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Abstract 

The nucleoprotein AHNAK (AHNAK) is a large scaffold protein that is involved in several biological 
processes. Previous studies have suggested a possible relation between AHNAK and the 
epithelial-mesenchymal transition (EMT). However, the role of AHNAK in pancreatic ductal 
adenocarcinoma (PDAC) has not been unveiled. The present study focuses on identifying the 
potential value of the biological effects of AHNAK in PDAC, which is one of the most lethal 
malignancies. Bioinformatic analysis was carried for driver gene prediction, and we proved that 
AHNAK was a driver gene of pancreatic adenocarcinoma and a predictor of poor outcomes of 
PDAC by clinical characteristics analysis and in vitro experiments. High AHNAK expression was 
associated with short disease-free survival and poor overall survival. In vitro assays showed that 
AHNAK was associated with cell proliferation and migration, and a positive relation was observed 
between AHNAK and the EMT. In conclusion, AHNAK is a crucial biomarker that may promote 
cellular proliferation and migration and thus impact PDAC outcomes via the EMT, which suggests 
that AHANK might be a potential target for PDAC. 

Key words: Pancreatic ductal adenocarcinoma; nucleoprotein AHNAK; prognosis; epithelial mesenchymal 
transition 

Introduction 
The outcomes of patients with pancreatic 

carcinoma (PC) remains poor, and diagnosis and 
treatment have not improved in past decades [1]. 
With the development of new technologies, the whole 
genomes of several cancers have been sequenced, 
including pancreatic ductal adenocarcinoma (PDAC) 
[2]. However, the functions of most gene alterations 
have not been validated. Doctors and scientists have 
focused on genomic data to seek new targets for 
PDAC treatment. 

 The nucleoprotein AHNAK (AHNAK) is a large 
structural scaffold protein that plays a role in diverse 
biological processes, including the blood-brain 

barrier, cell junction and migration [3].AHANK was 
one member of the AHNAK family, with a paralog 
member of AHNAK2, which has been proved as an 
prognostic biomarker in PDAC and renal clear cell 
carcinoma [4, 5]. Several studies have concentrated on 
the function of AHNAK in diverse cancer types, 
including melanoma, triple-negative breast cancer, 
and mesothelioma [6-8]. However, few studies have 
focused on AHNAK in PDAC, and validation of the 
expression and function of AHNAK has not been 
reported. Thus, the present study investigated the role 
of AHNAK in PDAC progression and its related 
molecular mechanism. 
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Materials and methods 
Bioinformatic analysis 

The driver genes were predicted, and a cloud 
map was generated using the IntOGen website 
(http://www.IntOGen.org) [9, 10]. One hundred 
seventy-eight PDAC cases were downloaded from the 
cBioPortal for The Cancer Genome Atlas (TCGA) 
database (http://www.cbioportal.org) [11, 12], 
including clinical data and genome alterations 
detected by whole exon sequencing (WES). The 
genome data included mRNA expression z-scores 
(RNA-seq V2 RSEM). Twenty two paired samples 
were selected from the Gene Expression Omnibus 
(GEO, http://www.ncbi.nlm.nih.gov/geo/, 
GSE41368, GSE16515) [13, 14] that included AHNAK, 
KRAS and SMAD4 mRNA expression data, among 
others. Nineteen (10 tumors and 9 adjacent tissues) 
Immunohistochemical staining images of AHNAK in 
PDAC samples were acquired from the Human 
Protein Atlas website (http://www.proteinatlas.org) 
[15], and the protein expression levels were calculated 
using the Image-Pro Plus software (version 6.0; Media 
Cybernetics, lnc). Biological processes and signaling 
pathways in the PDAC samples were analyzed using 
Gene Set Enrichment Analysis (GSEA version 2.2, 
http://www.broad.mit.edu/gsea/) [16] to calculate 
the gene set enrichment score (ES). 

Collection of PDAC cases 
 To prove the prediction by bioinformatic 

analysis, 66 PDAC cases were selected from the 
Pathology Department archive at Peking Union 
Medical College Hospital for immunohistochemical 
staining and statistical analysis. The inclusion criteria 
were 1) pathological diagnosis was pancreatic ductal 
adenocarcinoma; 2) the clinical and follow-up was 
available, and 3) tumor specimens and adjacent 
specimens of each case could be explicit via 
microscopic examination. The patients with other 
pancreatic disorder or subtypes of pancreatic cancer, 
or without clinical and pathological information, or 
loss to follow-up were excluded. This study was 
approved by the ethics committee of Peking Union 
Medical College Hospital, and all patients signed a 
written informed consent form when admitted to the 
hospital in accordance with Declaration of Helsinki. 

Immunohistochemistry array 
 The PDAC slides were deparaffinized, 

rehydrated and subjected to the EnVision two-step 
method. After antigen retrieval with citrate buffer (pH 
6.0), the slides were blocked with 3% hydrogen 
peroxide (Dako, Glostrup, Denmark) for 10 min and 
incubated with an AHNAK mouse monoclonal 

antibody (product code: ab68556; Abcam, Cambridge, 
UK) at 4°C overnight. The next day, the slides were 
incubated with anti-mouse HRP-IgG (product 
number: 7076S; CST, Danvers, USA) and washed with 
phosphate-buffered saline. Diaminobenzidine (DAB) 
was used for the chromogenic reaction.  

 The number of positive cells and the staining 
intensity of each specimen were interpreted by two 
pathology experts. The strong and intermediated 
staining in plasma was considered as positive while 
weak staining and no-staining was negative. The 
positive cells were observed under 400× 
magnification, and the percentage of positive cells 
was recorded as follows: 0-25%, 0; 25%-50%, 1; 
51%-75%, 2; and >75%, 3. Levels 0 and 1 were 
considered low expression, and levels 2 and 3 were 
considered high expression.  

Cell culture 
 Human pancreatic adenocarcinoma cell lines 

(PANC-1. MIA PaCa-2 and AsPC-1) and were 
acquired from the Cell Resource Centre of Peking 
Union Medical College (Beijing, China). Pancreatic 
duct normal cell lines (hTERT-HPNE) were purchased 
from American Type Culture Collection (ATCC). 
PANC-1 and MIA Paca-2 were cultivated in 
Dulbecco's modified Eagle's medium (DMEM, Cell 
Resource Centre of Peking Union Medical College, 
Beijing, China), while AsPC-1 was in RPMI-1640 (Cell 
Resource Centre of Peking Union Medical College, 
Beijing, China), and both cell lines were 
supplemented with 10% fetal bovine serum (FBS; 
product number: 35-010-CV; Corning, NY, USA) and 
penicillin and streptomycin (100 U/ml; catalogue 
number: 10378-016; Thermo Fisher Scientific, San Jose, 
USA) in 75-cm2 flasks in a 37°C incubator with 5% 
CO2. hTERT-HPNE was cultivated in 75% DMEM 
without glucose (Sigma Cat#. D-5030 with additional 
2 mM L-glutamine and 1.5 g/L sodium bicarbonate) 
and 25% Medium M3 Base (Incell Corp. Cat# M300F- 
500), with a supplementary of 5% FBS, 15 ng/ml 
human recombinant EGF, 5.5mM D-glucose (1g/L) 
and 2μg/ml puromycin. The cells were passaged into 
3 flasks when adherent cells accounted for 75% of the 
total area. Recombinant p53 protein was purchased 
from Origene (Catalog: TP710022) and Cell culture 
experiments were used to verify the predictions.  

RNA interference 
 The RNA oligo was synthesized from 

GenePharma Ltd. (Shanghai, China). The siRNA 
sequence of AHNAK was 5’-GUGCCACCAUCUAC 
UUUGATT-3’ (sense) and 5’-UCAAAGUAGAUGG 
UGGCACTT-3’ (antisense), the sequence of negative 
control was 5’-UUCUCCGAACGUGUCACGUTT-3’ 
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(sense) and 5’-ACGUGACACGUUCGGAGAATT-3’ 
(antisense). AHNAK mRNA interference was induced 
following the Lipofectamine RNAiMAX protocol 
(Invitrogen, Carlsbad, CA, USA). Briefly, 15 μl of 
RNAiMAX and 5 μl of siRNA were diluted with 250 
μl of Opti-MEM and then mixed prior to transfection. 
The final siRNA concentration used for transfection 
was 100 μmol/l. The cells were harvested for RNA 
interference and in vitro assays after 48 h of 
incubation. The siRNA efficiency was verified by 
quantitative real-time PCR.  

Quantitative real-time polymerase chain 
reaction (qRT-PCR) 

 The mRNA expression levels of AHNAK and 
other markers in PDAC cells with AHNAK 
knockdown or negative controls were analyzed by 
qPCR. Total RNA was extracted by TRIzoL reagent 
(Catalog Numbers: 15596026 Invitrogen, Carlsbad, 
CA, USA) following the protocol and quantification 
by microplate reader (Epoch2, BioTek lnc, Whinooski, 
VT, USA). The 260/280 ratio ranged from 1.8 to 2.0 
was required. Reverse transcription was carried out 
following the protocol of High Capacity cDNA 
Reverse Transcription Kit (PN number: 4368813, Life 
Technology, Foster City, CA, USA) and acquired 
cDNA was used for PCR after quantification. The 
primer sequences are listed in Supplementary Table 1. 
The PCR procedure was performed using the 7500 
FAST Real-Time PCR system (Life Technology, Foster 
City, CA, USA) with the following protocol: 95°C for 
20 s; 40 cycles of 95°C for 3 s and 60°C for 30 s; one 
cycle of 95°C for 15 s; and one dissociation cycle of 
60°C for 60 s, 95°C for 15 s and 60°C for 15 s. Relative 
quantitation (ΔΔCt) of the expression of PDAC 
markers was calculated using the 7500 software 
(version 2.3, Life Technology, Foster City, CA, USA).  

Western Blot analysis 
PDAC cells were lysed by RIPA (BioRuYee, 

Beijing, China) with protease inhibitors on ice for half 
an hour, then centrifuged at 12,000g and collected the 
precipitation to acquire the total protein. After 
quantification, twenty micrograms of each sample 
were resolved on 8% sodium dodecyl 
sulphate-polyacrylamide gel by electrophoresis 
(BIO-RAD, California, USA). As the protein was large, 
constant 80 voltage was needed during the 
electrophoresis for more than 2h. Then the samples 
were transferred to nitrocellulose membranes with a 
constant voltage of 20V overnight. Then, the 
membranes with proteins were blocked by bovine 
serum albumin for 1h. Subsequently, the membrane 
was incubated by primary antibody (AHNAK: 1:500 
product code: ab68556; Abcam, Cambridge, UK; EMT 

markers: lot. No. 9782T, Cell Signaling Technology, 
Danvers, MA, USA; TP53: 1:2000; lot. No. 2524S, Cell 
Signaling Technology, Danvers, MA, USA; 
Phospho-p53(Ser33): 1:500; lot. No. 2526S, Cell 
Signaling Technology, Danvers, MA, USA; AKT: 
1:1000; lot. No. 4691S, Cell Signaling Technology, 
Danvers, MA, USA; Phospho-AKT (Ser473): 1:1500; 
lot. No. 4060S, Cell Signaling Technology, Danvers, 
MA, USA; ERK: 1:2000; lot. No. 4695S, Cell Signaling 
Technology, Danvers, MA, USA; Phospho-ERK 
(Thr202/Tyr204): 1:500; lot. No. 4370S, Cell Signaling 
Technology, Danvers, MA, USA;) overnight at 4°C 
and incubated by secondary antibody for 1h at room 
temperature. The protein-antibody compounds were 
detected by Immobilon Western chemiluminescent 
HRP Substrate (Millipore, Billerica, USA) and the 
images were developed by Chemidoc Touch Image 
System (BIO-RAD, California, USA). 

Immunofluorescence 
PANC-1 cells were fixed by formalin and 

membrane was permeated by PBS with 0.1% Triton-X 
for 10 minutes. Then the cells were blocked by 10% 
goat serum for 30 minutes. The blocked cells were 
incubated by primary antibody (AHNAK: 1:500 
product code: ab68556; Abcam, Cambridge, UK) for 
one hour and reacted by fluorescein-conjugated IgG 
antibody (cat number: ZF-0311, Zhongshan Golden 
Bridge, Beijing, China) for one hour. The cells were 
mounted by mounting medium with DAPI (cat 
number: ZLI-9557, Zhongshan Golden Bridge, Beijing, 
China).  

Colony formation assay  
 Both PANC-1 and AsPC-1 cells (3×102 cells) with 

and without RNA interference were seeded into 
6-well plates and incubated in a humid atmosphere 
with 5% CO2 at 37°C for 14 days. After incubation, the 
cell colonies were dyed by crystal violet and recorded 
and counted for comparison. 

Wound healing experiment 
 RNA interference and control PDAC cells were 

cultured in a wounding healing matrix (lot number: 
80206; Ibidi, Germany) in 2-well plates coated with 
silicone for 24 h. Then, the silicone was lifted from the 
matrix, and the distance between the two groups of 
cells was recorded. The matrix containing cells was 
incubated for an additional 24 h, and the distance was 
recorded a second time for comparison. 

Transwell assay 
 RNA interference and control PDAC cells were 

cultured in a Transwell chamber with an 8.0-μm pore 
size (Corning, NY, USA) in a 24-well plate at 37°C in 
5% CO2 for 8 h. The chambers containing cells were 
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removed to allow collection of the polycarbonate 
membranes. The membranes were stained with 
crystal violet (BioRuYee, Beijing, China) to observe 
cell migration. 

Cell counting kit-8 assay (CCK-8) 
 The CCK-8 reagent (Dojindo, Toyko, Japan) was 

added to 96-well plates containing RNA interference 
or control PDAC cells. The absorbance was detected 
by a spectrophotometer, and the OD values at 0 h, 24 
h, 48 h, and 72 h were recorded to generate 
proliferation curves for comparison between the 
interfered and negative control cells.  

Statistical analysis 
 All data were analyzed with the SPSS (version 

20.0; SPSS Inc., Chicago, IL, USA) and GraphPad 
software (version 7.0; GraphPad Software Inc., San 
Diego, CA, USA). A two-tailed independent sample t 
test was performed to analyze the mRNA expression, 
protein expression and in vitro assay data. Clinical 
characteristics were compared using the Chi-square 
test or Fisher’s exact test. The survival status was 
evaluated using Kaplan-Meier and multivariate Cox 
regression analyses. P≤0.05 was considered 
significant. 

Results 
AHNAK is predicted to be a driver gene and 
associated with poor prognosis in PDAC、 

 Twenty-one driver genes were predicted from 
the IntOGen website, including AHNAK, KRAS, TP53 
and SMAD4 (Figure 1A). Twenty-eight 
immunohistochemistry graphs were downloaded 
from the Human Protein Atlas database for 
comparison of AHNAK protein expression levels 
(Figure 1B and C). Twenty-two PDAC tissue pairs 
from the GEO database (GSE41368, GSE16515) were 
selected for comparison of AHNAK mRNA 
expression between PDAC and adjacent non-tumor 
tissues (Figure 1D and E). Both the AHNAK mRNA 
and protein expression levels were significantly 
upregulated in the PDAC tumor tissues. Then, a 
prognostic analysis was performed using 
Kaplan-Meier and cox Regression analyses, and a 
survival curve was generated to observe the 
distinctions. PDAC information from TCGA data and 
the Kaplan-Meier results showed that high AHNAK 
expression predicted short disease-free survival (DFS) 
and poor overall survival (OS) (P=0.002, and P=0.015, 
respectively), suggesting that PDAC patients with 
relatively low AHNAK expression tended to have 
longer survival and better outcomes (Figure 1F, G). 
After adjustment in the univariate analysis, a 

multivariate Cox regression analysis was performed. 
AHNAK was independent prognostic factors of DFS 
in PDAC patients (P=0.019), but AHNAK was not an 
independent prognostic predictor of OS (P=0.142) 
(Figure 1H and I). These results revealed that 
AHNAK was an important biomarker in PDAC and 
suggested a poor clinical outcome. 

Upregulation of AHNAK is verified in PDAC 
We selected 66 PDAC formalin-fixed paraffin 

embedded (FFPE) specimens to verify the expression 
and prognostic prediction. We performed 
immunohistochemical staining to detect AHNAK 
expression in PDAC and adjacent non-tumor tissues 
(Figure 2A). Immunohistochemical staining showed 
relatively higher AHNAK expression in the PDAC 
tissues than in the adjacent non-tumor tissues (Figure 
2B). Immunofluorescence showed AHNAK was 
mainly expressed in cytoplasm of PANC-1 cells 
(Figure 2C). Then, we identified AHNAK expression 
in both a PDAC cell lines (PANC-1, MIA PaCa-2, and 
AsPC-1) and normal pancreatic ductal cell line 
(HPNE). The qPCR and western blotting results also 
showed that AHNAK was highly expressed in the 
PANC-1 cell line (Figure 2D, E), which was consistent 
with the predicted results from the GEO databases 
that AHNAK was upregulated in PDAC. These 
results suggested that AHNAK was upregulated in 
PDAC. 

High AHNAK expression indicates a poor 
prognosis for PDAC 

The relationships between AHNAK expression 
and clinical characteristics and between AHNAK 
expression and the prognosis were investigated. We 
selected 66 PDAC specimens to confirm the relation, 
but the present data suggested that no characteristic 
was associated with AHNAK expression (Table 1). 
We also performed prognostic predictions and found 
that high AHNAK expression was significantly 
associated with shortened DFS and poor OS (P=0.013 
and 0.017, respectively, Figure 3A, B, Table 2). Lymph 
node invasion was also related to worse DFS and OS 
(P=0.020 and 0.006, respectively, Figure 3C, D, Table 
2). The cox Regression analysis also showed that high 
AHNAK expression was an independent prognostic 
predictor of PDAC, as well as lymph node invasion 
(Table 2). High AHNAK expression and lymph node 
invasion suggested worse DFS (P=0.031 and 0.025, 
respectively) and dismal OS (P=0.004 and 0.006, 
respectively). These results verified that AHNAK was 
a crucial biomarker for PDAC patients and was 
associated with patient outcomes. 
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Figure 1. AHNAK was predicted to be a driver gene in PDAC. A: AHNAK was predicted as a driver gene in PDAC as analyzed using the IntOGen website. B and C: 
Nineteen images of PDAC and adjacent non-tumor tissues were downloaded from the Protein Atlas database, which showed high AHNAK protein expression in PDAC 
compared to adjacent non-tumor tissues. D and E: Twenty-two pairs of PDAC sequencing data were downloaded from the GEO database, which showed upregulated AHNAK 
mRNA expression in PDAC. F and G: PDAC data were downloaded from TCGA database. The Kaplan-Meier analysis showed that high AHNAK expression was associated with 
shortened DFS and poor OS. H and I: multivariate analysis showed that AHNAK and the AJCC N stage were independent prognostic predictors of DFS, but not an independent 
prognostic predictor of OS in PDAC. 

 
Figure 2. Upregulation of AHNAK was discovered in PDAC and PDAC cell lines. A and B: Sixty-six PDAC specimens were collected and subjected to 
immunohistochemical staining, which showed higher AHNAK protein expression in PDAC than in adjacent non-tumor tissues. C and D: AHNAK expression was measured in 
three pancreatic ductal adenocarcinoma cells(PANC-1, Mia PaCa-2 and AsPC-1) and Pancreatic ductal normal cells (hTERT-HPNE). The PANC-1 cells had higher AHNAK 
mRNA and protein expression levels as detected by qPCR and western blotting analyses. 
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Figure 3. High expression of AHNAK indicates poor clinical outcome of PDAC. High AHNAK expression was associated with shortened DFS (P=0.013) (A) and 
poor OS (P=0.017) (B) in PDAC, with significant difference. Invasion of lymph node also suggested poor outcome of PDAC (P=0.020 of DFS, and P=0.006 of OS, respectively) 
(C and D) with statistically significance. 

 
Table 1. Relationship between AHNAK expression and clinical 
characteristics of PDAC 

Characteristics Total low AHNAK high AHNAK P value 
Age 66   0.937 
< 65 41 16 25  
≥ 65 25 10 15  
Gender 66   0.584 
Male 34 14 20  
Female 32 12 20  
Clinical stage 66   0.532 
Stage 1/2 62 25 37  
Stage 3/4 4 1 3  
Smoking status 66   0.974 
Yes 23 9 14  
No 46 17 26  
Position 66   0.159 
Head 35 11 24  
Body/Tail 31 15 16  
Bile invasion 66   0.775 
Yes 24 10 14  
No 42 16 26  
LN invasion 66   0.541 
Yes 35 15 20  
No 31 11 20  
AJCC T stage 66   0.826 
T1/2 3 1 2  
T3/4 63 25 38  
AJCC N stage 66   0.585 
N0 34 15 19  
N1 32 12 20  
AJCC M stage 66   0.127 
M0 62 26 36  
M1 4 0 4  

AJCC: American Joint Committee on Cancer; LN: Lymph Node. 
 

Table 2. Univariate and multivariate cox regression analysis in 
PDAC 

Characteristics Disease-Free Survival Overall Survival 
Univariate  Multivariate  Univariate  Multivariate  

Age (>65 vs. ≤65) 0.833  0.628  
Gender (Male vs. Female) 0.592  0.359  
Clinical stage (Stage 1/2 vs. 
3/4) 

0.071 0.261 0.579  

Smoking status (Yes vs. No) 0.296  0.508  
Position (Head vs. Body/Tail) 0.937  0.239  
Bile duct invasion (Yes vs. No) 0.158  0.096 0.053 
LN Invasion (Yes vs. No) 0.020 0.025 0.006 0.006 
AJCC T stage (T1/2 vs. T3/4) 0.462  0.512  
AJCC N stage (N0 vs. N1) 0.153  0.370  
AJCC M stage (M0 vs. M1) 0.071  0.195  
AHNAK (high vs. low) 0.013 0.031 0.017 0.004 

AJCC: American Joint Committee on Cancer; LN, Lymph Node. 
 

Downregulation of AHNAK inhibits PDAC cell 
proliferation and migration  

 AHNAK interference was confirmed by the 
qPCR and western blotting analysis (Figure 4A). 
CCK-8 and colony formation assays were performed 
to measure cellular proliferation. The proliferative 
ability of PDAC cells with AHNAK interference was 
significantly decreased compared to that of the 
negative control cells (Figure 4B, C, and D). In 
addition, cell migration was examined using a 
Transwell assay and wound healing experiment 
(Figure 4E, F and G). A significant decrease in the 
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cellular migration of PDAC cells was observed after 
AHNAK was suppressed. These results indicated that 
AHNAK might promote PDAC cell proliferation and 
migration to accelerate the progression of PDAC, 
thereby contributing to the poor outcomes of PDAC 
patients. 

AHNAK mediates the epithelial-mesenchymal 
transition to promote proliferation and 
migration via TP53 signaling pathway 

 To uncover the mechanism by which AHNAK 
mediated PDAC cellular proliferation and migration, 
we performed GSEA analysis to investigate 
cancer-related biological processes. The results 
suggested that the majority of epithelial-mesenchymal 
transition (EMT) markers were upregulated 
(NES=1.34, FDR=0.558; Figure 5A). We selected 
PANC-1 cells to search for relevant cellular 
mechanism as the cells had an abundant AHNAK 
expression. After siRNA interference, the AHNAK 
expression level was downregulated in the PANC-1 
cells by approximately 70%-90% as verified by qPCR 
and western blotting (Figure 5B, C). The RNA and 
protein expression levels of EMT-related markers, 
including E-cadherin, EGFR, N-cadherin, SNAIL, 
β-catenin, and Collagen Ⅰ, were assessed in PANC-1 
cells with and without AHNAK interference (Figure 
5B, D). AHNAK-deficient PANC-1 cells had 
upregulated epithelial markers, such as CDH-1 and 
EGFR, but downregulated mesenchymal markers, 
including CDH-2 and COL1A1 (Figure 5B, D). 

Moreover, AHNAK showed no obvious relationship 
with SNAI1 and CTNNB-1 (Figure 5B, D). These 
results suggested that the PANC-1 cells transformed 
from a quasi-mesenchymal to an epithelial status after 
AHNAK was suppressed. Because a 
quasi-mesenchymal status suggests relative invasive 
behavior, AHNAK may promote PDAC cell 
proliferation and migration via the EMT to influence 
PDAC patient outcomes. 

Then we searched relative signaling pathway 
that involved in the procedure and found that 
expression of TP53 was influenced while others, 
including AKT, ERK, were not changed (Figure 6A). 
Then we detected the alteration of TP53 signaling 
pathway in PANC-1 cell line. GSEA showed an 
alteration in TP53 signaling pathway (NES=0.688, 
FDR=0.896), suggesting TP53 signaling pathway was 
downregulated in PDAC and our qPCR and Western 
blot analysis also suggested that TP53 was 
downregulated in AHNAK knockdown cells (Figure 
6B). To verify the relationship between EMT and TP53 
signaling pathway, we added the recombinant p53 
into AHNAK knockdown cells. The results showed 
that E-cad was downregulated while N-cad showed 
no alteration in western blot analysis (Figure 6D). 
Cellular function assays also showed an upregulation 
in cellular proliferation and migration (Figure 6E, F). 
These suggested that the EMT phenotype might be 
mediated by TP53 signaling pathway. 

 
 

 
Figure 4. Downregulation of AHNAK inhibits PDAC cell proliferation and migration. A: AHNAK mRNA expression was suppressed by siRNA. Both qPCR and 
western blotting analyses showed downregulation of AHNAK in PANC-1 and AsPC-1 cells. B: The CCK-8 assay showed that AHNAK deficiency dramatically inhibited the 
proliferative ability of PDAC cells. C and D: The colony plating assays also suggested AHNAK knockdown inhibited the proliferation of PDAC cells, with statistical significance 
in PANC-1. E and F: Transwell assays showed a reduction of the migration ability in PDAC cells once the AHNAK was inhibited, with statistical significance. G: The wound healing 
also suggested AHNAK deficiency might inhibit cellular migration in PDAC cells. OD, Optical density; LPF, Low power field; NC, Negative control. 
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Figure 5. AHNAK mediates the EMT to promote PDAC cell proliferation and migration via TP53 signaling pathway. A: GSEA was carried out in the paired 
PDAC samples in GEO database. It showed that most biomarkers were involved in the EMT phenotype. B: Western blotting analysis showed that AHNAK suppression caused 
an increase in E-cadherin but a decrease in N-cadherin. C and D: The qPCR results showed the alteration of gene expression in EMT phenotype after knockdown of AHNAK.  

 
Figure 6. AHNAK mediates the EMT via TP53 signaling pathway. A: Western blot analysis showed that after knockdown of AHNAK, only expression of TP53 was 
altered, while other markers, including AKT and ERK. The phosphorylated level of TP53, AKT and ERK also showed no alterations. B: qRT-PCR showed the alteration of markers 
in TP53 signaling pathway. C: GSEA suggested an enrichment of TP53 signaling pathway in PDAC by analyzing the GEO database. D: Western blot showed after the recombinant 
TP53 protein was added into the AHNAK deficiency cell lines, E-cad, the epithelial markers of EMT phenotype was restored. E and F: CCK-8 and Transwell assays showed that 
recombinant TP53 could restore cellular proliferation and migration. 
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Discussions 
 PC is a highly lethal malignancy in the pancreas 

due to its high mortality and short survival. New 
epidemiological evidence has shown that no effective 
therapeutic strategy has been established and that 
patients with pancreatic neoplasms still suffer [2, 17]. 
The latest epidemiological investigation in China 
showed that the survival of PC patients has 
deteriorated and has not improved in recent decades 
[1]. Because of the biological characteristics of the 
pancreas and PDAC, recent treatments are feeble and 
futile. Thus, new biomarkers of treatment are urgently 
needed to relieve symptoms and improve survival. 
The present study predicted new markers for PDAC 
based on online database and conducted molecular 
experiments and statistical analyses to elucidate new 
alterations in PDAC and aid in the development of 
new potential treatment targets. 

 The nucleoprotein AHNAK, which is also 
known as desmoyokin, is a large scaffold protein (629 
kDa). Previous studies have shown that AHNAK is a 
complex protein with a tripartite nature and multiple 
domains [3]. AHNAK has been reported to be 
associated with several cellular processes, including 
cell signaling, cell-cell contact formation [18], calcium 
ion channel regulation [19, 20], and cellular adherence 
and migration [21].  

 We found that AHNAK was highly expressed in 
PDAC and was an independent prognostic predictor 
of PDAC. Upregulation of AHNAK was associated 
with poor outcomes and short DFS in PDAC patients 
based on analysis of TCGA data. In addition, we 
compared AHNAK expression and the 
clinicopathological characteristics of PDAC and 
showed that high AHNAK expression predicted poor 
survival. Cox regression indicated that AHNAK was 
an independent prognostic predictor in PDAC. 
Previous studies have reported AHNAK expression 
in several tumors. Caruso discovered higher AHNAK 
expression in breast cancer cell lines than in normal 
epithelial cells [22]. Dumitru reported that AHNAK 
was associated with poor outcomes in laryngeal 
carcinoma patients [23]. A meta-analysis suggested 
that AHNAK was upregulated in pancreatic cancer 
and was associated with cell migration and the EMT 
[24]. Together, these findings suggested that AHNAK 
was an important biomarker for the progression and 
prognosis of tumors. 

 Because AHNAK suggested a poor outcome, the 
molecular mechanism of AHNAK that impacted the 
PDAC outcome was further investigated using the 
PANC-1 and AsPC-1 cell lines in vitro. Cellular 
proliferation and migration were both inhibited by 
AHNAK suppression, suggesting a positive relation 

between AHNAK and invasive behavior. Some 
studies have revealed the molecular mechanism of 
AHNAK in tumor metastasis [25-27]. Shankar 
reported that AHNAK was assembled in 
pseudopodia in epithelial cells and that knockdown of 
AHNAK led to pseudopodia retraction and decreased 
cell migration [25]. AHNAK has also been shown to 
predict cell invasion and chemotherapeutic responses 
[26]. We verified that AHNAK promoted cell 
migration using wound healing and Transwell assays. 
In addition, we also proved that AHNAK promoted 
cell proliferation using colony formation and CCK-8 
assays. Lee reported that overexpression of AHNAK 
prevented cancer proliferation via TGF-β in cervical 
cancer cells [27]. However, our results showed 
promotion of cancer cell proliferation in pancreatic 
cancer cells. These inconsistent results suggested that 
AHNAK might play diverse roles in different 
tumorigenic mechanisms. 

 EMT is a frequently studied biological process 
that was first identified by Elizabeth Hay in the 1980s 
[28]. Subsequently, Thiery verified that the EMT could 
aid in resistance to senescence and apoptosis [29]. 
Alterations of several EMT biomarkers have been 
identified, including E-cadherin, EGFR, N-cadherin, 
Vimentin, and Collagen [30]. Epithelial cells lose their 
original phenotypes, with a downregulation of 
epithelial markers (E-cadherin and EGFR) and 
upregulation of mesenchymal marker (N-cadherin, 
Vimentin, and Collagen) [30]. Up to now, the EMT is 
well-known to be a crucial process in multiple tumors 
and is associated with tumorigenesis and the 
prognosis. Several studies have reported that 
AHNAK is involved in the EMT because AHNAK 
knockdown reduces the EMT phenotype [3, 31-33]. 
The present study showed that inhibition of AHNAK 
in PANC-1 cells altered the expression of EMT-related 
biomarkers in the progression of PDAC. Previous 
studies have shown that the EMT occurs frequently in 
PDAC and is related to PDAC progression and 
metastasis [34]. Additionally, the EMT has been 
shown to predict poor outcomes of PDAC patients 
[34]. The present study verified that the EMT occurred 
in PDAC using GSEA analysis. The relation between 
AHNAK and EMT-related markers, including CDH-1, 
CDH-2, EGFR, CTNNB-1, SNAI1 and COL1A1, was 
established by assessing mRNA and protein 
expression in PANC-1 cells. These results showed that 
AHNAK might be associated with the EMT and that 
AHNAK suppression reduced the level of the EMT 
phenotype in PANC-1 cells. Thus, we postulated that 
AHNAK promoted PDAC cellular proliferation and 
migration, which impacted PDAC patient survival via 
mediating the EMT.  
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TP53 signalling pathway is the most frequent 
transduction pathway in most cancers. The 
acknowledged functions of p53 are its impact on cell 
cycle and apoptosis [35, 36]. Besides functions above, 
recent studies showed p53 was involved in multiple 
biological processes via regulating several target 
genes[35]. In present study, we discovered a possible 
relation between TP53 and CDH1, which was an 
evidence that p53 might be involved in EMT. It 
suggests that not only did TP53 involve in 
tumorigenesis, but also mediated tumor proliferation 
and migration. We detected an alteration of TP53 
signalling pathway in AHNAK-deficient PANC-1 
cells and PANC-1 cells tended to be 
quasi-mesenchymal phenotype with CDH1 
downregulation. After added the recombinant TP53 
protein, the AHNAK knockdown PANC-1 cells could 
restore some EMT phenotype and cellular 
proliferation and migration. It suggested that TP53 
signalling pathway might be involve in EMT in 
pancreatic adenocarcinoma. 

 According to the present study, AHNAK is an 
independent prognostic marker of PDAC patients and 
mediates the EMT phenotype to promote cellular 
proliferation and migration in PDAC. Therefore, 
AHNAK is an important biomarker of PDAC and 
may be a new therapeutic target for clinical evaluation 
and treatment. 
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