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Background: SPRR3, also known as esophagin, has been shown to be involved in the
initiation and progression of numerous types of tumor. However, the biological function of
SPRR3 that contributes to non-small-cell lung cancer (NSCLC) growth and migration is
largely unknown.

Methods: The expression of SPRR3 and its association with EZH2 and miR-876-3p in
NSCLC cells were determined by real-time PCR. Protein levels were measured by immu-
nohistochemistry (IHC) and Western blot. Cell functions were studied by CCK-8, transwell
assay, flow cytometry and dual-luciferase reporter assay. The effect of SPRR3 on tumor
growth in vivo was evaluated in patient-derived xenograft (PDX) models.

Results: SPRR3 was up-regulated in most NSCLC cell lines and clinical tissues. Also, the
correlation between SPRR3 expression and clinical features was significant. Functional
studies confirmed that SPRR3 modulates cell proliferation, invasion and cell apoptosis in
NSCLC via regulating EZH2, which is a well-known oncogene in NSCLC. Furthermore,
SPRR3 was found to be a direct target of miR-876-3p that also plays a suppressor role in
NSCLC.

Conclusion: These findings indicated that miR-876-3p/SPRR3/EZH2 signaling cascade
exerts important roles in the regulation of NSCLC, suggesting that this pathway can serve
as a potential therapeutic target in NSCLC.
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Introduction

Lung & bronchus cancers are a set of lethal diseases, with estimated new cases
about 234,030 and killed almost 154,050 Americans in 2018." Lung cancer mainly
includes two subtypes based on pathological differences, including non-small-cell
lung cancer (NSCLC) and small cell lung cancer (SCLC).” Metastasis is the
primary cause of death in NSCLC. Herein, it is important to predict the possibility
of occurrence at early stages and thereby cured by surgery, targeted medicine or
immune therapy. Besides, several studies indicated that the complicated micro-
environments of NSCLC may contribute to the metastasis and can be served as
diagnostic and therapeutic targets.”

In a previously study, we performed mass spectrometry based secretome meth-
ods and characterized the micro-environmental factors that may be involved in the
metastatic roles of NSCLC. As described information, we found six genes, includ-
ing SPRR3, play roles in NSCLC cell metastasis and survival.*
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Among those proteins, SPRR3, a member of the large
family of the small proline-rich proteins (SPRRs), is located
within the epidermal differentiation complex on chromo-
some 1q21.° High expression of SPRR3 is associated with
cancer carcinogenesis in glioblastoma multiform, colorectal
and breast cancer.® ® SPRR3 has also been reported to inter-
act with c-Jun and Fral in human bronchial epithelial cells.”
Besides, SPRR3 is found to play roles in vascular smooth
muscle cells (VSMCs) adaption to local biomechanical
stress.' In particular, SPRR3 was reported to promote phos-
phorylation of AKT in breast cancer and colorectal
tumorigenesis.”® However, the exact role of SPRR3 in the
invasive capacity of NSCLC remains unknown.

NSCLC tumorigenesis has been identified as a multiple
processes including post-transcriptional regulation and
genetic modifications, including a set of microRNAs
(miRNAs). miRNAs are 22-nt RNAs that bind to 3'UTR of
messenger RNA (mRNA) and regulate essential biological
processes in many types of tumor. For example, miR-140-3p
regulates squamous cell lung cancer (SqCLC) by targeting
BRD?9, while miR-342-3p modulates NSCLC tumorigenesis
via suppressing AGR2.>!" Furthermore, miRNA expression
profiles are correlated with NSCLC patients’ survival and
can be served as diagnostic and prognostic markers.'*

In this study, we showed SPRR3 is up-regulated in
NSCLC cells and tissues, which consistent with the data
from the Cancer Genome Atlas (TCGA). Moreover,
SPRR3 expression is correlated with tumor stage and
metastasis status. Knockdown of SPRR3 suppresses cell
growth, invasion and promotes apoptosis. Further investi-
gation demonstrated that SPRR3 regulates EZH2 and is
targeted by miR-876-3p. Collectively, miR-876-3p/
SPRR3/EZH2 axes play roles in NSCLC tumorigenesis
and can be severed as potential treatment targets.

Materials and Methods

Clinical Tumor Specimens

The cohorts of patient tissues were obtained from 2013 to
2018 in the first affiliated hospital of Soochow university and
the BenQ Medical Center (Table 1). Written informed

Table 2 siRNA and miRNA Sequences

Table | Clinical Features

Patient Clinical Characteristics, Age=64.95 (n=74)
Gender Male 56(75.6%)
Female 18(24.3%)
Age <60 20(27.0%)
>60 54(73.0%)
Smoking status Yes 43(58.1%)
No 31(41.9%)
Pathology grade Stage I/l 53(71.6%)
Stage IlI 21(28.4%)
T classification THT2 55(74.3%)
T3/T4 19(25.7%)
Lymph node NO 64(86.5%)
NI/N2 10(13.5%)
Metastasis MO 74(100%)

consent was obtained from all enrolled subjects, and the
study was approved by the Ethics Committee of The authors’
institution, in accordance with the Declaration of Helsinki.

Materials

EZH2 (ab186006) and Actin (ab179467) primary antibodies
and secondary antibodies (goat anti rabbit IgG, ab205718)
were got from abcam (Cambridge, UK). SPRR3 antibody
(11742-1-AP) was purchased from ProteinTech (Wuhan,
China). p-Akt (ser 473)(#9271) antibody was got from Cell
Signaling Technology (Danvers, MA, USA). SPRR3
siRNAs, miR-876-3p mimics and related mimics control
were got from GenePharma (Table 2, Suzhou, China). Fetal
Bovine Serum (FBS) and RPMI-1640 were got from Sigma-
Aldrich. CCK-8 kit was purchase from Dojindo (Tokyo,
Japan).

Cell Culture and Transfection

All lung cell lines used here were purchased from Chinese
Academy of Sciences (Shanghai, China). All NSCLC cells
and Beas-2b were cultured in RPMI-1640 supplied with
10% FBS at 37°C in 5% CO,. Lipofectamine 2000 reagent

Antisense 5'-3'

Mimics control

Sense 5'-3'
si-SPRR3-1 CACCUCAGGAAAUAUUUGUTT
si-SPRR3-2 GCCAUAGUCUCUCUCUUAUTT
miR-876-3p UGGUGGUUUACAAAGUAAUUCA

UUCUCCGAACGUGUCACGUTT

ACAAAUAUUUCCUGAGGUGTT
AUAAGAGAGAGACUAUGGCTT
AAUUACUUUGUAAACCACCAUU
ACGUGACACGUUCGGAGA ATT

2412

OncoTargets and Therapy 2020:13


http://www.dovepress.com
http://www.dovepress.com

Dove

Li et al

was used for transfection of miRNAs following the man-
ufacturer’s protocol (Invitrogen, Waltham, MA, USA).

Western Blotting Analysis and

Immunohistochemistry Assays

Cells were harvested and subjected to 10% SDS-PAGE
and transferred to nitrocellulose blotting membranes
(GE Healthcare, Dallas, TX, USA). The membranes
were incubated with antibodies targeting SPRR3 or
EZH2 overnight at 4 °C (1:1000), following by blotted
with the secondary antibody for 1 h at room tempera-
ture. Membranes were developed using standard
methods previously described.* Immunohistochemistry
was followed according to the methods published

- 11
previously.

Quantitative Real-Time PCR (qRT-PCR)
RNA was extracted from clinical tissues or cells using Trizol
(Invitrogen, Waltham, MA, USA). Then, SuperScript II
reverse transcriptase kit (Invitrogen) and Power SYBR
Green Mix (Applied Biosystems) were used for qPCR. The
relative expression of RNA was measured using the inverse
log of the delta-delta CT and normalized to the reference gene.
The primers were used as follows: SPRR3 sense 5'- GTT
CATCGTGTTCGTGGCT —3’, SPRR3 antisense 5'- AGG
GCATCATTTGAGTCCTG —3', GAPDH sense 5'- CATGA
GAAGTATGACAACAGCCT -3', GAPDH antisense 5'- AG
TCCTTCCACGATACCAAAGT —3’, U6 sense, 5'-ATTGGA
ACGATACAGAGAAGATT-3"; and U6 antisense, 5'-GGAA
CGCTTCACGAATTTG-3".

Cell Growth, Apoptosis and Invasion

Cell growth was detected by Cell counting kit following
the instruction. Briefly, after transfection of siRNA or
miRNAs, the absorbance of each sample was measured
at 450nm. For apoptosis assay, cells were washed and
stained with Annexin V-FITC Apoptosis detection kit
(ThermoFisher, Waltham, MA, USA) and measured on
the flow cytometer (BD Biosciences, San Jose, CA,
USA). For the invasion assay, the trans-membranes were
pre-coated with Matrigel (BD Biosciences, San Jose, CA,
USA). After transfection of RNA oligos, cells were
starved and seeded into the upper chamber of the inserts
in serum media. The low chamber was incubated with
10% serum. After 48h, the cells were fixed and stained
using 0.5% crystal violet.*

Luciferase Reporter System

PCO9 cells were co-transfected with wild type pGL3-SPRR3,
and mutant pGL3-SPRR3 (Promega, Madison, Wisconsin,
USA). MiRNA mimics or negative control (scramble) were
co-transfected using Lipofectamine 2000 (Invitrogen,
Waltham, MA, USA). The cells were harvested 24 h after
transfection. Dual-luciferase was detected using the Dual-
Madison,
Wisconsin, USA) by analyzing the Firefly and Renilla luci-

Luciferase Reporter assay kit (Promega,

ferase activities.

Animals and Ethics Statement

Fresh NSCLC tumor tissues samples (patient ID: 1290024,
Male, Age 55, FO) were kept on ice and implanted subcu-
taneously into NOD/SCID mice (Vital River Laboratory
Technology, Beijing, China) as previously
described. In this study, F5 PDX models with tumor
volumes of 100-200 mm® were used. Tumor growth was

Animal

monitored and photographed. This study was approved by
the Ethics Committee for Animal Experimentation of the
Soochow University and conducted according to the
National Institutes of Health guide for the care and use of
laboratory animals.

Statistical Analysis

1129 lung samples according to RNA-seq data (https://
tcga.xenahubs.net/download/ TCGA.LUNG.sampleMap/
HiSeqV2.gz) was download, and the log2 transformed

expression in patient and normal control was analyzed.
All data were analyzed by GraphPad Prism 6.0 and pre-
sented with mean + SD. Significance between each groups
were analyzed by student’s #-test (two groups) or one-way
ANOVA (more than two groups).

Results
SPRR3 Is Up-Regulated and Correlated

with Clinical Features in NSCLC

To investigate the role of SPRR3 in human NSCLC carci-
nogenesis, we first detected the expression of SPRR3 in 4
NSCLC cell lines, including H1299, PC9, HCC827 and
A549. Beas-2b is a normal lung epithelial cell and was set
as a negative control. As a result, the mRNA expression of
SPRR3 was higher in almost all of these NSCLC cells
compared to normal control (Figure 1A). Subsequently, we
assessed the SPRR3 expression in 74 patients’ specimens
using qPCR and THC, including tumor tissues and paired
adjacent normal control. As shown in Figure 1B and C, the
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Figure | SPRR3 is up-regulated and correlated with clinical features in NSCLC. (A) SPRR3 expression in NSCLC cell lines was analyzed by qRT-PCR. (B) SPRR3 mRNA in
74 paired tumor samples and adjacent control. (C) SPRR3 in clinical specimens was detected by IHC. (D) SPRR3 expression in a TCGA cohort (n=1129). (E) The
relationship between SPRR3 and NSCLC tumor stage. (F) The lymph node metastatic in NSCLC tissues and SPRR3 expression was analyzed. **p<0.01.

RNA and protein level of SPRR3 were both overexpressed
in tumor tissues compared to normal control. Moreover, we
confirmed this finding by analyzing a cohort of 1129 lung
samples according to RNA-seq data (https://tcga.xenahubs.
net/download/TCGA.LUNG.sampleMap/HiSeqV2.gz). In
consistent with our previous data, SPRR3 was up-regulated

in tumors rather than in normal adjacent (Figure 1D).

We subsequently evaluated the relationship between
SPRR3 and clinical features in our sample cohort.
According to the mRNA expression level, we found
SPRR3 was more likely expressed in late stage NSCLC
patients (Figure 1E). Furthermore, SPRR3 expression was
elevated in lymph node metastasis specimen (N1/N2)
rather than in NO patients (Figure 1F). This clue was
a clinical confirmation to our previous study that SPRR3
was involved in NSCLC metastasis.”*

SPRR3 Effected NSCLC Cell Growth

Both in vitro and in vivo

To investigate the role of SPRR3 in NSCLC cells, cell growth
was detected by CCK8 assay. Consistent with previously
studies,® after transfected with SPRR3 siRNAs, SPRR3 pro-
tein associated with phosphorylation of Akt levels were
decreased (Figure 2A). Considering Akt modulates EZH2

expression,'® a well-known oncogene in lung cancer, we
detected whether knockdown of SPRR3 affects EZH2 expres-
sion. As shown in Figure 2A, EZH2 protein level was also
reduced by inhibiting SPRR3. Furthermore, SPRR3 targeted
siRNAs significantly inhibited cell viability after 48h and 72h
transfection in two NSCLC cell lines (Figure 2B and C). In
addition, to determine whether SPRR3 is involved in tumor
growth in patient-derived xenograft models, we injected
SPRR3 siRNAs twice a week (20D). As shown in
Figure 2D and E, siRNAs targeting SPRR3 suppressed the
tumor growth of NSCLC PDX models. These results demon-
strate that inhibiting of SPRR3 suppress NSCLC cancer
growth both in vitro and in vivo.

SPRR3 Regulates Cell Invasion and

Apoptosis in NSCLC

As described previously, SPRR3 was involved in NSCLC
cell migration, but the effect in cell invasion was not
unknown.* Toward this end, we first measured cell invasion
via trans-well assay. As a result, knockdown of SPRR3 in
NSCLC cell lines led an inhibition of cell invasion by more
than 50% compared to the negative control in two NSCLC
cell lines (Figure 3A and B). Moreover, we detected the rate
of cell apoptosis after transfection of siRNAs-SPRR3 by
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Figure 2 SPRR3 effected NSCLC cell growth both in vitro and in vivo. After transfection of SPRR3 siRNAs or negative control (A) SPRR3, p-Akt and EZH2 protein levels
were detected by Western blot. (B and C) A549 and PC9 cell proliferation were detected, separately. The NSCLC PDX models were injected with siRNAs targeting SPRR3
(20D, 2 times per week), tumor growth were measured (D) and photographed (E), n=5, **p<0.01.
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migrated through the membrane were stained with crystal violet and counted (B). (C and D) Cell apoptosis was measured by FACS as described in methods. *p<0.01.
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using FACS. To our predicted, knock-down of SPRR3 pro-
moted NSCLC cell apoptosis (Figure 3C and D). These
results indicate SPRR3 is an oncogene and can be served
as a treatment target.

SPRR3 Regulates EZH2 in NSCLC

As mentioned in Figure 2A, EZH?2 level was decreased after
knockdown of SPRR3. EZH2 is a member of the polycomb
repressive complex responsible for histone methylation and
commonly overexpressed as an oncogene across several
cancers, including NSCLC."*'* To further verify the rela-
tionship between SPRR3 and EZH2 in NSCLC, we first
analyzed a cohort as mentioned above of 1129 patients
harboring SPRR3 and EZH2. As shown in Figure 4A,
EZH2 is positively correlated with SPRR3, suggesting
a linkage between them. We further restored the EZH2
expression by transfection of pLEX-EZH2 vectors in si-
SPRR3 group in PC9 (Figure 4B). To our predicted,
EZH2 can rescue the cell growth which was suppressed
by siRNA targeted SPRR3 (Figure 4C). Furthermore, the
cell invasion was also restored after overexpression of
EZH2 in SPRR3 knockdown group (Figure 4D and E).
These results suggest that EZH2 acts as a functional down-
stream of SPRR3.

>
@

R?=0.1552

SPRR3 Is a Downstream Target of
miR-876-3p

To investigate the upstream of SPRR3, TargetScan was used
to predict the targeting miRNAs. Among these miRNAs,
miR-876-3p was shown to target SPRR3’s 3'UTR with
high context score (94) and 8 mer seed match (Figure 5A).
As seen in Figure 5B, the dual-luciferase activity was
reduced after co-transfection with miR-876-3p. miR-876-3p
suppress the wildtype (WT) 3'UTR of SPRR3 but not mutant
(MUT) 3'UTR, suggesting a binding role of miR-876-3p and
SPRR3-3'UTR. To further confirm the specific post-
transcriptional regulation of SPRR3 by miR-876-3p, the
protein level of SPRR3 and EZH2 were detected by
Western blot. In Figure 5C, miR-876-3p inhibits SPRR3
protein level, indicating SPRR3 is a direct target of miR-
876-3p.

miR-876-3p Regulates Cell Proliferation
and Invasion of NSCLC

miR-876-3p has been identified as a tumor suppressor in
glioma and pancreatic adenocarcinoma.'>'® But the exact
role involving in NSCLC is largely unknown. At last, we
measured the function of miR-876-3p in NSCLC. As shown
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Figure 4 SPRR3 regulates EZH2 in NSCLC. (A) EZH2 and SPRR3 were positively correlated in TCGA data (n=1129). (B) Western blot confirmed that restoration of EZH2
by introducing a pLEX-EZH2 vector in PC9 cells. (C) Overexpression of EZH2 rescued the suppression effects on cell proliferation. EZH2 promotes the cell invasion after
knockdown of SPRR3 (D and E). *p<0.05, **p<0.01 compared to corresponding controls.
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Figure 5 SPRR3 is a direct downstream target of miR-876-3p. (A) The binding site and sequence of miR-876-3p and SPRR3. (B) miR-876-3p mimics or scramble control and
wild type or mutant SPRR3 3'UTR were co-transfected into PC9 cells. miR-876-3p reduced the luciferase activities with wild type 3'UTR but did not alter the luciferase
activities with mutant 3’'UTR. (C) miR-876-3p decreased endogenous SPRR3 and EZH2 protein levels in PC9 cells. **p<0.01.

in Figure 6A, miR-876-3p was transfected into NSCLC
cells and the expression level was up-regulated. As
a result, miR-876-3p significantly suppresses cell growth
in A549 and PC9 cells (Figure 6B and C). Consistent with
this, overexpression of miR-876-3p also inhibits cell inva-
sion (Figure 6D and E), suggesting a tumor suppressor role
of miR-876-3p in NSCLC.

Discussion

Carcinogenesis is a complicated process affected by
genetic mutation and tumor microenvironment (TME)
change in which they are embedded. Accumulated evi-
dence has pointed out that TME factors play an important
role in cancer metastasis.'” As we previously described,
SPRR3, was screened out and found to be involved in
NSCLC cell metastasis and survival.*

A lot of studies demonstrated that SPRR3 supports
several types of cancer. Overexpress of SPRR3 was
known to promote breast cancer cell lines survival and
metastasis, while reduced SPRR3 showed an obviously
reduction of tumor xenograft size.'®'? An interesting con-
tradiction is that overexpression of SPRR3 promoting

apoptosis in esophageal cancer,” while in NSCLC, color-
ectal and breast cancer, elevated expression of SPRR3 is
found to be correlated with tumor growth and knockdown
of SPRR3 suppresses cell proliferation and invasion,
which may as a result of promoted cell apoptosis.”* This
controversy may be caused by different types of epithelial
cells, like squamous and adenocarcinoma, and need further
confirmation. Moreover, according to the tumor dormancy
that proliferation and metastasis are always uncoupled,*
indicating the invasiveness by knock-down of SPRR3 may
not be a result of decreased cell proliferation.

Upon the Uniprot database (https://www.uniprot.org/uni
prot/Q9UBCY), SPRR3 is found located in extracellular
region and plasma membrane, the mechanism between its

expression and cytoplasm function is largely unknown.
Several studies indicated that SPRR3 promotes phosphor-
ylation of Akt,”®* which in turn modulated EZH2 expres-
sion, an oncogene in several types of cancer.'> Moreover,
inhibition of EZH2 could restrict NSCLC cell proliferation
which is a good target in the pharmaceutical industry.'*?!2*
These evidences suggest that SPRR3 may promote phos-

phorylation of Akt and then regulate EZH2 expression.
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Figure 6 (A) miR-876-3p regulates cell proliferation and invasion of NSCLC. miR-876-3p expression level was measured after transfection. (B and C) miR-876-3p
suppressed cell growth both in A549 and PC9 cells. (D and E) miR-876-3p inhibits cell invasion of NSCLC. *p<0.05, **p<0.0] compared to corresponding controls.

In addition, by using the online prediction, lucifer-
ase-reporter assay and Western blot, we found that
SPRR3 is a direct target of miR-876-3p since its
3'UTR has binding site (Figure 5A). Several studies
suggest that miRNAs play indispensable roles in carci-
nogenesis and metastasis. In consistent with some other
reports that miR-876-3p as a tumor suppressor in glioma
and pancreatic adenocarcinoma.'>'® We further vali-
dated that miR-876-3p was critical for NSCLC cell
growth and invasion (Figure 6). In particular, miR-876-
3p could regulate JAG2, a ligand in Notch pathway,
which plays important roles in lung cancer.”> These
data indicated that miR-876-3p regulates several genes,
including SPRR3, and suppresses tumor growth in
NSCLC.

Taken together, SPRR3 is overexpressed in NSCLC
patients. Further, SPRR3 modulates cell growth and inva-
sion mainly via regulating EZH2. In addition, SPRR3 is
predicted and confirmed to be a target of miR-876-3p,
a tumor suppressor in NSCLC. This research highlights
the potential therapeutic value of miR-876-3p/SPRR3/
EZH2 in malignant NSCLC.
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