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Purpose: Recent studies have shown that STIP1 is associated with proliferation and

migration in numerous types of tumors; however, the role of STIP1 in lung adenocarcinoma

is still poorly understood. Therefore, the aim of this study was to evaluate the role of STIP1

in lung adenocarcinoma, in vitro and in vivo.

Methods: The expression of STIP1 in lung adenocarcinoma was assessed by immunohis-

tochemistry, RT-qPCR, and Western blot. The effects of STIP1 on the proliferation of lung

adenocarcinoma cells were detected by the cell counting kit-8 assay; the effect of STIP1 on

adhesion of lung adenocarcinoma cells was detected by Giemsa staining, while the cell

scratch and Transwell assays were employed to examine the effect of STIP1 on the migratory

ability of lung adenocarcinoma cells. Finally, apoptosis was evaluated by Hoechst staining

and flow cytometry.

Results: The expression level of STIP1 in lung adenocarcinoma tissue was significantly

higher than that in adjacent normal tissue (P<0.05). Compared with that in nontransfected

controls, cell proliferation, adhesion, and migration, as well as vimentin protein expression

and levels of phosphorylated JAK2/STAT3, were significantly decreased (P<0.05) in A549

lung adenocarcinoma cells transfected with STIP1 shRNA, whereas E-cadherin protein

expression and rates of apoptosis were significantly increased in these cells (P< 0.05).

Conclusion: Elevated expression of STIP1 in lung adenocarcinoma may enhance the

proliferative, adhesive, and migratory ability, and reduce the apoptosis of lung adenocarci-

noma cells through the JAK2/STAT3 signaling pathway and epithelial-mesenchymal transi-

tion (EMT), thereby promoting the recurrence and metastatic potential of this cancer. The

results indicate that STIP1 may be an effective therapeutic target for the treatment of lung

adenocarcinoma.
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Introduction
According to the 2018 Global Cancer Statistics report published online in the

Journal of clinicians Cancer1 and the latest issue of national cancer statistics

released by the China Cancer Center,2 lung cancer is the leading cause of death

and the most commonly occurring cancer worldwide. Non-small cell lung cancer

(NSCLC) is the main pathological classification among the different types of lung

cancer. Although several treatment methods for NSCLC are currently available,

including surgery, radiotherapy, chemotherapy, targeted therapy, and immunother-

apy, 75% of lung cancer patients are diagnosed at a late stage, and the 5-year
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survival rate is low. Consequently, it is critical that the

pathogenesis, recurrence, and metastatic potential of

NSCLC are exhaustively characterized and effective ther-

apeutic targets identified.

At present, tumor cell metastasis is the primary reason

for the poor efficacy of NSCLC treatment. Epithelial–

mesenchymal transition (EMT) is crucial for tumor metas-

tasis, and involves the activity of various regulatory fac-

tors that promote the downregulation of E-cadherin

expression and upregulation of the expression of intersti-

tial cell markers, such as N-cadherin, on cancer cell mem-

branes. Furthermore, EMT leads to loss of adhesion, as

well as changes in the polarity and morphology of cancer

cells, both of which are involved in tumor invasion and

metastasis.3,4 Several studies have found that the regula-

tory factors and signaling pathways associated with EMT

are complex and variable. The JAK2/STAT3 signaling

pathway is known to regulate epithelial cell–cell adhesion

and is closely related to the occurrence of EMT in malig-

nant lesions.5–7 In colorectal cancer, this pathway influ-

ences tumor cell activity by regulating the expression of

BCL2, E-cadherin, and VEGF, among others,8 while in

ovarian cancer, activated STAT3 can promote the occur-

rence of EMT through the JAK2/STAT3/Snail signaling

pathway.9 Furthermore, albumin can induce cell prolifera-

tion and transdifferentiation of renal tubular epithelial

cells by activating the JAK2/STAT3 signaling pathway.10

However, reports on the correlation between JAK2/STAT3

signaling and EMT in lung adenocarcinoma are limited

Stress-induced phosphoprotein1(STIP1), also known as

HOP (HSP70/HSP90-organizing protein), is a protein with

a molecular weight of 62.6 kDa that was first identified in

Saccharomyces cerevisiae.11 STIP1 contains three tetratri-

copeptide repeat (TPR) domains, which provide the struc-

tural basis for its function.12 STIP1 interacts with members

of the heat-shock protein family through these domains

and mediates the association between HSP70 and HSP90,

forming a multiprotein complex by hydrolyzing the mutual

transformation between ATP and ADP, which is involved

in the splicing and transcription of RNA and the folding of

proteins.13,14 Several studies have shown that STIP1 is

overexpressed in, and contributes to, the development of

a variety of human malignant tumors, including hepatocel-

lular carcinoma,15 glioblastoma,16 pancreatic cancer,17

colon cancer,18 cervical cancer,19 and thyroid papilla car-

cinoma with lymph node metastasis.20 These observations

suggest that STIP1 may play a crucial role in tumor

occurrence and progression.

Although numerous studies have evaluated the role of

STIP1 in tumors, reports on the roles of STIP1 in lung

adenocarcinoma are limited. The results of this study

showed that elevated levels of STIP1 induce lung adeno-

carcinoma cell proliferation and migration through the

JAK2/STAT3 signaling pathway and regulation of EMT.

Reducing the expression of STIP1 in lung adenocarcinoma

may help to suppress EMT processes in lung adenocarci-

noma cells and decrease tumor proliferation and migration,

indicating that STIP1 has potential as a therapeutic target

for the treatment of lung adenocarcinoma, and practical

clinical significance.

Materials and Methods
Patients
Forty-eight lung adenocarcinoma and Thirty-two lung squa-

mous cell carcinoma tissue samples, as well as correspond-

ing paracancerous tissue, were collected from the

Department of Pathology of the First People’s Hospital of

Lianyungang City from January 2015 to February 2019.

The patients and their families agreed to participate in the

study and signed an informed consent form. The study was

approved by the Ethics Committee of the First People’s

Hospital of Lianyungang City. Fresh pathological tissue

was immediately frozen in liquid nitrogen for 30 min, and

then stored at −80 °C until used for PCR and Western blot

analyses. STIP1 protein expression in lung adenocarcinoma

and squamous cell carcinoma was assessed by hematoxylin

and eosin(H&E) and immunohistochemical staining.

Cell Culture
Our all cell lines were purchased from the Shanghai

Institutes for Biological Sciences, Chinese Academy of

Sciences. The cells were reheated in warm water at 40 °C,

suspended in 10 mL of medium supplemented with 10%

fetal bovine serum (FBS), and then centrifugated at 1500 ×g

for 5 min. After centrifugation, the supernatants were dis-

carded and the cells resuspended. The cells were subse-

quently inoculated in 6-cm dishes and cultured in an

incubator at 37 °C with 5% CO2. The growth status of the

cells was observed daily.

Animals
Eighteen male BALB/c nude mice (aged 6–8 weeks) were

obtained from Sbeifu Biotechnology Co., Ltd. Themice were

fed and raised separately under specific-pathogen-free (SPF)

conditions in the laboratory. Themice weremaintained under
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appropriate temperature and humidity conditions, and body

weight was measured every other day. The animal use pro-

tocol has been reviewed and approved by the Animal Ethical

and Welfare Committee (AEWC) of Nanjing Medical

University.

Immunohistochemistry
All paraffin-embedded sections were stained using

a Ventana automatic immunohistochemical apparatus

(Roche, Switzerland). The rabbit anti-human STIP1 mono-

clonal antibody (ab126724,1:500) was purchased from

Abcam (USA). The positive controls were mouse myocar-

dial and human serous ovarian cancer sections, and PBS

instead of primary antibody was used as the negative

control. The immunohistochemistry score was indepen-

dently validated by two pathologists. The cell staining

intensity was classified into 4 levels (0–3+) (0, no staining;

1, low staining; 2, moderate staining; 3, strong staining),

while the percentage of stained cells was classified into 4

grades (0, <10%; 1, 10–24%; 2, 25–50%; 3, >50%). The

two values were multiplied to obtain the immunohisto-

chemical (IHC) score and evaluate the intensity of immu-

nohistochemical staining.21 All the IHC scores were

repeated three times using a double-blind method.

Western Blot
Samples containing equal protein concentrations were

added to 4× protein loading buffer and boiled in a water

bath for 5 min. Proteins were separated by sodium dodecyl

sulfate–polyacrylamide gel electrophoresis (SDS–PAGE)

and then transferred to wet PVDF membranes. The mod-

ified membranes were sealed in 5% milk for 3 h, and then

incubated with the respective primary antibodies (anti-

STIP1 [1:2000], anti-JAK2 [1:1000], anti-beta-actin

[1:5000], Proteintech; anti-pJAK2 [1:1000], Affinity; anti-

STAT3 and anti-p-STAT3 [1:1000], Cell Signaling) at 4 °C

overnight. After washing, the membranes were incubated

with horseradish peroxidase (HRP)-labeled secondary

antibodies at room temperature for 50 min. Beta-actin

was used as the internal control.

Real-Time Quantitative PCR
Total RNA was isolated using the Total-RNA isolation kit

(Invitrogen). Real-time quantitative PCR (RT-qPCR) was

performed using SYBR Green (TaKaRa) according to the

manufacturer’s instructions. The amplification conditions

were as follows: preincubation at 95°C for 15 min, followed

by 40 cycles of 95°C for 10 s and 60 °C for 30 s. mRNA

was quantified using the 2−ΔΔCt method and GAPDH served

as the internal control. The sequences of the STIP1-specific

primers used in this study were as follows: STIP1 forward

5′-GCCAAGCGAACCTATGAGGAG-3′; reverse 5′-GGAT

CACTGAGTAGTGTCCTTGT-3′.

STIP1 shRNA Design and Synthesis
The STIP1 gene sequence was obtained from GenBank. The

designed oligonucleotide sequences were cloned into the

pGPU6 vector. The STIP1 short hairpin RNA (shRNA) and

non-specific shRNA (negative control, NC) used in this study

were as follows: STIP1 shRNA chain: 5ʹ-CACCGCTAAAC

CATCTGAATTGGCTCTTCAAGAGAGAGAGCCAATT-

CAGATGGTTTAGTTTTTTG-3ʹ;STIP1 shRNA NC chain:

5ʹ-CACCGTTCTCCGAACGTGTCACGTCAAGAGATT

ACGTGACACGTTCGGAGAATTTTTTG-3ʹ.

Cell Transfection
Transfection of shRNA was carried out using lipofecta-

mine 2000 (Invitrogen) following the manufacturer’s

instructions. Briefly, cells were seeded at a concentration

of 2×105 cells/dish (6cm) and grown to 70% confluence.

Lipofectamine 2000 and shRNA were then mixed and the

mixture was incubated in Opti-MEM at room temperature

for 15 min. Subsequently, the cells were incubated in

medium for 24 h, and then harvested for assays.

Cell Proliferation Assay
A Cell Counting Kit-8 (CCK-8) was used to examine tumor

cell proliferation according to the manufacturer’s instruc-

tions. Transfected A549 cells were seeded onto 96-well

culture plates at a density of 1×105 cells·100 µL−1·well−1;

then,10 µL of the CCK-8 solution was added to each well

and incubated for 2 h. An enzyme labeling instrument was

used to read the optical density of the well.

Cell Migration Assay
Transfected A549 cells were trypsinized into a single-cell

suspension, and then seeded onto a 24-well Transwell

chamber (3428, Corning, NY, USA) at a density of

1×105 cells/well. After incubation for 24h at 37°C in

a cell incubator, the transmembranes were fixed in 4%

paraformaldehyde for 10 min, and then washed 3 times

with PBS. After washing, a DAPI solution containing an

anti-quenching agent was added to the bottom of the upper

chamber for imaging using a fluorescence microscope.
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Cell Apoptosis Assay
A549 cells were inoculated on the 6-well plate on average.

Transfection of STIP1 shRNA was performed when the

cells had reached approximately 70% confluence. After

24h, the cells were stained with Hoechst33258 (2 µg/mL)

for 60 min at 37°C. Staining was observed and imaged

under an inverted fluorescence microscope.

Apoptosis was also detected by flow cytometry.

Transfected A549 cells were trypsinized with trypsin with-

out EDTA into a single-cell suspension, and then washed

twice with PBS. The cells were resuspended and mixed

with 500µL of 1×binding buffer, and then with AnnexinV-

FITC and propidium iodide. After incubation at room

temperature for 15 min in the dark, apoptosis was assessed

by flow cytometry.

Cell Adhesion Assay
A549 cells were cultured in 96-well plates. Transfection of

STIP1 shRNA was performed when the cells had reached

approximately 70% confluence. After 24 h, the cells were

stained with Giemsa for 30 min. After staining, the OD

value was measured at 570 nm by enzyme label. The

adhesion rate was calculated as (OD1/OD0)*100%,

where OD1 represents the treatment group and OD0 the

control group.

Cell Movement and Migration Analysis
A549 cells were cultured in 6-well plates. Transfection of

STIP1 shRNA was performed when the cells had reached

approximately 70% confluence. After 24 h, the cells were

scribed, and then washed and imaged. Image ProPlus soft-

ware (IPP6.0) was used to analyze the distance between

cells in each selected location and scratches, and calculate

the actual cell migration rate. GraphPad Prism 5.0

(GraphPad Software, Inc., San Diego, CA, USA) was

used for statistical analysis.

Tumor Formation in Nude Mice by

Xenotransplantation of STIP1

shRNA-Expressing Cells
A549 cells (1 × 106) transfected with shRNA were hypo-

dermic injected through groin into nude mice (n = 6 per

group). All the mice were euthanized five weeks after

injection. The lungs were then excised from the mice and

fixed in 4% paraformaldehyde and liquid nitrogen. Lung

tissues were sectioned and used for histological analysis.

Statistical Analysis
SPSS19.0 software was used for statistical analysis. Data

were expressed as means ± standard deviation (SD).

A t-test was used for comparison between two groups,

and one-way ANOVA was used for comparison between

multiple groups. Counting data were expressed as number

or rate. The chi-squared test was also used for statistical

analysis. All tests were two-sided, and p-values <0.05

were considered significant.

Results
STIP1 Is Highly Expressed in Lung

Adenocarcinoma and Is Related to TNM

Stage and Lymph Node Metastasis
To determine the expression of STIP1 in lung cancer, we

employed immunohistochemistry to investigate the

expression and localization of STIP1 in tissue obtained

from 48 lung adenocarcinoma and 32 lung squamous cell

carcinoma patients, and analyzed the relationship between

the STIP1 expression and the clinicopathological features

of the patients. STIP1 immunoreactivity was observed

mainly in the cytoplasm, but was also detected in the

nucleus (Figure 1). A significant difference in STIP1

expression was observed between lung cancer and para-

cancerous tissue; STIP1 expression was almost undetect-

able in 80 lung paracancerous tissue samples analyzed, but

was variably expressed in 80 lung adenocarcinoma and

lung squamous cell carcinoma tissue samples (Figure 1).

Further analysis indicated that the average immunohis-

tochemical score for STIP1 expression was 3.86 ±0.34 in

32 lung squamous cell carcinoma samples and 8.19 ±0.41

in 48 lung adenocarcinoma samples. A significant differ-

ence was recorded in the average immunohistochemical

score for STIP1 expression between lung squamous cell

carcinoma and lung adenocarcinoma (P<0.05, Table 1). In

addition, STIP1 expression in lung cancer was associated

with pathological classification, lymph node metastasis,

and TNM stage (P< 0. 05), but not sex, age, and smoking

(Table 2).

Next, we employed RT-qPCR and Western blotting to

assess STIP1 mRNA and protein expression levels in lung

adenocarcinoma tumor tissue and corresponding paracancer-

ous tissue. The results indicated that the level of STIP1

expression in lung adenocarcinoma tissue was higher than

that in paracancerous tissue at both the mRNA and protein

level (Figure 2A and B). To determine the most suitable cell

line for our experiments, we first screened STIP1 expression
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in four lung adenocarcinoma cell lines. Because the expres-

sion level of STIP1 was highest in A549 cells (Figure 2C),

this cell line was adopted for use in subsequent cytological

experiments. We assessed expression levels in A549 and

HBE cells. The results showed that STIP1 mRNA and

protein expression levels were significantly higher in A549

cells than those in HBE cells (P< 0.05) (Figure 2D and E).

These results demonstrated that STIP1 was strongly

expressed in lung adenocarcinoma and may play an impor-

tant role in its pathogenesis.

STIP1 Promoted Proliferation, Adhesion,

Movement, and Migration, and Inhibited

Apoptosis, in Lung Adenocarcinoma Cells
To study the role and mechanism responsible for the high

expression of STIP1 in lung adenocarcinoma, we

employed shRNA to assess the effect of downregulating

STIP1 expression on lung adenocarcinoma cells. Four

groups of synthetic shRNAs were initially transfected

into A549 cells to determine which shRNA was the most

effective at reducing STIP1 expression. Western blotting

results indicated that shRNA1 elicited the greatest reduc-

tion in STIP1 expression levels (P<0.05, Figure 3A) and

was selected for subsequent transfection experiments.

To assess the effect of STIP1 on lung adenocarcinoma

cell proliferation, a CCK-8 assay was conducted. The results

indicated that the relative CCK-8 value in the shRNA-trans-

fected group was significantly lower than that in the control

group (P< 0.05, Figure 3B). Next, Giemsa staining was used

to investigate the effect of STIP1 on the cell adhesive ability

of lung adenocarcinoma cells. The results showed that the

relative value for cell adhesive ability in the shRNA-

transfected group was markedly lower than that in the control

group (P< 0.05, Figure 3C). Together, these results indicated

that STIP1 enhanced the proliferative and adhesive capacity

of lung adenocarcinoma cells.

A scratch test was carried out to analyze the effect of

STIP1 on the migratory ability of lung adenocarcinoma

cells. We found that the relative value for the migratory

ability of lung adenocarcinoma cells transfected with

STIP1 shRNA was distinctly lower than that of the non-

transfected controls (P< 0.05, Figure 3D). In addition to

the cell scratch test, the migratory capacity of lung adeno-

carcinoma cells was also evaluated by transwell migration

assay. The results indicated that the migratory ability of

lung adenocarcinoma cells transfected with STIP1 shRNA

was considerably lower than that of nontransfected cells

A B C D

E F G H

25 um 25 um25 um25 um

25 um25 um25 um25 um

Figure 1 Immunohistochemical analysis of STIP1 expression in lung cancer and paracancerous tissue (×400). (A) STIP1 staining was almost undetectable in tissue adjacent to

LSCC. (B) Weak STIP1 staining in LSCC tissue. (C) Moderate STIP1 staining in LSCC tissue. (D) Strong STIP1 staining in LSCC tissue. (E) STIP1 staining was almost

undetectable in tissue adjacent to LAC. (F) Weak STIP1 staining in LAC tissue. (G) Moderate STIP1 staining in LAC tissue. (H) Strong STIP1 staining in LAC tissue.

Abbreviations: LSCC, lung squamous cell carcinoma; LAC, lung adenocarcinoma.

Table 1 Comparison of Average Immunohistochemical

Scores Between Lung Squamous Cell Carcinoma and Lung

Adenocarcinoma (Score, Mean ± Standard Deviation)

Pathological Type N Score

LSCC 32 3.86±0.34

LAC 48 8.19±0.41

t-value 1.28

P-value <0.05

Abbreviations: LAC, lung adenocarcinoma; LSCC, lung squamous cell carcinoma.
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(P< 0.05, Figure 3E). These results indicate that STIP1 is

involved in lung adenocarcinoma cell migration.

Hoechst staining was employed to determine whether

STIP1 was important for the viability of lung adenocarci-

noma cells. We found that the number of apoptotic cells was

significantly higher in the STIP1 shRNA-transfected group

than in the nontransfected control group (P< 0.05,

Figure 3F). In addition to Hoechst staining, we also tested

the effect of STIP1 downregulation on the viability of lung

adenocarcinoma cells by flow cytometry. The results showed

that the proportion of apoptotic cells in the transfected group

was significantly higher than that in the control, nontrans-

fected group (P< 0.05, Figure 3G). The results imply that

STIP1 inhibited the apoptosis of lung adenocarcinoma cells.

STIP1 May Be Involved in the JAK2/STAT3

Signaling Pathway and EMT
To explore whether STIP1 affects the JAK2/STAT3 signal-

ing pathway, we analyzed the effect of STIP1 on JAK2 and

STAT3 protein levels. No significant difference was

recorded in JAK2 and STAT3 expression levels between

the shRNA-transfected and control, nontransfected groups

(Figure 4A). However, the levels of phosphorylated JAK2

(p-JAK2) and STAT3 (p-STAT3) in transfection group were

significantly lower in the STIP1 shRNA-transfected group

than in the control, nontransfected group (P<0.05,

Figure 4A). These results imply that STIP1 may be involved

in lung adenocarcinoma recurrence and metastasis through

the activation of the JAK2/STAT3 signaling pathway.

We next tested the effect of STIP1 on E-cadherin and

vimentin protein expression. The expression of

E-cadherin in the STIP1 shRNA-transfected group was

significantly higher than that in the nontransfected con-

trol group (P< 0.05, Figure 4B), whereas that of vimentin

exhibited the opposite trend (P< 0.05, Figure 4B), sug-

gesting that STIP1 may play a role in EMT in lung

adenocarcinoma cells.

STIP1 May Be Involved in the JAK2/STAT3

Signaling Pathway and EMT of STIP1

shRNA-Induced Tumors in Nude Mice
To further confirm the role and mechanism of STIP1 in lung

adenocarcinoma, we established a xenotransplantationmodel

of lung adenocarcinoma in nude mice. Tumor volume in

nude mice injected with STIP1 shRNA-transfected A549

cells was significantly lower than that of nude mice injected

with nontransfected A549 cells(P< 0.05, Figure 5A and B),

indicating that STIP1 shRNA markedly suppressed the

Table 2 Correlation Between STIP1 Expression and Clinicopathological Features in Lung Cancer

Parameter Group N Expression of STIP1

Weak(%) Moderate (%) Strong(%) χ2 P-Value

Age <60 30 8(26.67) 12(40) 10(33.33) 3.68 >0.05

≥60 50 17(34.0) 14(28.0) 19(38.0)

Gender Male 44 14(31.82) 12(27.27) 18(40.91) −1.25 >0.05

Female 36 12(33.33) 14(38.89) 12(33.33)

Smoking 0 32 11(34.37) 10(31.25) 11(34.38) 1.23 >0.05

0.1–30 16 4(25.0) 6(37.5) 6(37.5)

>30 32 9(28.13) 11(34.38) 12(37.50)

Histology LAC 48 6(12.5) 11(22.92) 31(64.58) 3.32 <0.05*

LSCC 32 14(43.75) 12(37.5) 6(18.75)

Lymphatic invasion N0 38 14(36.84) 16(42.1) 8(21.05) 1.59 <0.05*

N1 21 5(23.81) 6(28.57) 10(47.62)

N2 15 1(6.67) 1(6.67) 13(86.66)

N3 6 0(0) 0(0) 6(100.0)

TNM stage I 15 9(60.0) 4(26.67) 2(13.33) 3.45 <0.05*

II 31 10(32.26) 13(41.94) 8(25.8)

III 29 1(3.45) 5(17.24) 23(79.31)

IV 5 0(0) 1(20.0) 4(80.0)

Note: *Indicates a significant difference at P < 0.05.

Abbreviations: LAC, lung adenocarcinoma; LSCC, lung squamous cell carcinoma; Smoking, pack years of smoking.
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Figure 2 STIP1 was strongly expressed at both the mRNA and protein level in lung adenocarcinoma tissue and cells. (A) The STIP1 mRNA expression level in lung

adenocarcinoma tissue was significantly higher than that in adjacent tissue (*P<0.05). (B) The STIP1 protein expression level in lung adenocarcinoma tissue was markedly

higher than that in adjacent tissue (*P< 0.05). (C) The STIP1 expression level was relatively high in A549 cells. (D) The STIP1 mRNA expression level in A549 cells was

considerably higher than that in normal human bronchial epithelial (HBE) cells (*P<0.05). (E) The STIP1 protein expression level in A549 cells was markedly higher than that

in HBE cells (*P<0.05).
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Figure 3 Transfection of STIP1 shRNA enhanced the proliferative, adhesive, and migratory ability, and suppressed the apoptosis, of A549 lung adenocarcinoma cells. (A)

Compared with the control and other shRNAs, STIP1 shRNA1 was the most effective at reducing STIP1 expression(*P< 0.05). (B) Transfection of STIP1 shRNA led to

a significant decrease in the proliferative ability of lung adenocarcinoma cells(*P< 0.05). (C) Transfection of STIP1 shRNA led to a significant reduction in the adhesive ability

of lung adenocarcinoma cells(*P < 0.05). (D) Transfection of STIP1 shRNA led to a marked decline in mobility of lung adenocarcinoma cells(*P < 0.05). (E) Transfection of

STIP1 shRNA led to a significant reduction in migratory ability of lung adenocarcinoma cells(*P < 0.05). (F, G) Transfection of STIP1 shRNA led to a significant increase in the

apoptosis of lung adenocarcinoma cells(*P < 0.05).
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growth of lung adenocarcinoma. To clarify the expression of

STIP1 protein in the induced tumors, the protein level of

STIP1 was examined by both immunohistochemistry and

Western blot. The immunohistochemistry results showed

that STIP1 protein expression in the nude mice injected

with nontransfected A549 cells was high, while that of

nude mice injected with STIP1-transfected A549 cells was

low (Figure 5C). These results were further confirmed by

Western blot (P< 0.05, Figure 5D). These in vivo results

provided strong evidence that the expression level of STIP1

in lung adenocarcinoma was related to the formation of lung

adenocarcinoma.

To further confirm the role of STIP1 in lung adeno-

carcinoma in vivo, we also investigated the effect of

STIP1 on the JAK2/STAT3 signaling pathway and EMT

in the nude mice. The levels of p-JAK2 and p-STAT3 in

nude mice injected with STIP1 shRNA- transfected A549

cells were significantly lower than that in nude mice

injected with A549 cells(P< 0.05, Figure 5E), suggesting

that STIP1 downregulation reduced the levels of p-JAK2

and p-STAT3. Moreover, E-cadherin expression in the

tumors of nude mice injected with STIP1 shRNA-

transfected A549 cells was significantly higher (P<0.05,

Figure 5F) than that of nude mice injected with nontrans-

fected A549 cells. However, vimentin expression levels

exhibited the opposite trend (P< 0.05, Figure 5F). These

results showed that downregulation of STIP1 induced

E-cadherin protein expression and inhibited that of vimen-

tin, suggesting that STIP1 downregulation inhibited EMT

progression. Combined, the above observations imply that

STIP1 may be involved in EMT processes through the

activation of the JAK2/STAT3 signaling pathway, thereby

accelerating lung adenocarcinoma growth and metastasis.

Discussion
STIP1 acts as a co-chaperone of the HSP70/HSP90 mole-

cular complex. Recent studies have shown that STIP1 is

highly expressed in thyroid papillary carcinoma, ovarian

cancer, and liver cancer, as well as other tumors.15–20

Although STIP1 has been associated with tumor
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Figure 4 Transfection of STIP1 shRNA led to a reduction in the level of JAK2 and STAT3 phosphorylation and epithelial-to-mesenchymal transition. (A) STIP1 shRNA

transfection resulted in reduced levels of p-JAK2 and p-STAT3 (*P< 0.05), but did not affect JAK2 or STAT3 protein levels. (B) Transfection of STIP1 shRNA led to

upregulation of E-cadherin expression and suppression of vimentin expression (*P< 0.05).
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Figure 5 Effects of STIP1 on tumorigenesis in nude mice and associated mechanisms. (A, B) Tumor growth in nude mice injected with A549 lung adenocarcinoma cells

transfected with STIP1 shRNA was reduced compared with that in nontransfected cells and those transfected with the negative control (*P< 0.05). (C)

Immunohistochemistry indicated that transfection with STIP1 shRNA led to a reduction in STIP1 protein levels in mouse tumors (×400). (D) Western blot showing that

STIP1 shRNA suppressed STIP1 protein levels in mouse tumors (*P< 0.05). (E) Transfection with STIP1 shRNA led to a reduction in the levels of phosphorylated JAK2 and

STAT3 in STIP1 shRNA-induced tumors in nude mice (*P< 0.05). (F) Transfection with STIP1 shRNA led to the upregulation of E-cadherin expression and suppression of

vimentin expression (*P< 0.05).
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occurrence and development, no studies have described

the expression patterns and roles of STIP1 in lung adeno-

carcinoma. In our study, we found that STIP1 is highly

expressed in lung adenocarcinoma, indicating that STIP1

may play an important role in the occurrence and devel-

opment of this cancer. To further explore the role of STIP1

in lung adenocarcinoma, we examined whether downre-

gulating STIP1 expression affected the proliferative and

migratory ability of lung adenocarcinoma cells. Our

results suggest that STIP1 can enhance the proliferative,

adhesive, and migratory ability, inhibit the apoptosis, and

accelerate the growth, of lung adenocarcinoma. This is

consistent with the results reported for STIP1 in

melanoma.22

STIP1 is involved in tumor proliferation and growth

through several signaling pathways. STIP1 increases the

metastatic potential, inhibits the apoptosis, and promotes

the growth of hepatocellular carcinoma cells through the

PI3K-Akt and β-catenin/TCF pathways.23 In gastric can-

cer, STIP1 participates in the EMT process and increases

the invasive and metastatic ability of gastric cancer cells

by acting on its target genes, c-Myc and cyclinD1, through

the Wnt/β-catenin signaling pathway.24 In melanoma, the

elevated expression of STIP1 increases tumor metastasis

by promoting cell proliferation and suppressing apoptosis

through JAK2/STAT3 signaling.22 The results of our study

indicate that STIP1 may induce proliferation and growth in

lung adenocarcinoma by activating the JAK2/STAT3 sig-

naling pathway and participating in EMT. Our in vivo

experiments in mice further showed that STIP1 promotes

tumor growth through the JAK2/STAT3 signaling path-

way. In addition to the JAK2/STAT3 signaling pathway

proposed in this study, other pathways may exist through

which STIP1 induces the proliferation and growth of lung

adenocarcinoma, such as the ERK, Wnt/β-catenin, and

PI3K/Akt signaling pathways. However, whether STIP1

also affects these signaling pathways requires further

investigation.

In addition, the mechanism through which STIP1 acts

on the JAK2/STAT3 signaling pathway also requires

further investigation. STIP1, HSP70, and HSP90 are all

highly expressed and interact in colon cancer tissue,25

while HSP90 acts on Akt to promote cell growth and

inhibit apoptosis.26 STIP1 can also interact with gene

promoters; for example, STIP1 can accelerate SMAD pro-

tein binding to the ID3 promoter, thereby enhancing ovar-

ian cancer cell proliferation and growth.27 Combined, the

results of this study suggest that STIP1 may interact with

HSP70/HSP90 or other proteins to activate the JAK2/

STAT3 signaling pathway in lung adenocarcinoma. So it

needs to be investigated that what’s the protein of binding

to STIP1 and whether it is related to the three TPR

domains in STIP1. In the future, we will analyze in detail

the structural basis among STIP1, HSP70/HSP90, and

JAK2 to further reveal the STIP1 mechanisms of action

in lung adenocarcinoma.

Conclusion
In this study, we aimed to identify a therapeutic target for

early screening and treatment of lung adenocarcinoma. We

have shown that STIP1 plays a role in the development of

this cancer, and that this may occur through the JAK2/

STAT3 signaling pathway. In the future, we will perform

more detailed investigation to provide a firm scientific

basis for the therapeutic application of STIP1 in lung

adenocarcinoma.
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