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Abstract HCRP1 has been reported to have tumor suppres-
sive function. However, its expression pattern and function in
human non-small cell lung cancer (NSCLC) remain obscure.
This study aims to explore clinical significance of HCRP1 in
NSCLC. Immunohistochemical results showed high HCRP1
protein in normal bronchial epithelial tissue and downregulat-
ed HCRP1 expression in 47/98 lung cancer specimens.
HCRP1 downregulation correlated with clinical stage
(p =0.0203), nodal status (p = 0.0168), and poor patient prog-
nosis (log-rank, p = 0.0076). Univariate analysis showed that
TNM stage (p < 0.0001) and HCRP1 (p = 0.0098) were sig-
nificant prognostic factors; Cox regression model showed that
TNM stage serves as an independent prognostic factor
(p =0.0011). We also found that HCRP1 was downregulated
in lung cancer cells compared with normal HBE cells. HCRP1
plasmid transfection in H1299 cells inhibited proliferation,
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cell cycle progression, and invasion. HCRP1 depletion in
A549 cells showed the opposite biological effects. In addition,
we found that HCRP1 could inhibit MAPK and AKT signal-
ing with downregulation of ERK and AKT phosphorylation,
cyclin proteins, Bcl2 and MMP9, while HCRP1 depletion
activated ERK and AKT signaling. The level of EGFR phos-
phorylation was also inhibited by HCRPI. In addition, we
found that HCRP1 depletion confers multidrug resistance in
H1299 cells. We employed paclitaxel and cisplatin in A549
cells with HCRP1 depletion. HCRP1 depletion decreased the
effect of paclitaxel and cisplatin in A549 cells. Treatment with
EGFR inhibitor AG1478 and AKT inhibitor LY249004
abolished the effect of HCRP1 depletion on drug resistance.
In conclusion, the present study demonstrate that HCRP1 is
downregulated in NSCLC and regulates proliferation, inva-
sion, and drug resistance through modulation of EGFR
signaling.

Keywords HCRP1 - Non-small cell lung cancer -
Proliferation - Resistance - EGFR

Introduction

Lung cancer remains the leading cause of cancer-related death
worldwide and the incidence of non-small cell lung cancer
(NSCLC) is increasing [ 1-3]. Overall, the 5-year survival rate
has remained at 15 % for the past two decades. Although
targeted therapies have been established, genetic mutations
causing activation of these gene products are identified only
in a limited number of cancers [4—7]. On the other hand, a
variety of complex genetic, epigenetic, and microenvironmen-
tal factors play important roles in the regulation of cancer cell
survival and invasion. Hence, it is necessary to identify
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specific molecular mechanisms involved in the regulation of
lung cancer cell aggressiveness.

Several studies have shown that HCRP1 was downregulat-
ed in human cancers, suggesting involvement of HCRP1 in
carcinogenesis. HCRP1 (hepatocellular carcinoma related
protein 1), is a member protein of endosomal sorting com-
plexes required for transport (ESCRT)-I, which functions as
membrane trafficking complex, mediating internalization of
ubiquitinated membrane proteins [8]. It has been reported that
HCRP1 was downregulated in hepatocellular carcinoma, oral
cancer, breast cancer, and ovarian cancer [9—12]. HCRPI
downregulation could result in cetuximab resistance in cancer
cell lines [12]. To data, the expression pattern and biological
role of HCRP1 in human lung cancer remain unclear.

In the present study, we investigated the expression pattern
of HCRPI protein in 98 NSCLC samples using immunohis-
tochemistry. We also examined the biological functions of
HCRPI in several lung cancer cell lines using plasmid trans-
fection and siRNA knockdown. In addition, we explore the
possible mechanisms of HCRP1 induced effect on cancer
cells.

Materials and methods
Tissue samples

The study was approved by the Local Ethics Committee of
Jinzhou Medical University. Ninety-eight NSCLC patients
with surgical resection in The First Affiliated Hospital of
Liaoning Medical University between 2005 and 2015 were
included for study. Written informed consent was obtained.
Tumor classification was obtained according to WHO classi-
fication (2004).

Immunohistochemistry

For immunohistochemistry, the expression of HCRP1 was
then detected using EliVision plus kit (Maixin, Fuzhou,
China). Tissue sections (3 pwm) were incubated with rabbit
anti-HCRP1 antibody (1:200, Sigma, USA) overnight at
4 °C. Diaminobenzidine visualization (Maixin, Fuzhou,
China) was then performed and the slides were counterstained
with hematoxylin.

Two independent pathologist examined all tumor slides
randomly. Immunostaining of HCRP1 was scored following
a scoring system by evaluating both intensity and percentage
of staining. The intensity of HCRP1 was classified as 0
(none), 1 (weak), and 2 (strong). The percentages of HCRP1
positive cells were classified as 0 (0 %), 1 (1-25 %), 2 (26—
50 %), 3 (51-75 %), and 4 (76—100 %). Each score was mul-
tiplied to get a final score from O to 8. HCRP1 status was
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indicated as HCRP1 low expression (score < 4) and HCRP1
high expression (score > 4).

Cell culture and transfection

Human NSCLC cell lines A549, H1299, H157, H460, and
normal bronchial epithelial cell line HBE were obtained from
ATCC. RPMI-1640 (Gibco, USA) with 10 % fetal bovine
serum was used as culture medium. pCMV6-HCRP1 plasmid
and the pCMV6 empty vector were obtained from Origene
company (Origene, MD, USA). Plasmid transfection was per-
formed using Lipofectamine 3000 reagent (Invitrogen, USA)
according to manufacturer’s instructions. HCRP1
siGENOME siRNA pool (M-016,816-00-0005), which was
composed of 4 siRNA sequence, was obtained from
Dharmacon (GE Healthcare, USA). siGENOME Non-
Targeting siRNA Pool (D-001206-13-05) was used as nega-
tive control. Dharmafectl (GE Healthcare, USA) reagent was
used for siRNA transfection.

Western blotting

Total proteins from cells were extracted in lysis buffer and
quantified using the Bradford method. Protein (30 ng) was
separated by SDS-PAGE. Samples were transferred to
PVDF membranes (Millipore, Billerica, MA, USA) and incu-
bated overnight at 4 °C with antibody against HCRP1 (1:800,
Sigma, USA), cyclin D1, MMP2, MMP9 (1:1000, Cell
Signaling, USA), and GAPDH (1:500, Santa Cruz, USA).
After incubation with HRP-coupled anti-mouse or rabbit
IgG antibody (1:1000 dilution, Cell Signaling Technology,
USA) at 37 °C for 2 h. Target proteins on PVDF membrane
were visualized using Pierce ECL kit and captured using a
DNR Biolmaging System (DNR, Jerusalem, Israel).

After isolation of cell proteins, which were quantified using
the Bradford method, electrophoresis was performed and sam-
ples were transferred to PVDF membranes (Millipore, MA,
USA). Membranes were incubated with primary antibodies
including cyclin D1, cyclin E, MMP9, GAPDH (Santa Cruz
Biotechnology), HCRP1 (Sigma), p-AKT, p-ERK, p-EGFR,
AKT, ERK, and EGFR (Cell Signaling Technology). Proteins
were visualized using ECL and images were captured using
DNR Biolmaging System (DNR, Jerusalem, Israel).

Cell viability

For cell viability, 3-(4,5 dimethylthiazol-2-yl)-2,5diphenyl-
tetrazolimbromide assay (MTT) was carried out in triplicate.
Briefly, after adding MTT solution and incubating for 4 h,
culture medium was removed and remaining MTT formazan
was dissolved in 150 pul of DMSO. Solution was measured at
490 nm.
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Colony assay

For the clonogenic assay, cells were seeded in 6-cm plate and
cultured for 2 weeks. Colonies arising from survival cells were
fixed and stained with Giemsa and their numbers were
calculated.

Matrigel invasion assay

Matrigel invasion assay was performed with 24-well transwell
chamber from Costar. The inserts were coated with 20-25 pl
Matrigel (1:6 dilution, BD, USA). Cells were transferred to
the upper chamber and medium containing 15 % serum was
added to the lower chamber. After 16-20 h, the invaded cells
were stained using hematoxylin.

Statistical analysis

SPSS 12 for Windows was used for all statistical analyses. x*
test was used to compare immunohistochemical results.
Survival curves were analyzed by Kaplan-Meier method and
compared by the log-rank test. Cell experiment results were

Fig. 1 Expression pattern of
HCRP1 in non-small cell lung
cancers. a Strong cytoplasmic
HCRP1 staining in normal
bronchial epithelial cells. b Weak
HCRP1 staining in alveolar cells.
¢ Negative HCRP1 staining in
lung adenocarcinoma. d Negative
HCRP1 staining in squamous cell
carcinoma. e Positive cytoplasmic
HCRP!I staining in lung
adenocarcinoma. d Positive
HCRP1 staining in squamous cell
carcinoma (magnification x400)

analyzed by means of Student’s # test. All p values are based
on a two-sided statistical analysis, and p < 0.05 was consid-
ered to indicate statistical significance.

Results

HCRP1 expression and clinicopathological characteristics
in NSCLC

We examined HCRP1 protein in 98 NSCLC specimens and
10 adjacent normal lung tissue by immunohistochemistry.
Representative staining figures of HCRP1 protein are listed
in Fig. 1. Strong cytoplasmic HCRP1 immunostaining was
found in normal bronchial epithelial cells. In alveolar cells,
HCRPI1 was weak compared to bronchial epithelia (Fig. 1a,
b). Fifty-one cases of lung cancer tissues showed high HCRP1
staining and 47 cases (47.9 %) showed low HCRP1 staining
(Fig. 1c—f). Patients’ clinicopathological characteristics and
their relationship with HCRP1 status are listed in Table 1.
The results showed that low HCRP1 status significantly cor-
related with higher TNM stage (stages Il and II vs stage I,
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Table 1 Distribution of HCRP1 in NSCLC according to
clinicopathological characteristics

Characteristics Number of Low High P
patients HCRP1 HCRPI

Age
<60 47 21 26 0.5329
>60 51 26 25

Gender
Male 58 28 30 0.9398
Female 40 19 21

Differentiation
Well 34 12 22 0.0674
Moderate-poor 64 35 29

Histology
Adenocarcinoma 60 60 30 0.6113
Squamous cell carcinoma 38 17 21

TNM stage
I 41 14 27 0.0203
JIEII 57 33 24

Tumor status
T1 34 16 18 0.8965
T2-T4 64 31 33

Nodal metastasis
Negative 58 22 36 0.0168
Positive 40 25 15

p =0.0203) and nodal metastasis (p = 0.0168). HCRP1 status
did not correlate with age, gender, histology, and differentia-
tion (p > 0.05). In addition, Kaplan-Meier survival analysis
showed patients with low HCRP1 have lower overall survival
rate compared with those with high HCRP1 expression
(p =0.0076, log rank test; Fig. 2). Univariate analysis showed
that TNM stage and HCRP1 were significant prognostic fac-
tors (TNM stage: hazard ratio, 2.011, p < 0.0001; HCRP1:
hazard ratio, 0.476, p = 0.0098). Multivariate analysis with
Cox regression model showed that TNM stage serves as an
independent prognostic factor (TNM stage: hazard ratio,
1.864, p = 0.0011; Table 2).

HCRP1 regulates lung cancer cell proliferation
and invasion

We examined HCRP1 protein expression in normal bronchial
cell line HBE and a panel of lung cancer cell lines including
A549, H1299, H157, and H460. HCRP1 protein expression
was lower in NSCLC cell lines compared with HBE, especial-
ly in H1299 and H157 cells (Fig. 3a). An HCRP1 expressing
vector was used to transfect H1299 adenocarcinoma cell line.
HCRP1 siRNA was employed in A549 cells to deplete its
endogenous expression. Plasmid and siRNA transfection effi-
ciency was examined by western blot analysis (Fig. 3b).
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Fig. 2 Low HCRPI1 expression correlated with poor survival. Survival
analysis of patients with high and low HCRP1 levels. Overall survival
was lower in patients with low HCRP1 expression than those with high
HCRP1

MTT assay showed that HCRP1 overexpression in H1299
cells inhibited proliferation rate and number of colony forma-
tion (Fig. 4a, b). HCRP1 depletion in A549 cells increased cell
growth rate and colony number. To examine the effect of
HCRPI on cancer cell invasion, Matrigel invasion assay was
performed in both cell lines. The results showed that HCRP1
transfection inhibited invading ability of H1299 cells while
HCRPI depletion increased invading ability (Fig. 4c).

To confirm the HCRP1 function, rescue experiment was
performed using HCRP1 plasmid in A549 cells with
HCRP1 depletion. As shown in Supplement Fig. 1, HCRP1
rescue could abolish the growth and invasion promoting ef-
fects of HCRP1 depletion in A549 cells.

HCRP1 inhibits cell cycle and regulates cyclin proteins,
Bcl-2 and MMP9

The above results showed that HCRP1 inhibited lung cancer
proliferation and invasion. To further explore the possible
mechanism, we checked the change of cell cycle status after
induction of siRNA and plasmid. As shown in Fig. 5, HCRP1
overexpression inhibited G1-S checkpoint transition in H1299
cell line, while in A549 cells HCRP1 depletion upregulated S
phase percentage. We further checked a panel of cell cycle-
related proteins and found that HCRP1 could inhibit cell cycle
protein including cyclin D1 and cyclin E (Fig. 6). We also
found that Bcl-2 expression was upregulated after HCRP1
depletion and downregulated after HCRP1 overexpression.
In addition, the level of invasion related protein MMP9 was
also downregulated by HCRP1.
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Table 2 Univariate and

multivariate analysis for Factors Univariate Multivariate

predictive factors in patients with

NSCLC Hazard ratio (95 % CI) p value Hazard ratio (95 % CI) p value
Histology 1.217 (0.683-2.169) 0.5057 1.379 (0.739-2.576) 0.3129
Differentiation 1.691 (0.919-3.113) 0.0916 1.467 (0.922-2.336) 0.1060
TNM stage 2.011 (1.408-2.871) 0.0001 1.864 (1.283-2.708) 0.0011
HCRPI status 0.476 (0.271-0.836) 0.0098 0.656 (0.362-1.189) 0.1645

HCRP1 regulates EGFR-ERK/AKT signaling cascade

Since HCRP1 regulates cyclin proteins and MMP9, we
checked several related signaling pathways and found that
HCRPI transfection inhibited ERK and AKT phosphorylation
while its depletion upregulated ERK and AKT phosphoryla-
tion. Previous reports indicated the association between
HCRP1 and EGFR signaling, which functions upstream of
both ERK and AKT signaling pathways [12]. Thus, we
checked the level of EGFR phosphorylation. As shown in
Fig. 6, HCRP1 inhibited p-EGFR expression in H1299 cells.
These results indicated that HCRP1 inhibited lung cancer cell
growth and invasion through EGFR-ERK signaling.

HCRP1 depletion mediates multidrug resistance in A549
cells

To determine the sensitivity of A549 cells to chemotherapy
after HCRP1 depletion, the cells were treated with different
concentration of cisplatin (DDP; 0, 10, 20, and 50 umol/L)
and paclitaxel (0, 10, 20, and 50 nmol/L) for 24 h. The sur-
vival rate was measured by MTT analysis. As shown in

A
HCRP1

———— v ——

GAPDH s s s S

HBE A549 H460 H1299 H157

B
HCRP1  — -
GAPDH - — o ——
EV HCRP1 Control HCRP1
siRNA siRNA
H1299 A549

Fig. 3 HCRPI protein in lung cancer cell lines. a Expression of HCRP1
protein in lung cancer cell lines was lower than that in HBE cell line. b
Western blot showed that transfection of HCRP1 plasmid significantly
increases its protein in H1299 cells. HCRP1 siRNA downregulated its
expression in A549 cells

Fig. 7a, AS69 survival rate was inversely correlated with drug
dose. HCRP1 depletion increased the A549 survival rate with
cisplatin and paclitaxel treatment. EGFR and AKT pathways
have been reported to be involved in chemotherapy resistance.
To assess the role of EGFR and AKT pathway in
chemoresistance induced by HCRP1 depletion, we employed
EGFR inhibitor AG1478 (100 nmol/L, 6 h) and AKT inhibitor
LY294004 (5 uM, 6 h). As shown in Fig. 7b, blockage of
either pathway could abolished the effect of HCRP1 in
chemoresistance.

Discussion

Downregulation of HCRP1 was first reported in hepatocellu-
lar carcinoma (HCC). HCRP1 was significantly reduced or
undetected in HCC tissues and overexpression of HCRP1
significantly inhibited both anchorage-dependent and inde-
pendent cell growth [11]. Low HCRPI levels was reported
in ovarian cancers with HER-2 overexpression and its down-
regulation led to increased EGFR and HER-2 in the SK-OV-3
and MDAH-2774 ovarian cell lines [12]. HCRP1 downregu-
lation also correlated with poor prognosis in oral and breast
cancers [9, 10]. However, there was no study concerning
HCRPI1 in non-small cell lung cancer.

In this study, immunohistochemical staining was applied to
check HCRPI expression in 98 lung cancer tissues. The re-
sults showed that 47 exhibited low HCRP1 levels. Low
HCRP1 status significantly correlated with TNM stage and
nodal metastasis, suggesting HCRP1 serve as a putative tumor
suppressor. In accordance with previous researches, we found
that patients with low HCRP1 had poor prognosis compared
with those with high expression. Univariate analysis showed
that TNM stage and HCRP1 were significant prognostic fac-
tors. Our results suggest that low HCRP1 status can be con-
sidered as an additional molecular marker for aggressive clin-
ical course.

HCRP1 status was also examined in several lung cancer
cell lines and we found low expression of lung cancer cells
compared with HBE, which is in consistent with immunohis-
tochemical results. By introducing HCRP1 plasmid and
siRNA in lung cancer cells, we demonstrated that HCRP1
upregulation significantly decreased lung cancer proliferation,
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Fig. 4 HCRPI inhibits
proliferation and invasion in lung
cancer cells. a MTT assay showed 20r1
that in H1299 cells transfected
with HCRP1 plasmid. The
growth rate was lower compared
with control. While HCRP1
siRNA upregulated cell growth in
A549 cell line. b Colony
formation showed that HCRP1
overexpression in H1299 cells
decreased number of colony
formation. HCRP1 siRNA
increased the colony number of

>
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Absorbance at 490nm
5

H1299

HCRP1

A549 cells. ¢ Matrigel invasion

assay showed that HCRP1 1 2 3

decreased cell invading ability
while HCRP1 depletion increased
invading cell number. *p < 0.05 B

H1299

A549

Control siRNA

b

colony formation, and invasion. HCRP1 depletion in A549
cells significantly increased proliferation, colony formation,
and invasion, which is in accordance with previous studies
showing HCRP1 as a tumor suppressor [9, 10]. We further
explore the effect of HCRP1 on cell cycle progression and
related proteins. We found that HCRP1 overexpression
inhibited S phase percentage and cyclin D1 and cyclin E ex-
pression, while HCRP1 depletion showed the opposite effects.
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Both cyclin D1 and cyclin E play pivotal roles during G1-S
cell cycle progression and malignant proliferation of cancer
cells. Many reports have showed that cyclin D1 and cyclin E
were overexpressed in lung cancer and associated with malig-
nant phenotype and poor prognosis [13, 14]. In addition, we
found that HCRP1 inhibited lung cancer cell invasion with
downregulation of MMP9 protein, which functions as an im-
portant mediator for invasion and metastasis. MMP9 also
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Fig. 5 HCRPI transfection inhibits cell cycle progression. Cell cycle analysis showed that HCRP1 overexpression in H1299 inhibited S phase
percentage and increased the cell percentage in G1 phase. HCRP1 siRNA showed the opposite effect
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Fig. 6 HCRP1 regulates cyclin, MMP9, ERK, AKT, and EGFR
signaling. Western blot analysis showed that HCRP1 overexpression in
H1299 decrease protein levels of cyclin D1, cyclin E, MMP9, p-ERK, p-
AKT, and p-EGFR. HCRP1 depletion in A549 cells increased expression
of these proteins

serves as prognostic indicator in lung cancer patients [15—18].
These results demonstrated that HCRP1 regulates prolifera-
tion and invasion through modulation of cell cycle and
MMPO.

Further exploration of related signaling pathways re-
vealed that HCRP1 overexpression inhibits ERK and
AKT signaling. ERK pathway has been reported to acti-
vate cyclin and MMP9 transcription through AP-1 activa-
tion [15]. AKT has been shown to associate with malig-
nant cell proliferation, cyclin activation, and cell survival
[19, 20]. In addition, we showed HCRP1 overexpression
suppressed EGFR phosphorylation while HCRP1 depletion
activated EGFR phosphorylation. EGFR is the upstream
regulator of both AKT and ERK pathways. These results
were in consistence with the previous reports showing
HCRP1 as an EGFR regulator.

To address the role of HCRP1 in drug resistance and ex-
plore the underlying mechanisms, two different types of che-
motherapeutic drugs (cisplatin and paclitaxel) were used in
A549 cells with HCRP1 depletion. EGFR inhibitor AG1478
and AKT inhibitor LY294004 were also used to assess the
involvement of EGFR and AKT pathways during the devel-
opment of drug resistance. With treatment of EGFR and AKT
inhibitor, the effect of HCRP1 depletion on A549 cell survival
was not significant. In addition, Bcl-2, an anti-apoptosis AKT
target protein, was upregulated after HCRP1 depletion. AKT
was reported to be involved in multidrug resistance in lung
cancer [21-23]. EGFR activation was also related to cisplatin/
paclitaxel resistance and EGFR inhibition sensitize tumor
cells to chemotherapy [24-26]. Combination of EGFR inhib-
itor with cisplatin/paclitaxel offers a novel strategy for cancer
treatment. Thus, these results revealed two new findings. First,
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Fig. 7 HCRP1 depletion A —3— A549-control siRNA —+— A549-control SiRNA
mediates multidrug resistance in —B— A549-HCRP1 siRNA —— A549-HCRP1 siRNA
A549 cells. a Depletion of
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. . . X X
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the downregulation of HCRP1 decreased the sensitivity of ~ Acknowledgments This study was supported by:

NSCLC cells to chemotherapy in vitro. Second, the drug re-
sistance by HCRP1 depletion was mediated, at least partly,
through the EGFR-AKT pathway.

High levels of Bcl-2 has been associated with a more ag-
gressive malignant phenotype and drug resistance to various
chemotherapeutic agents in cancers. It has been reported that
after long-term radiation and drug treatment, the Bcl2 protein
level could be increased [27]. Pharmacologic agents targeting
Bcl-2 could be considered when achieving better chemother-
apy results. More and more agents with high specificity has
been developed, providing approach to overcome cancer cell
drug resistance [28]. Thus, we believe combination therapy
with HCRP1 and Bcl-2 inhibitor could achieve better thera-
peutic results than HCRP1 alone.

In conclusion, the present study demonstrated that HCRP1
protein was downregulated in NSCLC and correlated with
advanced TNM stage, nodal status, and poor prognosis.
HCRP!1 inhibits proliferation, invasion, and drug resistance
through inhibition of EGFR/ERK/AKT signaling cascade.
HCRPI could serve as a new therapeutic target for lung cancer
and further studies are needed to explore the significance of
HCRPI in lung cancers with EGFR activating mutation.
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