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ABSTRACT

Secretagogin (SCGN) has recently been identified to play a crucial role in cell
apoptosis, receptor signaling and differentiation. However, its clinical significance and
functional roles in SCLC chemoresistance remain unknown. Here we examined the
expression of SCGN in clinical samples from SCLC patients and evaluated its relation
with clinical prognosis. Then up and down-regulation of SCGN were carried out in
SCLC cell lines to assess its influence on chemoresistance. Furthermore, luciferase
reporter assay was used to evaluate whether SCGN is a novel direct target of miR-494,
Our results revealed that elevated expression of SCGN was correlated with the poorer
prognosis of SCLC patients and the more significant correlation with chemosensitivity.
We also found that knockdown of SCGN expression in H69AR and H446AR cells
increased chemosensitivity via increasing cell apoptosis and cell cycle arrest of GO/
G1 phase, while over-expression of SCGN reduced chemosensitivity in sensitive H69
and H446 cells. SCGN as a novel target of miR-494 by luciferase reporter assay, up-
regulation of miR-494 can sensitize H69AR cells to chemotherapeutic drugs. These
results suggest SCGN is involved in the chemoresistance of SCLC under the regulation
of miR-494 and may be a potential biomarker for predicting therapeutic response in
treatment SCLC.

INTRODUCTION line standard chemotherapy regimen for SCLC composed

of etoposide or irinotecan plus cisplatin, but SCLC recurs

Lung cancer is one of the leading malignant tumors shortly after the first successful treatment with MDR

in the world. Small cell lung cancer (SCLC) accounts for phenotype [2-4]. Therefore, chemoresistance has become

approximately 15% of all lung cancers at present. The one of the major problems in the chemotherapy, it is also

extreme aggressiveness of SCLC is due to its early and an important clinical issue to cause poor prognosis of
widespread metastasis and rapid development of multidrug SCLC.

resistance (MDR) to chemotherapy [1]. The current front- Secretagogin (SCGN) is a recent identified novel
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Table 1: Association of SCGN with clinical parameters

Patients Characteristics | SCGNexpression

- + 12 P Value*
All cases (N=77) 14 63
Age 0.416 0.519
=56 6 33
>56 8 30
Gender 0.816 1.079
Male 5 35
Female 9 28
Disease stage 14.108 0.000
Limited disease (LD) 10 13
Extensive-stage disease
(ED) 4 50
Median Survival
(3-38months) 19.374 0.000
Survival 11 12
Death 3 51

*For analysis of correlation between of SCGN levels and clinical features,
Fisher’s Exact Test were used. Results were considered statistically significant

at P <0 .05.

EF-hand calcium-binding protein with similarities to
calmodulin and calbindin-D28K [5], it expresses mainly in
normal endocrine tissues, including distinct brain regions
as well as neuroendocrine cells of gastrointestinal tract and
pancreas [6]. SCGN has also been reported to expresses
highly in various neuroendocrine-derived tumors, such
as neuroendocrine carcinoids and carcinoid metastases,
lung neuroendocrine tumors, pancreas, prostate cancer,
adrenal gland, pituitary adenomas and colon carcinomas
[5-11]. Although recent studies have shown that SCGN is
involved in cell cycle regulation, developmental processes,
apoptosis, transcription and secretion control [12,13], the
role of SCGN in SCLC chemoresistance has not been
elucidated yet.

MicroRNAs (miRNAs) are a class of small non-
coding RNAs of 18-24 nucleotides which are responsible
for the post-transcriptional regulation of their target
mRNAs [14]. The level of individual miRNA changes
dramatically in different cell types and developmental
stages, it participated in cell growth, differentiation and
apoptosis [15-17]. The differential expression profiles
of miRNAs from tumor and paratumor tissues show its
important roles in tumor classification and prediction
of therapy response [18,19]. Some studies have also
explored that miRNAs are closely associated with the

chemosensitivity or chemoresistance, such as miR-
21, miR-195, miR-455-3p and miR-10a [20,21], they
all contribute to the development of glioblastoma
chemoresistance. In addition, miR-128-2, miR-200b and
miR-494 were reported to be closely associated with lung
cancer chemoresistance [22-25]. Our team found that miR-
494 expresses much lower in H69AR cells than H69 cells
by microarray and qRT-PCR [26]. However, there is still
no report available about miR-494 functions in SCLC drug
resistance until now.

To better understand the biological function of
SCGN in SCLC, we detected the expression of SCGN
in SCLC tissues and blood samples and evaluated the
relevance of SCGN expression with clinical prognosis of
SCLC patients. We then further investigated its potential
role on chemoresistance by the cellular model of human
SCLC resistant cell lines (H69AR and H446AR). In
addition, luciferase reporter assay was used to confirm
SCGN as a novel target of miR-494. Therefore, we
conclude that SCGN may play a role in SCLC progression
and chemoresistance under the regulation of miR-494.
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RESULTS

SCGN expression in SCLC is correlated with
clinical stage and survival

To investigate the clinicopathological features
of SCGN expression in SCLC, immunohistochemistry
staining was performed on 77 samples from SCLC
patients. The slides were reviewed independently by 2
pathologists in a blinded manner according to the intensity
of staining. Positively stained SCGN was mainly located
in the cytoplasm of SCLC cells and appeared as light
brown and brown particles. A sample was considered
positive if more than 50% of the tumor cells retained
nuclear staining, and 5 fields were randomly selected
according to semiquantitative scales (high, 3; medium, 2;
low, 1; no staining, 0), and only tumor cells were scored.

SCGN expression was localized in the cytoplasm of
cancer cells (Fig.1B). No positive staining for SCGN was
presented in the normal lung alveolar epithelium (Fig.1A).
The positive rate of SCGN expression was 81.82% (63/77)
in SCLC. Table 1 summarizes the relationship between
SCGN expression and clinic pathological characteristics
in SCLC patients. By Fisher’s exact test, no significant
difference was observed with respect to gender and age.
Lower expression of SCGN was shown in limited disease-
SCLC (LD-SCLC) than that in extensive disease-SCLC
(ED-SCLC) (P=0.000). By univariate analysis, disease
stage (P=0.000) and SCGN expression (P=0.000) were
significantly associated with survival except gender and
age. For overall survival, SCGN level was revealed to be
closely correlates with significant overall survival of 77
SCLC patients via the Kaplan—Meier method (P=0.000,
Fig.1C). Multivariate analysis were performed about
SCGN expression (P=0.000) and disease stage (P=0.000)
in SCLC patients (Table.1). SCGN expression was an
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SCGN expression 10.57(4.56-24.51) 0.000

Figure 1: Expression of SCGN in diagnostic biopsy samples and the role of predicted clinical prognosis in SCLC. A,
Expression of SCGN in normal lung alveolar epithelium tissues by immunohistochemistry(400x). B, Expression of SCGN in small cell
lung cancer biopsy samples by immunohistochemistry (400x). C, Survival differences between the different groups were statistically
assessed by the Kaplan-Meier method and log-rank test. D, Cox regression analysis is performed using age (as a continuous variable),
sex, stage and SCGN staining as input variables to identify SCGN and stage as independent predictors of survival. Values are presented as
percentage of cell survival in high or low expression of SCGN in SCLC patients.
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independent predictor of survival with a hazard ratio of
10.57 and a 95% confidence interval ranging from 4.56 to
24.51 (Fig. 1D).

SCGN expression is associated with SCLC
chemoresistance

To investigate the effect of SCGN on SCLC
chemoresistance, the differential expression of SCGN
was detected in SCLC drug-resistant cells (H69AR and
H446AR) and drug-sensitive cells (H69 and H446) by
qRT-PCR and Western blot. The results showed that
SCGN expression increased more significantly in HO9AR
and H446AR cells than that in H69 and H446 cells both
at mRNA and protein level (Fig.2A&2B). To further
investigate the effects of SCGN on chemoresistance of
SCLC, we designed three siRNAs (SCGN-289, -395,
-773) against SCGN to inhibit SCGN expression in
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H69AR and H446AR cells. SCGN-395 and SCGN-773
were selected for the followed study for their significant
inhibition of SCGN expression both at mRNA and protein
level (Fig.2C-2F, P=0.000). As expected, knockdown of
SCGN resulted in the formation of sensitive phenotype.
The cell survival and the IC_ values of SCGN-siRNAs
transfected cells significantly decreased with treatment of
chemotherapeutic drugs including ADM, DDP or VP-16
(Fig.3). In contrast, up-regulation of SCGN in H69 and
H446 cells (Fig.4A-D) resulted in a significant increase of
cell IC,, values, survival and the resistance to ADM, DDP
or VP-16 (Fig.4E-H).

Down-regulation of SCGN induces apoptosis of
SCLC cells via anti-apoptotic gene Bcl-2

To investigate the possible mechanism of SCGN in
SCLC chemoresistance, we found that down-regulation of
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Figure 2: The expression of SCGN in SCLC cell lines. The differential expression of SCGN was assessed in H69 and H446 cell
lines compared with HG9AR and H446AR cells by qRT-PCR (A) and Western blot (B). The expression of SCGN was detected when
inhibition of SCGN by transfecting with three si-SCGNs (siRNA) or a scrambled negative control (NC) in H69AR cells by qRT-PCR(C)
and Western blot(D). SCGN expression was examined after transfected with three si-SCGN (siRNA) or a scrambled negative control (NC)
in H446AR cells by qRT-PCR (E) and Western blot (F). **P< 0.001,* P<0.05 compared with control.
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SCGN resulted in increased cell apoptosis (Fig.5A&5C)
and GO/G1 cell-cycle arrest (Fig.5B&5D) by flow
cytometry analysis. Furthermore, knockdown of SCGN
decreased anti-apoptotic gene Bcl-2 in mRNA and
protein levels (Fig.6G&6H). On the other hand, enforced
SCGN expression decreased cell apoptosis (Fig.6A&C)
and the cell cycle arrest in G2/M (41.24%+6.56% vs.
8.86%+0.56%, P=0.000, Fig.6B&6D) by flow cytometry
analysis. Meanwhile, over-expression of SCGN increased
anti-apoptotic gene Bcl-2 both at mRNA and protein levels
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(Fig. 6E&6F).

SCGN is a direct target of miR-494

By searching PicTar, TarScan and miRBase
database, we found that 3’-UTR of human SCGN contains
putative regions that match to the seed sequence of several
miRNAs, including miR-494, which suggests a possible
modulation of SCGN by miR-494 (Fig.7A). According
to our previous studies, 6.93-fold decrease of miR-494
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Figure 3: SCGN expression is associated with chemoresistance in SCLC. The sensitivities (A,C) and survivals (B,D) of cells to
chemotherapy drugs (ADM, DDP and VP-16) were measured after HO9AR and H446AR cells transfected with SCGN-395,-773 or mock by
CCK-8 assay. Values are presented as percentage of cell survival in drug-treated cells and untreated cells. **P< 0.001,* P<0.05 compared

with control.
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expression was revealed in H69AR cells by miRNA
microarray. An 8.87-fold change of miR-494 in H69AR
cells was further confirmed using qRT-PCR (Fig.7B).

To verify whether SCGN is a direct target of miR-
494, we constructed luciferase reporters with wide-type
(psiCHECK2-SCGN-mut-3’UTR) and mutated 3’-UTR
(psiCHECK2-SCGN -3’ UTR) of SCGN. Both the wild-
type and the mutant-type reporters were introduced into
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H69AR cells and co-transfected with miR-494 mimics or
inhibitors. The Luciferase activity of SCGN was measured
by the dual luciferase assays. As shown in Figure 7C,
luciferase activity showed a significant decrease or
increase as compared with either mutant or empty vector
controls co-transfected with miR-494 mimics or inhibitors.

We further examined whether miR-494 can affect
the endogenous expression of SCGN by up or down-

C =z 107
8 *k
7} e il
s 84
c
2
g
H
< 41
z
4
£
o 2
2
:
¢ ol y .
©
&g
() R
& o3
D s
Q ©
&

400+
E 3 Heo - F 100+
B HG9-eGFP-NC 1 H44e *
— 3004 = H69-eGFP-SCGN — g0- 0 H446-eGFP-NC
£ E @l H446-eGFP-SCGN
£
& )
) 3. 604
- 2004 3
e} ok (=4
&) s wn
=~ 100- Q
[
ADM DDP VP-16 ADM DDP VP16
1.5
- He 1.5 15
G -o— He9 : o~ Heo
B HE9-eGFP-NC B~ H69-eGFP-NC B H69-eGFP-NC
— —k- H69-eGFP- k- k- GFP-SCGI
< 1.0 LN A~ HE9-eGFP-SCGN 5 104 &- H69-eGFP-SCGN = 10] m k- HB9-eGFP-SCGN
2 Sa 2 SSa 2 N
< S~ > ~E s e S
@ N 3 h 5 i
0.5 \\\** € 0.5 <N 05 \\**
» \I\
0.0-— T T T 1 0.0-— T T T T 0.0-— T T T T
0 25 50 100 200 0 25 50 100 200 0 50 100 200 400
ADM concentration (ug/ml) DDP concentration (ug/ml) VP-16 concentration (ug/mI)
H 159 = hue —— Ha46 189 L e
-©- H446-eGFP-NC ~©- H446-GFP-NC O~ H446-cGFP-NC
@ H446-eGFP-SCGN P H446-eGFP-SCGN - H446-GFP-SCON
- - 10 _ 1.0
2 g
: H
3 =
@ ® 05 ® 05
0.04— T T T T 0.0-— T T T T
0 25 50 100 200 0 25 50 100 200 0 50 100 200 400

ADM concentration (ug/ml)

DDP concentration (ug/ml) VP-16 concentration (ug/ml)

Figure 4: Enforced expression of SCGN in sensitive H69 and H446 cells increased its chemoresistance and survival
after treated with chemotherapeutic drugs. The mRNA (A,B) and protein (C,D) expression of SCGN in H69 and H446 cells after
transfected with eGFP-SCGN-N1 and negative vector by qRT-PCR and Western blot. The drug sensitivity (E,F) and cell survival rate
(G,H) were measured using CCK-8 assay. Values are presented as percentage of cell survival in drug-treated cells and untreated cells. **P<
0.001,* P<0.05 compared with control.
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regulation of miR-494 using miR-494 mimics or inhibitors
respectively. SCGN expression at mRNA and protein
levels decreased with transfection of miR-494 mimics in
HO69AR cells (Fig.7D&7E). Meanwhile, SCGN expression
significantly increased in H69 cells transfected with miR-
494 inhibitors (Fig.7F&7G). These findings suggest that
miR-494 can directly target the 3’"UTR of SCGN.

Modulation of SCLC chemoresistance by SCGN
is partly mediated under miR-494

The results presented above indicated that miR-
494 can regulate SCGN expression in SCLC cells. We
then investigated whether miR-494 was also involved in
SCLC chemoresistance. H69AR cells transfected with
miR-494 mimics demonstrated an increasing sensitivity
to ADM, DDP or VP-16 as compared with non-specific
miRNAs (Fig.8A). In contrast, knockdown of miR-494 by

transfected with miR-494 inhibitors in H69 cells can lead
to decreasing sensitivity to ADM, DDP or VP-16 (Fig.8B).

Furthermore, we performed gain-of-function and
loss-of-function studies to elucidate whether the effects
of SCGN on chemoresistance were mediated by miR-
494 in SCLC cells. Firstly, H69AR cells were transfected
with SCGN-773 or miR-494 mimics. As shown in Figure
8C and 8D, knockdown of SCGN led to significantly
increasing of chemosensitivity, which is similar to
those induced by miR-494 mimics (Fig.8E, P<0.05).
Subsequently, we evaluated whether ectopic expression
of SCGN could rescue the suppressive effect of miR-494.
H69AR cells were transfected with miR-494 mimics for
24 hours and followed by transfected with EGFP-SCGN,
which encoded the full-length coding sequence without the
3’UTR region. The results showed that ectopic significant
expression of SCGN can rescue drug resistance repression
induced by miR-494 (Fig.8E, P <0.05).
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tissues. **P<0.001,* P<0.05 compared with control.
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MiR-494 expression level shows a negative
correlation with SCGN in SCLC FFPE tissues

We have showed SCGN was overexpressed in
SCLC FFPE tissues and miR-494 can modulate SCGN
expression in SCLC cells. The next question is whether
there is any relationship between SCGN expression and
miR-494. To address this issue, we extracted total RNA
from the samples and analyzed miR-494 expression
using qRT-PCR. Consistent with the data obtained from
SCLC cell lines, higher expression level of miR-494 was
showed in SCGN -negative specimens than in SCGN-
positive SCLC tissues The results suggest that miR-494
was negatively correlated with SCGN expression (Fig.7H
and 71).
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with miR-494 as a predictive marker of
chemosensitivity in SCLC patients

To evaluate the significance of the circulating SCGN
level in chemosensitivity, 42 blood samples from the 77
patients mentioned above were collected from SCLC
patient before and after chemotherapy. The expression of
SCGN and miR-494 in blood samples were detected by
qRT-PCR. The results show that SCGN is significantly
lower in 18 sensitive cases to chemotherapy than that in
24 resistant cases (Fig.9A, P=0.001), while miR-494 is
significantly higher in sensitive cases than refractory cases
(Fig.9B, P=0.000). Figure 9C shows an inverse correlation
(2-tailed Pearson correlation, r=-0.562, P=0.000) between
SCGN and miR-494 expression at mRNA level in scatter
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diagram. SCGN level is closely associated with response
to chemotherapy in SCLC (Supplementary Table S1). The
results suggest that SCGN might be a predictive marker
for chemosensitivity in SCLC.

DISCUSSION

In this study, we reported the expression of
SCGN and miR-494 in SCLC and its association with
chemoresistance and clinical prognosis. We firstly
analyzed the expression of SCGN in human SCLC tissues
and blood samples and found that SCGN expression level
significantly correlated with clinical stage and overall
survival of the SCLC patients. Our data indicate that the
expression levels of miR-494 and SCGN independently
predict sensitivity of SCLC chemoresistance and disease
outcome. Of note, the 42 blood samples are derived from
the same patients of the FFPE samples, this increases

A

the value of our work, in contrast to the similar studies
with respective independent samples source. Most
interestingly, recent study shown that SCGN may be
one of genes involved in tumorgenesis and progression
in Central Neurocytomas (CNs) [27]. In clear-cell renal
cell carcinomas, expression of SCGN is associated with
a high metastasis rate [13]. So far, the role of SCGN in
SCLC have not been previously clarified. Therefore, our
research may provide independent predictive indicator for
SCLC patients.

Although SCGN gene is shown to be involved in
various cellular processes including cell differentiation
and proliferation [5,6], little is known regarding the
role of SCGN genes in apoptosis and chemoresistance
of SCLC. According to our data above, we have
successfully established a H69AR-si-SCGN cell line
with SCGN knockdown and a H69AR cell line with
SCGN coordinated up-regulation. By CCK-8 assays, we
found that knockdown of SCGN significantly enhanced
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Figure 9: Blood SCGN acts as a predictive marker of chemosensitivity in SCLC and inversely correlates with miR-
494. Expression of SCGN (A) and miR-494 (B) were detected in 18 chemosensitive cases and 24 chemoresistance cases by qRT-PCR. C,
An inverse correlation between miR-494 and SCGN mRNA levels is shown in SCLC blood samples.
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chemosensitivity in H69AR-si-SCGN cells as compared
to the H69AR cells. In contrast, over-expression of SCGN
via stable transfect resulted in resistant phenotype of H69
cells. Therefore, our findings suggest SCGN may play an
important role in chemoresistance of SCLC.

Based on the high level of SCGN expression in
SCLC multidrug-resistant cells, we further evaluate
the clinical significance of SCGN level in blood
samples from clinical patients. According to the results,
SCGN level in chemosensitive patients after given
chemotherapeutic treatment is significantly lower
than that before given chemotherapeutic treatment.
Meanwhile, SCGN in refractory patients is slightly
lower after given chemotherapeutic treatment than that
before given chemotherapeutic treatment. Furthermore,
compared with refractory patients, the decrease of SCGN
circulating levels in chemosensitive patients was much
more obvious, and the difference between these two
groups shows significant. These findings suggest that the
blood SCGN level could be a predictive marker of SCLC
chemoresistance.

Bcl-2 family proteins have been clarified to
participate tumorgenesis and chemoresistance in
many tumors by researchers[33,37-40]. Based on the
consideration above, we analyzed the expression of anti-
apoptotic protein Bel-2 and the effect of SCGN on cell
apoptosis as well as cell cycle. Our results show that one
reason of the resistant phenotype in H69AR cells may
be that SCGN decreased drug-induced apoptosis and
increased G2/M phase cell-cycle arrest via Bel-2-regulated
apoptosis pathway. Therefore, combined with the clinic-
pathological information of patients, Bcl-2 may be another
predictive marker of SCLC chemoresistance.

MiRNAs represent a novel class of genes that
function as negative regulators of gene expression.
Recently, miRNAs have been implicated in several cancer
cells proliferation and chemoresistance [28,29]. However,
aberrant miRNA expression and its chemoresistance in
human SCLC have not been well documented. Here, we
showed that miR-494 was down expression in H69AR
cells. Using three prediction algorithms in the miRNAs
database, miR-494 was predicted to have a potential
interactive site at the 3’UTR of SCGN mRNA. Forced
expression of miR-494 inhibited SCGN expression
in resistance H69AR cells and rendered it resistant to
chemotherapy, whereas knockdown of miR-494 elevated
SCGN expression and overrode drug sensitive in H69
cells. Dual luciferase assays to verify SCGN as a direct
target of miR-494. We also found that SCGN was widely
over-expressed and inversely correlated with miR-494 in
the blood samples and tissues from the SCLC patients.
MiR-494 has recently been reported to suppress cell
proliferation in lung cancer, cholangiocarcinoma and
gastrointestinal stromal tumor cells [30-33]. Some genes
such as IGF2BP1, CDK6, PTTGI1, PTEN, p190B, and
SMAD3 were identified direct targets of miR-494[30-

36]. In our study, we firstly clarify the role of miR-494
in human SCLC chemoresistance by direct targeting of
SCGN. The results indicate that high levels of miR-494/
SCGN expression are associated with chemoresistance
and predict SCLC patients’ clinical outcome with the
clinicopathological data. According to our data, we
conclude that miR-494/SCGN may be involved in
chemoresistance of SCLC through Bcl-2 pathway.

In conclusion, our study showed that SCGN level
is closely associated with clinical stage, chemoresistance
and overall survival in patients with SCLC. These findings
suggest SCGN may serve as a biomarker predictive for
chemoresistance and prognostic for survival of SCLC
patients. Furthermore, we demonstrated that SCGN-
mediated chemoresistance may be through Bcl-2 pathway
and was regulated by miR-494. This study provides a
novel mechanism of chemoresistance mediated by SCGN,
suggesting that it may be a candidate target for developing
therapeutic strategy to overcome drug resistance.

MATERIALS AND METHODS

Clinical samples

A total of 77 formalin-fixed, paraffin-embedded
(FFPE) tissues and 42 blood samples out of the 77 cases
were obtained from different patients who had received
chemotherapy or bronchofiberscopy (BF) or biopsy for
SCLC between the period 2008.01 and 2011.08, they
all received care and follow-up in Southern Medical
University affiliated Zhujiang Hospital (Guangzhou).
The research protocols were approved by the Ethics
Committee of Zhujiang Hospital. Samples were divided
into “‘sensitive” (complete response or partial response)
and “insensitive” (stable disease or progressive disease)
groups according to the patient’s responses assessed
using medical image analysis and detection of serum
tumor markers after 4 or 5 cycles of etoposide-based
chemotherapy.

Cell culture

Human SCLC cell line NCI-H69, NCI-H446 and the
drug-resistant subline NCI-H69AR were purchased from
the American Type Culture Collection (ATCC, USA) and
maintained in RPMI 1640 medium contain in L-Glutamine
with 10% and 20% fetal calf serum respectively in an
incubator at 37°C with 5% CO, The adriamycin-resistant
NCI-H446 cell line (NCI-H446AR) was obtained by
culturing these cells in gradually increasing doses of
adriamycin up to 0.8 uM after a total of 14 months in
our laboratory. The drug-resistant cells were maintained
in drug-free medium for at least 2 weeks before any
experiment.
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Establishment of H446AR cell line

H446AR cell line was obtained by culturing the
NCI-H446 cells in gradually increasing doses of ADM.
After 8 months, cells which grew in 0.4 uM ADM were
obtained. After a further 6 months, cells which grew
in 0.8 uM ADM were obtained. This cell line has been
designated H446AR and has been maintained by alternate
feedings with drug-free medium or medium containing
0.8 uM ADM. The stability of the resistant phenotype
was determined by culturing continuously in medium
with either 0.8 uM ADM or no drug and assessing relative
resistance after various periods of time up to Smonths.
The process is established by referring establishment of
H69AR (CANCER RESEARCH 47, 2594-2598, May 15,
1987).

Cell transfection

Cells were transiently transfected with 100nmol/L of
miR-494 mimics, inhibitors and miRNA negative control
(miR-NC) (Bioneer, Korea), or 60nmol/L small interfering
RNA (siRNA) specific to SCGN, scrambled siRNA
negative control (NC) (Genepharma, Shanghai, China) by
using Lipofectamine 2000 and OPTI-MEM I (Invitrogen).
For stable transfection, SCGN expression plasmid
(SCGN-eGFP-N1-1) and eGFP-N1 empty plasmid were
transfected into NCI-H69 and NCI-H446 cells by using
Lipofectamine 2000. Positive transfectants were selected
in 500 ug/ml G418 (Calbiochem).

RNA isolation
transcription-PCR

and quantitative reverse

Total RNA, including miRNAs, was isolated
from cell lines, blood and FFPE tissues using TRIzol
(Invitrogen), miRNeasy kit (Qiagen) and miRNeasy FFPE
Kit (Qiagen) according to the manufacturer’s instructions.
c¢DNA synthesis was carried out according to PrimeScript
RT reagent Kit (Takara, Dalian, China). The miRNA
sequence-specific reverse transcription qRT-PCR for miR-
494 and endogenous control U6 were performed according
to Hairpin-it™ miRNAs qRT-PCR quantization kit and U6
snRNA real-time PCR normalization kit (GenePharma,
Shanghai, China). GAPDH or U6 snRNA was used as an
endogenous control.

Western blot analysis

Protein lysates were separated by 12% SDS-
PAGE, and electrophoretically transferred to PVDF
(polyvinylidene difluoride) membrane (Millipore). Then,
the membrane was incubated with rabbit anti-human
SCGN monoclonal antibody (Santa Cruze, USA) and

mouse anti-human monoclonal antibody Bcl-2 (Abcam,
Cambridge, MA, USA) at 4°C overnight. followed by
HRP (horseradish peroxi-dase)-labeled goat anti-mouse or
anti-rabbit IgG (Santa Cruz Biotechnology) and detected
by chemiluminescence. Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) was used as a protein-loading
control. The intensity of protein fragments was quantified
with the Quantity One software (4.5.0 basic, Bio-Rad).

Cell counting kit-8 (CCK-8) assay

Cells were plated in 96-well plates at 5x103 cells per
well. After transient transfection or adherence of stable
transfected cells, cells were treated with drugs for 24h.
A total of three chemotherapy drugs [Cisplatin (DDP;
Shandong, China), Etoposide (VP-16; Jiangshu, China),
Adriamycin (ADM; Jiangshu, China)] were used. The
absorbance at 450nm was measured after incubation with
10 pl of CCK-8 reagent (Dojindo, Kumamato, Japan) for
4h. The cells incubated without drugs were set at 100%
survival and were used to calculate the concentration
of each chemotherapeutic drug IC,. The assay was
conducted in five replicate wells for each sample and three
parallel experiments were performed.

Flow cytometric analysis

Cells were treated with drugs for 24h after
transfection, and then collected for apoptosis and cell-
cycle assay. Cell apoptosis assay was performed by using
AnnexinV/propidium iodide detection kit (Keygene,
Nanjing, China). For cell-cycle assay, the cells were
collected and fixed in 70% ethanol at 4°C for 16h and then
stained with propidium iodide.

Luciferase reporter assay

Cells were seeded in a 48-well plate and
cotransfected with 200 ng of either pcDNA/miR-494 or
pcDNA/miR-NC vectors, and 10 ng of pLUC vectors
containing firefly luciferase reporter gene, as well as
the 3’-UTR of SCGN gene. Cells were harvested for
luciferase activity assays 48 hours after transfection. A
luciferase assay kit (Promega, Madison, WI) was used
according the manufacturer’s protocol.

Immunohistochemistry staining

Formalin-fixed, paraffin-embedded tissues of
SCLC clinical patients samples were sectioned at 4
mm thickness and analyzed for SCGN (1:100, Sigma)
expression. Visualization was achieved using the EnVision
peroxidase system (Dako). A sample was considered
positive if more than 50% of the tumor cells retained
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nuclear staining, and 5 fields were randomly selected
according to semiquantitative scales. The intensity of
staining was scored manually (high, 3; medium, 2; low, 1;
no staining, 0) by 2 independent experienced pathologists,
and only tumor cells were scored. Negative controls were
performed by replacing the primary antibodies stated
above with PBS. Positively stained SCGN was mainly
located in the cytoplasm of SCLC cells and appeared as
light brown and brown particles.

Statistical analysis

All experiments were run in triplicate. Data are
represented as Mean + SD. All statistical analyses were
carried out with SPSS 13.0 software. Possible differences
between groups were analyzed using Student’s t test
or one-way ANOVA. The association between SCGN
expression and clinical features were analyzed by Fisher’s
exact test. Survival curves were obtained by Kaplain-
Meier method. Prognostic factors were examined by
univariate and multivariate analyses (Cox proportional
hazards model). P<0.05 was considered significant.

ACKNOWLEDGEMENTS

The help and advice of all members of the clinical
laboratory center of Zhujiang Hospital is gratefully
acknowledged.

Grant Support

This work was supported by the National Natural
Science Foundation of China (81301910).

Conflict of interest

The authors declare no conflict of interest.

REFERENCES

1. Sarvi S, Mackinnon AC, Avlonitis N, Bradley M, Rintoul
RC, Rassl DM, Wang W, Forbes SJ, Gregory CD, Sethi
T. CD133+ cancer stem-like cells in small cell lung cancer
are highly tumorigenic and chemoresistant but sensitive to
a novel neuropeptide antagonist. Cancer research. 2014;
74(5):1554-1565.

2. Nagy-Mignotte H, Guillem P, Vignoud L, Coudurier M,
Vesin A, Bonneterre V, Toffart AC, Sakhri L, Brambilla C,
Brambilla E, Timsit JF, Moro-Sibilot D; Multidisciplinary
Thoracic Oncology Group. Outcomes in recurrent small-
cell lung cancer after one to four chemotherapy lines:
A retrospective study of 300 patients. Lung cancer
(Amsterdam, Netherlands). 2012; 78(1):112-120.

3. Metro G, Duranti S, Fischer MJ, Cappuzzo F, Crino L.

10.

11.

12.

13.

14.

15.

16.

Emerging drugs for small cell lung cancer--an update.
Expert opinion on emerging drugs. 2012; 17(1):31-36.

Li D, Zhang Y, Xie Y, Xiang J, Zhu Y, Yang J. Enhanced
tumor suppression by adenoviral PTEN gene therapy
combined with cisplatin chemotherapy in small-cell lung
cancer. Cancer gene therapy. 2013; 20(4):251-259.

Birkenkamp-Demtroder K, Wagner L, Brandt Sorensen
F, Bording Astrup L, Gartner W, Scherubl H, Heine B,
Christiansen P, Orntoft TF. Secretagogin is a novel marker
for neuroendocrine differentiation. Neuroendocrinology.
2005; 82(2):121-138.

Wagner L, Oliyarnyk O, Gartner W, Nowotny P, Groeger
M, Kaserer K, Waldhdusl W, Pasternack MS. Cloning
and expression of secretagogin, a novel neuroendocrine-
and pancreatic islet of Langerhans-specific Ca2+-
binding protein. Journal of Biological Chemistry. 2000;
275(32):24740-24751.

Mulder J, Zilberter M, Spence L, Tortoriello G, Uhlen M,
Yanagawa Y, Aujard F, Hokfelt T, Harkany T. Secretagogin
is a Ca2+-binding protein specifying subpopulations
of telencephalic neurons. Proceedings of the National
Academy of Sciences of the United States of America.
2009; 106(52):22492-22497.

Pipp I, Wagner L, Rossler K, Budka H, Preusser M.
Secretagogin expression in tumours of the human brain and
its coverings. APMIS.2007; 115(4):319-326.

Maj M, Gartner W, Ilhan A, Neziri D, Attems J, Wagner
L. Expression of TAU in insulin-secreting cells and its
interaction with the calcium-binding protein secretagogin.
The Journal of endocrinology. 2010; 205(1):25-36.

Adolf K, Wagner L, Bergh A, Stattin P, Ottosen P, Borre
M, Birkenkamp-Demtroder K, Orntoft TF, Terring N.
Secretagogin is a new neuroendocrine marker in the human
prostate. Prostate. 2007; 67(5):472-484.

Xing X, Lai M, Gartner W, Xu E, Huang Q, Li H, Chen
G. Identification of differentially expressed proteins in
colorectal cancer by proteomics: down-regulation of
secretagogin. Proteomics. 2006; 6(9):2916-2923.

Rogstam A, Linse S, Lindqvist A, James P, Wagner L,
Berggard T. Binding of calcium ions and SNAP-25 to
the hexa EF-hand protein secretagogin. The Biochemical
journal. 2007; 401(1):353-363.

Ilhan A, Neziri D, Maj M, Mazal PR, Susani M, Base
W, Gartner W, Wagner L. Expression of secretagogin in
clear-cell renal cell carcinomas is associated with a high
metastasis rate. Human pathology. 2011; 42(5):641-648.
Takahashi RU, Miyazaki H, Ochiya T. The role of
microRNAs in the regulation of cancer stem cells. Frontiers
in genetics. 2014; 4:295.

Landskroner-Eiger S, Moneke I, Sessa WC. miRNAs
as modulators of angiogenesis. Cold Spring Harbor
perspectives in medicine. 2013; 3(2):a006643.

Luo W, Nie Q, Zhang X. MicroRNAs involved in skeletal
muscle differentiation. Journal of genetics and genomics.

www.impactjournals.com/oncotarget

7773

Oncotarget



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

2013;40(3):107-116.
Mathieu J, Ruohola-Baker H. Regulation of stem cell

populations by microRNAs. Advances in experimental
medicine and biology. 2013; 786:329-351.

Farazi TA, Hoell JI, Morozov P, Tuschl T. MicroRNAs
in human cancer. Advances in experimental medicine and
biology. 2013; 774:1-20.

Macfarlane LA, Murphy PR. MicroRNA: Biogenesis,
Function and Role in Cancer. Current genomics. 2010;
11(7):537-561.

Corsten MF, Miranda R, Kasmieh R, Krichevsky AM,
Weissleder R, Shah K. MicroRNA-21 knockdown disrupts
glioma growth in vivo and displays synergistic cytotoxicity
with neural precursor cell delivered S-TRAIL in human
gliomas. Cancer research. 2007; 67(19):8994-9000.
Ujifuku K, Mitsutake N, Takakura S, Matsuse M, Saenko
V, Suzuki K, Hayashi K, Matsuo T, Kamada K, Nagata
I, Yamashita S. miR-195, miR-455-3p and miR-10a(
*) are implicated in acquired temozolomide resistance
in glioblastoma multiforme cells. Cancer letters. 2010;
296(2):241-248.

Dongzelli S, Fontemaggi G, Fazi F, Di Agostino S, Padula F,
Biagioni F, Muti P, Strano S, Blandino G. MicroRNA-128-2
targets the transcriptional repressor E2F5 enhancing mutant
p53 gain of function. Cell death and differentiation. 2012;
19(6):1038-1048.

Ding W, Dang H, You H, Steinway S, Takahashi Y, Wang
HG, Liao J, Stiles B, Albert R, Rountree CB. miR-200b
restoration and DNA methyltransferase inhibitor block
lung metastasis of mesenchymal-phenotype hepatocellular
carcinoma. Oncogenesis. 2012; 1:el5.

Pacurari M, Addison JB, Bondalapati N, Wan YW, Luo
D, Qian Y, Castranova V, Ivanov AV, Guo NL. The
microRNA-200 family targets multiple non-small cell lung
cancer prognostic markers in H1299 cells and BEAS-2B
cells. International journal of oncology. 2013; 43(2):548-
560.

Romano G, Acunzo M, Garofalo M, Di Leva G, Cascione
L, Zanca C, Bolon B, Condorelli G, Croce CM. MiR-494
is regulated by ERK1/2 and modulates TRAIL-induced
apoptosis in non-small-cell lung cancer through BIM
down-regulation. Proceedings of the National Academy
of Sciences of the United States of America. 2012;
109(41):16570-16575.

Guo L, Liu Y, Bai Y, Sun Y, Xiao F, Guo Y. Gene
expression profiling of drug-resistant small cell lung cancer
cells by combining microRNA and cDNA expression
analysis. European journal of cancer. 2010; 46(9):1692-
1702.

Vasiljevic A, Champier 1, D,
Wierinckx A, Jouvet A, Fevre-Montange M. Molecular

Figarella-Branger

characterization of central neurocytomas: Potential markers
for tumor typing and progression. Neuropathology: official
journal of the Japanese Society of Neuropathology. 2013;

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

33(2):149-161.

Yang H, Kong W, He L, Zhao J-J, O’Donnell JD, Wang J,
Wenham RM, Coppola D, Kruk PA, Nicosia SV, Cheng JQ.
MicroRNA expression profiling in human ovarian cancer:

miR-214 induces cell survival and cisplatin resistance by
targeting PTEN. Cancer research. 2008; 68(2):425-433.

Ranade AR, Cherba D, Sridhar S, Richardson P, Webb
C, Paripati A, Bowles B, Weiss GJ. MicroRNA 92a-2*: a
biomarker predictive for chemoresistance and prognostic
for survival in patients with small cell lung cancer. Journal
of thoracic oncology. 2010; 5(8):1273-1278.

Ohdaira H, Sekiguchi M, Miyata K, Yoshida K.
MicroRNA-494 suppresses cell proliferation and induces
senescence in A549 lung cancer cells. Cell Proliferation.
2012; 45(1):32-38.

Olaru AV, Ghiaur G, Yamanaka S, Luvsanjav D, An F,
Popescu I, Alexandrescu S, Allen S, Pawlik TM, Torbenson
M, Georgiades C, Roberts LR, Gores GJ, Ferguson-
Smith A, Almeida MI, Calin GA, Mezey E, Selaru FM..
MicroRNA down-regulated in human cholangiocarcinoma
control cell cycle through multiple targets involved in the
G1/S checkpoint. Hepatology. 2011 Dec;54(6):2089-98.
Kim Wk, Park M, Kim Yk, Tae Yk, Yang Hk, Lee Jm,
Kim H. MicroRNA-494 downregulates KIT and inhibits
gastrointestinal stromal tumor cell proliferation. Clinical
Cancer Research. 2011; 17(24):7584-7594.

Zeestraten EC1, Benard A, Reimers MS, Schouten PC,
Liefers GJ, van de Velde CJ, Kuppen PJ. The prognostic
value of the apoptosis pathway in colorectal cancer:
a review of the literature on biomarkers identified by
immunohistochemistry. Biomark Cancer. 2013;5:13-29.
LiuY, Lai L, Chen Q, Song Y, Xu S, Ma F, Wang X, Wang
J, Yu H, Cao X, Wang Q. MicroRNA-494 is required
for the accumulation and functions of tumor-expanded
myeloid-derived suppressor cells via targeting of PTEN. J
Immunol. 2012;188(11):5500-10.

Kwak SY, Yang JS, Kim BY, Bae IH, Han YH. Ionizing
radiation-inducible miR-494 promotes glioma cell invasion
through EGFR stabilization by targeting p190B rhoGAP.
Biochim Biophys Acta. 2014;1843(3):508-16.

Megiorni F, Cialfi S, Cimino G, De Biase RV, Dominici
C, Quattrucci S, Pizzuti A. Elevated levels of miR-145
correlate with SMAD3 down-regulation in cystic fibrosis
patients. J Cyst Fibros. 2013;12(6):797-802.

Lo YL, Liu Y. Reversing multidrug resistance in Caco-2
by silencing MDR1, MRP1, MRP2, and BCL-2/BCL-xL
using liposomal antisense oligonucleotides. PLoS One.
2014;9(3):¢90180.

Chen L, Bourguignon LY. Hyaluronan-CD44 interaction
promotes c-Jun signaling and miRNA21 expression leading
to Bcl-2 expression and chemoresistance in breast cancer
cells.Mol Cancer. 2014;13:52.

Nishioka T, Luo LY, Shen L, He H, Mariyannis A, Dai W,
Chen C. Nicotine increases the resistance of lung cancer

WWW

.impactjournals.com/oncotarget

7774

Oncotarget



cells to cisplatin through enhancing Bcl-2 stability. Br J
Cancer. 2014;110(7):1785-92.

40. Kiyoshima T, Yoshida H, Wada H, Nagata K, Fujiwara
H, Kihara M, Hasegawa K, Someya H, Sakai H.
Chemoresistance to concanamycin Al in human oral
squamous cell carcinoma is attenuated by an HDAC
inhibitor partly via suppression of Bcl-2 expression. PLoS
One. 2013;8(11):¢80998.

www.impactjournals.com/oncotarget 7775 Oncotarget



