Received: 17 December 2018

Revised: 30 October 2019

Accepted: 8 November 2019

DOI: 10.1111/jcmm.14854

ORIGINAL ARTICLE

WILEY

LASP1 promotes proliferation, metastasis, invasion in head and
neck squamous cell carcinoma and through direct interaction

with HSPA1A

QiChen! | KunWu? | Xing Qin?> | Youcheng Yu® | Xu Wang?

!Department of Stomatology Qingpu Branch
of Zhongshan Hospital, Fudan University,
Shanghai, China

’Department of Oral and Maxillofacial-Head
& Neck Oncology, Ninth People's Hospital,
Shanghai Jiao Tong University School of
Medicine, Shanghai, China

3Department of Stomatology of Zhongshan
Hospital, Fudan University, Shanghai, China

Correspondence

Kuijie Wei, Department of Stomatology
Qingpu Branch of Zhongshan Hospital,
Fudan University, No.1158 Park East Road,
Qingpu District, Shanghai, 201700, China.
Email: wkj100310@163.com

Xu Wang, Department of Oral and
Maxillofacial-Head & Neck Oncology,

Ninth People's Hospital, Shanghai Jiao Tong
University School of Medicine, No.639
Zhizaoju Road, Shanghai 200011, China.
Email: wangx312016@sh%hospital.org

Youcheng Yu, Department of Stomatology
of Zhongshan Hospital, Fudan University,
No0.180 Fenglin Road, Xuhui District,
Shanghai, 200032, China.

Email: yu.yuyoucheng@zs-hospital.sh.cn

Funding information

This work was supported by National
Natural Science Foundation of China
(81772886), Shanghai Science and
Technology Commission Scientific research
project (124119b0400). Shanghai Health
Bureau Scientific research project task
(contract) book (20134193).

| Kuijie Weil

Abstract

LIM and SH3 protein 1 (LASP1) is a specific focal adhesion protein that promotes
metastasis in a variety of tumours. However, its role in head and neck squamous cell
carcinoma (HNSCC) has not been fully validated. The purpose of this study was to
analyse the interaction of LASP1 and its binding partner in HNSCC. The expression
of LASP1 and HSPA1A in HNSCC was analysed by real-time PCR and Western blot.
The effects of LASP1 on the biology behaviour of HNSCC cell lines were observed
in vivo and in vitro. Co-immunoprecipitation analysis was performed to confirm the
interaction between LASP1 and HSPA1A. LASP1 was highly expressed in HNSCC
and associated with poor prognosis for patients. LASP1 also promoted cell prolifera-
tion, colony formation, invasion and cell cycle G2/M phase transition. Heat shock
protein family A member 1A (HSPA1A) is identified as a chaperone protein of LASP1
and co-localized in the cytoplasm. HSPA1A positively regulates the interaction of
LASP1 with P-AKT and enhances the malignant behaviour of HNSCC cells. LASP1
and HSPA1A are both up-regulated in HNSCC, and directly binds to each other.
Double inhibition of LASP1 and HSPA1A expression may be an effective method for
the treatment of HNSCC.
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1 | INTRODUCTION

LIM and SH3 protein 1 (LASP1) is a gene originally screened from
metastatic lymph nodes in breast cancer and is identified as a nuclear
sputum shuttle protein.! LASP1 can mediate tumour growth, metas-
tasis and invasion in many malignant tumours.?* Its expression level is
closely related to tumour size and malignancy, especially lymph node
metastasis of tumours.>® LASP1 functions as a chaperone protein of
chemokines and backbone proteins,”® promoting the signal cascade
in PIBK/AKT, MAPK and other signalling pathways via elevated phos-
phorylation, especially in gallbladder cancer; LASP1 promotes biologi-
cal behaviour by down-regulating S100P via the PI3K/AKT pathway.”1°

Heat shock protein family A member 1A (HSPA1A) is a member of
the heat shock protein 70 family. In conjunction with other heat shock
proteins, HSPA1A mediates the folding of newly translated protein
and makes existing proteins stable against aggregation in the cytosol
and in organelles.}! HSP70 stabilizes the production of a large num-
ber of oncogenic proteins and ultimately supports tumour growth
and survival in the pathogenesis of cancer.*?4 HSPA1A is associated
with increased cancer cell proliferation, increased tumour grade and
reduced overall survival.}® Extracellular HSPA1A promotes tumour
cell proliferation and apoptosis resistance in liver.X® HSPA1A has high
secretion in ovarian cancer, and the amount of secretion depends on
different tumour types of ovarian cancer.” However, the relationship
between LASP1 and HSPA1A has not been well examined.

In this present study, we found that HSPA1A directly binds with
LASP1, co-located in the cell cytoplasm and plays a synergistic role
in promoting tumours in HNSCC by elevating the interaction be-
tween LASP1 and P-AKT. Our results suggested that LASP1 pro-
moted HNSCC proliferation, metastasis and invasion through direct
interaction with HSPA1A.

2 | METHODS AND MATERIALS
2.1 | Patients

The clinical samples used in this study are 40 pairs of HNSCC tissues
and adjacent normal tissues. All the samples were collected from
the Department of Oral and Maxillofacial-Head and Neck Oncology,
Ninth People's Hospital, Shanghai Jiao Tong University School of
Medicine (Shanghai, China).

2.2 | Cell culture

The HNSCC cell lines HN4, HN6 and HN30 were obtained from the
University of Maryland Dental School, USA, and CAL-27 was pro-
vided by the American Type Culture Collection, USA. The periodon-
tal ligament cells (PDLC) which are epithelial cells from head and
neck in this study were primarily cultured in DMEM supplemented
with 10% heat-inactivated FBS, penicillin (100 units/mL) and strep-
tomycin (100 pg/mL).*8 The SCC-25 cell line was purchased from the

American Type Culture Collection, USA and was cultured in DMEM/
F12 medium containing 10% FBS. All cell lines were cultured in a
humidified, 5% CO, incubator at 37°C.

2.3 | RNA extraction and real-time PCR

Total RNA was isolated from head and neck tumour tissues and cell
lines according to the manufacturer's instructions (9108/9109) and
measured at optical density measurements at 260 nm and 280 nm for
total RNA concentration and purity; the RNA was then converted to
cDNA using a reverse transcriptase kit (DRR420A). Experiments were
performed using the real-time PCR instrument (ABI PRISM 7500). The
primers were synthesized by Shanghai Sheng Gong Bioengineering
Co., Ltd., and the sequence was as follows: LASP1: F: 5'-CTG TCT CTG
CCT TAT AGC AAC AC-3', R: 5'-CAT CTC GAA CCT GGC TGT TTG-
3'. HSPA1A: F: 5'-CCA GAA CAA GCG AGC CGT GAG-3', R: 5'-TCG
GAA CAG GTC GGA GCA CAG3'. GAPDH: F:5'-CAT CTC TGC CCC
CTC TGC TGA-3', R: 5'-GGA TGA CCT TGC CCA CAG CCT-3'. Three
replicate wells were set in each group, GAPDH was used as an internal
reference, and the relative expression level of the gene was calculated

using 2744¢,

2.4 | Western blot analysis

The total protein of HNSCC cells and PDLC cells was extracted with
SDS lysis buffer (Beyotime) and determined by BCA kit (Thermo).
The amount of protein in each swimming lane was 30 ug in the pre-
made gel (M01010C, Shanghai Jinsirui Biotechnology Co, Ltd, China
Catalog number) and was electrophoresed at a constant pressure
of 140 V for 1 hours, followed by a transmembrane with a con-
stant 400-mA flow. The PVDF membrane (Merck Millipore) was
incubated with primary antibody at 4°C overnight. The antibodies
are listed as follows: a rabbit anti-human LASP1(8636), polyclonal
primary antibody; rabbit anti-human P-AKT (4060), polyclonal
primary antibody; rabbit anti-human AKT (2920), polyclonal pri-
mary antibody; rabbit anti-human p-tublin (2148), polyclonal pri-
mary antibody (Cell Signaling Technology); and rabbit anti-human
HSPA1A, polyclonal primary antibody (10995-1-AP, Proteintech).
HRP-labelled rabbit antibody (7074, Cell Signaling Technology) was
used for incubation for 1h, and an ECL (WBKLS0100, Millipore) de-
veloping solution was added and developed on a chemiluminometer
(Amersham Imager 600).

2.5 | Lentivirus construction and infection

LASP1 interference control lentivirus and three interfering lentivi-
ruses, overexpression control and overexpression lentivirus were con-
structed by Shanghai Jiman Biotechnology Co, Ltd. The target strand
sequences of human shRNAs for LASP1 and HSPA1A were as follows:
LASP1, shRNA1: GAA CTA CAA GGG CTA CGA GAA; shRNA2: GCA
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FIGURE 1 LASP1 is up-regulated in HNSCC and associated with a poor prognosis. A, The difference in LASP1 expression between
HNSCC tissues and normal adjacent tissues based on data from the UALCAN database (P < .001). B, The relationship between LASP1
expression and patient survival time based on data from the human protein Atlas database (P < .05). C, Real-time PCR analysis of the
mMRNA expression of LASP1 in 40 pairs of HNSCC tissue specimens and the corresponding adjacent normal tissues (P = .0058). D, The
representative IHC images of LASP1 expression in the well-, moderately and poorly differentiated HNSCC tissues and adjacent normal
tissues. E. Real-time PCR and Western blot were used to detect the mRNA and protein expression levels of LASP1 in five HNSCC cell lines

and PDLC cells (P < .001)

TAA AGC ATG CTT CCATTG; shRNA3: GCG CTA CAA GGA GGA GTT
TGA; NC shRNA: TTC TCC GAA CGT GTC ACG T. HSPA1A: shRNA1:
GGA TCC AGT GTT CCG TTT CCA; shRNA2: GTC AGT TCT CAATTT
CCT GTG; shRNA3: GCCATC TTACGACTATTT CTT; NCshRNA: TTC
TCC GAA CGT GTCACG T. The cDNA sequence of LASP1 is in accord-
ance with the Genebank (PUBMED ID: NM 001271608.1) and the
transduct into PGMLV-6751. The empty lentiviruses were selected as
the negative control for OE-DNA.

The average 1 x 10° cells CAL27 and HNé cells per well were
seeded in the six-well plate, cultured until the cell density was about
40%. After 24 hours of infection, the complete medium was replaced.
The infection efficiency was observed after 48 hours, and the cells
were screened with puromycin-containing medium after 72 hours.
Two weeks later, CAL27, HN6 interference and overexpression sta-
ble cell lines were constructed. The HSPA1A interfering cell line

was constructed in the same manner in the CAL27 (sh-LASP1 and
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TABLE 1 Associations between LASP1, HSPA1A mRNA levels and clinical parameters in a training cohort (n = 40)

LASP1 mRNA expression (2724

Mean * SD)

Age (y)

260 0.3265 +0.1363

<60 0.1234 + 0.04475
Gender

Man 0.1494 + 0.04484

Women 0.4351 + 0.2367
Smoking history

Yes 0.1624 + 0.0649

No 0.2787 +0.1197
T stage

T1-T1 0.2461 +0.09555

T3-T4 0.1912 + 0.09698
Lymph node metastasis

pN positive 0.2781 +0.1277

pN negative 0.1826 + 0.08048
TNM stage

I-11 0.1431 + 0.07442

-1 0.3031 +0.1245
Perineural invasion

Yes 0.1324 + 0.03466

No 0.2791 +0.1107
ECS

Yes 0.1108 + 0.04467

No 0.2529 + 0.08923

Prior radiotherapy
Yes

No

0.1181 + 0.06172
0.2557 +0.09149

WILEY-—

HSPA1A mRNA expression (2744

P value Mean * SD) P value
2016 0.1729 + 0.04684 2667
0.11 £ 0.02279

.2027 0.1118 £ 0.02075 .7833
0.2211 £ 0.07715

4799 0.1494 + 0.03399 .8963
0.1417 £ 0.04018

.7836 0.1404 + 0.02746 .7686
0.1613 + 0.09072

.0482 0.1733 £ 0.04422 .2605
0.1095 + 0.0296

.0174 0.1138 + 0.03107 .3487
0.1673 £ 0.04267

.3984 0.1016 + 0.0202 .3488
0.1609 + 0.03745

.5560 0.111 £ 0.04269 .6544
0.1494 + 0.03134

.5381 0.1241 +0.0168 7621

0.1482 £ 0.03271

Note: The mRNA expression of LASP1 in head and neck tumour tissues was associated with lymph node metastasis (P = .0482) and TNM stage
(P =.0174), but not with age, gender or smoking history. The mRNA expression of HSPA1A was not associated with any clinical parameters.

OE-LASP1) and HNé (sh-LASP1 and OE-LASP1) stable cell lines
using the blasticidin.

2.6 | Cell proliferation assay

The cells in logarithmic growth phase were inoculated into the 96-
well plates at 1000 cells/well. The CCK-8 reagent (DOJINDO, Japan)
was added at 10 uL per well and placed in the incubator for 2 hours,

and then, it was detected by a microplate reader (Molecular Devices,

SpectraMax i3) at a wavelength of 450 nm. Absorbance (OD) values
were recorded to indicate the cell viability.

2.7 | Plate colony formation assay

The cells in logarithmic growth phase were inoculated into six-
well plates at 500 cells/well, and the culture medium was changed
every two days. When the cells showed obvious clonal prolifera-

tion, the culture was ceased. The culture plates were washed three

FIGURE 2 The knockdown of LASP1 in HNSCC cells inhibits cell proliferation, migration and invasion and enhances the G2/M stage

of the cell cycle. A, Western blot and real-time PCR were used to detect the LASP1 interference efficiency following the lentivirus-shRNA
infection of HNSCC cells. B, Cell proliferation at 6 d was measured by CCK-8 following the LASP1 interference. C, The plate cloning
formation assay was performed to determine colony-forming ability after LASP1 interference; clones containing more than 50 cells were
counted. D, A transwell analysis was performed to measure metastasis and invasion following LASP1 interference in the HNSCC cells. E, The
representative FACS results indicate the cell cycle changes following the LASP1 interference. The quantitative results were analysed in the
three independent experiments, *** P < .05, ****P < .01 compared with the control group
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FIGURE 3 Overexpression of LASP1 in HNSCC cells promotes cell proliferation, migration and invasion and enhances the G2/M stage
of the cell cycle. A, Western blot and real-time PCR were used to detect the LASP1 overexpression efficiency after the lentivirus-OERNA
infection of HNSCC cells. B, Cell proliferation at 6 d was measured by CCK-8 following the overexpression of LASP1. C, A plate cloning
formation assay was performed to investigate colony forming after the overexpression of LASP1; the number of clones containing >50
cells was counted. D, A transwell analysis was performed to measure metastasis and invasion following the overexpression of LASP1 in the
HNSCC cells. E, The representative FACS results indicate the cell cycle changes following the overexpression of LASP1. The quantitative
results were analysed in three independent experiments, ***P < .05, ****P < .01 compared with the control group

times with PBS, fixed with paraformaldehyde for 30 minutes and
washed with PBS for another three times. The cells were stained
with 0.1% crystal violet staining for 1 hours, followed by wash
with PBS three times. The images were recorded with a scanner
(CanoScan 5600F), which quantified the number of cell clones
with over 50 cells.

2.8 | Invitro cell migration and invasion assay

The cells in the logarithmic growth phase were cultured in a double-
free (serum-free and antibiotic-free) DMEM medium and then in-
oculated into the transwell chamber (pores 0.8 um, Merck Millipore)
at the density of 5 x 10°/well. The cell invasion assay was imple-
mented with Matrigel (BD Biosciences) in chamber. After culturing
for 24 hours, the cells were fixed and stained with 0.1% crystal violet
for 1 hour, followed by washing with PBS 3 times. Images of three
fields were captured, and the cells were counted.

2.9 | Cellcycle analysis

The 2 x 10° cells in logarithmic growth phase were seeded into each
well of the six-well plates for 24 hours. The cells were collected
and fixed in 70% ethanol for 24 hours at 4°C overnight, followed
by washing with PBS 3 times. Next, cell cycle detection reagent
(556547) was used to stain for 0.5 hours on ice, and the cells were
analysed by flow cytometry (BD FACS Calibur).

2.10 | Invivo tumour invasion assay

All animal experiments were approved by the Animal Research
Committee of the Experimental Animal Research Center of the Ninth
People's Hospital of Shanghai and in accordance with the guidelines
for international animal research. Tumour cells CAL27 (Scramble or
sh-LASP1) (1 x 10%) were injected into nude mice through the tail
vein to evaluate the tumorigenic ability. Five mice were used in each
group. After 42 days, the mice were sacrificed by cervical disloca-
tion. The number of metastatic lung nodules in each mouse was
counted under the microscope (AXIO, Scope.Al). H-E staining and
immunohistochemistry (1:50, Cell Signaling Technology) were used
to analyse tumours in the lung, followed by a statistical analysis of
the differences between the CAL27 scramble control and interfer-

ence groups.

2.11 | Immunofluorescence

When the CAL27 and HN6 cells were cultured on coverslips with
40% density, the cells were fixed with 4% paraformaldehyde for
1 hour and then incubated with 0.1% Triton X-100 for 5 minutes.
After the cells were blocked in goat serum for 0.5 hour, the cells were
incubated with LASP1 antibody (1:100, Cell Signaling Technology)
and HSPA1A antibody (1:100, Proteintech) at 4°C overnight. The
following day, the slips were incubated with the corresponding
secondary antibody. The cells were contained with 4',6-diamidino-
2-phenylindole (DAPI; 1:300, Invitrogen) to detect nuclei. The cells
were observed and imaged using a TCS SP2 laser-scanning confocal

microscope (Leica Microsystems).

2.12 | Co-immunoprecipitation (Co-IP) analysis

The cells were lysed with IP buffer (20118ES60, Shanghai Yeasen
Biotechnology Co, Ltd). After the protein concentration was deter-
mined to be 1 mg/mL, the cell lysates were incubated with rabbit
anti-human LASP1(8636, CST) or HSPA1A (10995-1-AP, Proteintech)
antibody, as well as the protein A/protein G-coated agarose beads
(Merck) overnight at 4°C; the cell lysates were then washed with PBS
3 times and centrifuged each time at 1000 x g for 30 seconds, and the
proteins were then separated from the beads using immunoblotting
loading buffer for 10 minutes at 95°C. The supernatants were collected
for subsequent immunoblotting analysis with the indicated antibodies.

In the LC/MS/MS assay, CAL27(OE-LASP1) cells were lysed with
IP buffer, and anti-FLAG beads (M8823, Sigma) were added into the
cell lysates at 4°C overnight; as mentioned above, we used Protein
Stains Kit (C500021-0010, Shanghai Sangon Biotech Co, Ltd) and
noticed an obvious band, and this band was analysed by (Shanghai
Luming Biotech Co, Ltd).

2.13 | Statistical analysis

The data were analysed using SPSS19.0. The interrelationship be-
tween LASP1 expression and histology or clinical factors was ana-
lysed using Fisher's exact test and X2 tests of independence. The
Kaplan-Meier test was used for univariate survival analysis. The Cox
regression test was used for multivariate analyses. Student's t test
and one-way ANOVA were used to compare the means of 2 groups
or more. All of the experiments were independently performed 3

times. P < .05 was considered as significant.
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FIGURE 4 LASP1 overexpression promotes HNSCC cell migration and invasion in vivo. A, The representative images of lung tissues of
nude mice. After the HNSCC CAL27 cells (1 x 10%) were injected into the nude mice via the tail vein for 42 d, the lung tissues were fixed

and examined grossly and then under the microscope (5%, 10x, 20x). H-E staining was performed, and IHC staining was used to detect the
expression of LASP1 in metastatic lesions. B, The quantity of metastases node in the largest transverse section of the lungs in the nude mice
(n =5 per group). ****P < .01 compared with the Scramble group. C, The body weight change of the nude mice (n = 5 per group) ****P < .01 in
the interference group compared with the Scramble group. D, The relative number of LASP1 MOD between the interference group and the
Scramble group was observed using ImageJ software. (n = 5 per group) ****P < .01

3 | RESULTS

3.1 | LASP1is up-regulated in HNSCC and is
associated with the poor prognosis of patients

To examine the pattern of LASP1 expression in HNSCC tissues, we first
retrieved the available public bioinformatics database. In the UALCAN
database,? the expression of LASP1 mRNA in HNSCC tissues was sig-
nificantly higher than that in normal control tissues (Figure 1A). In the
human protein Atlas database,?® the Kaplan-Meier survival curve showed
that the survival rate of patients with low expression of LASP1 was sig-
nificantly higher than that of patients with high expression of LASP1 in
highly differentiated HNSCC tissues, indicating poor prognosis in tu-
mours with high expression of LASP1 (Figure 1B). We next examined
the mRNA expression of LASP1 in 40 pairs of HNSCC tissue specimens
that were collected in our medical institute. The levels of primary tumour
LASP1 were clearly increased compared with those of the adjacent nor-
mal tissues, according to the real-time PCR assay (Figure 1C). The mRNA
expression of LASP1 in the HNSCC tissues was associated with lymph
node metastasis (P = .0482) and TNM stage (P = .0174) but not age, sex
or smoking history. The mRNA expression of HSPA1A was not associated
with any clinical parameters (Table 1). The immunohistochemistry (IHC)
results revealed that LASP1 was highly expressed in poorly differenti-
ated HNSCC tissues compared with normal adjacent tissues, suggesting
that the expression of LASP1 is positively correlated with the degree of
differentiation of HNSCC (Figure 1D). We also observed that the mRNA
and protein expression of LASP1 were high in the HNCSS cell lines com-
pared with the PDLC cells, especially highest in CAL27 and lowest in
HNG6 (Figure 1E). These findings indicate that LASP1 is up-regulated in
HNSCC tissues and is associated with a poor prognosis, both CAL27 and
HN6 were selected as represent cell lines for further study.

3.2 | Knockdown of LASP1 in HNSCC cells
inhibits cell proliferation, migration and invasion and
enhances the cell cycle G2/M stage

To investigate the effect of LASP1 interference on the biological func-
tion of HNSCC cells, CAL27 and HNé cells were selected to be trans-
duced with LASP1 shRNAs at the same time for rigorous study. The
mRNA and protein levels of LASP1 were significantly decreased after
the lentivirus infection (Figure 2A). In addition, the CCK-8 proliferation
data showed that interference with LASP1 significantly inhibited cell
growth in both cell lines (Figure 2B). The plate cloning experiments
revealed that the interference with LASP1 significantly inhibited the

plate clone formation (Figure 2C). Moreover, LASP1 interference

significantly inhibited metastasis and invasion in the transwell experi-
ments (Figure 2D). We also determined that the G2/M phase of the
CAL27 and HN6 cells increased significantly after LASP1 interference
(P < .05), as detected by flow cytometry, whereas there was no signifi-
cant change in the G1 and S phase, indicating that LASP1 promotes
the cell cycle G2/M phase transition (Figure 2E).

3.3 | Overexpression of LASP1in HNSCC
cells promotes cell proliferation, migration and
invasion and enhances the cell cycle G2/M stage

To investigate the effects of LASP1 overexpression on the biologi-
cal function of HNSCC cells, LASP1 was overexpressed in the CAL27
and HNé cells at the same time, and it was determined that the exog-
enous LASP1 protein and mRNA levels were significantly increased
after lentivirus infection (Figure 3A). In the CCK-8 proliferation ex-
periments, the overexpression of LASP1 significantly promoted cell
growth (Figure 3B), promoted the plate cloning (Figure 3C) and en-
hanced metastasis and invasion (Figure 3D). In addition, the G2/M
phase of the CAL27 and HNé cells decreased significantly following
the overexpression of LASP1 (P < .05), as measured with flow cytom-
etry, whereas there was no significant change in the G1 and S phase.
These findings indicate that LASP1 positively promotes the cell cycle
G2/M phase transition (Figure 3E).

3.4 | LASP1 promotes HNSCC migration and
invasion in vivo

To investigate the effect of LASP1 interference on HNSCC in
vivo, CAL27 (sh-LASP1) and control cells were injected into nude
mice through the tail vein. After 42 days, we found that the num-
ber of surface nodules in the lung tissue in the interference group
was significantly lower than that in the control group (Figure 4A).
In addition, the body weight in the interference group was sig-
nificantly higher than that in the control group (Figure 4C). H-E
staining of the lung cancer tissue metastasis tumour nest con-
firmed that LASP1 expression from tumour nodules in the in-
terference group was lower than that of the control group. The
mean value of metastatic nodules in the interference group
was 46 + 16.5, compared with 19.2 + 5.2 in the control group
(P < .001) (Figure 4B). The relative number of LASP1 MOD in the
interference group was obvious lower compared with that of the
Scramble group, as observed using Image) software (n = 5 per
group) ****P < .01(Figure 4D).
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FIGURE 5 LASP1 and HSPA1A bind directly with each other and are co-in the cytoplasm. A, A Co-IP assay followed by LC/MS/MS
examination was performed to detect the directly interactive binding partner of LASP1 in the CAL27 cells. The most obvious single band
was detected at 70 kd. B, As indicated by mass spectrometry, the protein interactive with LASP1 was HSPA1A. C, The results of the co-IP
assay indicate that LASP1 directly binds with HSPA1A. D, The results of the co-IP assay showed that HSPA1A is also closely interactive with
LASP1. E, The subcellular localization of HSPA1A and LASP1 in the CAL27 cells was assessed by immunofluorescence staining

3.5 | LASP1 and HSPA1A directly and closely after we overexpressed FLAG-tagged LASP1, we observed an obvious
bind and co-localize in the cytoplasm of HNSCC cells 70 KD silver-stained band indicating the immunoprecipitated FLAG-tag

compared with the negative control lane (Figure 5A). This distinct band
To identify the direct interactive partner of LASP1, we performed a was identified as HSPA1A by mass spectrometry with a score of 56,
Co-IP assay followed by a LC/MS/MS examination. In the CAL27 cells, and the matched peptides included VEHANDQGNRTTPSYVAFTDTER,



1636 CHEN ET AL.
6 | \WiLEY
A B c
N N N
} HSPA1A & éz'\ & &, 4
1.0 P = 0030 o & F '%QQ;\? STFS
5 > S & Vo F ¥ S s ¥ K
47 N ~ G N 9 o O (%) > (e)
g 21 ST TS P
S LASP1
%‘ 06 HSPA1A P ——— .-{ -—*
<
Z 04 | HSPATA | g e S | | o S
5 b | — — - —
g
g 021 pTubulin | (M | | ———
[0]
“ 00 CAL27 HN6
Adjecent Tumor CAL27 HNG
D E F CAL27(OE+LASP1 )
Spearman r:0.1896 LASP1 h |- ||-.| “ INPUT I8G anti-LASP1

P =.0063

N .. HSPATA | e || = | [y v | o |LASP1 =

P-AKT |--||--||- | |- ~|HSPA1A_-
ART [ || O || [ o——P-AKT

Relative expression of HSPA1A

. —
04— FTubulin (D] [N — - —| [ ——] AKT -]
Relative expression of LASP1 @Q\ ?:F @42\ ?'.\v. Q> NS o_,Q\ V"\?. @Q\ ?"3. (g\ ?'_\Y @Q\ Qv'}v

N <\§ Q/wv Q@Q > Q‘\g ¥ Q@Q > Q@Q Q/\Y f\g Q}Y L
g & F s 5 & &K § & 5
N Q\" Q\" Q\" Q\" Qv\" &

g 2 & ¥ AR

=~ ~ > < ~ <& 7
B & 5 S & S S

FIGURE 6 HSPA1A positively regulates LASP1-pAKT directly binding. A, The real-time PCR analysis of HSPA1A mRNA expression in 40
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lines and PDLC cells. C, The Western blot analysis revealed that HSPA1A protein levels were significant altered in HNSCC cells (Scramble,
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HNSCC tissues (n = 40). E, Western blot analysis was performed to detect the HSPA1A interference efficiency and the influence of HSPA1A
interference on the protein expression of P-AKT and AKT. F, A Co-IP analysis data were performed. The CAL27 (OE-LASP1) cells were lysed
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AKT and anti-AKT. *** P < .05, **** P < .01

NQVALNPQNTVFDAK, DAGVIAGLNVLR, ATAGDTHLGGEDFDNR,
STLEPVEKALRDAKLDK, SAVEDEGLK (Figure 5B). The interaction
between LASP1 and HSPA1A was verified by Co-IP assay in CAL27
and HN6 cells (Figure 5C). We then verified the endogenous protein
interaction between HSPA1A and LASP1 in the cell lines. The cells
were lysed and purified using an anti-LASP1 or anti-HSPA1A affin-
ity gel. Then, the protein pellets were analysed by Western blot with
anti-LASP1 or anti-HSPA1A (Figure 5D). We also used immunofluo-
rescence staining to confirm the subcellular colocalization of HSPA1A
and LASP1 in the cytoplasm (Figure 5E).

3.6 | HSPA1A positively regulates the interaction of
LASP1 with phosphorylated AKT

To examine the critical role of HSPA1A on LASP1 function in HNSCC,
we first manipulated the levels of LASP1 and subsequently detected the
HSPA1A protein expression level by Western blot assay. As indicated in

Figure 6A, there was an obvious change in the levels of HSPA1A protein
in the CAL27 and HN6é cells (Scramble, sh-LASP1, OE-NC, OE-LASP1)
(Figure 6B). In addition, the mRNA expression of HSPA1A in the 40 pairs of
HNSCC specimens was obviously higher compared with the adjacent tis-
sues, as measured with real-time PCR, and there was a positive correlation
between LASP1 and HSPA1A expression (Figure 6A, 6). The protein level
of HSPA1A was also up-regulated in the five HSNCC cell lines compared
with the PDLC cells, according to the Western blot (Figure 6B), as well as
the pattern of LASP1 (Figure 1E). Although the HSPA1A protein levels
were significantly decreased by the lentivirus-mediated interference, the
protein levels of LASP1 were not obviously influenced. Meanwhile, the
decrease in HSPA1A clearly reduced the P-AKT levels (Figure 6E). To de-
tect the interaction of LASP1 with AKT under the influence of HSPA1A,
we also performed a Co-IP assay with the CAL27 (OE-LASP1) cellular
lysis. We observed that the binding between LASP1 and P-AKT was obvi-
ously decreased following HSPA1A interference (Figure 6F). These data
indicate that the binding of HSPA1A did not affect the LASP1 stability but
rather affected the interaction between LASP1 and P-AKT.
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FIGURE 7 HSPA1A is essential for LASP1-mediated HNSCC cell aggressiveness. A, Cell proliferation was measured by CCK-8 in CAL27
cells at 6 days. B, The plate cloning formation assay was performed to determine the effect of HSPA1A interference on colony-forming
ability; clones with over 50 cells were counted. C, A transwell analysis was performed to investigate metastasis and invasion following the

HSPA1A interference in the HNSCC cells. *** P < .05, **** P < .01

To investigate the effect of the coordination between LASP1 and
HSPA1A on the biological behaviour of HNSCC cells, we performed
a CCK-8 proliferation assay. Higher levels of LASP1 in the CAL27
and HNé6 (OE-LASP1) cells significantly promoted cellular prolifera-
tion compared with lower cells (sh-LASP1), whereas knocking down
HSPA1A attenuated the influence of overexpressing LASP1 (Figure 7A).
In agreement with the cellular proliferation results, the cloning forma-
tion result also revealed that the interference of HSPA1A significantly
inhibited the LASP1-mediated increase in clone formation (Figure 7B).
Double-knocking down LASP1 and HSPA1A was shown to be the most
powerful treatment to inhibit cellular proliferation, metastasis and in-
vasion (Figure 7C). These data indicate the critical role of HSPA1A on
the biological function of LASP1 in HNSCC cells.

4 | DISCUSSION

In this study, we examined LASP1 levels through a publicly available da-
tabase and our native data. We observed that a high expression of LASP1
is closely related to shorter survival and a poor prognosis in HNSCC tis-
sue. Furthermore, the overexpression of LASP1 promoted proliferation,
the formation of cell clones, metastasis and invasion, the acceleration of
the transition of G2/M phase in the HNSCC cell lines and the formation
of lung metastasis in nude mice in vivo. To identify the binding partner of
LASP1 that mediated the pro-oncogenic effect, we performed a Co-IP
assay followed by LC/MS/MS examination. Interestingly, we confirmed
that the heat shock protein family A member, HSPA1A, is the most sig-
nificant binding partner of LASP1. Moreover, HSPA1A is critical for the
promotion of the biological behaviour of HNSCC cell lines by enhancing
the interaction between LASP1 and P-AKT.

There is increasing evidence that LASP1 is not only a specific
focal adhesion protein with related cytoskeletal proteins but also a
signalling protein which performs its biological function with multiple
chaperones, dynamically participating in a wide range of cellular be-
haviours.?>?? While the well-known protein AKT plays a crucial role
in regulating survival via the phosphorylation of the internal carboxy
terminus of Ser473,232° the importance of LASP1 on P-AKT levels has
not been well studied. Previous studies have shown that LASP1 me-
diates the PI3K/AKT pathway in many tumours. Depletion of LASP1
resulted in decreased P-AKT levels, whereas the overexpression of
LASP1 resulted in enhanced P-AKT accumulation. In non-small cell
lung cancer, LASP1 promotes the progression to a malignant phe-
notype by inducing the phosphorylation of the FAK-AKT pathway.?’
LASP1 can promote the metastasis and invasion of nasopharyngeal
carcinoma cells in vitro and negatively regulates the LASP1/PTEN/
AKT axis.2® These studies support the notion that the LASP1/P-AKT

interaction is related to the biological behaviour of tumour cells.

Therefore, after we confirmed the direct binding of LASP1 with
HSPA1A, we speculated the interaction between LASP1 and the
P-AKT/AKT pathway and that inhibiting HSPA1A would greatly re-
duce the biological behaviour of HNSCC cell lines. HSPA1A is widely
present in the cytoplasm, exosomes and cell membrane, and this pro-
tein induces tumour cell growth, cell migration as well as therapeutic
resistance.2? HSPA1A fulfils various functions in tumour cells and is
overexpressed in many different tumour types.30 In colorectal cancer,
specific pharmacological inhibitors or the gene knockdown HSPA1A is
being used as a new treatment strategy.>! HSPA1A is also a potential
prognostic factor for metastatic disease with advanced serous carci-
noma.®? HSPA1A also plays a role in the PI3K/AKT pathway. For ex-
ample, chronic MnSO,, exposure can activate the hippocampal PI3K/
AKT signalling pathway in the rat hippocampus, leading to apoptosis
of the central nervous cells, accompanied by enhanced HSPA1A tran-
scription and translation.®® The PI3K inhibitor LY294002 effectively
reduces the sensitivity of tumours by down-regulating the expression
of HSPA1A.3* We showed that doubly knocking down HSPA1A and
LASP1 resulted in a much more obvious decrease in P-AKT levels, sug-
gesting a possible strategy to inhibit HNSCC progression.

In summary, LASP1 and HSPA1A are both up-regulated in
HNSCC, and HSPA1A directly binds to LASP1, which synergistically
affects the development of HNSCC. We therefore expect that the
double inhibition of LASP1 and HSPA1A expression may be an ef-
fective method for the treatment of HNSCC.

ACKNOWLEDGEMENTS
Not applicable.

CONFLICT OF INTEREST
The authors confirm that there are no conflicts of interests.

ETHICS APPROVAL AND CONSENT TO PARTICIPATE

All animal experiments were approved by the Animal Research
Committee of the Experimental Animal Research Center of the Ninth
People's Hospital of Shanghai and in accordance with the guidelines

for international animal research.

CONSENT FOR PUBLICATION

This manuscript is consent for publication.

ORCID
Xu Wang https://orcid.org/0000-0001-9064-2434

DATA AVAILABILITY STATEMENT

The datasets used and/or analysed during the current study are

available from the corresponding author on reasonable request.


https://orcid.org/0000-0001-9064-2434
https://orcid.org/0000-0001-9064-2434

CHEN ET AL.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Mihlan S, Reiss C, Thalheimer P, et al. Nuclear import of LASP-1 is
regulated by phosphorylation and dynamic protein-protein interac-
tions. Oncogene. 2013;32:2107-2113.

Frietsch JJ, Grunewald TG, Jasper S, et al. Nuclear localisation of
LASP-1 correlates with poor long-term survival in female breast
cancer. BrJ Cancer. 2010;102:1645-1653.

Salvi A, Bongarzone |, Ferrari L, et al. Molecular characterization
of LASP-1 expression reveals vimentin as its new partner in human
hepatocellular carcinoma cells. Int J Oncol. 2015;46:1901-1912.
Zhao T, Ren H, Li J, et al. LASP1 is a HIFlalpha target gene critical
for metastasis of pancreatic cancer. Cancer Res. 2015;75:111-119.
Zhao L, Wang H, Liu C, et al. Promotion of colorectal cancer
growth and metastasis by the LIM and SH3 domain protein 1. Gut.
2010;59:1226-1235.

Grunewald TG, Kammerer U, Kapp M, et al. Nuclear localization
and cytosolic overexpression of LASP-1 correlates with tumor
size and nodal-positivity of human breast carcinoma. BMC Cancer.
2007;7:198.

Grunewald TG, Kammerer U, Winkler C, et al. Overexpression
of LASP-1 mediates migration and proliferation of human ovar-
ian cancer cells and influences zyxin localisation. Br J Cancer.
2007;96:296-305.

Zhou R, Shao Z, Liu J, et al. COPS5 and LASP1 synergistically in-
teract to downregulate 14-3-3sigma expression and promote col-
orectal cancer progression via activating PISK/AKT pathway. Int J
Cancer. 2018;142:1853-1864.

Li Z, Chen Y, Wang X, et al. Corrigendum to <LASP-1 induces
proliferation, metastasis and cell cycle arrest at the G2/M phase
in gallbladder cancer by down-regulating S100P via the PI3K/
AKT pathway> <Cancer Lett. 372 (2016) 239-250>. Cancer Lett.
2016;376(1):197-198.

Zhong C, Chen Y, Tao B, et al. LIM and SH3 protein 1 regulates cell
growth and chemosensitivity of human glioblastoma via the PI3K/
AKT pathway. BMC Cancer. 2018;18:722.

Oliverio R, Nguyen P, Kdeiss B, et al. Functional characterization of
natural variants found on the major stress inducible 70-kDa heat
shock gene, HSPA1A, in humans. Biochem Biophys Res Commun.
2018;506:799-804.

Tang T, Yang C, Brown HE, Huang J. Circulating heat shock pro-
tein 70 is a novel biomarker for early diagnosis of lung cancer. Dis
Markers. 2018;2018:6184162.

Rohde M, Daugaard M, Jensen MH, et al. Members of the heat-
shock protein 70 family promote cancer cell growth by distinct
mechanisms. Genes Dev. 2005;19:570-582.

Nylandsted J, Wick W, Hirt UA, et al. Eradication of glioblastoma,
and breast and colon carcinoma xenografts by Hsp70 depletion.
Cancer Res. 2002;62:7139-7142.

Daugaard M, Jaattela M, Rohde M. Hsp70-2 is required for tumor
cell growth and survival. Cell Cycle. 2005;4:877-880.

Wu FH, Yuan Y, Li D, et al. Extracellular HSPA1A promotes the
growth of hepatocarcinoma by augmenting tumor cell proliferation
and apoptosis-resistance. Cancer Lett. 2012;317:157-164.

Nowak M, Glowacka E, Kielbik M, et al. Secretion of cytokines and
heat shock protein (HspA1A) by ovarian cancer cells depending on
the tumor type and stage of disease. Cytokine. 2017;89:136-142.
Regev A, Teichmann SA, Lander ES, et al. The human cell atlas. Elife.
2017;6:27041.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

WILEY-

Chandrashekar DS, Bashel B, Balasubramanya SAH, et al. UALCAN:
a portal for facilitating tumor subgroup gene expression and sur-
vival analyses. Neoplasia. 2017;19:649-658.

Uhlen M, FagerbergL, Hallstrom BM, et al. Proteomics. Tissue-based
map of the human proteome. Science. 2015;347(6220):1260419.
Ruggieri V, Agriesti F, Tataranni T, et al. Paving the path for in-
vasion: the polyedric role of LASP1 in cancer. Tumour Biol.
2017;39:1010428317705757.

Jiang N, Jiang X, Chen Z, et al. MiR-203a-3p suppresses cell prolif-
eration and metastasis through inhibiting LASP1 in nasopharyngeal
carcinoma. J Exp Clin Cancer Res. 2017;36:138.

Schmitz KJ, Wohlschlaeger J, Lang H, et al. Activation of the ERK
and AKT signalling pathway predicts poor prognosis in hepatocellu-
lar carcinoma and ERK activation in cancer tissue is associated with
hepatitis C virus infection. J Hepatol. 2008;48:83-90.

Michl P, Downward J. Mechanisms of disease: PI3K/AKT signaling
in gastrointestinal cancers. Z Gastroenterol. 2005;43:1133-1139.

Ke L, Xiang Y, Guo X, et al. c-Src activation promotes nasopharyn-
geal carcinoma metastasis by inducing the epithelial-mesenchymal
transition via PIBK/Akt signaling pathway: a new and promising tar-
get for NPC. Oncotarget. 2016;7:28340-28355.

Shao Z, Cai Y, Xu L, et al. Loss of the 14-3-3sigma is essential for
LASP1-mediated colorectal cancer progression via activating PI3K/
AKT signaling pathway. Sci Rep. 2016;6:25631.

Zhang X, Liu Y, Fan C, et al. Lasp1 promotes malignant phenotype
of non-small-cell lung cancer via inducing phosphorylation of FAK-
AKT pathway. Oncotarget. 2017;8:75102-75113.

Gao Q, Tang L, Wu L, et al. LASP1 promotes nasopharyngeal carci-
noma progression through negatively regulation of the tumor sup-
pressor PTEN. Cell Death Dis. 2018;9:393.

Shevtsov M, Huile G, Multhoff G. Membrane heat shock protein 70:
a theranostic target for cancer therapy. Philos Trans R Soc B Biol Sci.
2018;373(1738):20160526.

Calderwood SK, Khaleque MA, Sawyer DB, et al. Heat shock pro-
teins in cancer: chaperones of tumorigenesis. Trends Biochem Sci.
2006;31:164-172.

Soleimani A, Zahiri E, Ehtiati S, et al. Therapeutic potency of heat-
shock protein-70 in the pathogenesis of colorectal cancer: current
status and perspectives. Biochem Cell Biol. 2019;97(2):85-90.
Jakobsson ME, Moen A, Davidson B, Falnes PO. Hsp70 (HSPA1)
lysine methylation status as a potential prognostic factor in meta-
static high-grade serous carcinoma. PLoS ONE. 2015;10:e0140168.
Cheng H, Xia B, Su C, et al. PI3K/Akt signaling pathway and Hsp70
activate in hippocampus of rats with chronic manganese sulfate ex-
posure. J Trace Elem Med Biol. 2018;50:332-338.

Song L, Dong X, Zhu S, et al. Bi2 S3 -Tween 20 Nanodots Loading
PI3K Inhibitor, LY294002, for Mild Photothermal Therapy of LoVo
Cells In Vitro and In Vivo. Adv Healthc Mater. 2018:e1800830.

How to cite this article: Chen Q, Wu K, Qin X, Yu Y, Wang X,

Wei K. LASP1 promotes proliferation, metastasis, invasion in

head and neck squamous cell carcinoma and through direct
interaction with HSPA1A. J Cell Mol Med. 2020;24:1626-
1639. https://doi.org/10.1111/jcmm.14854



https://doi.org/10.1111/jcmm.14854

