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Abstract
Background: Lung cancer is a leading cause of cancer death around the world, while the Transthyretin
(TTR) is a specific biomarkers for clinical diagnosis. However, its role in lung cancer remains to be
unknown.
Methods: In the present study, we made attempt to investigate effect of abnormal expression of TTR on
Non-small-cell lung carcinoma (NSCLC) by overexpression or knockdown of TTR.To further investigate
the mechanisms underlying the potential role of TTR in NSCLC, we searched and verified several signal
pathways . In vivo experiments, to verify the effect of TTR overexpression on tumors.
Results: We finded that up-regulated TTR obviously suppressed cell proliferation, migration, invasion and
increased apoptosis.Significant suppression of phosphor-MAPK/ERK was observed in TTR-treated
NSCLC cells, implying that TTR was important for cellular progress by regulating MAPK/ERK signaling
pathway. In vivo experiment, overexpression of TTR promoted cell apoptosis and inhibited tumor growth.
Conclusions: Overall, our results suggest that TTR has a potential anti-tumor effect in human NSCLC
progression, which provides theoretical basis for the diagnosis and treatment of NSCLC.Above all, further
understanding of TTR was useful for clinical care.

1. Introduction
Lung cancer is the most common malignant tumor in the world and is primary reason of cancer-related
death, thus posing a great threat to human health[1]. In China, the morbidity and mortality of lung cancer
rank first in malignant tumors[2]. Of note, non-small-cell lung carcinoma (NSCLC) is main type of lung
cancer[3]. NSCLC can be further divided into two main subtypes: adenocarcinoma and squamous cell
carcinoma[3]. Although great progresses have been obtained in early detection and treatment strategies
over the past few decades, the survival rate still remains low level[4]. Therefore, further investigation on
the molecular mechanisms on NSCLC will be essential for diagnosis and therapy.
Transthyretin is a 55-kDa homotetrameric protein, which participates in the transport of thyroid hormones
in blood [5, 6] and plays an important role in retinol metabolism. It is partly produced by the liver and
extrahepatic tissues, such as retinal pigment, epithelium cells, choroids plexus and islet A and B cells [7–
9]. TTR is a highly abundant protein that binds to circulating RBP to prevent low molecular mass RBP
[10–14]. The levels of TTR could be decreased in severe liver disease, malnutrition and inflammation[15–
17]. In addition, TTR level was decreased in the serum of patients with ovarian cancer, advanced cervical
and endometrial carcinomas [18]. Therefore, TTR has been proved to be a functional biomarker for the
identification of lung cancer. However, the effect and mechanism of TTR on the lung cancer cells still
remain elusive.
In this study, we investigated the mechanism underlying abnormal expression of TTR on NSCLC cells,
and try to search for efficient signaling pathway in TTR-mediated NSCLC cells. By further investigation
Page 2/16

into effect of TTR on NSCLC, we may provide proof-of-principle evidences for clinical approach of TTR.

2. Materials And Methods
2.1 Clinical tissue specimens
The tumor tissues and paired adjacent non-cancer tissues were collected from a total of 25 patients
diagnosed with NSCLC at Tianjin Hospital, Tianjin Medical University. The protocol of this study was
approved by the Ethics Committee of Tianjin Hospital, Tianjin Medical University, and written informed
consent was acquired from all recruited patients. None of the participants received anti-tumor treatment
prior to surgical resection.
2.2 Cell culture and cell transfection
Human NSCLC cell lines (A549 and H1975) and Human normal lung cell lines (16HBE) were achieved
from the Chinese Academy of Science Cell Bank (Shanghai, China). Cells were cultured in RPMI-1640
medium (Hyclone, South Logan, UT, USA) supplied with 10% fetal bovine serum (FBS, Biowest, Barcelona,
Catalonia, Spain) at 37 °C and 5% CO2. TTR overexpression and inhibitor were achieved from
GenePharma (Shanghai, China). The shRNA vectors against TTR (TTR inhibitor) or were utilized for
knockdown of TTR with scrambled shRNA (NC) as negative control. For TTR overexpression, the full
length of TTR CDS (coding domain sequence) was inserted into pcDNA3.1 vectors (Invitrogen, USA) and
the empty plasmids served as negative control. Cell transfection was performed with Lipofectamine 2000
(Invitrogen, USA) according to the product manuals.
2.3 RNA isolation and qRT-PCR
Total RNA was extracted using TRIzol reagent (Invitrogen, USA). Equal amounts of RNA were transcribed
into cDNA using the cDNA First Strand Synthesis kit. Total cDNA was used as a starting material for realtime PCR using the Step One real-time PCR System (Life Technologies Corp), and each sample was
measured in triplicate. Total reaction system as follows (20 µL): cDNA 1 µL, SYBR Premix EX Taq 10 µL,
each of the primers (10 µM) 1 µL, and ddH2O 7 µL. The procedure of PCR was as follows: 95 °C for 3 min
followed by 40 cycles of 95 °C for 10 s, and 60 °C for 30 s. All fold changes were calculated using the 2ΔΔCT

comparative method using GAPDH for normalization.
2.4 Western blotting
50 µg total protein per lane were separated by 10% SDS-PAGE gel and blotted onto polyvinylidene fluoride
(PVDF) membranes. The membrane was blocked in PBST and probed with primary antibodies for Bcl-2
(1: 1, 000, ab32124; Abcam, Cambridge, MA, USA), Bax(1: 1, 000, ab32503; Abcam, Cambridge, MA, USA),
caspase-3 (1: 1, 000, ab13847; Abcam, Cambridge, MA, USA), caspase-9 (1: 1, 000, ab13847; Abcam,
Cambridge, MA, USA), MMP-2 (1: 1, 000, ab37150; Abcam, Cambridge, MA, USA), MMP-9 (1: 1, 000,
ab73734; Abcam, Cambridge, MA, USA), phosphor-MAPK/ERK (1:2,000, #9106, Danvers, MA, USA),
MAPK/ERK (1:1,000, #9102, Danvers, MA, USA ), and GAPDH (1: 5, 000, G8795; Sigma-Aldrich, St. Louis,
MO, USA) at 4 °C overnight. Subsequently, application of appropriate secondary antibodies to incubate
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the membranes (1: 5, 000, ab6858; Abcam, Cambridge, MA, USA), followed by visualized using an ECL kit
(Beyotime Institute of Biotechnology, Beijing, China). The bands were scanned using adensitometer, and
the gray value of the bands were calculated automatically by the ImageJ software version k 1.45 (NIH,
Bethesda, MD, USA).
2.5 Cell proliferation assay
EdU assay were applied to detect cell proliferation according to the manufacturers’ protocol. For colony
formation assay, cells were seeded in a 6-well plate at a density of 1, 000 cells/well for two weeks, after
which clones were fixed with methanol and stained with 0.1% crystal violet.
2.6 Cell apoptosis assay
FITC-Annexin V/PI apoptotic detection kit (BD ingen, San Diego, CA, USA) was used to detect apoptotic
cells by flow cytometry. The cells (1 × 105cells) were stained with propidium iodide (5 mL) and Annexin VFITC (5 mL), followed by fluorescence determination by Flow cytometer (Beckman, Miami, FL, USA).
Tunel assay was also applied to detect the apoptosis in cells with the In Situ Cell Death Detection Kit
(Roche, USA). The cells were washed with PBS and fixed in 500 µl 4% paraformaldehyde solution for
15 min at 37 °C. All analyses were performed in triplicate.
2.7 Scratch assay
Cells were seeded in 6-well plates. Approximate 80% of the cells were put into the wall and rinsed in PBS
for twice to remove floating cells. Wounds were obtained from sterile pipette tips. Afterwards, cells were
washed with PBS twice and 2 mL RPMI-1640 culture medium containing 10% FBS was added into the
culture plate. Photographs were taken at 24 h and 48 h after wound generation.
2.8 Transwell invasion assay
Transwell invasion assay was measured according to the manufacturer’s instructions. In brief, a total of
4 × 104 cells/well in 100µL DMEM (0.5% FBS) were placed in the upper Transwell chamber (Corning
Incorporated, NY, USA), which was pre-coated with matrigel (Growth factor reduced, BD Biosciences, MD,
USA). The bottom chambers were filled with DMEM containing 20% FBS. Once passed through the
membranes, the cells were fixed and stained after 24 h. Cells in nine randomly selected fields were
counted under an inverted microscope (Carl ZEISS, Jena, German) at 200 × magnification and an average
value was used as the number of invaded cells. For the cell transmembrane migration assay, all the steps
were carried out similarly to those in the invasion assay except for the Matrigel (BD Biosciences, Franklin
Lakes, NJ, USA) coating.
2.9 Tumor xenograft model in nude mice
Male BALB/c nude mice (5 weeks old; 18–20 g) were purchased from the Beijing Vital River Laboratory
Animal Technology (Beijing, China). The xenograft model of human A549 and H1975 cells were
established. A549 and H1975 cells transfected with sh-NEAT1 or sh-NC were injected subcutaneously into
the posterior fossa of nude mice (six per group). After 5d, when average tumor volume was
approximately 50 mm3, mice were intraperitoneally injected with paclitaxel (3.5 mg/kg body weight) or
PBS every three days. The tumor volumes were measured every week by using calipers: Volume (cm3) =
width2 (cm2) × length (cm)/2. Mice were sacrificed at 32th day after injection and tumors were removed,
weighed and analyzed by RT-qPCR.
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2.10 Statistical analysis
All results are performed at least three independent replicates and reported as means ± standard
deviation. All statistical analyses were performed using GraphPad software 5.0. Differences between two
groups were calculated by Student’s t-test. Differences between three or more groups were calculated by
one-way analysis of variance (ANOVA) test followed by Tukey’s multiple comparison test. A P value < 0.05
was considered statistically significant.

3. Results
3.1 The expression level of TTR is decreased in NSCLC tissues and NSCLC cells
By examining 25 pairs of human NSCLC tissues and normal tissues, we found a prominent decrease in
TTR expression in NSCLC tissues compared to that in the normal tissues (Figure 1A). At the same time,
we observed that compared with human bronchial epithelial cells, the expression level of TTR in two
NSCLC cell lines was significantly reduced (Figure 1B). These results indicate that TTR may negatively
correlated with NSCLC progression.
3.2 TTR represses NSCLC cell proliferation and promotes its apoptosis in vitro
To dissect the role of TTR in cell proliferation, we over-expressed TTR (TTR overexpression) or
transfected with TTR inhibitors in A549 and H1975 cells, respectively (Figure 2A). EdU assay indicated
that proliferation capacity of both A549 and H1975 cells were reduced in TTR-overexpressed group, while
were increased in the TTR inhibitor-treated group (Figure 2B).
Consistently, these results were further confirmed by colony formation assay (Figure 2C).
In addition, we measured cell apoptosis by flow cytometry and TUNEL assays, suggesting that
proliferation capacity of both A549 and H1975 cells was decreased in TTR-overexpressed group (Figure
3A, B). At the molecular level, Western blot analysis was performed to detect the expression levels of
apoptosis-related proteins. We found that pro-apoptotic protein Bcl2 was down-regulated and antiapoptosis proteins (Bax, caspase-3, and caspase-9) was up-regulated in TTR overexpression group
(Figure 3C). The results indicated that TTR overexpression group promoted cell apoptosis in A549 and
H1975 cells.
3.3 TTR inhibits NSCLC cell migration and invasion in vitro
The effects of TTR on cell migration and invasion were studied by Transwell chamber and scratch
methods. Transwell chamber assay indicated that less cells were migrated and invaded to the lower
medium in TTR overexpression group compared with TTR inhibitor group (Figure 4A, B). As shown in
Figure 4C, scratch assay indicated that there was significant difference on migrated distance between
control group and TTR inhibitor group. Then, we performed western blotting to detect Matrix metal
proteinases (MMP2/9). The expression level of MMP-2 and MMP-9 were down-regulated in TTR
overexpression group (Figure 4D). According to these results, up-regulated TTR suppressed NSCLC cell
migration and invasion in vitro.
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3.4 TTR inhibits the activation ofMAPK/ERK pathway in vitro
To further gain insights into the downstream signaling pathways regulation by TTR in NSCLC cells, we
examined the functional effects of TTR in several important cancer pathways including Wnt, TGF-β, NFκB and MAPK/ERK by RT-PCR. TTR overexpression significantly inhibited the expression of MAPK/ERK in
A549 and H1975 cells (Figure 5A). Western blot results showed phosphor-MAPK/ERK was observed to be
significant suppressed in the TTR overexpression group (Figure 5B), indicating that the MAPK/ERK
signaling pathway was essential for tumor growth in NSCLC cells. TTR overexpression inhibited
MAPK/ERK phosphorylation, thereby stimulating cell proliferation, cell survival.
3.5 TTR ameliorates NSCLC progression in vivo
Based on the function of TTR in vitro, we further investigated whether overexpression of TTR could
suppressed NSCLC progression in vivo. The expression of TTR was detected by RT-PCR (Figure 6A). As a
result, tumors from TTR overexpression grew obviously slower than the tumors from other groups. 5
weeks after injection, the mice were killed and the tumor was removed. The tumor size and weight were
obviously smaller than other groups (Figure 6B). These results implied that TTR could inhibited tumor
progression. TUNEL assay showed that increased apoptosis in TTR overexpression group compared with
NC group. Conversely, inhibiting the expression level of TTR can significantly reduce cell apoptosis
(Figure 6C).

4. Discussion
Lung cancer is explored and reported to be the most common cause of cancer death in humans, with a 5year survival rate of less than 15% [19, 20]. Many explorations about prevention, diagnosis and therapy
improvement of lung cancer, the prognosis of lung cancer patients still pessimistic. In this research, we
demonstrated that TTR suppressed tumor progression in NSCLC by inactivating MAPK/ERK pathway.
Abnormal expressions of TTR have been reported to play an important role in tumor formation and
development[21, 22]. For example, Shimura T et al. found that transthyretin levels showed statistically
significant inverse correlations with tumor size and the numbers of involved lymph nodes which is found
contributed to predicting the prognosis of patients with gastric cancer[23].However, there is still limited
understanding of effect of TTR abnormal expressions on tumor progression. In this study, we found that
human NSCLC tissues had lower expression level of NSCLC than normal tissue, and its expression level
was correlated with clinic pathological features. Inhibiting the expression level of TTR in NSCLC cells
cultured in vitro can significantly increase cell proliferation, migration and invasion, and reduce cell
apoptosis. Conversely, overexpression of TTR is sufficient to inhibit cell proliferation and invasive ability
exhibited by NSCLC cells, and to increase apoptosis of NSCLC cells. To further investigate mechanisms
of TTR on tumor progress in NSCLC, we searched for several signaling pathways, and found that
MAPK/ERK signals were responded to the TTR-manipulation in NSCLC cells. In vivo experiment,
overexpression of TTR obviously inhibited tumor growth and promoted cell apoptosis, implying that TTR
was important for regular cellular progress.
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The tumor associated pathways, such as Wnt, PI3K/AKT or NF-kB, may play an important role in the
development of tumorigenesis [24–30]. Further, there is increasing evidence that typical MPAK/ERK
signaling pathway is a pivotal signaling pathway involved in the development of several cancers [31–36].
In order to further explore the potential molecular mechanism of TTR in A549 and H1975 cells, we
focused on the MAPK/ERK signaling pathway. Previous studies have reported that some genes affected
the MAPK/ERK signal pathway [37]. Aberrant activation of the MAPK/ERK pathway promoted cell
proliferation, migration and differentiation, and induced cell cycle arrest [38–41]. Our results suggested
that the expression of phosphor-MAPK/ERK was markedly suppressed in the TTR overexpression group,
indicating that the MAPK/ERK signaling pathway was essential for tumor growth in NSCLC cells.
Taken together, our work firstly demonstrated that TTR played a vital role in NSCLC tumorigenesis. TTR
suppressed cell proliferation, migration, and invasion, and promoted apoptosis at least partly through
inhibiting MPAK/ERK signaling pathway, which was demonstrated to be an effective diagnostic and
predictive biomarker for diagnosis and treatment in NSCLC.
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Figure 1
Expression of TTR in tissues and cell lines of NSCLC. (A) Expression of TTR was decreased in tissues of
NSCLC tissues compared to normal tissues as determined by quantitative real-time reverse transcriptase
PCR. **P < 0.01 vs. Normal tissues. (B) Expression of TTR was decreased in A549 and H1975 cell lines
compared to 16HBE cell line as determined by quantitative real-time reverse transcriptase PCR. **P < 0.01
vs. 16HBE.
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Figure 2
Effect of TTR on cell proliferation of NSCLC in vitro. (A) RT-qPCR showed expression level of TTR in A549
and H1975 cell lines with different treatment. (B) EdU positive nuclei indicated proliferating cells in A549
and H1975 cell lines in different group. (C) Colony formation assay showed a higher proliferative
capacity in A549 and H299 cell lines in TTR inhibitor group. ***P < 0.001 vs. NC.
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Figure 3
Effect of TTR on cell apoptosis of NSCLC in vitro. (A) and (B) Cell apoptosis ability of A549 and H1975
cells were detected by flow cytometry and Tunel analysis. (C) Western blot assay was used to explore the
expression level of apoptosis-related proteins in A549 and H1975 cells.**P < 0.01 vs. NC. ***P < 0.001 vs.
NC.
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Figure 4
TTR suppressed NSCLC cell migration and invasion in vitro. Transwell migration(A) and invasion(B),
wound healing(C) migration assays were appilied to detected cell migration and invasion ability of A549
and H1975 cells. (D) The protein levels of MMP-2 and MMP-9 were explored using western blot assay.
**P < 0.01 vs. NC. ***P < 0.001 vs. NC.
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Figure 5
TR suppressed tumor progression via MAPK/ERK pathway in vitro. (A) TTR overexpression significantly
suppressed MAPK/ERK in A549 and H1975 cells. (B) MAPK/ERK signaling pathway related proteins were
exolored by western bolt.
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Figure 6
Up-regulated TTR suppressed NSCLC progression in vivo. (A) The expression of TTR was detected by RTPCR (B) Tumor size and tumor weight of different group. (C) TUNEL staining in the xenograft tissues of
nude mice was used to explore the apoptosis ability in different group. **P < 0.01 vs. NC. ***P < 0.001 vs.
NC.
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