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Abstract

Small cell lung cancer (SCLC) is the most deadly subtype of lung cancer due to its dismal
prognosis. We have developed a lentiviral vector-mediated SCLC mouse model and have explored
the role of both the NF-xB and CREB families of transcription factors in this model. Surprisingly,
induction of NF-xB activity, which promotes tumor progression in many cancer types including
non-small cell lung carcinoma (NSCLC), is dispensable in SCLC. Instead, suppression of NF-xB
activity in SCLC tumors moderately accelerated tumor development. Examination of gene
expression signatures of both mouse and human SCLC tumors revealed overall low NF-xB but
high CREB activity. Blocking CREB activation by a dominant-negative form of PKA (dnPKA)
completely abolished the development of SCLC. Similarly, expression of dnPKA or treatment with
PKA inhibitor H89 greatly reduced the growth of SCLC tumors in syngeneic transplantation
models. Altogether, our results strongly suggest that targeting CREB is a promising therapeutic
strategy against SCLC.
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Introduction

Lung cancer represents nearly 20% of all cancer-related deaths world-wide (1). Small cell

lung cancer (SCLC) differs from other subtypes of lung cancer (altogether called non-small

cell lung cancer, NSCLC) by histopathology and general treatment strategy in the clinic.
SCLC is also unique among all lung cancers for its cell of origin, spectrum of genetic
mutations and high potential to metastasize to distal organs. SCLC displays a

neuroendocrine (NE) signature and is thus thought to be initiated from neuroendocrine cells
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scattered underneath Clara cell and ciliated cell layer of bronchioles (2). Two major tumor
suppressors, p53 and Rb are found extensively mutated in >90% of SCLC patients (3).
Though it accounts only for ~15% of all lung cancers in humans, SCLC is the most
malignant subtype with five-year survival rate of <5%, due to its predisposition towards
early metastasis (4). In contrast to NSCLC, against which several powerful targeted
therapies have been developed, little innovation in treating SCLC has been achieved in the
past decades (5).

SCLC has been modeled in mouse by conditional knockout of p53 and Rb genes in
neuroendocrine cells with adenoviruses expressing Cre recombinase (6). These murine
neuroendocrine tumors recapitulate the histopathology of the human disease; however, the
latency for the developing tumor is extremely long (~400 days) which makes SCLC difficult
to study via mouse models. We have in recent years expanded our lentiviral vector-mediated
mouse cancer models to study SCLC (7, 8). Following transduction by lentiviral vectors
with a combination of four common genetic mutations (Mycl1, p53, Rb and Pten)
commonly found in human patients, mice develop advanced SCLC as early as 4 months.

The NF-xB pathway is an important player in almost all stages of tumorigenesis due to its
essential roles in inflammation, cell proliferation and anti-apoptosis (9). Several studies
including our own have shown that NF-xB activity is elevated in Kras-induced lung
adenocarcinomas (ADC) and blocking NF-xB significantly reduces tumor growth in mice
(7, 10, 11). However, little is known about NF-xB in SCLC and we wanted to study if the
NF-xB pathway is also activated in this subtype of lung cancer and whether inhibition of
NF-xB potentially benefit SCLC patients. We overexpressed IxBaM super-repressor to
suppress NF-xB activity in these tumors and were surprised to find that they grew even
faster than control tumors and led to an earlier clinical endpoint. A careful analysis of gene
expression pattern of both mouse and human SCLC tumors revealed that the NF-xB
pathway in SCLC is substantially down-regulated. In contrast CREB activity increases and
likely helps to maintain the SCLC signature and cell proliferation in these cells. Our results
thus suggest that SCLC may benefit from therapeutics targeting CREB transcriptional
activity.

Materials and Methods

Mice

R26-M2rtTA knock-in mice was originally purchased from The Jackson Laboratory and
backcrossed into pure FVB background. Wild-type FVB mice were used for syngeneic
transplant model. All mice studies were carried out according to the protocols that were
approved by the Institutional Animal Care and Use Committee (IACUC) of Salk Institute.

Clinical samples

Human lung adenocarcinoma and SCLC samples were collected from surgeries performed
in the Department of Thoracic Surgery, Zhongshan Hospital, Fudan University, with patient
consent forms. All procedures were carried out under Institutional Review Board (IRB)-
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approved protocols. Written informed consent was obtained from all patients and the study
was conducted in accordance with recognized ethical guidelines.

Lentiviral production and mice infection

Lentiviruses were produced as described previously(12). The shRNA sequences used were:
5 -GTACATGTGTAATAGCTCC-3" (p53); 5'-AGCATATCTCCGACTAAATA-3" (Rb);
5'-AAGATCAGCATTCACAAATTA-3" (Pten). Viral titer was estimated by p24 ELISA
with serial diluted viruses, and verified by infecting 293-rtTA cells and examining Mycl1
expression by immunoblotting. For SCLC tumor model, 8-week old R26-M2rtTA mice were
pretreated with naphthalene (200 mg/kg, i.p.) 44 h before viral infection, and then infected
intra-tracheally with 2x10° lentiviral particles using a protocol described before(7). Mice
were switched to doxycycline diet (200 mg/kg, Bio-Serv) one week after the viral infection.

Histology, immunofluorescence staining, and immunoblotting analysis

Mouse lung tumor samples collected at different time-points were fixed with 10% formalin,
paraffin-embedded and sectioned for haematoxylin and eosin staining (H&E) and
immunofluorescence staining. Elite ABC system (Vector labs) was applied where staining
signal was weak. Immunoblotting analysis was performed according to standard protocol.
Antibodies were purchased from Millipore (SPC, NCAM, both 1:2000), Sigma (CGRP,
1:2000), Abcam (NF-xB p65 E379, 1:500), Cell Signaling (phos-CREB Ser133, Sox2, both
1:1000), Vector Labs (Ki-67, 1:500; p53, 1:4000), Santa Cruz Biotechnology (L-Myc
1:1000).

Primary cell culture and syngeneic transplant model

Primary tumors isolated from SCLC lentiviral model were dissociated with trypsin and
cultured in modified HITES medium DMEM/F12 (1:1) supplemented with Glutamax, 4
pg/ml Hydrocortisone (Sigma), 5 ng/ml murine EGF (Invitrogen), Insulin-Transferrin-
Selenium mix/solution (Invitrogen) and 10% Fetal Bovine Serum. Culture dishes were pre-
coated with Poly-HEMA (Poly 2-hydroxyethyl methacrylate, Sigma) to prevent cell
adhesion and differentiation. Mycoplasma testing was performed using commercial kit
(Lonza). SCLC cells (1076) infected with different expression vectors were transplanted
subcutaneously into flank regions of FVB hosts. Tumors were collected 4 weeks later,
weighed and fixed for histopathological analysis. PKA inhibitor treatment (H89, 10 mg/kg
in 75% DMSO/PBS, i.p.) was carried out 2 weeks after the transplantation for another 2
weeks.

Quantitative RT-PCR

Total RNA isolated from homogenized tumor samples or cell lines was reverse transcribed
using gScript cDNA SuperMix (Quantabio). Quantitative PCR was performed in triplicate
using 7900HT Fast Real-Time PCR system with SYBR green method (Applied Biosystems).
Results were analyzed for the relative expression of mMRNAs normalized against GAPDH. A
complete list of primers used in the study is shown in Supplementary Table S2.
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Electrophoretic mobility shift assay (EMSA)

EMSA was carried out using LightShift Chemiluminescent EMSA Kit from Thermo Fisher
Scientific and their standard protocol. Consensus DNA binding sequences were listed as
following. NF-xB 5’-AGT TGA GGG GAC TTT CCC AGG C-3; CREB 5’-AGA GAT
TGC CTG ACG TCA GAG AGC TAG-3’; OCT15'-TGT CGA ATG CAA ATC ACT AGA
A-3'.

RNAseq and GSEA analysis

Statistics

Total RNA isolated from homogenized primary tissue samples (8 normal lungs, 6 SCLC-luci
tumors and 6 SCLC-1xBaM tumors) was used to make stranded mRNA library. Single-end
RNAseq was carried out using standard protocol on Illumina HiSeq 2500 sequencer. Reads
were then mapped to mouse (mm9) genome sequence using STAR. Differential gene
expression was analyzed using Cuffdiff. Human SCLC RNAseq raw data of 19 normal
lungs, 21 primary tumors and 21 cell lines shared from Dr. Seshagiri group(13) were
reanalyzed using a similar method as described above. FPKM values of differentially
expressed genes, NF-xB genes and CREB genes from multiple samples were clustered and
heatmaps were drawn with Cluster/TreeView softwares.

Statistical significance of the differences of gene expression or tumor size was evaluated
using Student’s unpaired two-tailed #test. The Kaplan-Meier curves were analyzed by Log-
rank test.

Accession numbers

Results

Raw data of microarray analysis have been deposited to NCBI Gene Expression Omnibus
(GEO) with accession number GSE89857.

A lentiviral mouse model of SCLC

Currently available mouse models of SCLC are all based on conditional knockout in lung
cells of different tumor suppressors including p53, Rb, p130 and Pten (6, 14-16). To
faithfully recapitulate the human disease, we have successfully expanded our lentiviral
vector-mediated cancer model to study SCLC in wild-type mice (Fig. 1A). Our result is
consistent with earlier reports that loss of both p53 and Rb are indispensable to induce
neuroendocrine tumors in lung while loss of Pten or overexpression of Mycl1 further
accelerates tumor progression(6, 15). Interestingly, endogenous Mycl1 mRNA up-regulation
and Pten down-regulation are readily detected in tumors induced with shp53-shRb vector
(Supplementary Fig. SIA-B). Consistently, if Mycllexpression was lost upon the
withdrawal of doxycycline, massive tumor shrinkage was observed (Supplementary Fig.
S1C). All these observations indicated the requirement of enhanced Mycl1 expression and
Pten suppression in SCLC development. Infected with a four-in-one vector (Mycl1-shp53-
shRb-shPten), mice typically developed advanced SCLC within 4 months and had a medium
survival time of 147 days (compared to 475 days with the shp53-shRb vector, Fig. 1B).
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Histopathology of tumors induced by these vectors had features of neuroendocrine tumors:
small cell-size, minimal cytoplasm, salt and pepper chromatin, high mitotic index, massive
necrosis, positive for NCAM and CGRP, and negative for SPC staining (Fig. 1C). These
tumors were highly invasive within the lungs and metastasized to other organs (frequently to
draining lymph nodes and liver, and rarely to muscle, kidney, Fig. 1D and 1E). Furthermore,
cell lines derived from these SCLC tumors were easily transplantable in syngeneic hosts and
grafts bore indistinguishable pathology as compared to the primary tumors (Supplementary
Fig. S1D).

Inhibition of NF-xB pathway accelerates SCLC progression in mouse

It has been shown that blocking the NF-xB pathway can limit tumor progression and
prolong survival in many cancer types including lung adenocarcinoma harboring Kras
mutation(9). We next asked whether this also happens in our SCLC model. We therefore
generated a lentiviral vector containing the dominant negative form of IxBa (IxBaM)
which cannot be phosphorylated or ubiquitinylated, and hence is resistant to proteosomal
degradation thereby blocking NF-xB activation in cells (Fig. 2A). Surprisingly, inhibition of
NF-xB moderately accelerated SCLC progression and resulted in a median survival time of
288 days as compared to 328 days in control group (Fig. 2B).

Histopathological analysis of these IxBaM tumors did not reveal any differences in
neuroendocrine markers (CGRP, NCAM) and mitotic index, compared to control tumors
(luciferase imaging) (Fig. 2C). Further, control tumors did not reveal significant differences
in terms of differentially expressed genes (SCLC vs. normal lung) or the 36 SCLC signature
genes defined by the Berns group (Supplementary Fig. S2A-B) (17). Interestingly, SCLC
samples had substantially lower NF-xB inducible genes expression compared to normal lung
tissues, even when IxBaM was not present in the vector (luci SCLC tumors, Fig. 2D; also
see human SCLC tumors in Supplementary Fig. S3A). To examine the actual NF-xB activity
in SCLC tumor cells, we carried out electrophoretic mobility shift assay (EMSA) using
consensus probes for NF-xB as well as other common transcription factors. Surprisingly, we
found that NF-xB binding activity was much lower in SCLC cells compared to lung
adenocarcinoma cells induced by Kras-shp53 vector; however, SCLC cells had higher
CREB binding activity (Fig. 2E; also see Fig. 2D and Supplementary Fig. S3B). This
observation was consistent with many other reports that NF-xB and CREB pathways
counteract each other at multiple levels(18). Besides, GSEA analysis showed that compared
to control tumors, SCLC-1xBa.M tumors were enriched for neuronal genes in line with the
neuroendocrine nature of the tumors (Fig. 2F). We further examined NF-xB and CREB
pathway activities in human lung cancer samples by immunohistochemistry. As shown in
Fig. 2G and Supplementary Table S1, SCLC tissues indeed had low p65 nuclear staining but
high phospho-CREB staining, which further supported the gene expression data described
above. Thus the data presented here suggests that increase in tumor progression from down-
regulation of NF-xB ultimately leads to high CREB activity which is required for
maintaining neuronal signature and for promoting cell proliferation in SCLC tumors.

We have previously shown that knock out of IKK2 in tumor cells blocks NF-xB activation in
a Kras-induced lung adenocarcinoma model leading to significantly impaired cell
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proliferation(7). This dichotomy in the role of the NF-xB family in SCLC and NSCLC
supports the notion that mutations commonly found in SCLC and lung adenocarcinoma rely
on different signal pathways for cell proliferation. To determine the generality of this
hypothesis, we transformed mouse embryonic fibroblasts (MEFs) with similar vectors that
induced in our NSCLC and SCLC mouse models. Consistent with /n vivo data, IxBaM
potently blocked transformation (or cell proliferation) induced by Kras-shp53 but not
Mycl1-shp53-shRb (Supplementary Fig. S4A). More interestingly, Kras-shp53vector
induced enhanced NF-xB DNA binding activity while Mycl1-shp53-shRb vector induced
higher CREB activity even in these MEF cells (Supplementary Fig. S4B).

Role of CREB in maintaining neuroendocrine signature and high proliferation in SCLC

SCLC initiates from lung neuroendocrine cells (19) as tumors express neuronal markers
(Fig. 1C). A number of cells of neuronal origin rely on CREB pathway for cell proliferation
even though NF-xB and CREB pathways may counteract each other at multiple levels (20—
22). To test the role of either signalling pathways in induction of SCLC, we used lentiviral
vectors expressing either I1xBaM (to inhibit NF-xB activity) or dnPKA (to inhibit CREB
pathway) in addition to 3 shRNAs against tumor supressors (p53, Rb and Pten, Fig. 3A).
Mice transduced with luciferase vector (as control) had median survival of 291 days. Mice
expressing IxBaM had significantly accelerated tumor progression (median survival of 186
days), while expressing IKK2SE (constitutively active form of IKK2 leading to high basal
NF-xB activity) delayed tumor progression (median survival of 396 days). Interestingly,
expression of a dominant negative form of PKA (dnPKA) severely impaired tumor
development and prolonged mouse survival (over 500 days, Fig. 3B).

To demonstrate that NF-xB and CREB pathways in SCLC cells are antagonistic to each
other, we infected them with 5xxB or 3XCREB luciferase reporter constructs. In these SCLC
cells, TNF-a treatment activated the 5xxB reporter while inhibited the 3XCREB reporter. In
contrast, forskoline treatment activated the 3xCREB reporter while inhibited the 5xxB
reporter (Fig. 3C). Furthermore, TNF-a treatment remarkably down-regulated
neuroendocrine signature genes, including Calca, Syp and Chga, in SCLC cells (Fig. 3D).

Targeting CREB pathway suppresses SCLC growth in vivo

Based on these observations, we hypothesized that blocking the CREB pathway instead of
the NF-xB pathway could benefit SCLC patients. Therefore, we tested this idea by
examining the /n vivo growth of a SCLC cell line derived from the 3-shRNA vector in a
syngeneic transplant model. Upon induction of dnPKA, tumors were substantially reduced
in size (Fig. 4A). Apparently, this tumor reduction was due to the impaired activity of CREB
pathway (see reduced CREB phosphorylation as compared to control) and cell proliferation
(Fig. 4B). As there are no specific PKA inhibitors available for /n vivo study, we treated
mice carrying SCLC grafts with the broad spectrum PKA inhibitor H89 for two weeks, and
the compound reduced tumor size about 40% on average (Fig. 4C). All these results strongly
suggest the possibility of targeting SCLC by inhibiting the CREB pathway.
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Discussion

Over quarter of a million people are diagnosed annually with small cell lung carcinoma
(SCLC), one of the most deadly cancers with very poor prognosis. Targeted therapies have
been rapidly developed in the last two decades against NSCLC with EGFR and ALK
mutations; however, little progress has been made for SCLC. This, in part, is due to the fact
that thoracic surgery is rarely performed in SCLC patients and as a result tumor sample
accessibility is very limited. Previous genetic mouse models of SCLC by p53 and Rb
knockout recapitulates human disease but the latency is extremely long. Although some
improvement has been made by further knocking out p130 or Pten, time consuming,
extensive mouse breeding is required (14-16). We leveraged our lentiviral delivery strategy
to induce SCLC in wild-type mice with a single vector carrying all the necessary mutations
(Fig. 1A). The vector can be further modified to include new combination of mutations for
studying their roles in tumor initiation and development, or luciferase/GFP reporter genes
for in vivo tracking tumor response upon treatment in preclinical study settings. Thus, this
model system offers the flexibility for both basic and preclinical studies.

The role of NF-xB in cancer initiation, development and metastasis has been extensively
studied, and in general promotes tumoriogenesis. Interestingly, NF-xB has been shown to
also act as a tumor-suppressor in both a diethylnitrosamine (DEN)-induced hepatocellular
carcinoma (HCC) model and a 7,12-Dimethylbenz[a]anthracene/12- O
tetradecanoylphorbol-13-acetate (DMBA/TPA)-induced skin squamous cell carcinoma
(SCC) model(23, 24). These two seemingly dissimilar tumor models share one common
feature: NF-xB and JNK are two major signalling pathways downstream of TNFR1 which
usually counter-regulate each other. Upon chemical treatment and NF-xB inhibition in
hepatocytes or keratinocytes, JNK signalling is unleashed, which leads to excessive
oxidative stress, DNA damage and eventually induces tumorigenesis. In the scenario of
SCLC, Mycl1 gene is usually amplified leading to overexpression which may lead to
activation of PKA pathway by up-regulation of Prkach expression(25). Indeed, we observed
high Prkacb mRNA in mouse SCLC but not adenocarcinoma tumor samples (data not
shown). Intriguingly, PKA and CREB activity has also been reported in NSCLC, which may
contribute to cancer metastasis and drug resistance, however the mechanism of PKA
activation in NSCLC could be very different from SCLC(26, 27).

Our current work indicates that, in contrast to many other types of cancer, SCLC does not
benefit from high NF-xB activity with regard to tumor cell proliferation. Thus NF-xB
inhibition may not directly benefit patients with SCLC in general, although we cannot
exclude the possibility that NF-xB inhibitor could work well in certain scenarios, for
example, to overcome chemo-resistance, which usually is linked to NF-xB activation. On
the other hand, our data suggests that manipulating the PKA-CREB pathway should be
further pursued for the sake of developing new therapeutic strategies against this deadly
disease. The big hurdle for this therapy, however, is that most of the current available PKA
inhibitors are ATP competitive antagonists and not very spe-cific. Furthermore, the PKA-
CREB pathway is responsible for many other important biophysio-logical activities,
especially for neuronal system. Interestingly, Jahchan et al. have recently reported that
tricyclic antidepressants could effectively suppress SCLC tumor growth both /in vitroand in
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animals through blocking autocrine survival signals involving neurotransmitters and their G
protein-coupled receptors (GPCR). These GPCRs usually activate PKA pathway via Gas,
adenyl cyclase and cAMP and indeed they observed that tricyclic antidepressants could
effectively reduce PKA-CREB activity in SCLC cells and thus attenuate tumor growth in
animals(28). Altogether, our results support the notion that targeting the PKA-CREB
pathway, is a novel strategy in fighting against SCLC—the most malignant form of human
lung cancer.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Significance

Activity of the transcription factor CREB is elevated in SCLC tumors, which helps to
maintain its neuroendocrine signature and cell proliferation. Our results highlight the
importance of targeting the CREB pathway to develop new therapeutics to combat SCLC.
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Figure 1. Lentiviral vector-mediated SCL C mouse model highly recapitulates human tumors
(A) Schematic of transducing lentiviral vector. Mycl1 is controlled by a TRE promoter (top)

and activated in Rosa26-M2rtTA mice upon doxycycline chow or directly by a CMV
promoter (bottom). shPten is also driven by a CMV promoter in a miR-E backbone
immediately after Mycl1, while other shRNAs are driven by U6 or H1 promoters. (B)
Kaplan-Meier survival curves showing effects of lentiviral vector carrying different
payloads. Median survival time of the groups was 475 days (GFP-shp53-shRb, n=9), 323
days (Mycl1-shp53-shRb, n=11), 188 days (Mycl1-shp53-shRb(mU6), n=6, shRb(mU®6) has
better Rb knockdown by mouse U6 promoter), 250 days (Myc-shp53-shRb, n=7), 201 days
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(Cherry-3shRNA, n=8), and 147 days (Mycl1-3shRNA, n=5), respectively. (C)
Histopathological analysis of SCLC tumors induced by TRE-Mycl1-shp53-shRb vector,
showing tumor initiating from bronchus (i), in low magnification view (ii), forming nested
pattern (iii), in high magnification view (iv), forming massive necrosis (v), spreading along
vasculature (vi), invading to big bronchus (vii). Tumors stained negative for SPC and
positive for CGRP, Ki67, NCAM, Sox2. Scale bars, 100 pm. (D) View of whole lung, liver
and kidney, showing primary lung tumor (white circle), metastases to mediastinal lymph
node (black circle), liver (right, yellow circle) and kidney (right inset, green circle). Scale
bars, 5 mm. (E) Histopathological analysis of metastases to liver, muscle, kidney and
mediastinal lymph node. Scale bars, 100 pm.
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Figure 2. SCLC haslow NF-xB and high CREB activity
(A) Diagram of lentiviral vector design. Luciferase or IxBaM gene is co-expressed with

Mycll by 2A ribosomal skipping mechanism. (B) Kaplan-Meier curve showing mice
survival. Median survival time of the two groups was 328 days (luci, n=17), and 288 days
(IxBaM, n=12) respectively, p=0.0029. (C) Histopathological analysis of IxBaM tumors
showed no difference compared to control tumors in Fig. 1. (D) Heatmap of the expression
values of 146 NF-xB target genes (left) and 245 CREB target genes (right) in normal lung,
luci tumor and 1xBaM tumor. (E) EMSA showing SCLC tumors had lower NF-xB and
higher CREB binding activity than lung adenocarcinomas (ADC). (F) GSEA analysis of
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gene sets enriched in IxBaM tumor vs. control luci tumors. (G) Human SCLC and lung
adenocarcinoma samples were stained for Ki67, p65 and phos-CREB (left). Total 10 SCLC
and 10 adenocarcinoma samples were analysed and the results were summarized in
Supplementary Table S1. Mouse SCLC and lung adenocarcinoma (KrasG12D-shp53)
samples were stained for phos-CREB (right). Insets were in higher magnification showing
nuclear staining. Scale bars, 100 pm.
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Figure 3. SCLC relieson high CREB and low NF-xB to maintain neuroendocrine signature and
high proliferation

(A and B) Diagram of lentiviral vector designing. Kaplan-Meier curve showing mice
survival. Median survival time of the four groups was 396 days (IKK2SE, n=8), 186 days
(IkBaM, n=5), undefined (dnPKA, n=11), and 291 days (luci, n=7) respectively. p=0.0354
(IkBaM vs luci), p=0.0142 (IKK2SE vs luci), p<0.0001 (dnPKA vs luci). (C) primary
SCLC cells derived from shp53-shRb-shPTEN model were infected with 5xxB reporter or
3XCREB reporter, and treated with TNF-a. (10 ng/ml) or forskolin (5 uM) for 8 h, and
luciferase activity was measured. (D) Same SCLC cells in C were treated with TNF-a. (10
ng/ml) for 24 h, and the expression of five neuroendocrine signature genes were analysed
with quantitative RT-PCR.
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Figure 4. Targeting CREB pathway suppresses SCL C growth in vivo
(A) SCLC cells were infected with GFP (Ctrl) or dnPKA vector and transplanted into

syngeneic hosts. Tumors were harvested after 4 weeks and weighed. (B)
Immunohistochemistry staining of the tumors from (A). Scale bars, 100 pm. Quantification
of positive staining cells were shown on the right. (C) SCLC cells were transplanted into
syngeneic hosts. H89 treatment was started 2 weeks after the transplantation for another 2
weeks, and then tumors were harvested and weighed.

Mol Cancer Res. Author manuscript; available in PMC 2019 May 01.



	Abstract
	Introduction
	Materials and Methods
	Mice
	Clinical samples
	Lentiviral production and mice infection
	Histology, immunofluorescence staining, and immunoblotting analysis
	Primary cell culture and syngeneic transplant model
	Quantitative RT-PCR
	Electrophoretic mobility shift assay (EMSA)
	RNAseq and GSEA analysis
	Statistics
	Accession numbers

	Results
	A lentiviral mouse model of SCLC
	Inhibition of NF-κB pathway accelerates SCLC progression in mouse
	Role of CREB in maintaining neuroendocrine signature and high proliferation in SCLC
	Targeting CREB pathway suppresses SCLC growth in vivo

	Discussion
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4

