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Overexpression of HN1L promotes cell malignant proliferation in non-small
cell lung cancer

Lei Li*", Ting-Ting Zeng®', Bao-Zhu Zhang?, Yan Li?, Ying-Hui Zhu?, and Xin-Yuan Guan®®

“State Key Laboratory of Oncology in South China and Collaborative Innovation Center for Cancer Medicine, Sun Yat-sen University Cancer Center,
Guangzhou, Guangdong, China; "Department of Clinical Oncology, The University of Hong Kong, Hong Kong, China

ABSTRACT

Non-small cell lung cancer (NSCLC) is a progressive malignant disease, involving the activation of oncogenes
and inactivation of tumor suppressors. In this study, we identified and characterized a novel oncogene
hematopoietic- and neurologic-expressed sequence 1-like (HN1L) in human NSCLC. Overexpression of HN1L
was frequently detected in primary NSCLC compared with their non-tumor counterparts (P < 0.001), which was
significantly associated with tumor size (P = 0.022). In addition, Kaplan-Meier analysis showed that
upregulation of HN1L correlated with worse overall survival (P = 0.029) and disease-free survival (P = 0.011) for
NSCLC patients. Both in vitro and in vivo studies demonstrated that inhibition of HN1L expression with shRNA
dramatically inhibited cell growth, adherent and non-adherent colony formation, and tumorigenicity in nude
mice. The positive correlation of HN1L expression and Ki67 level in a large NSCLC samples further suggested
the key role of HN1L in the regulation of cell growth. Further study showed that knockdown of HN1L resulted in
dramatic cell cycle arrest by interfering with MAPK pathway via interacting with RASA4 protein. In conclusion,
HN1L plays a crucial role in the progression of NSCLC by contributing to malignant proliferation, with possible
use as a new intervention point for therapeutic strategies.
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Background

melanogenesis and cell cycle arrest.* HN1 is upregulated in ner-
vous tissues, including axotomized adult rodent facial motor

Lung cancer is the most frequent malignancy and the leading
cause of cancer deaths worldwide.' Despite substantial progress

in the understanding and therapy of lung cancer, the overall
5-year survival rate remains at 10-15%.” Non-small cell lung
cancer (NSCLC), which includes adenocarcinoma (ADC),
squamous cell carcinoma (SCC) and large cell carcinoma,
accounts for approximately 80% of all lung cancer cases. Rapid
growth is an important malignant feature of NSCLC, which
can be caused by genetic and external factors that alter intracel-
lular mechanisms responsible for controlling cell proliferation.
Investigating the roles of the various oncogenes that are
involved in the aberrant proliferation of NSCLC is a valuable
goal toward uncovering the mechanisms of tumorigenesis and
identifying new therapeutic targets for NSCLC treatment.
Hematopoietic- and neurologic-expressed sequence 1 (HNI)
encodes a 154-aa protein in human that is highly conserved
among species. It shares 30% identity with hematopoietic- and
neurologic-expressed sequence 1-like (HNI1L) which is another
number of the HNI1 family.’> In rodents, HNI is widely
expressed in numerous tissues during embryonic development.
HNT1 depletion in a murine melanoma cell line B16.F10 pro-
motes a differentiated phenotype that includes increased

and vagal nerves.” HN1 protein was highly expressed in an
immature retina, and the subcellular localization changed dur-
ing this retinogenesis as observed in newt retinal regeneration.’
Additionally, intracranial implantation of HNI-silenced
murine GL261 glioma cells into mice results in tumor volumes
that are significantly smaller than the xenografts from HN1-
expressing cells.” One previous study reported that HN1could
distinguish human ovarian carcinoma from healthy ovarian epi-
thelial tissue.® Moreover, overexpression of HNI is significantly
associated with poorer overall survival of breast cancer patients.’
Conversely, some studies showed that HN1 overexpression sup-
pressed colony formation in prostate cancer cells.'” Knockdown
of HNI results in deregulating G2/M transition in prostate cells
via deregulating the Akt-GSK3p-mediated signaling.'' These
ports of HNI1 in models of development, regeneration and can-
cer suggest that this gene is critical for regulating cell develop-
ment and growth. HNI1L, a homologous gene of HNI, was
originally identified from a mouse fertilized egg cDNA library in
2000.!? The human HNIL gene, also known as Cl6orf34 or L11,
encodes a 190-aa protein. HNIL protein mainly localized in the
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nucleus and cytoplasm, and specifically expressed in certain tis-
sues, such as the liver, kidney, prostate, testis and uterus at vary-
ing levels. However, the physiological functions of HN1L remain
unknown."”? HN1L overexpression in NSCLC was firstly identi-
fied by suppression subtractive hybridization,'* but its precise
roles in cancer has not been determined.

In the present study, we investigated the expression levels of
HNIL in NSCLC and their paired adjacent non-tumorous tis-
sues, and further evaluated the correlation of HN1L expression
with clinical parameters and its prognostic value in NSCLC.
Using a highly efficient ShRNA to inhibit the expression of
HNIL in human NSCLC cells, we determined this gene func-
tions to regulate cell malignant proliferation.

Materials and methods
Clinical samples and cell lines

A total of 45 fresh NSCLC tumor and non-tumor samples were
snap-froze in dry ice after resection and then stored at —80°C
for RNA extraction. A total of 109 NSCLC tumor and non-
tumor specimens that were surgically removed and embedded
in paraffin blocks were obtained from Sun Yat-sen University
Cancer Center between December 2002 and November 2004.
The enrollment criteria were as follows: (a) definitive NSCLC
diagnosis by pathology based on WHO criteria; (b) exclusive
treatment with chemotherapy or radiotherapy before surgery;
(c) surgical resection, defined as complete resection of all tumor
nodules with the cut surface being free of cancer by histologic
examination; (d) complete clinicopathologic and follow-up
data. In this study, non-tumorous lung tissues were defined as
2.0 cm from the tumor margin. All clinical samples used in this
study were approved by the Committees for Ethical Review of
Research at Sun Yat-sen University Cancer Center.

Human bronchial epithelial cell line BEAS-2B, and NSCLC
cell lines A549, H1299, HCC827 and SK-MES-1, were pur-
chased from the American Type Culture Collection (ATCC).
Human NSCLC cell line LSC1 (also known as SCC210011) was
established in our laboratory.'” BEAS-2B cells were cultured in
Defined Keratinocyte-SFM (Gibco, Thermo Fisher Scientific)
mixing EpiLife® Medium with 60 uM Calcium (Gibco,,
Thermo Fisher Scientific) (1:1 mixture, serum-free). A549,
H1299, SK-MES-1 and LSC1 cells were maintained in dulbec-
co’s modified eagle medium (DMEM) supplemented with 10%
fetal bovine serum (FBS), and HCC827 is cultured in RPMI-
1640 (containing 10% FBS). The cells were incubated at 37°C
in a humidified chamber containing 5% CO,.

RNA extraction and quantitative real-time PCR (qPCR)

Total RNA was extracted from cells or tissues using TRIzol
(Roche) and was reverse transcribed using reverse transcriptase
(Takara) according to the manufacturer’s instructions. Real-
time qPCR was carried out to detect levels of the corresponding
HNIL, B-actin using SYBR Green SuperMix (Roche) and ABI
PRISM 7900HT Sequence Detection System (Applied Biosys-
tems). B-actin was used as an internal control. The gene-spe-
cific primers for human HNIL and ACTB were as follows:
HNI1L: 5-CCCAGGAGGAGAATCGAGCA-3' (forward) and
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5-CGGGGGTTGATTCGTCAAAG-3' (reverse); ACTB: 5'-CA
TGTACGTTGCTATCCAGGC-3 (forward) and 5'-CTCCTTA
ATGTCACGCACGAT-3" (reverse). The relative expression
level (defined as fold change) of the target gene (2724CY was
normalized to the endogenous ACTB reference (ACt).

Immunohistochemistry (IHC)

A total of 109 formalin-fixed, paraffin-embedded NSCLC
tumor specimens were deparaffinized in xylene, rehydrated
through a graded alcohol series (100%, 95%, 75% and 50%)
and incubated with 3% hydrogen peroxide. For antigen
retrieval, the slides were boiled in 10mM citrate buffer
(pH = 6.0) for 40 minutes. Nonspecific binding was
blocked with 5% bull serum albumin (BSA) for 30 minutes.
After incubation with primary antibodies against HNIL
(Sigma, HPA041908, 1:5000 dilution) or Ki67 (Abcam,
ab16667, 1:400 dilution) at 4°C overnight in a humidified
chamber, the slides were incubated with horseradish peroxi-
dase-conjugated secondary antibody and stained with the
DAB substrate. An immunoreactivity score system was
applied as described previously.'® The percentage of
HN1L-positive cells was scored as 0, <5%; 1, 5%-25%; 2,
25%-50%; 3, 50%-75%; 4, 75%-100%. The intensity of
HN1L-positive staining was scored as 0, negative; 1, weak;
2, moderate; 3, strong. The total score was determined by
the following formula: Staining index = positive percentage
x intensity. To evaluate the Ki67 expression scores, we
selected the 10 fields in the representative area of
the tumors considering the heterogeneity, and calculated
the ratios of Ki67-positive cells to the total cells (>1000
cells) in each field. The average ratio of Ki67-positive cells
was scored as 0, <5%; 1, 5%-15%; 2, 15%-25%; 3, 25%-
35%; 4, 35%-45%; 5, 45%-100%. The cutoff value for Ki67
level was 3, so score <3 was considered as low level, and
score >3 was considered as high level.

Lentiviral mediated HN1L knockdown

In brief, a shRNA specifically targeting HNIL (5'-GGCG
TAAGCAGAAACACTAAC-3') cloned into the psi-LVRU6P
vector were bought from GeneCopoeia. The recombinant con-
struct was co-transfected together with three lentivirus packag-
ing vectors, pLpl, pLp2 and pLp-VSVG (Invitrogen), into
293FT cell line (Invitrogen) using the HilyMax transfection
reagent (Dojindo Corp. Japan). A psi-LVRU6P-scrambled
shRNA (GeneCopoeia) was used as a negative control. Lentivi-
ral particles were harvested to infect NSCLC cells. Stable clones
were selected using puromycin (Sigma).

Cell growth assay

Cells were seeded at a density of 1000 per well in 96-well plate.
The cell growth rate was monitored using a Cell Counting
Kit-8 (CCK-8) assay kit (Dojindo Corp. Japan) according to
the manufacturer’s instruction. Triplicate independent experi-
ments were done.
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Colony formation assay

Anchorage-dependent growth was assessed by foci formation
assay. Briefly, 1 x 10° cancer cells were seeded in a 6-well plate
and cultured for one week. The surviving colonies (>50 cells
per colony) were counted after crystal violet (Sigma) staining.
Anchorage-independent growth was assessed by colony forma-
tion ability in soft agar. Briefly, 1 x 10’ cells were suspended in
soft agar mixture (DMEM, 10% FBS and 0.6% SeaPlaque aga-
rose) and were subsequently overlaid on the solidified 0.4%
agar base. After 2 weeks, colonies (>10 cells) were counted
under the microscope in 10 fields per well. Triplicate indepen-
dent experiments were performed.

Tumorigenicity assay

All animal experiments were approved by Animal Ethics Com-
mittee at Sun Yat-sen University Cancer Center. The same
number of parental cells, shRNA-silenced cells and sh-control
cells (3 x 10° cells per mouse) were inoculated subcutaneously
into the right dorsal flank of 4-week-old female nude mice
(5 animals per group), respectively. After cells injection, the
length (L) and width (W) of tumor were measured every week
by calipers, and tumor volumes were calculated as volume
(mm®) = L x W? x 0.5. All mice were sacrificed after five
weeks.

Bromodeoxyuridine (BrdU) incorporation assay

Cells were seeded on glass slides and grown until they reached
about 50% confluence. The cell culture medium was then aspi-
rated and labeling medium containing BrdU (Roche) was
added, after which the cells were incubated at 37°C in a humid-
ified chamber containing 5% CO, for 30 minutes. The BrdU
labeling medium was then aspirated and the slides were washed
three times with phosphate buffered saline (PBS). The attached
cells were fixed with 70% ethanol for 20 minutes at -20°C. After
washing the cells with PBS, the slides were incubated with pri-
mary antibody against BrdU (Roche) at 37°C for 30 minutes.
The cells were then incubated with an Alexa Fluor® 594 conju-
gated secondary antibody (Invitrogen) and mounted with anti-
fade reagent with DAPI (Abcam). The results were evaluated
under an OLYMPUS FV1000 fluorescence microscope.

Cell cycle assay

1 x 10° tumor cells were pre-fixed with cold alcohol (70%) at
4°C for 12 hours. The cells were washed twice with PBS and
stained with propidium iodide (PI, Sigma, 50 pug/ml) contain-
ing RNase A (Sigma, 100 pug/ml) and 0.2% Triton X-100
(Sigma) at 37°C for 30 minutes. Cell cycle distribution was ana-
lyzed by FACS (Beckman) and ModFit LT software (Verity
Software House).

Cell apoptosis test

Tumor cells were determined using an Annexin V-FITC/PI
Apoptosis Detection Kit (Sigma) according to the manufac-
turer’s instructions. Apoptotic cell proportion were tested by
flow cytometry (Beckman) and data were analyzed by FlowJo
v10.1 software.

Senescence detection

The cell senescence was tested using a Senescence S-Galactosi-
dase (B-Gal) Staining Kit (C0602, Beyotime, China). Ten fields
in the representative area of the each cells were selected, and
calculated the average ratio of §-Gal positive cells to the total
cells (>1000 cells).

Western blotting

Proteins were extracted from cells and tissues using cold RIPA
buffer (Cell Signaling Technology) containing a protease inhib-
itor cocktail (Roche) and a phosphatase inhibitor PhosSTOP
(Roche). Western blotting was performed according to the
standard protocol using the specific antibodies listed in
Table S1. B-Tubulin, B-Actin or GAPDH were used as loading
controls.

Statistical analysis

All data analyses were performed using SPSS 18.0 software. The
independent Student’s ¢ test or ANOVA were used to assess
the statistical significance between any two preselected groups.
The Chi-squared or Fisher’s exact test were applied for compar-
ison of dichotomous variables. Univariate analysis was con-
ducted by the log-rank test and the Cox proportional hazards
model was used for the multivariate analysis. The significance
of Kaplan-Meier survival analysis was determined using log-
rank tests. P-values < 0.05 (two-sided) were considered statisti-
cally significant.

Results
HN1L was frequently overexpressed in NSCLC

The expression levels of HNIL were studied by qRT-PCR in 45
pairs of primary NSCLC and their paired adjacent non-tumor
tissues. The result revealed that overexpression of HNIL
(defined as > 2-fold increase) was detected in 23/45 (51.1%)
NSCLC tissues compared with the matched non-tumorous tis-
sues (P < 0.001, Fig. 1a). The average level of HNIL expression
in cancer samples was significantly higher than that in non-
tumor tissues (P < 0.001, Fig. la). Western blotting also
showed that HN1L was dramatically overexpressed in 5/8
(62.5%) of randomly selected NSCLCs (Fig. 1b). IHC demon-
strated the cancer-specific high expression of HN1L in SCC
and ADC (Fig. 1¢). Moreover, the expression levels of HN1L in
five NSCLC cell lines and one immortalized lung bronchial epi-
thelial cell line (BEAS-2B) were tested by qRT-PCR and west-
ern blotting. Compared with BEAS-2B cells, upregulation of
HN1Lwas detected in all NSCLC cells (Fig. 1d).

Clinical significance of HN1L overexpression in NSCLC

HNIL expression was further studied in a large scale of
NSCLCs by IHC. According to ROC curves analyses, the opti-
mum cutoff value for HN1L was 6, so staining index <6 was
considered as low expression, and staining index >6 was con-
sidered as high expression. Accordingly, the 109 patients were
divided into two groups: the normal expression group (n = 51)
and the overexpression group (n = 58). The correlations
between HNIL expression in primary NSCLC and the
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Figure 1. Overexpression of HN1L associated with poorer outcomes of NSCLCs. (a) Relative expression levels of HN1L detected by gPCR in 45 pairs of NSCLC tissues. (b)
Western blot analysis of HN1L expression in matched primary tumor (T) samples and its corresponding non-tumor (N) tissues of 8 NSCLC cases. B-Tubulin was used as a
loading control. (c) Representative IHC staining figures of HN1L expression in lung squamous cell carcinoma and adenocarcinoma. Scale bar, top figures, 100 um; bottom
figures, 50.em. (d) Relative expression levels of HN1L detected by qPCR and western blotting in an immortalized bronchial epithelial cell line (BEAS-2B) and other five
NSCLC cell lines. Data represent mean = SD. * P < 0.05. 8-Actin was used as a loading control. (e) Kaplan-Meier analysis indicating the correlation of HN1L overexpression

with poorer overall survival and disease-free survival rates of NSCLC patients.

clinicopathological features were summarized in Table 1. High
expression of HNIL positively correlated with tumor size
(P = 0.022). No correlation was observed between HN1L over-
expression and other clinicopathological characteristics.
Kaplan-Meier analysis revealed that overexpression of HNIL
was associated with poorer overall survival (P = 0.029) and dis-
ease-free survival (P = 0.011) of NSCLC patients (Fig. le).
Univariate analysis showed that lymph node metastasis, clinical
stage and HNI1L overexpression were prognostic factors for
overall survival (Table 2). Further, multivariate Cox propor-
tional hazard regression analysis showed that HN1L overex-
pression was an independent prognostic predictor for the
overall survival of NSCLC patients (P = 0.046, Table 2).
Altogether, we conclude that the tumoral overexpression of
HNI1L predicts a poor prognosis.

Silencing HN1L inhibited tumorigenicity

To determine the oncogenic function of HN1L, RNA inter-
ference was used to knockdown HNIL expression. The

introduction of shRNA into the NSCLC cell lines A549 and
HCCB827 dramatically decreased the expression level of
HNIL relative to control cells that expressing a scramble
shRNA or parental cells (Fig. 2a, Fig. S1). Functional assays
revealed that knockdown of HNIL effectively suppressed
the cell growth rate (Fig. 2b), foci formation efficiencies
(Fig. 2¢) and colony formation in soft agar (Fig. 2d) com-
pared with control cells.

To further demonstrate whether HNIL silencing could
inhibit tumorigenicity in vivo, the same number of parental
cells and sh-HNI1L/sh-control transfected cells (A549 and
HCCB827) were injected subcutaneously into the right dorsal
flanks of nude mice (n = 9), respectively. The weights (Fig. 2e)
of tumors that developed from sh-HN1L-transfected cells were
significantly smaller than tumors originating from parental
cells or sh-control cells. Results from the IHC staining con-
firmed the low expression of HNI1L in xenograft tumors that
developed from the sh-HNI1L-transfected cells (Fig. 2f). These
results suggest that HN1L has strong tumorigenic abilities in
NSCLC.
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Table 1. Correlation of HN1L expression with clinicopathological features in NSCLC
patients.

HN1L expression

Clinical features Cases Normal (n = 51) Upregulated (n = 58) P value

Gender 0.450
Male 90 44 (48.9%) 46 (51.1%)
Female 19 7 (36.8%) 12 (63.2%)

Age (years old) 0.833
<65 77 37 (48.1%) 40 (51.9%)
>65 32 14 (43.7%) 18 (56.3%)

Smoking 1.000
Smokers 29 14 (48.3%) 15 (51.7%)
Never smokers 80 37 (46.2%) 43 (53.8%)

Histological subtype 0.661
ScC 79 31(39.2%) 48 (60.8%)
ADC 30 10 (33.3%) 20 (66.7%)

Differentiated degree 1.000
I+l 77 36 (46.8%) 41 (53.2%)
1l} 32 15 (46.9%) 17 (53.1%)

Adjacent organs invasion 0.830
Negative 30 15 (50.0%) 15 (50.0%)
Positive 79 36 (45.6%) 43 (54.4%)

Tumor size (cm) 0.022
<4 47 28 (59.6%) 19 (40.4%)
>4 62 23 (37.1%) 39 (62.9%)

Lymph node metastasis 0.567
Negative 55 24 (43.6%) 31 (56.4%)
Positive 54 27 (50.0%) 27 (50.0%)

Clinical stage 1.000
I+l 70 33 (47.1%) 37 (52.9%)
N+1v 39 18 (46.2%) 21 (53.8%) [

SCC, squamous carcinoma; ADC, adenocarcinoma. Statistical significance (P < 0.05)
is shown in bold.

HN1L promotes cell malignant proliferation

During DNA synthesis, BrdU can be incorporated into
DNA in place of thymidine, which can then be used to
measure the cell proliferation index.'” The BrdU incorpo-
ration study demonstrated that knockdown of HNIL in
A549 and HCCB827 cells dramatically inhibited cell prolifer-
ation compared with the sh-control transfected cells and
parental cells (Fig. 3a). In addition, IHC staining confirmed
that the proportion of Ki67-positive cells in the xenograft
tumors originating from the sh-HNIL-transfected cells is
lower than that in the sh-control and parental groups
(Fig. 3b). To further validate the correlation of HNIL
expression and cell proliferation, we evaluated the expres-
sion levels of HN1L and Ki67 in 109 NSCLC samples using

Table 2. Univariate and multivariate analyses of overall survival in NSCLC patients.

IHC. The results indicated a significantly positive correla-
tion between the level of HN1L and the percentage of pro-
liferative cells in NSCLC (Table 3).

Furthermore, to show the biological function of HNIL in
cell proliferation, we also tested the drug sensitivity in A549
and HCC827 cells with or without HNI1L silencing. Cell sur-
vival assay showed that the IC50 values of paclitaxel and cis-
platin increased obviously after knockdown of HN1L in A549
and HCC827 cells (Fig. 3c), which indicated that silencing
HNIL inhibited malignant proliferation and decreased the sen-
sitivity to this cell cycle-associated chemotherapeutic agents.
These evidences suggest the crucial role of HNIL in regulating
cancer cell proliferation.

HN1L regulates cell growth via MAPK signaling pathway

To further understand the molecular mechanism of HN1L’s
contribution to cell growth, we analyzed the cell cycle dis-
tributions in sh-HNI1L/sh-control transfected cells and
parental cells. Knockdown of HNI1L in A549 and HCC827
cells remarkably induced cell cycle arrest (Fig. 4a). Key reg-
ulators of the cell cycle were then analyzed by western blot-
ting. Silencing HNIL notably decreased Cyclin D1, Cyclin
El, CDK4 and CDK6 protein levels, while the protein levels
of pl5, p21, p27 and p53 increased (Fig. 4b). IHC staining
also showed the high expression of p21 and p53 in xeno-
graft tumors that developed from the sh-HNI1L-transfected
cells (Fig. 4c), which indicated the crucial role of HNIL in
regulating the cell cycle.

To elucidate the molecular basis of proliferation pro-
moted by HN1L, we analyzed the phosphorylation levels of
several key mediators involved in MAPK and Akt signaling
pathways'®'?, which are two primary pathway in regulating
proliferation. The results showed that phosphorylation levels
Of C_Raf(Ser259), MEK1/2(Ser217/221) and Erk1/2(Thr202/204), as
well as two downstream targets, p9ORSK®S*?) and
Elk1¢°389) were remarkably decreased in HN1L-silenced
A549 and HCCB827 cells compared with control cells
(Fig. 4d). However, knockdown of HN1L did not affect the
phosphorylation level of AktTh308/5er473) iy A549 and
HCC827 cells (Fig. 4e). These results suggest that HNI1L
promotes cancer cell malignant proliferation by regulating
the MAPK signaling pathway.

Univariate analysis

Multivariate analysis

Variable Hazard ratio 95% Cl P value Hazard ratio 95% CI P value
Gender 0.819 0.320-2.100 0.678

Age(years) 1.030 0.998-1.064 0.069

Smoking history 1410 0.646-3.081 0.388

Histological subtype 1.085 0.316-3.724 0.896

Differentiated degree 0.911 0.549-1.509 0.717

Adjacent organs invasion 0.989 0.385-2.539 0.982

Tumor size(cm) 0.985 0.848-1.144 0.842

Lymph node metastasis 1.847 1.290-2.646 0.001 1.243 0.611-2.528 0.548
Clinical stage 1.948 1.325-2.866 <0.001 1.536 0.742-3.176 0.247
HN1L expression 0.496 0.260-0.946 0.033 0.542 0.283-1.040 0.046

(I, confidence interval; Statistical significance (P < 0.05) is shown in bold.
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Figure 2. Knockdown of HN1L by shRNA supressed its malignancy in vitro and in vivo. (a) One shRNA against HN1L (sh-HN1L) effectively decreased HN1L expression as
detected by western blotting. Scrambled shRNA (sh-control)-transfected cells and parental cells were used as negative controls. B-Tubulin was used as a loading control.
Silencing HN1L expression could effectively inhibit cell growth (b), foci formation efficiencies (b), spheres formation in soft agar (d) in vitro. (e) The xenograft tumor
weights were measured after surgery (n = 9). (f) Representative IHC images of HN1L expression in xenograft tumors. Scale bar, 100 m. In all panels, data represent

mean = SD. *P < 0.05.

HN1L regulates Ras/MAPK pathway by the direct
interaction of RASA4

To find the mediators that could regulate Raf/MEK/ERK path-
way by HNIL suppression, we surveyed six different protein—
protein interaction databases (IntAct, BioGRID, HPRD,
StelzlLow, BioPlex and MINT) (Fig. 5a). And we found one sig-
nificant HN1L interactive protein RAS P21 Protein Activator 4
(RASA4) that is a member of the GAP1 family of GTPase-acti-
vating proteins and suppresses the Ras/mitogen-activated pro-
tein kinase pathway.”® Co-immunoprecipitation (Fig. 5b) and
immunofluorescent double-staining (Fig. 5¢) also indicate the
interaction of HN1L and RASA4 in NSCLC cells. We presume
that this interaction may reduce the GTPase activity of RASA4,
which further increase the Ras activity. Therefore, knockdown

of HN1L dramatically suppress the activity of Ras (Fig. 5d) and
the membrane localization of Raf-1 (Fig. 5e) in A549 and
HCCB827 cells. In conclusion, our mechanistic studies reveal
that HN1L regulates Ras/MAPK pathway via interacting with
RASA4.

Apoptosis and senescence are not involved
in HN1L function

Except for the regulation of proliferation, whether HNI1L was
related to apoptosis and senescence were also investigated.
However, flow cytometry analysis showed the similar apoptosis
cell proportions between HNI1L silenced cells and control cells
(Fig. 6a). Moreover, western blotting also showed that
the expression of apoptosis-associated proteins, Caspase 3
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bar, 50 .um. Data represent mean =+ SD. *P < 0.05. (b) IHC staining showed the low-proportion of proliferative cells in tumor produced from HN1L silenced cells. Scale bar,
50 pm. Data represent mean =+ SD. “P < 0.05. (c) The IC50 values of paclitaxel and cisplatin for A549 and HCC827 cells with or without HN1L silencing. Data represent

mean =+ SEM. *P < 0.05.

(cleaved) and PARP (cleaved), were not changed obviously
after HN1L silencing in A549 and HCC827 cells (Fig. 6b). Since
cell senescence is closely related to cell cycle and HN1L plays a
key role in proliferation, so we have also tested the activity of
B-Galactosidase (B-Gal) that was specifically expressed in
senescent cells in A549 and HCC827 cells before or after HN1L
silencing.”' However, 8-Gal staining showed no significant dif-
ferences for the proportions of B-Gal positive cells between

Table 3. Correlation between HN1L and Ki67 expression in NSCLC patients.

HN1L expression

Ki67 expression Cases Low level (%) High level (%) P value
Low level 55 37 (67.3%) 18 (32.7%) 0.004
High level 54 4 (25.9%) 40 (74.1%)

Statistical significance (P < 0.05) is shown in bold.
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Figure 4. Silencing HN1L caused cell cycle arrest by interfering MAPK pathway. (a) Cell cycle distributions were analyzed by flow cytometry. “P < 0.05 (Chi-squared test).
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was used as a loading control. (e) The phosphorylation levels of Akt™"08/5e473) ya5 tested by western blotting. B-Actin was used as a loading control.

HNIL silenced cells and sh-control or parental cells (Fig. 6¢). not change after HNIL silencing in A549 and HCC827 cells
Furthermore, western blotting showed that the expression of (Fig. 6d).”* These results suggested that HN1L did not involve
p16™** that was a key modulator in cellular senescence did in cell apoptosis and senescence.
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Discussion

Targeting oncogenic regulatory factors using monoclonal anti-
bodies or small-molecule inhibitors is an emerging therapeutic
strategy for cancers.”>** At present, target therapy is part of the
routine management of patients with advanced NSCLC, and
has shown promising results.”>>° These therapies are devel-
oped and applied on the basis of a clear understanding of the
relevant pathways that drive tumorigenesis and maintenance of
the malignant phenotype. New therapeutic targets are needed
to further improve the treatment of NSCLC.

A previous report revealed the upregulation of HNIL
expression in NSCLC hinting its potential diagnostic and prog-
nostic significance.'* Our data also confirmed the overexpres-
sion of HNIL in NSCLC, including SCC and ADC.
Furthermore, elevated HN1L was significantly associated with
tumor size and adverse outcomes in NSCLC patients. Notably,
multivariate survival analyses identified HN1L as an indepen-
dent prognostic factor, which suggests that assessment of
HNI1L abundance in NSCLC might provide valuable informa-
tion regarding patient prognosis. Therefore, our data provided
strong evidence that HN1L is a novel diagnostic and prognostic
biomarker for NSCLC, which might be further translated and
exploited in the clinic. This well-established clinical significance
of HNIL overexpression in NSCLC strongly underscores its

essential tumorigenic role. Moreover, high expression of HN1L
correlated with a larger tumor volume, which suggested that
HNIL might be a positive regulator of proliferation. Indeed,
both in vitro and in vivo functional studies demonstrated that
knockdown of HNI1L with shRNA significantly impaired cell
growth and decreased the tumorigenic potential of NSCLC
cells, suggesting the essential oncogenic functions of HNI1L in
the development of NSCLCs. Additionally, BrdU incorporation
assay in vitro showed the low percentage of proliferative cells
in HN1L-silenced cells than that in control groups, which is
consistent with the IHC staining of Ki67 in xenograft tumors
in vivo. Furthermore, the positive correlation of HN1L expres-
sion and Ki67 expression is also identified in a large samples of
human NSCLC. Thus, HN1L’s involvement in the regulation of
cancer cell proliferation is generally in line with HN1L’s role as
an oncogene.

The induction of cell cycle arrest at a specific checkpoint and
thereby inducing apoptosis or senescence are common mecha-
nisms for restraining tumor progression of tumor suppres-
sors.”” In this study, we investigated cycle distribution using
flow cytometry. The data showed that the proportion of G0/G1
cells increased after HNI1L silence in A549 and HCC827 cell
clines, indicating that knockdown of HN1L can induce G0/G1
arrest. Cell cycle progression is precisely regulated by a series of
cell cycle checkpoint proteins, such as the cyclins and CDKs.*®
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control.

Among these proteins, Cyclin D1 and Cyclin E1, together with
CDK?2, CDK4, or CDKS, play major roles in DNA replication
and mitosis by regulating GO/G1 phase of the cell cycle.*
Therefore, we investigated the expression of these cell cycle reg-
ulation proteins, and found the decreased expression of Cyclin
D1/E1 and CDK4/6 in HN1L-silenced cells, which contributed
to GO/GI arrest. In addition, we also showed that knockdown

of HN1L arresting the cell cycle at GO/G1 phase partly through
up-regulation of p15, p21, p27 and p53. However, HN1L silenc-
ing cannot lead to cell apoptosis and senescence. The underly-
ing mechanism of HN1L'’s contribution to cell growth was also
explored preliminarily. The MAPK and Akt pathway are
two key signaling pathways involved in the progression of
various tumors and is associated with cancer malignant
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proliferation.’®’" In this study, we demonstrated that silencing
of HNIL significantly reduced the phosphorylation levels of c-
Raf(SerZSQ)’ MEKl/Z(Ser217/221) and Erkl/Z(ThrZOZ/ZM), as well as
two downstream targets, p9ORSK®*#? and Elk1©3%3)] that
are involved in cell signal transduction in MAPK pathway. In
addition, we also demonstrated that downregulation of HNI1L
did not affect the activation of the Akt pathway. Hence, we sug-
gest that overexpression of HN1L, as novel upstream regulatory
factor of MAPK pathway, results in aberrant activation of pro-
liferation signals in NSCLC cells. However, the detailed mecha-
nism of HNI1L activating MAPK signaling pathway in NSCLC
requires further study.

In summary, this study demonstrates that HN1L may be a
useful diagnostic tool and prognostic marker for NSCLC.
HNI1L as a novel oncogene plays an important role in the devel-
opment and progression of NSCLC by promoting cell malig-
nant proliferation via activating MAPK signaling pathway.
Further characterization of HN1L may lead to the identification
of new therapeutic targets for better clinical management of
NSCLC.
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