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Upregulation of keratin 80 (KRT80) expression levels and carcinogenic function has been found in several types of tumors.
However, its contribution and mechanism in NSCLC remain to be outlined. In this study, bioinformatic investigation from the
TCGA dataset revealed that KRT80 was confirmed to be elevated in human NSCLC tissues. The results of QRT-PCR and Western
blot assays disclosed that KRT80 was uplifted in NSCLC cells. Data from CCK-8 and colony formation assays exhibited that
depletion of KRT80 restrained NSCLC cell proliferation. Findings from Transwell and Western blot assays illustrated that
downregulation of KRT80 inhibited NSCLC cell migration, invasion, and EMT. Further mechanism exploration implied that
KRT80 may be included within the regulation of EMT of NSCLC cells by affecting the TGF-/SMAD pathway. Moreover,
depletion of KRT80 attenuated xenograft tumor growth and the expressions of KRT80, Ki-67, and TGFBRI1. In conclusion,
depletion of KRT80 repressed NSCLC cell proliferation, invasion, and EMT, possibly mediated by the TGF-$/SMAD signaling

pathway, indicating that KRT80 may be a potentially useful target for NSCLC.

1. Introduction

Lung cancer is a malignant tumor that debilitates human
health and life, with high morbidity and mortality [1, 2].
About 80% to 90% of all lung cancer patients are non-small
cell lung cancer (NSCLC) patients [3]. So far, lung cancer
patients are mainly treated with multiple combined thera-
pies based on surgery. With the development of medical
science and technology, molecular targeted therapy is be-
coming more and more the first choice for cancer treatment,
providing a new approach for early treatment of NSCLC
patients [4]. However, the five-year overall survival rate of
the majority of lung cancer patients is approximately only
15%, and more than 90% of patients die rapidly due to
continuous metastasis of lung cancer cells, and the prognosis
is still not satisfactory [5, 6].

Epithelial-mesenchymal transformation (EMT) serves
an important function in the metastasis progress of lung
cancer cells, and the occurrence of EMT is related to a variety
of cytokines, transcription factors, and signal transduction

pathways, among which the EMT mediated by TGEF-f3 exerts
a pivotal role in metastasis and invasion of NSCLC [7, 8].
Polypeptide growth factors secreted by the TGF-f super-
family participated in a variety of pathophysiological pro-
cesses, including cellular responses, for example,
differentiation, proliferation, and migration [9, 10]. TGF-f3
cell signal transduction is finely regulated at different levels,
including the regulation of ligands, receptors, SMADs family
proteins, and nuclear transcriptional levels [11-13]. TGF-f3
ligand binds and activates TGFBR2. TGFBR2 recruits and
binds TGFBR1 to form a TGFBR2-ligand-TGFBR1 heter-
otrimer [14]. Activated TGFBRI phosphorylates the SMADs
protein family, which leads to signal transduction into cells,
thus regulating the expression of target genes and affecting
tumor progression [15].

Keratin is a filamentous cytoskeletal protein of epithelial
cells that keeps up structural integrity, including two types:
acidic (type I) keratin and alkaline (type II) keratin [16, 17].
Keratin 80 (KRT80), located on chromosome 12q13, en-
codes 452 amino acids and is a type II Keratin [18]. Keratin is
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a typical epithelial cell marker, widely expressed in sarcoma,
trophoblastic tumors, and other tumors, and plays an im-
perative part in controlling cell migratory and invasive
capacities as well as EMT [19-21]. However, the roles and
mechanisms of KRT80 were largely unknown in NSCLC.

In the current work, we found that KRT80 was elevated
in lung cancer, and depletion of KRT80 repressed the
proliferation and invasion of NSCLC cells. Furthermore,
exhaustion of KRT80 significantly inhibited TGF-B/SMAD
signaling pathway. Importantly, rescue assay revealed that
TGE-f1 could reverse the suppression of KRT80 knockdown
on NSCLC cell progression. Xenograft tumor experiments
showed that depletion of KRT80 attenuated xenograft tumor
growth in mice.

2. Materials and Methods

2.1. Cell Culture and Transfection. NSCLC cell lines
(HCC827, H1650, A549, and H1299) and lung epithelial
cells (BEAS-2B) were obtained from iCell Bioscience Inc
(Shanghai, China) and cultured according to the instruc-
tions. shRNAs targeting KRT80 (sh-KRT80#1/#2) and sh-
NC were cloned into pLKO.1 vector and provided by
RiboBio (Guangzhou, China). Cells were transfected for 48 h
by Lipofectamine 3000 (Invitrogen, USA).

2.2. qRT-PCR Analysis. TRIzol reagent (15596026, Invi-
trogen, USA) and PrimeScript RT kit (RR014B, Takara,
Japan) were used to extract total RNA and reverse transcribe
it into cDNA, respectively. SYBR Premix Ex Taqll reagent
(RR820A, Takara, Japan) was selected for qRT-PCR analysis
on the ABI 7500HT Fast Real-Time PCR System (Applied
Biosystems, USA). The primers are listed as follows: KRT80,
F: 5'- CCTCCCTAATTGGCAAGGTG -3; R: 5'- AGATGC
CCGAGGTCG AAGAT-3'; GAPDH, F: 5'- GGAGCGA-
GATCCCTCCAAAAT-3"; R: 5'- GGCTGT TGTCATACT
TCTCATGG-3'. The data were normalized to GAPDH and
then analyzed based on the 27**“" method.

2.3. Cell Proliferation Assays. To measure cell viability,
3x10° A549 cells were inoculated into 96-well plates. After
24, 48, 72, and 96 hours of incubation, each well was treated
with the addition of 10 L CCK-8 (C0038, Beyotime, China).
Cell viability was calculated by detecting absorbance at
450 nm by a microplate reader.

To detect the formation of cell clones, 5x 10> A549 cells
were seeded in 6-well plates and refined for 14 days. Cell
clones were fixed and subsequently dyed with crystal violet
(C0775, Sigma-Aldrich, USA).

2.4. Western Blot. Total proteins were isolated, quantified,
and separated by RIPA (P0013 E, Beyotime, China), BCA kit
(PC0020, Solarbio, China), and SDS-PAGE, respectively.
Following transfer to PVDF membranes, the proteins were
obstructed with 5% non-fat milk, and the next step is to
incubate with the primary antibodies: KRT80 (ab222325,
Abcam, USA), E-cadherin (AF0131, Affinity Biosciences,
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China), N-cadherin (AF4039, Affinity Biosciences, China),
Vimentin (BF8006, Affinity Biosciences, China), TGFBR1
(AF5347, Affinity Biosciences, China), SMAD2 (AF6449,
Affinity Biosciences, China), p-SMAD2 (AF3450, Affinity
Biosciences, China), SMAD3 (AF6362, Affinity Biosciences,
China), p-SMAD3 (AF3362, Affinity Biosciences, China),
and GAPDH (AF7021, Affinity Biosciences, China) for 12 h.
Immediately afterward, the membranes were subject to
incubation with the secondary antibody (A-B6721, Abcam,
UK) conjugated with HRP for 2 hours, and the signals were
observed with an ECL detection kit (P0018S, Beyotime,
China) and quantitated by fragments’ intensities using the
Image J software.

2.5. Transwell Assay. 24 hours after transfection, 1x 10
A549 cells were added to 200 uL DMEM medium without
serum and cultured in the top chambers. The top chamber
prepared with polycarbonate membrane (8 ym pore size,
Corning, USA) uncoated or precoated with matrix Matrigel
was employed to simulate cell migration or invasion con-
ditions, respectively. In the bottom chamber, 600 yL com-
plete DMEM (containing 10% FBS) was added and
thereafter cultivated for 24 hours. Then, after fixing the cells
that moved through matrix membrane to the bottom
chambers, they were dyed with 0.5% crystal violet, counted
numbers, and took pictures.

2.6. In Vivo Tumorigenesis Model. Twelve 5-6-week-old
BALB/cnude mice were distributed randomly into the sh-
NC and sh-KRT80 groups (n =6 per group). 100 uL of cell
suspension containing 5x 10° A549 cells, which were sta-
bilized transfected with sh-NC or sh-KRT80, was admin-
istered by subcutaneous injection to each mouse. Tumor
sizes were examined at each 3-day interval and measured as
volume (mm?’)=0.5x length x width®>. At 31 days postin-
jection, tumors were excised from the executed mice and
weighed.

2.7. Immunohistochemical Analysis. The tissues were fixed,
dehydrated by ethanol gradient, embedded, and cut into
4 uM sections. Immunostaining was performed according to
the standard protocols by Servicebio with primary anti-
bodies of Ki-67 (AF0198, Affinity Biologicals, China) KRT80
(PA5-98537, Invitrogen, USA) and TGFBR1 (AF5347, Af-
finity Biologicals, China) at 4°C for 12 h. The sections were
next subjected to incubation with the corresponding sec-
ondary antibody (ab97080, Abcam, UK) for 30 min at 37°C,
followed by staining with DAB (G1212, Servicebio, China)
and counterstaining with hematoxylin (G1004, Servicebio,
China).

2.8. Statistics. There were at least three replications of all
experiments conducted independently, and data were pro-
cessed and analyzed with SPSS 16.0 (SPSS, Chicago, IL).
Tukey was utilized to characterize the differences between
two groups. One-way ANOVA was used for measurement
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FiGure 1: KRT80 expression was elevated in NSCLC. (a) The expression of KRT80 in primary tumor and normal tissues from the TCGA
database were analyzed by UALCAN (http://ualcan.path.uab.edu/analysis.html). (b) UALCAN was utilized to explore KRT80 expression in
different stages of NSCLC and normal patients from the TCGA database. (c) UALCAN was utilized to identify the expression of KRT80
from the TCGA database in different grades of NSCLC and normal patients. (d) QRT-PCR recognized KRT80 mRNA. (e) The Western blot

estimated KRT80 protein level. **P <0.01 and ***P <0.001.

data among multiple groups. All data were presented as
mean * SD. P <0.05 was defined as a significant difference.

3. Results

3.1. KRT80 Expression Was Elevated in NSCLC. KRT80
expression in NSCLC tissues was initially investigated by
bioinformatics analysis. Analysis of data from the online site
UALCAN revealed that KRT80 was dramatically more
abundant in primary tumor tissues of lung cell squamous
and adenocarcinoma than in normal samples (Figure 1(a)).
In addition, the KRT80 level is elevated across cancer stages
I-IV and nodal metastasis status NO-N3 in both LUAD and
LUSC by the UALCAN algorithm (Figures 1(b)-1(c)). As
demonstrated in Figures 1(d)and 1(e), KRT80 mRNA and
protein were augmented in NSCLC cells (HCC827, H1650,
A549, and H1299) in comparison to BEAS-2B cells.
Moreover, the results illustrated that KRT80 was notably
more expressed in A549 cells versus other NSCLC cells; thus,

A549 cells were selected to transfect siRNA. These results

implicated that KRT80 was expressed at an elevated level in
NSCLC.

3.2. Repressing KRT80 Abrogated NSCLC Cell Proliferation In
Vitro. Next, we conducted loss-of-function studies to ex-
plore whether KRT80 could regulate the malignant be-
haviors in NSCLC cells. To this end, two different shRNAs
(sh-KRT80#1 and sh-KRT80#2) against KRT80 were con-
structed and stably transfected into A549 cells. Afterward,
qRT-PCR and Western blot were adopted to evaluate the
knockdown effect, and apparently, sh-KRT80 #1 had a more
promising knockdown outcome and was therefore selected
for the following study (Figures 2(a)-2(b)). Subsequently,
CCK-8 assays uncovered that depletion of KRT80 visibly
arrested the proliferation rate of A549 cells (Figure 2(c)).
Consistently, downregulation of KRT80 remarkably reduced
colony numbers of A549 cells with respect to the sh-NC
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FIGURE 2: Repressing KRT80 abrogated NSCLC cell proliferation in vitro. (a and b) KRT80 mRNA and protein in transfected cells were
examined using qRT-PCR and Western blot. (c) The viability of A549 cells was estimated by CCK-8. (d) Clones of A549 cells were assessed

by colony formation assay. **P <0.01 and ***P <0.001.

group (Figure 2(d)). Collectively, the above findings implied
that the depression of KRT80 restrains NSCLC cell prolif-
eration in vitro.

3.3. Depletion of KRT80 Impeded NSCLC Cell Migratory and
Invasive Abilities as well as EMT. Metastasis is a leading
cause of NSCLC lethality. Next, we explored the function of
KRT80 in the metastatic characteristics of NSCLC cells. The
Transwell assay exhibited that depletion of KRT80 depressed
the amount of migrating and invading A549 cells
(Figures 3(a)-3(b)). Changes in EMT-relevant proteins were
determined (Figure 3(c)), and the results presented that the
N-cadherin and Vimentin levels were noticeably declined,
and the E-cadherin levels were appreciably enhanced in
A549 cells with knockdown of KRT80 than those in the sh-
NC group. Together, these findings revealed that depletion
of KRT80 impeded NSCLC cell migratory and invasive
abilities as well as EMT.

3.4. Knockdown of KRT80 Inhibits TGF-/SMAD Signaling in
NSCLC Cells. Numerous pieces of evidence confirmed that
the TGF-/SMAD as one of the EMT-induced signals in
tumor-associated stroma can induce or functionally activate
tumor cells [22, 23]. TGF-f serves an important role in
stimulating epithelial cells to initiate EMT through activating
SMAD signaling [24, 25]. Therefore, we focused on the
effects of KRT80 on the TGF-/SMAD signaling. Analysis

from the online site UALCAN (Figure 4(a)) displayed that
KRT80 was a positive correlation with TGFBRI1 in adre-
nocortical carcinoma (ACC), kidney renal papillary cell
carcinoma (KIRP), and thyroid carcinoma (THCA), and
their Pearson Correlation Coefficient was 0.37, 0.34, and 0.3
[26]. So, we used the Western blot to analyze the protein
expression level when the KRT80 was silenced to explore the
correlation between it and TGFBR1 in NSCLC cells. Ad-
ditionally, the data from the Western blot assay illustrated
that depletion of KRT80 dramatically diminished the protein
levels of TGF-f1 and p-SMAD2/3 in A549 cells, whereas
SMAD2/3 level was not altered (Figure 4(b)). These data
suggested that downregulation of KRT80 suppresses the
TGF-B/SMAD pathway in NSCLC cells.

3.5. KRT80 Regulates the EMT Process of NSCLC Cells by
Mediating the TGF-$/SMAD Pathway. To determine
whether KRT80-induced EMT is mediated through the
TGE-f3 pathway, we induced the EMT process in A549 cells
with TGF-f1, a SMAD2/3 cascade agonist at a concentration
of 10 ng/ml. The results in Figures 5(a) and 5(b) illustrated
that, in A549 cells, depletion of KRT80 notably repressed cell
migration and invasion, while TGF-f1 treatment had the
opposite results. Analysis of changes in EMT-related pro-
teins in A549 cells disclosed that TGF-f1 stimulation par-
tially inverted the effects of sh-KRT80 on E-cadherin,
N-cadherin, and Vimentin levels (Figure 5(c)). These results
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NSCLC cells. **P <0.01 and ***P <0.001.
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**P<0.01 and ***P <0.001. Depletion of KRT80 hinders xenograft tumorigenesis of NSCLC.

manifested that KRT80 regulates EMT in NSCLC cells by
triggering activation of the TGF-B/SMAD pathway.

3.6. Depletion of KRT80 Impeded NSCLC Cell Migratory and
Invasive Abilities as well as EMT. For illustrating the con-
tribution of KRT80 in the evolution of NSCLC tumors, we
constructed a mouse Xenograft tumor model. As exhibited
in Figures 6(a)-6(c), the growth and weight of tumors were
discriminately restricted in the KRT80 knockdown mice in
contrast to the sh-NC group. Immunohistochemical staining

assay (Figure 6(d)) evidenced that Ki-67, KRT80, and
TGFBRI levels were visibly diminished in the sh-KRT80
group in contrast to the sh-NC group. Thus, the above
findings implied that depletion of KRT80 inhibits NSCLC
xenograft tumor growth in vivo.

4. Discussion

Amassing evidence recommends that KRT80 is abnormally
communicated in tumor tissues and is correlated with tumor
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progression. Lin et al. proved that KRT80 level was elevated
in colorectal cancer tissues and remarkably correlated with
lymph node enlargement and distant metastasis as well as
severe pathological staging and confirmed that KRT80 may
accelerate tumor growth through the mediation of cell cycle
and DNA replication pathway [27]. KRT80 has been im-
plicated in the evolution of breast and gastric cancers
[28, 29]. In the current work, we observed that KRT80 was
expressed with upregulation in NSCLC tissues and cells and
that depletion of KRT80 attenuated the proliferative and
invasive potential as well as EMT of NSCLC cells and im-
peded xenograft tumorigenesis of NSCLC.

KRT80 was previously documented to facilitate the
colorectal cancer cell proliferation and invasion through the
AKT pathway and interacted with PRKDC [30]. A recent
study found that KRT80 accelerates ovarian cancer cell
growth, cycle transitions from G1 to S phase, migration, and
invasion through activating MEK/ERK pathway [31]. Al-
though the mechanism of KRT80 regulating tumor pro-
gression has been gradually reported, the mechanism of
KRT80 in NSCLC is still unclear and worth exploring.
Keratin 7, a molecule of the keratin family, has been
characterized to drive EMT of ovarian cancer cells through
the TGF-$/SMAD2/3 pathway. Moreover, we found a sig-
nificant correlation between KRT80 and TGFBR1 in NSCLC
by UALCAN data analysis platform. TGFBRI gene is known
to provide instructions for the production of TGF-SR I
protein [32]. TGF-BR I and TGF-fR II receptors bind to

TGE-f3, causing phosphorylation and enactment of SMAD2
and SMAD3, forming a trimer with SMAD4 and trans-
porting them to the nucleus, and interacting with other
transcription factors [25, 33]. Based on the above findings,
we concentrated on the link between KRT80 and TGFBR1-
related TGF-B/SMAD axis. The findings implied that the
knockdown of KRT80 restrained the TGF-B/SMAD
pathway.

After SMAD trimer translocation, E-cadherin dimin-
ished, and N-cadherin and Vimentin were enhanced, thus
facilitating EMT in cancer. [11]. In addition, we explored the
role of KRT80 on TGF-B-mediated EMT. We discovered
that the suppressive impacts of sh-KRT80 on NSCLC cell
migration, invasion, and EMT were abolished by exogenous
TGEF-f1 stimulation. Accordingly, we demonstrated that
KRT80 possibly moderates the progression and evolution of
NSCLC by mediating the TGF-f/SMAD signaling. Scientists
have found that natural products can inhibit the TGF-
BISMAD signaling to antagonize the growth and invasion of
NSCLC cells. For example, Zhang’s team investigated the
inhibitory effects of Nagilactone E (NLE) that was isolated
from the seeds of Podocarpus nagi on NSCLC. They found
that NLE inhibited migration and invasion of NSCLC A549
cells by antagonizing the TGF-B/SMAD signaling [34]. And
Da discovered that Nobiletin from Citrus depressa prevented
EMT of NSCLC A549 cells by inactivating TGF-$/SMAD3
signaling [35]. It suggests that is worthwhile to develop
natural products that inhibit KRT80.



To conclude, this work highlighted that downregulation
of KRT80 impedes proliferative, invasive capabilities, and
EMT of NSCLC cells, possibly via adjusting the TGEF-
BISMAD pathway. These discoveries extend our under-
standing of the mechanism of KRT80 and may be an un-
derlying beneficial target for NSCLC, providing basic data
for the exploration of the treatment of NSCLC.

Data Availability

The dataset used and analyzed in this study can be obtained
from the corresponding author upon reasonable request.

Additional Points

Highlights. (1) The expression of keratin 80 (KRT80) was
elevated in NSCLC. (2) Suppression of KRT80 restrained
NSCLC cell migratory and invasive abilities as well as EMT.
(3) KRT80 facilitated the EMT process of NSCLC cells via
activating the TGF-B/SMAD pathway. (4) Depletion of
KRT80 inhibits NSCLC tumor growth in vivo.
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