed
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Sample preparation
Blood samples were drawn on the day before surgery and
3–5 days after surgery and stored at 4 ℃. Centrifugation
(4 ℃, 3,000 rpm for 5 min) was performed within 8 hours.
The plasma samples were stored at −80 ℃ before the test.
Paired lung carcinoma and adjacent normal tissues (10 mm
outside of the tumor border) were cut into 5 mm × 5 mm
pieces and then immediately stored in liquid nitrogen.
The total tissue protein was isolated using RIPA Lysis
Buffer (Applygen Technologies Inc.), and the protein
concentration was determined using the Bradford assay
(Applygen Technologies Inc.).

We utilized the NADPH-dependent DTNB reduction
assay to measure the plasma and tissue TR activities (Keaise
TR Detection Kit, No. 3400264 2014, approved by China
Food & Drug Administration). The reaction equation is as
follows:
DTNB + NADPH + H + TR 2TNB + NADP +
First, a stock mixture (10 mM EDTA-Na2, 5 mM
DTNB, 0.2 mM NADPH, and 0.2 mg/mL bovine serum
albumin in 100 mM PBS, pH 7.0) was freshly prepared and
stored at 4 ℃. For the analyses, 15 μL of plasma or 20 μg
of protein was mixed with 20 μL of the TR inhibitor
Ethaselen (BBSKE, 0.5 μM) or 20 μL of PBS, added to
a 96-well plate, and incubated at 37 ℃ for 30 min. The
reactions were started by the addition of 165 μL of the stock
mixture to each sample. The changes in the absorbance at
405 nm with time were monitored for the first 7 min at 37 ℃
using a microplate reader. The TR activity was calculated
as follows: TR activity = ΔA412 nm / min × sample dilution
× total volume / 6.35 mM−1cm−1 / plasma volume or protein

tcr.amegroups.com

Transl Cancer Res 2017;6(2):383-392

Translational Cancer Research, Vol 6, No 2 April 2017

content. The TR activities of the plasma and tissue were
expressed as U/mL or U/mg, respectively.
Performance evaluation of TR detection assay
Limit of detection (LOD)
Standard samples (rat liver TR: 3.48, 1.74, 0.87, 0.65, or
0.43 U/mL) or empty buffer were used in the TR detection
assay for technical standardization.
Sensitivity
0, 1, 3, 5, 10, 15, and 20 μL of rat liver TR (0.5 mg/mL)
solution was added to the wells of a 96-well plate. The
TR activity was tested using the Keaise TR Detection Kit.
The sensitivity was calculated based on the standard curve
generated using Origin 7.5.2 software.
Accuracy and reproducibility
Six and ten parallel determinations of TR activity were
carried out using aliquots of a single control plasma sample
(Wuhan Blood center, batch number 176985: group O, and
negative for HBV, HCV, HIV and syphilis) to estimate the
relative standard deviation and the coefficient of variation
(CV), respectively.
Stability
The TR Detection Kit was stored in the dark at 37 ℃ for
7 days, and the sensitivity, accuracy and reproducibility tests
were repeated.
CEA measurement
Whole blood was collected in an EDTA-anticoagulation
tube, then centrifuged at 4 ℃ at 3,000 rpm for 5 min. The
plasma was collected, and the samples were diluted into the
sample diluent NS and assayed (Abcam, USA, 183365). A
50 μL aliquot of each sample was added to a 96-well plate,
and 50 μL of the antibody cocktail was added to each well.
The plate was incubated for 1 hour at room temperature,
after which 100 μL of the stop solution was added to each
well, and the optical density value was read at 450 nm using
a Micro-plate reader (Tecan, USA, M1000pro).
Immunohistochemical analysis
The immunohistochemical analysis of carcinoma and
para-carcinoma (adjacent normal tissues as described in
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the sample preparation section) tissues from the NSCLC
patients was performed as described previously (19). The
paired tissues were dewaxed in xylene (twice for 5 min)
and rehydrated in a series of ethanol solutions (100%,
95%, 90%, 80%, 70%, 60%, 50%, 30%, and 3 times in
ddH2O, each for 5 min). Antigen retrieval was performed
in sodium citrate buffer (pH 6.0) in a boiling water bath
for 10 min, and the samples were then allowed to cool at
room temperature. The samples were then washed three
times with PBS (5 min each time). After the endogenous
peroxidase was blocked using a hydrogen peroxide solution
(5 min), the blocking solution was removed, and the tissue
sections were then incubated with the primary antibody to
TR1 (Abcam, USA, 16840) at a dilution of 1:500 at 4 ℃ for
8 hours. After washing in phosphate-buffered saline (3 times
for 5 min each time) and incubation with a secondary goat
anti-rabbit IgG (Maxim, China, KIT-9710) for 30 min,
staining was performed using 3,3’-Diaminobenzidine, and
the nuclei were counterstained with hematoxylin. The TR1
expression was scored on the basis of both area and staining
intensity. Positive cell counts less than 5%, 5–25%, 25–
50%, 50–75% and 75–100% were defined as 0, 1, 2, 3 and 4,
respectively. The intensity of the cell staining was evaluated
as colorless, light yellow, tawny and brown and assigned
scores of 0, 1, 2 and 3, respectively. These two scores were
added together and defined as follows: 0–1 (−), 2–3 (+), 4–5
(++), and 6–7 (+++). Positive was defined as ++/+++.
Cell culture
The human lung adenocarcinoma cell line, A549, was
purchased from American Type Culture Collection. The
cells were cultured in Roswell Park Memorial Institute 1640
with 10% fetal bovine serum (Gibco, USA, 10099-141) at
37 ℃ in a 5% CO2 atmosphere.
CCK-8 testing

After the A549 cells were cultured for 24 to 48 hours and
the cells were in a logarithmically increasing phase, the cells
were counted and diluted to 1×104/100 μL, then cultured in
96-well plates. After 24 hours, 11 μL of BBSKE solution (50
or 100 μM) were added to each of six replicate wells, and
the cells were cultured for 24 or 48 hours longer. Finally,
10 μL of the CCK-8 solution was added to each well and
cultured in 37 ℃ for 1.5 hours, and the optical density value
was read at 450 nm using a Micro-plate reader (Tecan,
USA, M1000pro).

tcr.amegroups.com

Transl Cancer Res 2017;6(2):383-392

Zhou et al. Plasma TR as a diagnostic biomarker in NSCLC

386

Cancer patients

Healthy volunteers

ROC curve

Cut-off value

Resectable lung cancer patients

Verify

Pathological diagnosed NSCLC

Carcinoma

Para-carcinoma

Figure 1 Research design for the studies of large and small numbers of samples.

Flow cytometry

Statistical analysis

A549 cells were treated with one of two concentrations
of BBSKE or DMSO for 24 hours and then harvested for
the apoptosis test (Becton, Dickinson and Company, USA,
#556547). The cells were washed with 3 times with PBS
then resuspended in 200 μL binding buffer to which 5 μL of
Annexin V was added. The samples were placed in the dark
for 10 min then labeled with 10 μL of PI, then immediately
analyzed using flow cytometry (Becton, Dickinson and
Company, USA, FACSCalibur).

The SPSS 21.0 software package was used to perform the
statistical analyses (SPSS Institute, version 21.0, Chicago,
USA). Because the TR values demonstrated a non-normal
distribution, this parameter could not be expressed as the
mean value and standard deviation. The TR values are
therefore expressed as the medians and interquartile range
(IQR). The statistical significance of the differences in the
plasma TR activities between groups was determined using
logistic regression. ROC curves were generated to evaluate
the performance of TR activity in separating the cancer
patients from the healthy individuals. All tests were twotailed, and P values <0.05 were considered to be statistically
significant.

Western blotting
Western blotting was performed as previously described (20).
The primary antibodies were as follows, Anti-NF-kappaB
p65 antibody (Abcam, USA, 16502), phospho-p65 (Abcam,
USA, #86299), TR1 (Abcam, USA, #16840) and β-actin
(Abcam, USA, #8226). The Western blot band intensities
were read using a Bio-Rad ChemiDoc TM MP Imaging
system.
Nude mice xenografts
Four-week-old 16–18 g male BALB/c nude mice were
ordered from an animal-supply company (Shanghai) and
raised in an animal center under specific pathogen-free
conditions. Logarithmic phase A549 cells were diluted
to 5×106/200 μL and then injected subcutaneously. After
the tumor size was larger than 100 mm 3, BBSKE was
administered by gavage at one of two doses (36 or 72 mg/kg)
for 12 days. Alternatively, cis-platinum (2.5 mg/kg) was
given by intraperitoneal injection on the first treatment day.
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Results
Performance evaluation of TR detection assay
The prospective, two-part study design is shown in Figure
1. A total of 976 subjects were enrolled in the development
cohort, and 192 patients were enrolled in the validation
cohort. The baseline characteristics of all subjects including
gender, tumor type and smoking history are shown in Table 1.
To evaluate the performance of the TR analysis assay,
the LOD was measured using UV-VIS spectrophotometry
of the results of a series of TR standard samples. The LOD
was determined to be 0.65 U/mL, and the linear correlation
coefficient of the curve-fit was 0.9864 (Figure S1). In the
accuracy and reproducibility tests, the relative standard
deviation and CV value in the same negative plasma sample
were 7.22% and 14.71%, respectively.
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Table 1 Baseline characteristics of patients with malignant tumor patients (n=309), healthy people (n=667) and resectable lung neoplasm patients
(n=192)
Characteristic

Multiple cancer, n (%)

Healthy people, n (%)

Lung neoplasm*, n (%)

Male

175 (56.6)

252 (37.8)

142 (74.0)

Female

134 (43.4)

415 (62.2)

50 (26.0)

Lung cancer

68 (22.0)

–

–

Colorectal cancer

14 (4.5)

–

–

Gastric cancer

12 (3.9)

–

–

Liver cancer

17 (5.5)

–

–

Nasopharyngeal cancer

20 (6.5)

–

–

Cervical cancer

25 (8.1)

–

–

Ovarian cancer

6 (1.9)

–

–

Lymphoma

15 (4.9)

–

–

Others

77 (24.9)

–

–

Ex-/current smoker

177 (57.3)

279 (41.8)

135 (70.3)

Never smoked

132 (42.7)

286 (42.9)

57 (29.6)

–

102 (15.3)

–

SCC

–

–

75 (39.1)

ADC

–

–

79 (41.1)

Other malignant

–

–

11 (5.7)

Non-malignant

–

–

27 (14.1)

Pathologic grade

–

Gender

“Large sample” study
Tumor type

“Small sample” study
Smoking history

Missing
Histology

–

Poorly differentiated

–

–

49 (25.5)

Moderately differentiated

–

–

103 (53.6)

Well-differentiated

–

–

3 (1.6)

Undifferentiated

–

–

10 (5.2)

I

–

–

72 (37.5)

II

–

–

54 (28.1)

IIIA

–

–

37 (19.3)

IIIB/IV

–

–

2 (1.0)

Pathological stage

*, NSCLC = non-small cell lung cancer; SCC, squamous cell carcinoma; ADC, adenocarcinoma.
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Before surgery, the median TR value was significantly
higher in the NSCLC patients (n=150) than that in the
patients with benign diseases (n=27): 9.02 vs. 6.45 U/mL,
P<0.05, respectively, which was consistent with the
development study. In the NSCLC patients, the median
TR was compared between males and females, smokers and
non-smokers, squamous carcinoma and adenocarcinoma
(chi-square), cancer stages I–IIA and IIB–IIIA, and no
differences was detected (P>0.05). When the threshold
value of TR (7.1 U/mL) was used to assess the NSCLC
patients, the TR activity of 96 patients (64.0%) out of 150
was higher than 7.1 U/mL. After surgery, the median value
of plasma TR decreased from 9.02 to 0.65 U/mL.

ROC curve

1.0

True positive rate (sensitivity)

0.8

0.6

0.4
AUC=0.836
Cut-off value=7.1 U/mL
0.2

0.0
0.0

0.2

0.4

0.6

0.8

1.0

False positive rate (1-specificity)

Figure 2 Receiver operating characteristic (ROC) curve analysis of
plasma TR activity in the samples of the large study. The AUC of
TR was calculated as 0.843 (P<0.0001, SD=0.015) to separate the
malignant cancer patients (n=309) from the cancer-free individuals
(n=667).

Plasma TR activity in the development cohort
The plasma level of TR was measured in specimens from
309 cancer patients and 667 healthy people. The median TR
value for the cancer patients was significantly higher than
that for the healthy people, 9.85 vs. 0.65 U/mL, P<0.05.
Accuracy of the parameters for malignant tumor diagnosis
by ROC analysis
To assess the usefulness of the TR value in tumor diagnosis,
an ROC curve analysis, which evaluates the true and false
positive rates (sensitivity and 1-specificity), was performed (21),
and the area under the curve (AUC) was calculated (Figure 2).
According to the ROC curve analysis, the optimal threshold
for separation of the plasma TR activity of the cancer
patients (n=309) from that of the healthy people (n=667)
was 7.1 U/mL, with 66.02% diagnostic sensitivity and
88.91% specificity (Figure 2); the AUC was 0.836.
TR activity and expression in NSCLC patients
After 7.1 U/mL was determined to be the threshold value in
the development study, the diagnostic potential for TR was
tested in the validation study.

© Translational Cancer Research. All rights reserved.

The decrease of both TR and carcinoembryonic antigen
(CEA) level after surgery
The CEA levels were measured in 150 NSCLC patients
using ELISA (Table 2). The median CEA level before
surgery was 2.42 ng/mL, and this fell to 1.39 ng/mL after
surgery (P<0.05). A previous study suggested that CEA is a
prognostic biomarker for NSCLC (22,23). A retrospective
analysis showed that the serum CEA was positive in
approximately 35.86% of NSCLC patients (24). However,
CEA was not a diagnostic biomarker. In our study, the CEA
levels of 53 subjects (35.3% sensitivity) were greater than
3.47 ng/mL. Additionally, the TR levels in 138 of the 149
NSCLCs patients (92.6%) decreased after surgery whereas
67.1% of the patients (100 out of 149) showed a decrease in
the CEA level.
TR expression by IHC
In this study, TR was determined to be positive (++/+++)
in 48.4% (30/62) of the NSCLC patients. However,
TR expression was rarely seen (1/17) in the specimens
from patients with benign pulmonary diseases. The TR
expression was predominantly located in the cytoplasm
in both squamous cell carcinoma and adenocarcinoma
tissues (Figure 3A-D), and the expression rates in squamous
cell carcinoma and adenocarcinoma were comparable
(Figure 3E,F): the TR expression rate was 50.0% (14/28)
in squamous cell carcinoma and 47.1% (16/34) in
adenocarcinoma.
A549 in vitro and in vivo studies using BBSKE
BBSKE is a small molecule agent that specifically inhibits
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Table 2 TR activity level of plasma and tissue samples and CEA level of plasma in the study
TR activity (U/mL or U/mg)
Group

n

Median

Before
surgery

After surgery

CEA level (ng/mL)

Carcinoma Para-carcinoma
tissues
tissues

Before surgery

After surgery

Multiple cancers

309

9.85

–

–

–

–

–

–

Non-cancer subjects

667

0.65

–

–

–

–

–

–

NSCLCs

150

–

9.02

0.65

31.87

0.79

2.42

1.39

Lung benign diseases

27

–

6.45

0.65

11.79

0.65

–

–

CEA, carcinoembryonic antigen; NSCLC, non-small cell lung cancer.

TR. This compound was shown to inhibit TR activity and
A549 cell proliferation in a dose-dependent manner in vitro
(Figure S2A,B).
According to the CCK-8 assay, a 10 μM concentration of
BBSKE inhibited the proliferation of the A549 cells by 53%
at 24 hours and 87% at 48 hours (Figure S2A). The TR
activity of the A549 cells was inhibited by BBSKE in a timeand dose-dependent manner. Specifically, in the presence of
5 μM BBSKE, the mean TR activity of the A549 cells was
12.7 U/mL at 24 hours and 7.6 U/mL at 48 hours, and at
10 μM, the activity was 9.9 and 3.2 U/mL at 24 and 48 hours,
respectively, whereas the mean TR activity of the DMSOtreated cells was 34.6 and 36.2 U/mL at 24 and 48 hours,
respectively (Figure S2B). As shown in Figure S2C, BBSKE
induced A549 cell apoptosis in a dose-dependent manner at
concentrations of 5 and 10 μM. The mean Q2 percentages
for cells treated with DMSO, 5 μM BBSKE or 10 μM
BBSKE were 1.7%, 7.6%, 29.3%, respectively, n=3 in
Figure S2D. The Western blot analyses showed that the
expression of NF-kappaB p65 was not affected by BBSKE
whereas phosphor-p65 and TR1 were inhibited by BBSKE
in a dose-dependent manner in Figure S2E.
The A549 xenograft tumor burden was inhibited by
DDP and BBSKE compared with NS (Figure S3A). None
of 20 nude mice died after 12 days of continuous BBSKE
treatment. There was no statistically significant difference
in the body weights among the various treatment groups.
The mean tumor volumes were: DMSO group 2835±
503 mm 3 (SD); DDP group, 1327±237 mm 3; low-dose
BBSKE group, 1,815±635 mm 3; and high-dose BBSKE
group, 1,109±211 mm 3. The mean tumor volume was
significantly smaller in the high-dose BBSKE group
compared with the DDP group (P<0.05). In the in vivo
study, the plasma TR activity of the tumor-bearing nude
mice showed a positive correlation with the tumor volumes
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(Figure S3B).
Discussion
This was a prospective study to explore the diagnostic
value of plasma TR in cancer patients. In this two-step
study, the cut-off value (7.1 U/mL) was determined by the
development study, and the diagnostic value (7.1 U/mL)
was verified in the validation study in NSCLC patients.
In the development study, the median TR value of the
cancer patients was significantly higher than that of healthy
people, 9.85 vs. 0.65 U/mL, P<0.05. ROC curve analysis
can determine an efficient diagnostic value and designate
the optimal threshold of the TR value. This analysis was
therefore performed in the development study. According
to the ROC curve analysis, the sensitivity was 66.02% and
the specificity was 88.91% at the cut-off value (7.1 U/mL).
These results showed that an elevation in TR was rigorously
consistent with malignancy. First, the plasma TR activity
in the cancer patients was significantly higher than that in
the healthy people in the development study. Second, the
TR values were higher in the lung cancer patients than
the patients with benign diseases in the validation study.
In addition, the TR activity in the carcinoma tissues was
higher than that in para-carcinoma tissues in the pathology
specimens from the patients diagnosed with NSCLC in
the validation study. Furthermore, an elevation in TR was
consistent with the previous study in men at high risk for
prostate cancer (9). The results in the development and
validation studies proved that TR was generally elevated in
cancer patients as well as in NSCLC patients.
The cut-off value generated in large sample study was
further verified in NSCLC patients. Before surgery, the TR
value exceeded 7.1 U/mL in 64.0% (96/150) of the NSCLC
patients. The diagnostic sensitivity (64.0%) was comparable
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Adenocarcinoma

A

B

200 μm

200 μm

C

D

200 μm

E

200 μm

F

Negative

Negative

Positive
120

Positive

Squamous carcinoma

120

100

100
% cases

% cases

80
60
40
20

80
60
40
20
0

0
Para-carcinoma
(n=28)

Adenocarcinoma

carcinoma
(n=28)
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Figure 3 TR expression in non-small cell lung cancer (NSCLC) patients. (A,B) IHC & HE staining of one patient diagnosed with lung
squamous carcinoma; (C,D) a lung adenocarcinoma. The TR expression was predominantly located in the cytoplasm in both squamous
cell carcinoma and adenocarcinoma tissues; (E,F) TR expression rates in squamous cell carcinoma and adenocarcinoma: TR expression was
positive (++/+++) in 50.0% (14/28) of the squamous cell carcinoma patients and 47.1% (16/34) of the adenocarcinoma patients.

to that (66.02%) in the development study. In addition, the
TR value was dramatically decreased after tumor excision.
This decline in the TR value in the peripheral blood was
consistent with the observations in a study of hepatocellular
carcinoma (8), which suggested that TR might be a
cancer prognostic biomarker. However, further follow-up
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investigations of the NSCLC patients are urgently needed
to study the diagnostic value of TR.
After the diagnostic value of TR was verified in NSCLC
patients, further studies to demonstrate the biological
connection between TR and carcinoma were performed.
First, TR expression was evaluated in the surgical specimens
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of the NSCLC patients. TR expression (++/+++) was
detected in 48.4% of NSCLC patients but was rarely
seen in para-carcinoma tissue or benign diseases. The
expression of TR in NSCLC was comparable with that
in multiple previously described forms of cancers (5,6). In
our study, the plasma TR values were positively correlated
with the tumor volumes in the tumor-bearing nude mice.
Specifically, in the nude mice, when the tumor was larger,
the TR value was higher, which supported the concept that
the TR was released by cancer cells. A higher TR value was
associated with a higher expression rate in cancer patients,
which supported the concept that TR was associated
with carcinoma disease status. However, in our study, TR
expression was positive in one patient who was diagnosed
with tuberculosis, which suggested that TR might not be
highly specific to cancer.
Numerous studies have proven that TR plays a critical
role in cancer genesis and cell proliferation (10-18,20,25).
BBSKE is a specific TR inhibitor originally designed by
our group (16). In this study, we repeated experiments in
which A549 cells were treated with BBSKE in vitro and
in vivo. These experiments showed that A549 cell
proliferation was inhibited at dose- and time-dependent
manner. In the A549 xenograft model, the 72 mg/kg dose
of BBSKE demonstrated a better anti-cancer ability than
DDP, and this was statistically significant compared to the
NS control (Figure S3A). The BBSKE inhibition study
demonstrated that TR was associated with carcinoma
proliferation. However, the cell proliferation-promoting
mechanism of TR is still unclear. Our previous study
suggested that TR inhibition was associated with downregulation of the NF-kappaB pathway (18). Previous studies
have shown that NF-kappaB inhibitors could suppress
cancer cell proliferation (26-28) and induce cancer cell
apoptosis (29). In this study, phosphor-p65 expression
was down-regulated by BBSKE in a dose-dependent
manner, which was consistent with previous study (18).
However, further study is needed to demonstrate the
mechanism by which TR promotes proliferation. It was
encouraging that BBSKE tablets have been approved for
a phase 1 clinical trial by the China FDA for new drug
investigation. This trial was registered on Clinicaltrials.
gov (NCT02166242).
The main results of this study supported the concept
that TR has a diagnostic value in NSCLC. Further
studies to clarify the mechanism by which TR promotes
cell proliferation and suppresses apoptosis are urgently
needed.
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Figure S1 The limit of detection (LOD) and sensitivity of the TR detection assay. (A) UV-VIS absorption spectrometry for various
concentrations of rat liver TR; (B,C) the linear equations fit to the standard curves were: Y=7.26003+123.50208×X (R=0.9864) and
Y=9.96387+89.22204*X (R= 0.9869) (after storage in the dark at 37 ℃ for 7 days).
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Figure S2 TR inhibition suppressed A549 cell proliferation and induced cell apoptosis. (A) BBSKE suppressed the A549 cell proliferation as
indicated by the CCK-8 test: the inhibition rates were 53% after 24 hours and 87% after 48 hours at the concentration of 10 μM; (B) the TR
activity of the A549 cells was inhibited by BBSKE in a time- and dose-dependent manner. The TR activity of cells treated with 5 or 10 μM
BBSKE was decreased significantly compared with the DMSO-treated cells: at 5 μM BBSKE, the mean TR activity of A549 was 12.7 U/mL
at 24 hours and 7.6 U/mL at 48 hours; at 10 μM BBSKE, the activity was 9.9 U/mL at 24 hours and 3.2 U/mL at 48 hours, whereas in the
DMSO-treated cells, the mean activity was 34.6 U/mL at 24 hours and 36.2 U/mL at 48 hours; (C) BBSKE induced A549 cell apoptosis
in a dose-dependent manner at concentrations of 5 and 10 μM; (D) the Q2 percentage after treatment with either 5 or 10 μM BBSKE was
significantly increased compared with treatment with DMSO: the mean Q2 percentages for cells treated with DMSO, 5 μM BBSKE, and
10 μM BBSKE were 1.7%, 7.6%, and 29.3%, respectively, n=3; (E) the expression of NF-kappaB p65 was not affected by BBSKE whereas
phosphor-p65 and TR1 were inhibited by BBSKE in a dose-dependent manner (*, P<0.05; **, P<0.01).
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Figure S3 TR inhibition induced decreases in the tumor burden in vivo. (A) BBSKE inhibited the growth of A549 cell tumor xenografts
and at doses of 36 and 72 mg/kg, was superior to DDP. After 12 days of treatment, the mean tumor volumes were as follows: DMSO
group: 2,835±503 mm3 (SD); DDP group: 1,327±237 mm3; low-dose BBSKE group: 1,815±635 mm3; and high-dose BBSKE group: 1,109±
211 mm3; n=10 each group; (B) in the mice with A549 tumor xenografts, there was a significant positive correlation between the plasma TR
activity and the tumor size. The equation for the linear regression was as follows: y=28.75+0.037x, r=0.745, n=20 (*, P<0.05; **, P<0.01).

