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Abstract: Background: Pancreatic ductal adenocarcinoma (PDAC) is the most common form of malignancy in pan-
creatic carcinoma. Here we report our discovery on the correlations between transcriptional alternative splicing (AS) 
of NUMB, APP, VEGFA and PDAC in patients. Methods: The expression of NUMB, APP, VEGFA from patient samples 
was determined by qRT-PCR. AS of these genes was examined through laser induced fluorescence capillary electro-
phoresis. Correlation between the AS of the genes and results from clinical laboratory examinations were analyzed. 
Expression of NOTHC1 and NOTCH4 as downstream target genes was examined by qRT-PCR and Western blot. 
Results: Quantitative results indicated that expression of NUMB was significantly lower in tumor tissues (TT) than in 
para-tumor tissues (TP) (P<0.05), while APP (P<0.01) and VEGFA (P<0.05) were significantly higher. AS transcript 
percentage of NUMB PRRS was lower in TT than TP (P<0.05). AS transcript percentage of VEGFA (105+185) was 
significantly lower in TT than TP (P<0.05) compared to higher expression of VEGFA (206+338) (P<0.05). Regression 
analysis indicated that AS transcript of NUMB PRRL correlated with tumor size (P<0.01), while AS transcripts of APP 
and VEGFA correlated with results of laboratory examinations. To reveal the correlation between AS and its down-
stream targets, NOTCH1 and NOTCH4 were selected as NUMB gene targets and detected to be significantly higher in 
TT than TP (P<0.05). Conclusion: Alternative splicing of APP, VEGFA and NUMB may play an important role in patho-
genesis of pancreatic ductal adenocarcinoma. Among the 3 genes, PRRL form of NUMB gene is highly expressed in 
TT and positively correlated with tumor size, while PRRS is lacking in TT and negatively correlated with NOTCH expres-
sion suggesting that PRRS might be protective in tumorogenesis and shows NOTCH pathway down regulation ability. 
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Introduction

Pancreatic ductal adenocarcinoma is the most 
common form of malignancy in pancreatic car-
cinoma, which accounts for more than 80% of 
total cases in clinic [1]. Researches have been 
undertaken to elucidate the mechanisms of 
this malignancy including alternative splicing 
(AS) in specific gene transcription. Newly syn-
thesized transcripts (pre-mRNA) containing 
both exons and introns, which are coding 
regions and non-coding intervening regions, 
are subjected to post-transcriptional editing in 
eukaryotes. These process include 5’ capping, 
intron exclusion and 3’ cleavage and polyade-
nylation [2, 3]. Pre-mRNA splicing is a crucial 
step that removes intronic sequences and joins 
exons together for efficient gene expression. 

Exons are joined and introns are removed 
through splicing, which are performed by the 
splicesome as a large ribonucleoprotein com-
plex consisting five subcomponent small nucle-
ar ribonucleoprotein particles (snRNP), U1, U2, 
U4, U5 and U6. Briefly, U1 snRNP recognize 5’ 
of intronic sequence and U2 complex binds to 
3’, followed by binding of U4/U5/U6 tri-snRNP. 
Finally, intron sequences are excised and adja-
cent exons are joined [4].

Aberrations in this process can perturb normal 
gene coding or even generate antagonistic 
functional protein causing alternative splicing 
(AS) [5]. Alternative splicing is an activity to pro-
duce multiple isoforms of a gene via acting at 
alternative splice sites. Known isoforms of 
alternative splice have been revealed for their 
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correlations with some cancers and other 
human diseases [6-8]. For example, alternative 
splicing of Caspase 8 was originally found 
responsible for apoptosis in leukemia. Similar 
situations were later found for androgen recep-
tor and estrogen receptor variants in breast 
carcinoma [9-11].

Alternative splicing (AS) of vascular endothelial 
growth factor A (VEGFA), amyloid beta (A4) pre-
cursor protein (APP), and the Numb (Drosophila 
melanogaster) homolog (NUMB) was previously 
found to participate in non-small cell lung can-
cer (NSCLC), breast cancer or colonic cancer 
from a high-throughput mRNA AS screening 
study [12]. Variants of gene transcripts partici-
pating in cancer characteristic have been 
reported in the publications, which shed light 
on study of pancreatic malignancy. However, 
there are only two critical issues existing in the 
present study: 1) Without the knowledge from a 
broad investigation because there are only two 
alternative splicing cases about cholecystoki-
nin-B/gastrin (CCK-B) receptor and secretin 
receptor were reported in pancreatic ductal 
adenocarcinoma [13, 14]; 2) Studies were lim-
ited on cell lines rather than patient samples 
that were not able to provide a direct relation 
between PDAC and AS.

In this study, we tested 10 pairs of tumor and 
para-tumor tissue samples from PDAC patients. 
Total expressions of NUMB, VEGFA and APP 
were analyzed by qRT-PCR. We used a method 
for quantization of alternative splicing tran-

scripts, which was well improved from any pre-
vious ones by Christine M. Misquitta-Ali et al. 
[x]. Laser induced fluorescence capillary elec-
trophoresis (LIFCE) analysis instead of tradi-
tional RT-PCR/Southern blotting semi-quantita-
tive approach was used to precisely calculate 
the tumor relating AS in tissues. Correlation 
between forms of AS and results Clinical or lab-
oratory examinations were obtained from the 
analysis by linear regression methods. In order 
to more deeply clarify the mechanism of corre-
lation between AS and PDAC, NOTCH as the 
downstream targets of NUMB was analyzed in 
our study. The gene expression of NOTCH was 
up regulated in tumor tissue, which was respon-
sible for cancer growth and proliferation. 
Remarkably, NUMB has been reported to work 
against NOTCH pathway through endocytosis of 
NOTCH receptors and the other NUMB regulat-
ed pathways involving in some ubiquitin net-
work [15]. The expression of NOTCH1 and 
NOTCH4 was analyzed by qRT-PCR on tran-
scriptional level and Western blotting on trans-
lational level. Furthermore, correlation between 
PRRS and NOTCH1/4 was analyzed in our study.

Materials and methods

Patients and sampling

10 pancreatic ductal adenocarcinoma patients 
were enrolled in this study. The diagnoses were 
confirmed based on clinical manifestation, 
pathological and serological examinations. 
Pregnant patients and patients with other 
chronic diseases or cancer were not included. 
The cancer classification assessment was 
based on NCCN guideline [16]. Tumor tissues 
were named TT in short and Para-tumor Tissues 
were abbreviated as TP in this article. Tissues 
were excised during operation and was pre-
served in Anti-degradation Buffer (SLNco, 
Cinoasia ltd, China) in -80°C refrigerator fol-
lowed the manufacturer’s instructions. All 
donors were well informed, and the methods of 
processing were approved by Ethics Committee 
of Changhai Hospital, School of Medicine, 
Second Military Medical University, Shanghai, 
China.

Quantitative real-time PCR

Total RNA from tumor tissues and para-tumor 
tissues was extracted by RNA Extraction Kit 
(SLNco, Cinoasia, China), and cDNA was syn-
thesized using PrimeScript RT reagent Kit 

Table 1. Quantitative Real-time PCR prim-
ers for general GAPDH, NUMB, APP, VEGFA, 
NOTHC1 and NOTCH4 quantization
Gene 
name Primer sequence (5’ to 3’) Amplicon 

size
h-gapdh-F TGAAGGTCGGAGTCAACGGA 225 bp
h-gapdh-R CCTGGAAGATGGTGATGGGAT
h-numb-F GCTGGATCTGTCACTGCTTCAT 118 bp
h-numb-R CCACATTCCTTCTCCCGCTTC
h-app-F GGCGGAGCAGACACAGACTA 131 bp
h-app-R ACCTCATCACCATCCTCATCGT
h-vegfa-F TTGCTGCTCTACCTCCACCAT 270 bp
h-vegfa-R GGTGATGTTGGACTCCTCAGTG
h-notch1-F ACATCAACGAGTGTGCCAGTG 128 bp
h-notch1-R GCAGTCAGGCGTGTTGTTCT 
h-notch4-F ACCTGCTCAACGGCTTCCA  193 bp
h-notch4-R AGGCACTCATCCACCTCTGTT  
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(TaKaRa Biotechnology, Japan). The primers for 
general NUMB, APP and VEGFA quantization 
and NOTHC1, NOTCH4 were described below. 
In Table 1, Primers were designed with PRIMER 
5.0 (ABI, Foster City, CA, USA) and synthesized 
by Generay (Shanghai, China). General prod-
ucts of NUMB, APP and VEGFA after Reverse 
transcription were amplified from Exon 5~6, 
Exon 5~6 and Exon 1~3 as templates respec-
tively as those were reported with exons con-
stantly included regions (Figure 1). Reverse 
transcription was performed at 37°C for 15 

minutes and at 85°C for 5 seconds using the 
ReverTra Ace® qPCR RT Kit (FSQ-101, TOYOBO, 
Japan) following the manufacturer’s protocol. 
PCRs were performed 5 min at 95°C, followed 
by 45 cycles of 15 s at 95°C, and 1 min at 
60°C. The processed were conducted on a 
Real-time Thermo Cycler (FTC3000, Funglyn, 
Canada) with SYBR Green Real-time PCR 
Master Mix (QPK-201, TOYOBO, Japan). The 
specificity of real-time PCR was confirmed by 
melting-curve analysis. Relative expressions 
were determined by normalizing expression of 
each Ct value to GAPDH Ct value. Data were 
analyzed according to 2-ΔΔCt formula.

FAM labeled alternative splicing PCR

PCR amplifications of NUMB APP and VEGFA 
were performed with 5’-6-carboxyfluorescein 
(FAM)-labeled forward primers. Primers were 
designed to produce PCR products covering 
with or without exons of each transcript (Table 
2; Figure 1). Reverse transcription was per-
formed as above described using the ReverTra 
Ace® qPCR RT Kit (FSQ-101, TOYOBO, Japan) 
following the manufacturer’s protocol. PCRs 
were performed 5 min at 95°C, followed by 45 
cycles of 15 s at 95°C, and 1 min at 60°C. The 
processed were conducted on a Real-time 
Thermo Cycler (FTC3000, Funglyn, Canada) 
with SYBR Green Real-time PCR Master Mix 
(QPK-201, TOYOBO, Japan).

Table 2. FAM labeled primers for GAPDH, NUMB, APP and VEGFA gene alternative splicing quantization
Gene name Primer sequence (5’ to 3’) Amplicon size Primer Starts/Ends
h-gapdh-F FAM-TGAAGGTCGGAGTCAACGGA 225 bp
h-gapdh-R CCTGGAAGATGGTGATGGGAT
h-numb-F FAM-TGCTCCGATGACCAAACCAG 157 bp (PRRS)/301 bp (PRRL) EXON 11
h-numb-R CACCTCTTCTAACCATCGGTC EXON 13
h-app-F FAM-CCTACGAAGAAGCCACAGAG 162 bp/330 bp/387 bp EXON 6
h-app-R GGGCATGTTCATTCTCATCC EXON 9
h-vegfa-F FAM-TGAGCTTCCTACAGCACAAC 105 bp/185 bp/205 bp/338 bp EXON 5
h-vegfa-R TCGATGGTGATGGTGTGGTG EXON 8

Figure 1. Black arrows stand for forward and reverse primers selected to bridge variable exons for NUMB, APP and 
VEGFA alternative transcripts.

Figure 2. Overall expression pattern of NUMB, APP 
and VEGFA between Tumor Tissue and Para-tumor 
Tissue samples.



Alternative splicing of NUMB, APP and VEGFA found in pancreatic ductal carcinoma

6184	 Int J Clin Exp Pathol 2015;8(6):6181-6191

Laser induced fluorescence capillary electro-
phoresis analysis (LIFCE)

The FAM-labeled PCR products were diluted (to 
1/10) and 1 μl was supplemented with 10 μl 
formamide (Sangon, China) and 0.5 μl of 
GeneScan ROX 500 (Applied Biosystems, USA). 
The mixture was denatured at 95°C for 3 min, 
and subsequently cooled on ice, followed by 
separation on an ABI 3730 capillary sequencer. 
Data were collected and analyzed with the 
GeneMarker software. The amount of each iso-
form in per PCR reaction was calculated by the 
area under the curve. Subsequent compari-
sons of isoform were normalized to GAPDH 
curve and proportions were made by standard-
ized calculation of percentage. All values are 
given as mean of triplicate PCRs including stan-
dard deviation. 

Western blotting

Total protein from tumor and para-tumor tis-
sues was extracted using nucleic/plasma pro-
tein extraction kit (SLNco, Cinoasia, China). 
Protein samples were then loaded to SDS-
polyacrylamide gel electrophoresis (SDS-PAGE) 
(Biorad, USA). Samples were separated in 10% 
SDS-PAGE and transferred onto a nitrocellu-
lose membrane for 2 hours (Millipore, USA) at 
4°C, 200 mA. Then the membrane is blocked 
for 1 hour at room temperature in 3% non-fat 
milk. Incubation with the NOTCH1, NOTCH4 and 
GAPDH primary antibodies are applied 
(ab8925, ab134831, ab8245, 1:500, Abcam, 
UK) with continuous gentle agitation overnight 

at 4°C. The membrane is incubated for 1 hour 
with HRP-conjugated secondary antibodies 
(1:1000, Beyondtime, China) at room tempera-
ture, and finally developed by Pierce ECL sys-
tem (Thermo Pierce, USA).

Laboratory examination

Clinical and laboratory examinations were car-
ried out by Changhai Hospital, Second Military 
Medical University when patients were admit-
ted. Tumor size, corpuscular hemoglobin con-
centration, platelet distribution, small round 
cell number, serum sodium and serum chloride. 
Values were compared with AS expression level 
and calculated by linear regression methods. 

Statistics

Results were presented as mean ± SEM. 
GraphPad Prism 5.0 (GraphPad Software, San 
Diego CA, USA) was used in statistics proce-
dure. Correlation between AS transcripts and 
examinations were made by linear regression. 
P<0.05 was considered significant in unpaired 
t-test. (*stands for P<0.05; ** P<0.01; *** 
P<0.001).

Results

Total expression levels for transcriptions of 
NUMB, APP and VEGFA 

Results of total expression levels for the three 
transcripts revealed that NUMB showed a sig-
nificantly lower expression in TT than that in TP 

Figure 3. Alternative splicing changes of NUMB transcripts in TT samples vs. TT tissues by LIFCE. A and B show 
comparison of PRRL and PRRS quantization level of NUMB between TT and TP. Results reveal that PRRL (P<0.05)
expresses much higher in TT while PRRS (P<0.05) is on the contrary.
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(P<0.05), while APP (P<0.01) and VEGFA 
(P<0.05) were significantly higher in TP than 
that in TT (Figure 2).

Alternative splicing changes in tumor tissues 
vs. para-tumor tissues

Results showed NUMB Exon12 exclusion AS 
(PRRS) had lower expression level in TT than 
that in TP (P<0.05). On the other hand, Exon12 
inclusion of NUMB PRRL was significantly richer 
in TT than that in TP (P<0.05) (Figure 3).

Alternative splicing changes of APP transcripts 
in TT samples vs. TP tissues were detected by 
LIFCE. Panels of (a) (b) and (c) showed the com-
parisons of quantization percentage levels for 
APP 162, APP 330 and APP 387 between in TT 
and in TP. Results showed that there was no 
difference of expression pattern of these tran-
scripts between TT and TP. The panels of (d) (e) 
(f) and (g) showed the comparisons of quantiza-
tion percentage levels for VEGFA 105, VEGFA 
185, VEGFA 206 and VEGFA 338 between TT 
and TP. Results showed that there was also no 
difference of expression pattern difference the 
transcripts between TT and TP. However, Panel 
(h) showed percentage of VEGFA 105+185 as a 

shorter form of VEGFA was present to be signifi-
cantly lower in TT than in TP (P<0.05) (Figure 4).

Correlation between as transcripts of NUMB, 
APP, VEGFA and morphological results of clini-
cal or laboratory examinations

Linear regression results showed percentage 
of Numb PRRS transcript in TT positively corre-
lated with platelet distribution width (r2=0.46, 
*P<0.05), but negatively correlated with tumor 
size (r2=0.65, **P<0.01), mean corpuscular 
hemoglobin (r2=0.59, ***P<0.001), mean cor-
puscular hemoglobin concentration (r2=0.51, 
*P<0.05) (Figure 5). 

Quantitation of the expressions for NOTCH1 
and NOTCH4 

Results of QRT-PCR showed that both NOTCH1 
and NOTCH4 were expressed significantly high-
er in TT than those in TP (P<0.05). However, 
results of western blotting indicated the gentle 
contrast between each other. Results also indi-
cated that proteins of NOTCH1 and NOTCH4 
expressed more in TT than in TP. PRRS is nega-
tively correlated with NOTCH1 expression 
(Figure 6). 

Figure 4. Alternative splicing changes of APP transcripts in TT samples vs. TP tissues by LIFCE. A-C. Show compari-
son of APP 162, APP 330 and APP 387 quantization percentage level of APP between TT and TP. Results show no 
expression pattern difference between TT and TP in these transcripts. D-G. Show comparison of VEGFA 105, VEGFA 
185, VEGFA 206 and VEGFA 338 quantization percentage level of VEGFA between TT and TP. Results show no 
expression pattern difference between TT and TP in these transcripts. H. However VEGFA 105+185 percentage, a 
shorter form of VEGFA is present to be significantly lower in TT and TP (P<0.05).
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Figure 5. Linear regression results show PRRL transcript of Numb percentage in TT is positively correlated with tumor size (r2=0.65, P<0.01), mean corpuscular 
hemoglobin (r2=0.59, P<0.001), mean corpuscular hemoglobin concentration (r2=0.51, P<0.05), and negatively correlated with platelet distribution width (r2=0.46, 
P<0.05). APP162 expression percentage in tumor tissue is correlated with small round cell count and negatively correlated with Lymphocyte count (r2=0.5, P<0.05). 
APP 330 is correlated with small round cell count but negatively correlated with platelet distribution width.
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Discussion

Our results clearly indicated the correlation 
between NUMB gene expression and PDAC, 
which suggested that the reduced level of 
NUMB gene expression might play an impor-
tant role in tumor suppressive function. 
Previously, NUMB has been reported to work 
against NOTCH pathway through endocytosis of 
NOTCH receptors and the involvement in ubiq-
uitin network through which NUMB regulates 
signaling pathways [15]. Therefore, down regu-
lation of NOTCH transcripts and proteins were 
verified by assays of qRT-PCR and western blot. 
The high level of overall APP gene expression in 
TT found in our results might act as the critical 
enhancers for PDAC proliferation and oncogen-
esis. In addition, quantization result of overall 

VEGFA level in TT was in agreement with the 
results in a previously report that the silencing 
VEGF gene could directly decrease cell viability 
[17]. 

Next, our research was focused on the correla-
tion between AS expression levels and PDAC 
Tumor Tissue. Our finding indicated the NUMB 
with exclusion of exon 12, PRRS showed a 
reduced expression level in TT, which implied 
that this PRRS transcript, instead of overall 
NUMB, might be generally important in cancer 
suppression for all cell types. On the other 
hand, VEGFA and APP with exon exclusions 
(VEGFA with E6 and E7 exclusion; APP with E7 
and E8 exclusion) had the increased expres-
sion in tumor tissues in comparison with those 
expressions in para-tumor tissues, suggesting 

Figure 6. A. NOTCH1 and NOTCH4 were expressed significantly higher in TT compared to that in TP (P<0.05). B. 
Western blotting results however presented a more gentle contrast between each other but also indicating that TT 
expressed more NOTCH1 and NOTCH4 protein than TP. C and D. Show that expression of NOTCH1 is negatively cor-
related with PRRS in TT with significance, while NOTCH4 is not.
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that these genes may take part in pathological 
activities of PDAC or they may be induced or 
regulated in tumor tissues by PDAC metabolism 
and progression.

Overall, NUMB, APP and VEGFA have already 
been found in pancreas development, physiol-
ogy and cancer progression [18, 19]. Hereby 
our research focused on NUMB gene and its 
downstream targets furthermore. Previous 
researches revealed that endocrine/exocrine 
lineage developments were regulated by differ-
ential activation of Notch1-mediated signaling. 
Mammalian NUMB is an intracellular inhibitor 
of Notch signaling, including four isoforms. In 
our study, NOTCH1 and NOTCH4 were up-regu-
lated in both transcription and translational lev-
els. Furthermore, NOTCH1 is negatively associ-
ated with PRRS, which means that the PRRS 
transcript might play more important role in 
regulating NOTCH1 than that of PRRL. In sum, 
PRRL form of NUMB gene is highly expressed in 
TT and positively correlated with tumor size, 
while PRRS is lacking in TT and negatively cor-
related with tumor size and NOTCH expression 
suggesting that PRRS might be protective in 
tumorogenesis as well as NOTCH pathway down 
regulative ability. Spatiotemporal expression 
patterns of these NUMB transcripts affect 
NOTCH family expression and pancreatic devel-
opment. Similarly, we also presume that NUMB 
isoforms could also play a very important role 
in PDAC for overall biological activities instead 
of just overall NUMB transcripts [20]. Here, we 
found alternative splicing phenomena of three 
genes in PDAC and revealed that the specific 
AS genes are related to PDAC. Therefore, our 
new interpretation about PDAC progression 
could go to the deeper understanding though 
the revealed correlations between AS (for all 
NUMB, APP and VEGFA) and PDAC, rather than 
just between their overall transcripts expres-
sion level, affecting their downstream effectors 
such as NOTCH family and PDAC. As traditional 
cancer gene oriented quantization might show 
different results from the same disease and 
the same gene among samples such as P53 
[21]. Therefore, further studies are needed to 
identify whether AS causes PDAC tumorogene-
sis or AS is just enrolled in or the result of 
tumorogenesis.
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