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Abstract
YWHAZ has been suggested to as an oncogene in various human malignancies,
including non‐small–cell lung cancer (NSCLC). Our study presents more
evidence to confirm the clinical significance and biological function of YWHAZ
in NSCLC. In our results, YWHAZ was upregulated in lung squamous cell
carcinoma tissues and lung adenocarcinoma tissues through analyzing The
Cancer Genome Atlas (TCGA) database, and confirmed high levels of YWHAZ
messenger RNA and protein in lung squamous cell carcinoma tissues and lung
adenocarcinoma tissues through quantitative real‐time polymerase chain reaction
and immunohistochemistry. Moreover, YWHAZ overexpression was correlated
with advanced clinical stage, more lymph node metastasis and present distant
metastasis in NSCLC patients. Survival analysis indicated that high level of
YWHAZ protein expression was associated with short overall survival time in
NSCLC patients, and YWHAZ expression was independent prognostic factors for
overall survival in NSCLC patients. Moreover, Silencing of YWHAZ expression
represses NSCLC cell migration and invasion. In conclusion, YWHAZ is a
credible prognostic biomarker, and may be a therapeutic target in NSCLC.
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INTRODUCTION

Lung cancer is a most common human malignancy and the
leading cause of cancer‐related mortality accounting for
about 27.3% of all cancer deaths per year in China.1 Recent
cancer statistics published at 2018 by National Central
Cancer Registry of China showed about 782 000 newly
diagnosed lung cancer patients and 626 000 lung cancer
deaths were appeared in China.1 Non‐small–lung cancer
(NSCLC) including lung adenocarcinoma (LUAD), lung
squamous cell carcinoma (LUSC), lung large‐cell carcinoma, and lung adenosquamous carcinoma are the major
Yong Deng and Jianyun Zheng are co‐first authors.
J Cell Biochem. 2018;1-9.

subtype of lung cancer accounting for approximately 80% of
all lung cancer cases.2 Despite recent advances in prevention, screening, and treatment, the prognosis is still
unfavorable (5‐year overall survival rate <15% and 10‐year
overall survival rate <7%).3 Therefore, it is necessary to
screen and identify novel functional genes for illuminating
the pathogenesis and developing target therapy in NSCLC.
The YWHAZ gene is located on chromosome 8q22.3
and this area is frequently amplified in human cancers.4
YWHAZ has been found to be overexpressed and
functions as an oncogene in most human malignancies.5
Five years ago, the clinical and prognostic value of
YWHAZ was still known. Initially, we analyzed The
Cancer Genome Atlas (TCGA) database, and found
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YWHAZ was upregulated in NSCLC tissues, and
associated with overall survival in NSCLC patients.
Therefore, we supposed YWHAZ acts as an oncogene
in NSCLC, and began to study the clinical significance of
YWHAZ in Chinese NSCLC patients and biological
function of YWHAZ in NSCLC cells. Recent studies
reported YWHAZ was overexpressed in LUAD and LUSC
tissues, and associated with the malignant status and
poor prognosis in LUAD and LUSC patients. In our
study, we present more evidence indicating that levels
of YWHAZ messenger RNA (mRNA) and protein
are increased in NSCLC clinical tissue samples, and
high‐expression of YWHAZ was correlated with
clinical progression and unfavorable prognosis in NSCLC
patients. Moreover, downregulation of YWHAZ expression inhibited NSCLC cell migration and invasion.
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MATERIALS AND MET HODS

|

Analysis of TCGA database

Gene expression data of TCGA projects were analyzed
and downloaded from a visualization website Gene
Expression Profiling Interactive Analysis (GEPIA;
http://gepia.cancer‐pku.cn/). GEPIA contained differential gene expression between human cancer tissues and
corresponding normal tissues, and the relationship
between gene expression and overall survival time.
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Clinical tissue specimens

All protocols were approved by the Research Ethics
Committee of Sheyang County People’s Hospital, The
First Affiliated Hospital of Xi’an Medical University and
The Second Affiliated Hospital of Shaanxi University of
Chinese Medicine. All of the clinical tissues were derived
from patients having given informed consent in accordance with Ethics Committee Guidelines and the
Declaration of Helsinki. A total of 152 NSCLC tissue
samples and 30 noncancerous lung tissue samples
were collected from Sheyang County People’s Hospital,
The First Affiliated Hospital of Xi’an Medical University
and The Second Affiliated Hospital of Shaanxi University
of Chinese Medicine. All clinical tissue specimens were
diagnosed as NSCLC by pathologists. No patient had
received chemotherapy or radiotherapy before pathologic
diagnosis.

2.3 | RNA preparation and quantitative
real‐time polymerase chain reaction
Total RNA from tissues or cells was isolated with TRIzol
reagent (Invitrogen, Carlsbad, CA) according to the

ET AL.

manufacturer’s instructions. The total RNA was reverse‐
transcribed to complementary DNA using the PrimeScript
RT Reagent Kit with gDNA Eraser (Takara, Dalian, China)
according to the manufacturer’s instructions. Quantitative
real‐time polymerase chain reaction (RT‐qPCR) was
performed at ABI 7500 system (Applied Systems, Foster,
CA) using the SYBR Premix Ex Taq II (Takara) with the
follow primers. YWHAZ, forward primer: 5′‐ACTTTTG
GTACATTGTGGCTTCAA‐3′ and reverse primer:
5′‐CCGCCAGGACAAACCAGTAT‐3′;
glyceraldehyde
3‐phosphate dehydrogenase (GAPDH), forward primer:
5′‐CAGCCTCAAGATCATCAGCA‐3′ and reverse primer:
5′‐TGTGGTCATGAGTCCTTCCA‐3′. GAPDH was used as
an internal control.
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Immunohistochemistry

Formalin‐fixed paraffin‐embedded sections (4‐μm‐thick)
were deparaffinized through graded alcohols subjected to
microwave pretreatment for antigen retrieval. After cooling to room temperature, each section was blocked for
endogenous peroxidase activity by incubation with 0.3%
H2O2 for 10 minutes. Nonspecific binding sites were
blocked by incubation with 2% fetal bovine serum (FBS)
for 15 minutes. Next, sections were incubated with anti‐
YWHAZ (1:100 dilution; Abcam, Cambridge, UK) overnight at 4°C. The primary antibody was replaced with
phosphate‐buffered saline in sections used as negative
controls. After washing, incubation with biotinylated
antimouse immunoglobulin G as the secondary antibody
was carried out for 30 minutes, followed by incubation
with conjugated horseradish peroxidase streptavidin for
30 minutes. Finally, sections were then counterstained
with hematoxylin, dehydrated, and mounted. For YWHAZ
assessment, staining intensity was scored as 0: negative; 1:
weak; 2: moderate; or 3: strong, and staining extent was
scored as 0: 0%; 1: 1% to 23%; 2: 25% to 49%; 3: 50% to 74%;
or 4: 75% to 100%.6 The final scores were defined by
multiplying the intensity scores with the scores of the
extent of stained cells. All cases was classified into low‐
expression of YWHAZ group (0 to 4 scores) and high‐
expression of YWHAZ group (>4 scores).
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Cell culture and transfection

Two human NSCLC cell lines A549 (lung adenocarcinoma cell line) and SK‐MES‐1 (lung squamous cell
carcinoma cell line) were obtained from Cell Bank of
Type Culture Collection of the Chinese Academy of
Sciences. The A549 and SK‐MES‐1 cells were maintained
in Dulbecco modified Eagle medium (DMEM; Gibco,
Gaithersburg, MD) supplemented with 10% FBS in a
humidified air atmosphere with 5% CO2 at 37°C.
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The small interfering RNA targeting YWHAZ (si‐
YWHAZ) was synthesized by GenePharma Co, Ltd,
(Shanghai, China) for downregulation of YWHAZ, with
si‐NC as a negative control. NSCLC cells were transfected
with si‐YWHAZ or si‐NC using Lipofectamine 3000
(Invitrogen) according to manufacturer’s protocol.
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Invasion and migration assays

The transwell invasion and migration assays were conducted using the 24‐well transwell chambers (8‐μm‐pore
size; BD Biosciences, Franklin Lakes, NJ). For migration
assay, transfected cells (5 × 104 cells in 0.2 mL RPMI‐1640
medium per well) were added to the upper chambers, while
20% FBS in 0.5 mL RPMI‐1640 medium was placed into the
lower chambers as the chemoattractant. After 24 hours of
incubation, cells remaining on the upper membrane were
removed carefully by cotton swab, and adherent to underside of the membrane were fixed and stained with crystal
violet. The number of migratory cells was counted from five
random fields under a microscope. For the invasion assay,
the upper chambers were coated with thin layers of
Matrigel (BD Biosciences), and the experiment was similar
to the migration assay described above.
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Statistical analysis

The SPSS 18.0 (Chicago, IL) and Graphpad Prism (San
Diego) softwares were used for statistical analyses. Data
were expressed as mean ± SD. Association between the
clinicopathological parameters and YWHAZ expression
was assessed by χ2 test. The statistical significance between
two groups was estimated by two‐sided Student t test.
Overall survival curves were calculated using the Kaplan‐
Meier method with significance evaluated by two‐sided
log‐rank test. The independent prognostic relevance of
YWHAZ was evaluated by univariate and multivariable

3

Cox regression models. A P < 0.05 was regarded as the
statistical significance.
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RE SU L TS

3.1 | YWHAZ is overexpressed in
NSCLC
To evaluate the expression status of YWHAZ in NSCLC,
we observed YWHAZ expression in TCGA database
which included 483 LUAD tissue samples, 486 LUSC
tissue samples and 347 normal lung samples. Compared
with normal lung tissue samples, significantly elevated
YWHAZ expression was shown in LUAD tissue samples
or LUSC tissue samples (both P < 0.001; Figure 1A).
Furthermore, qRT‐PCR was used to detect YWHAZ
mRNA transcript levels in LUAD tissues, LUSC tissues,
and normal lung tissues. LUAD tissues and LUSC tissues
exhibited an obviously higher‐level expression of
YWHAZ mRNA compared with normal lung tissues
(both P < 0.001; Figure 1B). Moreover, YWHAZ protein
was examined by immunohistochemistry in 152 NSCLC
tissue samples and 30 noncancerous lung tissue samples.
Specific YWHAZ protein staining was detected in the
nuclei and cytoplasm of noncancerous and malignant
epithelial cells (Figure 2A‐I). Compared with noncancerous lung tissue samples, increased expression of YWHAZ
protein was observed in LUAD tissue samples (P = 0.001;
Table 1) and LUSC tissue samples (P = 0.019; Table 1).

3.2 | Immunohistochemical analysis of
the clinical significance of YWHAZ
expression in NSCLC patients
To evaluate the clinical significance of YWHAZ in NSCLC
cases, the associations between clinicopathological

F I G U R E 1 YWHAZ expression is increased in NSCLC tissues. A, YWHAZ expression is significantly elevated in LUAD tissue samples
and LUSC tissue samples compared with normal lung tissue samples from TCGA database. B, LUAD tissues and LUSC tissues exhibited an
obviously higher‐level expression of YWHAZ mRNA compared to normal lung tissues (*P < 0.001). LUAD, lung adenocarcinoma;
LUSC, lung squamous cell carcinoma; mRNA, messenger RNA; NSCLC, non‐small–cell lung cancer; TCGA. The Cancer Genome Atlas
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FIGURE 2

Immunohistochemical
staining of YWHAZ. A, Negative
expression, (B) low expression, (C) high
expression of YWHAZ in normal
bronchial epithelium tissues, (D) negative
expression, (E) low expression, (F) high
expression of YWHAZ in LUAD tissues,
(G) negative expression, (H) low
expression, and (I) high expression of
YWHAZ in LUSC tissues.
Scalebars = 50 μm. LUSC, lung squamous
cell carcinoma

characteristics and YWHAZ protein expression were
analyzed and summarized in Table 2. We observed that
YWHAZ overexpression was correlated with advanced
clinical stage (P < 0.001), more lymph node metastasis
(P < 0.001), and present distant metastasis (P = 0.001).
However, we did not observed a significant relationship
between YWHAZ expression with NSCLC patient’s sex
T A B L E 1 YWHAZ protein expression in lung cancer tissues
and normal lung tissues
YWHAZ protein

a

High
expression

Low
expression

P

7

23

–

84

50

34

0.001a

68

33

35

0.019a

Group

Cases

Normal tissues

30

Adenocarcinoma
tissues
Squamous cell
carcinoma tissues

compared with normal tissues.

(P = 0.165), age (P = 0.557), smoking (P = 0.318), pathology classification (P = 0.176), and tumor size (P = 0.181).

3.3 | Survival analysis of YWHAZ
expression in NSCLC patients
To evaluate the prognostic significance of YWHAZ in
NSCLC cases, the associations between overall survival time
and YWHAZ expression were evaluated in TCGA database
and our study. In TCGA database, we observed that the
high level of YWHAZ protein expression was markedly
associated with short overall survival time in NSCLC
patients (P = 0.001; Figure 3A). In a subgroup analysis of
TCGA database, we found high‐expression of YWHAZ
protein was correlated with overall survival in LUAD cases
(P < 0.001; Figure 3B), but had no correlation with overall
survival in LUSC cases (P = 0.550; Figure 3C). In our study,
we found YWHAZ protein levels were negatively correlated
with overall survival time in NSCLC patients (P < 0.001;
Figure 3D). In a subgroup analysis of our study, we
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T A B L E 2 Asocciation between the clinicopathologic variables
and expression of YWHAZ in NSCLC patients
YWHAZ protein

n

High
expression

Low
expression

P

Female

57

27

30

0.165

Male

95

56

39

＜50

60

31

29

≥50

92

52

40

No

86

50

36

Yes

66

33

33

Characteristics
Sex

Age, y
0.557

Smoking

3.4 | YWHAZ negatively regulates
NSCLC cell migration and invasion
To estimate the effect of YWHAZ on NSCLC cell
migration and invasion in vitro, the loss‐of‐function
study was conducted in A549 and SK‐MES‐1 cells
through si‐YWHAZ (Figure 4A). To explore the role of
YWHAZ in cell motility and migration, the transwell
migration and invasion assays were conducted in A549
and SK‐MES‐1 cells. We observed that silencing of
YWHAZ expression repressed cell migration in A549
and SK‐MES‐1 cells (P < 0.001; Figure 4B), and the
invasive ability of YWHAZ‐silenced cells was also
reduced (P < 0.001; Figure 4C).

0.318

Pathology
classification
Squamous cell
carcinoma

4
68

33

35

84

50

34

Ⅰ‐Ⅱ

65

18

47

Ⅲ‐Ⅳ

87

65

22

0.176

Adenocarcinoma
Clinical stage
<0.001

Tumor size, cm
≤5

88

44

44

>5

64

39

25

N0‐N1

72

23

49

N2‐N3

80

60

20

No

139

70

69

Yes

13

13

0

5

0.181

Lymph node
metastasis
<0.001

Distant metastasis
0.001

Abbreviation: NSCLC, non‐small–cell lung cancer.

observed high levels of YWHAZ protein expression was
significantly associated with short overall survival time in
LUAD patients (P < 0.001; Figure 3E) and in LUSC patients
(P = 0.016; Figure 3F). Furthermore, the univariate Cox
regression analysis suggested that clinical stage (P < 0.001),
tumor size (P = 0.008), lymph node metastasis (P < 0.001),
distant metastasis (P < 0.001), and YWHAZ protein expression (P < 0.001) were poor prognostic factors for overall
survival in NSCLC patients (Table 3). Clinical parameters
that exhibited significant differences in the univariate
analysis were included in multivariate analysis. Then, the
results of multivariate analysis showed YWHAZ expression
(P = 0.012) and distant metastasis (P = 0.002) were independent prognostic factors for overall survival in NSCLC
patients (Table 3).

|

DISCUSSION

YWHAZ is a member of the family of 14‐3‐3 proteins, and
located on chromosome 8q22.3.5 Recent decade, YWHAZ
has been found upregulated in gastric cancer,7 breast
cancer,8 colorectal cancer,9 hepatocellular carcinoma,10
pancreatic cancer,11 prostate cancer,12 bladder cancer,13
ovarian cancer,14 cervical cancer,15 oral squamous cell
carcinoma,16 laryngeal cancer,17 and chronic myeloid
leukemia.18 In lung cancer, Zhan et al19 report YWHAZ
exhibited high expression level in lung squamous cell
carcinoma samples compared with normal lung samples.
Moreover, Tong et al20 also showed YWHAZ expression
was increased in lung adenocarcinoma tissues compared
with and corresponding adjacent normal tissues. In our
study, we found YWHAZ was upregulated in lung
squamous cell carcinoma tissues and lung adenocarcinoma tissues through analyzing TCGA database, and
confirmed high levels of YWHAZ mRNA and protein in
lung squamous cell carcinoma tissues and lung adenocarcinoma tissues through qRT‐PCR and immunohistochemistry. Interestingly, Chen et al21 suggested urinary
protein of YWHAZ expression was decreased in NSCLC
cancer patients. Generally, YWHAZ is overexpressed in
most human cancer tissues.
In our study, we further evaluate the clinical
significance of YWHAZ in NSCLC cases through analyzing the associations between clinicopathological characteristics and YWHAZ protein expression, and found
YWHAZ overexpression was correlated with advanced
clinical stage, more lymph node metastasis and present
distant metastasis. Similarly, Tong et al20 and Zhao et al22
also found high‐expression of YWHAZ was associated
with clinical progression in lung squamous cell carcinoma and lung adenocarcinoma patients. Moreover,
Nishimura et al23 indicated overexpression of YWHAZ
was related with deep tumor depth, large tumor size,
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FIGURE 3

Survival analysis of YWHAZ expression in NSCLC patients. The association between overall survival time and YWHAZ
expression was evaluated in NSCLC patients (A), LUAD (B) and LUSC (C) from TCGA database. The relationship between overall survival
time and YWHAZ protein expression was estimated in NSCLC patients (D), LUAD (E) and LUSC (F) from our study. LUAD, lung
adenocarcinoma; LUSC, lung squamous cell carcinoma; NSCLC, non‐small–cell lung cancer; TCGA, The Cancer Genome Atlas

T A B L E 3 Summary of univariate and multivariate Cox regression analyses of overall survival duration in NSCLC patients
Univariate analysis

Multivariate analysis

Parameters

P

HR

95% CI

P

HR

95% CI

Sex

0.497

1.147

0.772‐1.702

–

–

–

0.411

0.853

0.585‐1.246

–

–

–

0.732

1.069

0.731‐1.562

–

–

–

0.182

1.296

0.886‐1.898

–

–

–

<0.001

2.813

1.848‐4.284

0.360

0.502

0.115‐2.193

0.008

1.724

1.171‐2.537

0.066

1.492

0.973‐2.287

<0.001

3.094

2.044‐4.682

0.055

4.088

0.969‐17.245

<0.001

6.658

3.440‐12.888

0.002

3.066

1.507‐6.238

<0.001

2.374

1.614‐3.392

0.012

1.748

1.132‐2.699

Female vs male
Age, y
<50 vs ≥50
Smoking
No vs yes
Pathology classification
Squamous cell carcinoma vs adenocarcinoma
Clinical stage
Ⅰ‐Ⅱ vs Ⅲ‐Ⅳ
Tumor size, cm
≤5 vs ＞5
Lymph node metastasis
N0‐N1 vs N2‐N3
Distant metastasis
No vs yes
YWHAZ expression
High vs low
Abbreviations: 95% CI, 95% confidence interval; HR, hazard ratio.
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FIGURE 4

YWHAZ negatively regulates NSCLC cell
migration and invasion. A, The efficiency of si‐YWHAZs is
confirmed by qRT‐PCR in A549 and SK‐MES‐1 cells. B, Silencing of
YWHAZ expression represses cell migration in A549 and SK‐MES‐
1 cells. C, Silencing of YWHAZ expression inhibits cell invasion in
A549 and SK‐MES‐1 cells. (*P < 0.001). NSCLC, non‐small–cell
lung cancer; qRT‐PCR, quantitative real‐time polymerase chain
reaction

venous and lymphatic invasion, and poor pathological
stage in patients with gastric cancer. Meanwhile, Watanabe et al24 revealed that levels of YWHAZ expression
were associated with higher rate of lymph node
metastasis, larger tumor size, and poorer Siewert type
in patients with adenocarcinoma of the esophagogastric
junction. In tongue squamous cell carcinoma patients,
YWHAZ overexpression was suggested to be associated
with T stage and lymph node metastasis.25 In prostate
cancer patients, high levels of YWHAZ expression were
correlated with high Gleason score, PSA relapse and
castration‐resistant.26 In addition, the association between high YWHAZ expression and clinical progression
was also observed in ovarian cancer14 and hepatocellular
carcinoma.27
In our study, we assessed the prognostic value of
YWHAZ in NSCLC patients through analyzing the
TCGA database, and found YWHAZ expression was
negatively correlated with overall survival time in
lung adenocarcinoma patients, but not significantly

7

associated overall survival time in lung squamous cell
carcinoma patients. However, high levels of YWHAZ
protein expression was significantly associated with
short overall survival time in lung adenocarcinoma
patients and lung squamous cell carcinoma patients
from our cohort. In lung squamous cell carcinoma
patients, Zhao et al22 found patients with high
expression of YWHAZ had shorter overall survival
and disease‐free survival than patients with low‐
expression of YWHAZ. In lung adenocarcinoma
patients, Tong et al20 and Xue et al28 consistently
showed YWHAZ overexpression was significantly
associated with unfavorable prognosis. Moreover,
Zhao et al22 also reported NSCLC patients with high‐
expression of YWHAZ had poor overall survival than
patients with low‐expression of YWHAZ. Therefore,
YWHAZ overexpression was a credible unfavorable
prognostic factor for NSCLC patients. In addition,
YWHAZ overexpression was also found to serve as a
predictor for poor prognosis in ovarian cancer,14
gastric cancer,23 tongue squamous cell carcinoma,25
prostate cancer,26 and breast cancer.29,30 However, no
correlation between YWHAZ expression and prognosis
was observed in bladder cancer patients31 and hepatocellular carcinoma patients.32
The above result showed that YWHAZ expression was
associated with lymph node metastasis and present
distant metastasis in NSCLC patients, and several
published reports showed YWHAZ played important role
in regulating tumor cell metastasis.33,34 Thus, we
conducted the loss‐of‐function study to explore the effect
of YWHAZ on NSCLC cell migration and invasion, and
silencing of YWHAZ expression repressed NSCLC cell
migration and invasion. In addition, basic studies
indicated YWHAZ was modulated by microRNAs, and
mediated signaling pathways to regulate tumor cell
migration and invasion.35-39 Therefore, we will further
try to explore the molecular mechanism of YWHAZ in
NSCLC cell at following studies.
In conclusion, YWHAZ is overexpressed in NSCLC
tissues, and associated with the malignant status and
unfavorable prognosis in NSCLC patient. Silencing of
YWHAZ expression represses NSCLC cell migration and
invasion.
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