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Purpose: Pancreatic ductal adenocarcinoma (PDAC) is extremely malignant and rapidly progresses. The overall response rate of
PDAC to current treatment methods is still unsatisfactory. Thus, identifying novel targets and clarifying the underlying mechanisms
associated with PDAC progression may potentially offer additional treatment strategies. AHNAK?2 is aberrantly expressed in a variety
of tumors and exerts pro-tumorigenic effects. However, the biological role of AHNAK?2 in PDAC remains poorly understood.
Methods: The expression of AHNAK?2 in PDAC and paired non-tumor tissues was detected by immunohistochemistry (IHC) and
quantitative real-time polymerase chain reaction (qQRT-PCR). Lentivirus knockdown was performed to investigate the impact of
AHNAK?2 on the biological function of pancreatic cancer cells. The subcutaneous cell-derived xenograft (CDX) model and the KPC
spontaneous mouse model with AHNAK?2 silencing were used to observe the effects of AHNAK?2 on tumor growth and prognosis. The
expression of c-MET at protein level in response to HGF treatment was assessed using western blot.

Results: Our results demonstrated that AHNAK?2 was highly expressed in PDAC clinical samples and associated with poor prognosis.
Knockdown of AHNAK2 significantly inhibited the proliferation, migration, and invasion of pancreatic cancer cells. AHNAK?2
knockdown or knockout resulted in tumor growth suppression and prolonged survival in mice with PDAC. In addition, AHNAK?2 and
c-MET expression levels showed a significant positive correlation at the post-transcriptional level. Mechanistically, AHNAK2
promoted tumor progression by preventing c-MET degradation and persistently activating the HGF/c-MET signaling pathway.
Conclusion: Overall, our study revealed that AHNAK?2 plays an important role in PDAC progression by modulating the c-MET
signaling pathway, and targeting AHNAK?2 may be an effective therapeutic strategy for PDAC.
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Introduction
Pancreatic ductal adenocarcinoma (PDAC) is one of the most malignant and lethal types of cancer with a 5-year survival
rate of less than 12%." The incidence of PDAC has increased over the years, and mortality remains high mainly due to its
aggressiveness and late diagnosis, even with advanced surgical interventions and modern therapeutics.” PDAC is a well-
defined multistep process with altered histological features during malignant transformation.> Clinical and scientific
efforts have been made to develop novel treatment approaches for PDAC.*” Thus, exploring potential molecular targets
and underlying mechanisms in pancreatic carcinogenesis and tumor progression is urgently needed for the early diagnosis
and identification of additional effective treatments for PDAC.

AHNAK nucleoprotein 2 (AHNAK?2) is a member of the AHNAK protein family with a molecular weight greater
than 600 kDa,*’ and its function has been gradually unveiled in recent years. Studies have reported that AHNAK?2 is
closely associated with oncogenesis in clear cell renal carcinoma,'® thyroid carcinoma,'' lung adenocarcinoma,'? and

uveal melanoma.'> Additionally, AHNAK2 has been reported as a genetic indicator for PDAC diagnosis and
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prognosis.”'* !¢ Previous evidence suggests that AHNAK2 may promote tumor proliferation, migration, and survival via
HIF-1-mediated epithelial-mesenchymal transition (EMT) in hypoxia'® and the NF-kB'' and PI3K/AKT'® pathways.
However, the biological properties of AHNAK?2 in PDAC are poorly understood. To date, there is a lack of studies on the
biological function of AHNAK?2 and its underlying molecular mechanisms in the development and progression of
pancreatic cancer. This dearth of studies significantly impedes future exploration of AHNAK?2 as a possible therapeutic
target for PDAC.

c-MET is a member of the receptor tyrosine kinases (RTKs) that is activated upon binding to the ligand hepatocyte
growth factor (HGF) and mediates a variety of biological activities in cancer cells, including proliferation, invasion, and
metastasis.'” Moreover, c-MET signaling plays a crucial role in regulating the process involved in pancreatic tumor
progression.'®?° Elevated c-MET protein levels are directly and positively correlated with human pancreatic tumor
staging.”'*? Studies have revealed that AHNAK proteins could activate various signaling pathways triggered by HGF-
¢-MET response to favor tumor progression.'''** Therefore, we sought to explore whether there is an interactive
association between AHNAK?2 and c-MET in PDAC that promotes tumor progression.

In the present study, we demonstrated that overexpression of AHNAK?2 was closely correlated with the malignant
phenotype and poor prognosis of PDAC, which was related to the modulation of c-MET stability. Our study confirmed
the important role of AHNAK2 in tumor progression, and targeting AHNAK2 might be a therapeutic strategy for the
management of patients with PDAC.
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Materials and Methods

Database Data Acquisition
Transcriptional expression data of AHNAK?2 and corresponding clinical information were downloaded from the official
website of The Cancer Genome Atlas Program (TCGA) (https://www.cancer.gov/ccg/research/genome-sequencing/tcga).

The RNA-Seq gene expression data, with the workflow type of HTSeq-FPKM, were transformed into TPM format and
underwent log2 conversion for further analysis. In the Gene Expression Omnibus (GEO) repository of NCBI, microarray
analysis results submitted by worldwide researchers were available. A microarray analysis focusing on AHNAK?2 within
the GSE15471 dataset, which included data from 36 primary PDAC tumors and their paired adjacent normal tissues, was
conducted. Limma package (version: 3.40.2) of R software was employed to study the differential expression of
AHNAK?2.

Patients and Clinical Samples

Tumor tissues and adjacent non-tumor tissues were collected from 56 patients who had undergone surgery for PDAC at
Sun Yat-sen Memorial Hospital, Sun Yat-sen University, from June 2013 to August 2017. The diagnoses of PDAC and
surgical specimens were confirmed by two independent professional pathologists. The studies involving human partici-
pants were reviewed and approved by the Ethics Committee of Sun Yat-sen Memorial Hospital (Ethics No.SYSKY-2023-
735-01). Written informed consent was obtained from all the patients. All methods related to the patients in this study
were performed in accordance with the principles stated in the Declaration of Helsinki. The detailed clinical character-
istics of the patients were displayed in Supplementary Table 1.

Cell Lines and Culture

The human pancreatic cancer cell lines PANC-1, AsPC-1, CFPAC-1, MIA PaCa-2, Capan-2, BxPC-3, SW1990, and the
human pancreatic duct epithelial cell line ("TERT-HPNE) were purchased from the American Type Culture Collection
(ATCC, Rockville, MD, USA). PANC-1, MIA PaCa-2, SW1990, Capan-2 and hTERT-HPNE were cultured in
Dulbecco’s Modified Eagle’s medium (DMEM, BI, Israel); AsPC-1 and BxPC-3 were cultured in RPMI-1640 medium
(BI, Israel). All culture medium were supplemented with 10% fetal bovine serum (Gibco, Thermo Fisher Scientific,
USA) and 1% penicillin/streptomycin, and cells were cultured at 37 °C in humidified air with 5% CO,. Information on
lentiviral transduction and plasmid transfection was included in Supplementary Methods 1 and 2.

In vitro Biological Function Experiments
A comprehensive description of the CCK-8 assay, colony formation assay, transwell invasion assay, and wound healing
assay was displayed in Supplementary Methods 3—6.

Animal Models and Experiments

The animal study was approved by the Animal Experimental Research Ethics Committee of South China University of
Technology (Ethics No0.2022-059) and performed in accordance with the NIH guidelines for the care and use of
laboratory animals (8th edition, NIH).

Subcutaneous cell-derived xenograft (CDX) BALB/c nude mice aged 4-6 weeks were purchased and housed at the
Laboratory Animal Center of South China University of Technology in a pathogen-free environment. Necessary
measures were taken to minimize the suffering of the mice. Briefly, 1x10” PANC-1 cells stably transfected with shCtrl
or shAHNAK2 were suspended in 100 pL serum-free DMEM and injected subcutaneously into the right flank of BALB/c
nude mice as previously described.”* Tumor volume was measured at 3-day intervals and calculated using the following
formula: volume = length x width? /2. Mice were euthanized on day 30 after cell inoculation, and tumor tissues were
fixed with 4% paraformaldehyde, followed by paraffin embedding for IHC assay or frozen in liquid nitrogen for further
investigation.

The AHNAK2 knockout mouse models LSL-Kras®'?®* LSL-Trp53%'7#"* (12984-Trp53tm2Tyj/J), AHNAK2 ",
and Pdx1-Cre mouse strains (C57BL/6J background) were used to generate the AHNAK2 knockout mouse model.>>°
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First, these strains were intercrossed to generate the genotypes of LSL-Kras®'?>*-Trp53%!172H* (KP) and AHNAK2 -
Pdx1-Cre (AHC). KP mice were then crossed with AHC mice to obtain the experimental groups: LSL-Kras®'?P"_LSL-
Trp53R1 72" pdx1-Cre (KPC) and LSL-Kras®'?P*-LSL-Trp53R!7*"*_pdx1-Cre/+ -AHNAK2™~ (AHNAK2 "KPC).
All genotypes of mice were purchased from Shanghai Model Organisms.

RNA Isolation and Quantitative Real-Time PCR (qRT-PCR)

Total RNA of tissue and cell samples was isolated using RNAiso Plus (TaKaRa Bio, Japan) according to the
manufacturer’s instructions and reverse-transcribed to ¢cDNA using PrimeScript™ RT Master Mix (TaKaRa Bio,
Japan). qRT-PCR was performed with the Light Cycler 480 detection system (Roche, Basel, Switzerland) under the
instructions of the TB Green®Premix ExTaqTM kit (TaKaRa Bio, Japan). GAPDH was used as an internal control.
Relative gene expression levels in cells or tissues were calculate with the standardized method of 2724, All the primers
used were listed in Supplementary Table 2.

Immunohistochemistry (IHC) and Immunofluorescence (IF)
Complete descriptions for immunohistochemistry and immunofluorescence are provided in Supplementary Methods 7 and 8.

Western Blotting

Cells were harvested and lysed on ice in RIPA lysis buffer (CWBIO, China) containing protease and phosphatase
inhibitors (CWBIO, China), followed by centrifugation at 14,000 rpm for 15 min at 4 °C. Bicinchoninic acid (BCA)
protein assay kit (CWBIO, China) was used to quantify protein concentrations. Proteins from each sample were separated
by SDS-PAGE gels, transferred to PVDF membranes, and then blocked with 5% BSA. The membranes were incubated
overnight at 4°C with primary antibodies including AHNAK?2 (1:1000, Proteintech, #17682-1-AP), ¢-MET (1:1000,
#ab216574, Abcam), p-MET (Tyr1234/1235) (1:1000, #3077S, CST), Akt (1:1000, #4691, CST), p-Akt (Ser473)
(1:2000, #4060, CST) and GAPDH (1:10,000, #ab181602, Abcam). The protein strips were then washed three times
with 1xTBST and incubated with HRP-conjugated secondary antibodies at room temperature for an hour. Bands were
detected with ECL detection system (Millipore, Germany) and captured using SmartChemi 910 plus (Sage, Beijing).

Statistical Analysis

Statistical analysis was performed using SPSS version 12.0 (IBM Corp, USA). The Student’s #-test was used for
comparisons between the two groups. One-way analysis of variance (ANOVA) with Bonferroni’s test was used for
multiple comparisons. Survival data were plotted according to the Kaplan-Meier method and analyzed using a Log rank
test. Correlation analyses were performed using Spearman correlation test. All experiments were conducted at least three
times, and the data were presented as mean =+ SD. p < 0.05 was considered as statistically significant.

Results

AHNAK?2 Expression in Clinical Samples and the Cancer Cell Lines of PDAC

To identify the specific role of AHNAK2 in PDAC, we first examined through immunohistochemistry (IHC) in normal
non-tumor adjacent tissues and PDAC specimens. Compared to normal tissues, high expression of AHNAK?2 was found
in PDAC (Figure 1A). More representative images from PDAC patients with high expression of AHNAK2 were
available in Supplementary Figure 1. To verify the gene expression of AHNAK?2 in PDAC, we analyzed tumour samples

and adjacent non-tumour tissues from recruited PDAC patients by qRT-PCR. Our data showed that the mRNA expression
of AHNAK? in PDAC tissues was significantly higher than that in paired adjacent normal tissues (Figure 1B). Next, the
mRNA expression of AHNAK?2 was assessed in a variety of human pancreatic cancer cell lines (Figure 1C), and PANC-1
was selected for subsequent experiments because of its highest relative expression in comparison to human normal
pancreatic ductal cells ("'TERT-HPNE). Immunofluorescence (IF) was employed to evaluate the protein expression of
AHNAK?2. The IF results also indicated that AHNAK?2 was highly expressed in PANC-1 cells (Figure 1D). These
findings were further validated in the mRNA expression profile of AHNAK?2 by microarray analysis of PDAC tumor
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Figure 1 AHNAK2 is highly expressed in PDAC and pancreatic cancer cell line. (A) Representative images of AHNAK?2 immunohistochemical staining in normal non-tumor adjacent
tissues and pancreatic ductal adenocarcinoma (PDAC) (scale bar;, 50 pm). (B and C€) qRT-PCR analysis of AHNAK2 mRNA in PDAC samples, non-tumor adjacent tissues (n=35), and
pancreatic cancer cell line (n=3). (D) Representative images of AHNAK2 immunofluorescence staining in PANC- | and hTERT-HPNE cells (scale bar; 50 pm). (E) The mRNA levels of
AHNAK?2 in normal tissues and PDAC tissues from The Cancer Genome Atlas (TCGA) and GTEx databases. (F) AHNAK2 mRNA levels by microarray analysis of PDAC samples and
non-tumor normal tissues from TCGA and GEO (GSE|5471) databases. The expression level of AHNAK?2 was significantly positively correlated with both the overall survival (OS) and
disease-free survival (DFS) of PDAC patients from TCGA and GTEx (G) and Kaplan-Meier plot database (H). Each bar represents Mean + SD. *p<0.05, ***p<0.001.
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samples and non-tumor normal tissues from the GEPIA (Figure 1E), TCGA, and GEO (GSE15471) (Figure 1F)
databases. The application of survival analysis in GEPIA (http://gepia2.cancer-pku.cn/) (Figure 1G) and Kaplan-Meier

plotter (https://kmplot.com) (Figure 1H) datasets indicated that high AHNAK2 expression was associated with shorter

disease-free survival overall survival (OS) and disease-free survival (DFS) in patients with PDAC, suggesting that
AHNAK?2 could serve as an unfavorable prognostic marker.

AHNAK?2 Knockdown Inhibits Proliferation, Invasion, and Migration

To analyze the function of AHNAK2, AHNAK2 was silenced using short hairpin RNA (shRNA) in PANC-1 cells. The
knockdown efficiency of AHNAK?2 was evaluated at both the mRNA and protein levels using qRT-PCR (Figure 2A),
Western blot (Figure 2B) and immunofluorescence (Figure 2C), respectively. CCK-8 proliferation assay and colony
formation assay were used to assess the proliferation potential of cancer cells. The results showed that impaired
AHNAK?2 expression suppressed cell proliferation (Figure 2D and E). Wound healing and transwell invasion assay
were performed to simulate the horizontal and vertical migration of cancer cells. AHNAK?2 knockdown resulted in
a significant reduction in invading (Figure 2F) and migrating (Figure 2G) capabilities of cancer cells across the matrigel
layer. Taken together, AHNAK2 plays an important role in proliferation, invasion and migration of pancreatic cancer
cells.

AHNAK?2 Knockdown Reduces Tumor Growth in a CDX Mouse Model

To further explore the in vivo function of AHNAK?2, PANC-1 cells stably transfected with either shControl (shCtrl) or
shAHNAK2#1 and shAHNAK?2#2 were subcutaneously inoculated into BALB/c nude mice to establish a CDX mouse
model. Tumor growth in mice transplanted with shAHNAK?2 was significantly inhibited (Figure 3A, Supplementary
Figure 2), and the tumor volume showed marked regression 18 days post-inoculation (Figure 3B). Consistently, the
percentage of Ki67-positive cells was decreased in the siIAHNAK?2 group, confirming the impaired proliferative ability
caused by AHNAK?2 knockdown (Figure 3C). These results indicate that a decrease in the expression of AHNAK?2
significantly hampers tumor development and proliferation.

Knockout AHNAK?2 Impairs Tumorigenicity and Progression in a KPC Mouse Model
Subsequently, to investigate the role of AHNAK2 in pancreatic carcinogenesis and tumor progression, a conditional
AHNAK?2 knockout (KO) mouse model (KPCA™AK277y was generated as described above. Compared to wild-type
(WT) mice, higher protein and mRNA expression levels of AHNAK2 were detected in KPC mice (Figure 4A and B).
The average survival time was significantly prolonged following AHNAK?2 KO, with a median survival of 200 days
compared to 117 days in KPC mice (Figure 4C). In addition, there was a statistically significant difference in the
calculated number of mice surviving for more than 120 days in the AHNAK?2 KO group compared to the KPC group

(Figure 4D). Additionally, Ki67 staining scores were significantly reduced in KPCAHNAKZ~

mice (Figure 4E), confirm-
ing that AHNAK?2 knockout leads to decreased tumor proliferation and progression. These results demonstrate that

AHNAK?2 has a strong impact on tumorigenesis and tumor progression.

AHNAK?2 Expression is Positively Correlated with c-MET and Regulates c-MET at the

Post-Transcriptional Level

c-MET was reported to be overexpressed and contributed to the progression of numerous cancer types, including PDAC.
Online correlation analysis of public databases revealed a significant positive correlation between AHNAK?2 and c-MET
(Figure 5A). We also found an increase in c-MET mRNA level in line with AHNAK2 upregulation in KPC transgenic
mice compared to WT mice (Figure 5B). However, no significant changes were observed in the mRNA expression of
c-MET following AHNAK2 knockdown or knockout in either transgenic mouse models (Figure 5C) or CDX
(Supplementary Figure 3A). In addition, Spearman correlation analysis showed a positive correlation between
AHNAK2 and ¢-MET mRNA in KPC mice (Figure 5D), but not in KPC*"™AK2"" mice (Figure 5E). Interestingly,
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Abbreviation: N.S., not significant.
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Abbreviation: N.S., not significant.

the protein expression of c-MET was significantly decreased in KPCA*™AK2"" mice (Figure 5F) and shAHNAK2
subcutaneous xenograft tumor tissues compared to that in the control groups (Supplementary Figure 3B).

In order to examine the expression profiles of AHNAK?2 and c-MET, patients diagnosed with pancreatic adenocarci-
noma were categorized into two groups: AHNAK2'™e" and AHNAK2"¥, based on the H-score of AHNAK?2 identified
using THC. A significant upregulation of ¢-MET in the AHNAK2"€" group was observed when compared with the
AHNAK2"Y groups (Figure 6A and B). The correlation analysis further demonstrated a positive correlation between the
H-scores of AHNAK?2 and ¢c-MET in PDAC samples (Figure 6C).

These results indicated that AHNAK?2 was able to influence the accumulation of the c-MET at the protein level,
whereas no significant alteration was detected in the mRNA expression of c-MET, implying that AHNAK?2 may have
a role in regulating c-MET post-transcriptionally.

AHNAK?2 Protects c-MET from Degradation

To ascertain the functional role of AHNAK? in the c-MET signaling pathway, we analyzed c-MET expression in PANC-1
cell lines transfected with either shCtrl or shAHNAK2 (Original Western blot images are showed in Supplementary
Figure 4). The results showed that the reduction of AHNAK?2 under knockdown condition led to a decrease in c-MET
protein levels (Figure 7A) whille mRNA levels remained unaffected (Figure 7B). To determine whether this effect was
due to suppressed protein synthesis or increased protein degradation, the cycloheximide (CHX) assay was employed to
quantify the half-life of the c-MET protein. The results showed that the half-life of c-MET was significantly reduced after
AHNAK? silencing, indicating a potential role of AHNAK?2 in modulating c-MET protein stability (Figure 7C). In
addition, the accumulation of ¢c-MET is subject to stimulus-dependent endocytosis induced by HGF treatment, intracel-
lular trafficking, and biodegradation. HGF-dependent c-MET degradation was accelerated after AHNAK2 silencing
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Figure 4 AHNAK2 knockout impairs tumorigenicity and progression in KPC mice. (A) Representative images of AHNAK2 immunohistochemical staining in the pancreas of
wild type (WT), KPC and KPCAHNAKZ™ mice (scale bar, 50 pm). (B) qRT-PCR analysis of AHNAK2 mRNA expression in WT, KPC and KPCAHNAKZ™ mice (n=8). (C)
Kaplan-Meier survival curves of KPC (n=13) and KPCAHNAKZ" mice (n=10). (D) Pie charts represent the percentage of animals in each group that survived longer than 120
days (dark green). (E) Representative images of immunohistochemical staining of the proliferation marker Ki67 in the pancreatic tissues of WT, KPC and KPCAHNAK2/~
mice, and quantification of the nuclei positive for this marker (n=5 per genotype). Each bar represents Mean * SD. **p<0.01; ***p<0.001.

compared to shCtrl (Figure 7D), which was rescued by the proteasome inhibitor MG-132 (Figure 7E). Moreover, the
degradation of c-MET was AHNAK?2-specific, since the rescue of AHNAK?2 expression by adding the shRNA-resistant
form of AHNAK? partially restored c-MET expression levels (Figure 7F). Furthermore, the expression of p-MET and the
p-MET/c-MET ratio following HGF treatment were evaluated (Figure 7D). This revealed a negative regulatory role for
AHNAK?2 silencing in HGF/c-MET pathway activation, probably by influencing c-MET accumulation and stability.

Discussion
PDAC is a highly malignant tumor that affects the digestive tract and is associated with a poor prognosis. Despite
considerable improvements in therapeutic options over the past decades, pancreatic adenocarcinoma remains largely
incurable due to difficulties in early diagnosis and lack of effective targets.”’ Therefore, identifying functional and
effective targets for halting the malignant progression of PDAC is crucial.

AHNAK?2, a large protein featuring a conserved PDZ (PSD-95/Discs-large/Z0-1) domain capable of binding to the
C-terminus or docking with specific sequences of target proteins, has recently been implicated as an oncogene involved
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immunohistochemical staining in the pancreas tissue of WT, KPC and KPCA™NAK2" mjice (scale bar, 50 pm). Each bar represents Mean % SD. *#p<0.01, p*<0.001.
Abbreviation: N.S., not significant.

in tumor progression.” Previous studies have revealed that AHNAK2 is associated with various cellular processes in
cancer cells, such as proliferation, migration, and EMT.!%!3 However, only a few studies have investigated the molecular
function of AHNAK?2 in PDAC. Consistent with previous studies, our study also found that AHNAK?2 was highly
expressed in PDAC tissues and pancreatic cancer cell lines. Importantly, our findings revealed that AHNAK?2 knockdown
had detrimental effects on proliferation, migration, and invasion of PANC-1 cells. In agreement with these in vitro
results, AHNAK?2 silencing effectively diminished tumor growth in CDX mouse models. Notably, the biallelic deletion
of AHNAK? attenuated tumor progression and prolonged the survival of KPC transgenic mice. To our knowledge, this is
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Figure 6 AHNAK2 correlates with c-MET expression in PDAC at protein level. (A) Representative immunohistochemical staining images of c-MET expression
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AHNAK?2 and c-MET (Spearman correlation test). Each bar represents Mean + SD. *p<0.05.

the first study to analyze the molecular function of AHNAK2 using CDX and KPC transgenic mouse models, unmasking
the critical role of AHNAK?2 in pancreatic carcinogenesis and tumor progression.

The c-MET signaling pathway is generally activated by its native ligand HGF, leading to receptor dimerization and
phosphorylation of Tyr'*** and Tyr'*** within the kinase catalytic domains.”® In the physiological state, the HGF/c-MET
signaling pathway is tightly controlled by multiple regulatory mechanisms to prevent aberrant activation.”” In fact, HGF/
c-MET signaling has been shown to stimulate the growth and progression of pancreatic cancer cells and promote the
proliferation, invasion, and metastasis of cancer cells through the activation of several signaling pathways, such as PI3K/
Akt, MAPK/ERK, and NF-Kb.*? Interestingly, AHNAK2 had the ability to activate the signaling pathway triggered by
HGF-c-MET response to promote tumor progression.''*?? Therefore, we hypothesized and subsequently confirmed the
potential involvement of AHNAK?2 in the regulation of PDAC via the c-MET signaling pathway. Consistent with the
findings from online public databases, our study revealed a substantial positive correlation between the mRNA expres-
sion levels of c-MET and AHNAK?2 in KPC transgenic mice. However, AHNAK2 knockout or knockdown dramatically
decreased c-MET at the protein level, but not at the mRNA level, implying that AHNAK?2 may regulate the accumulation
of c-MET at the post-transcriptional level.

The regulation of ¢c-MET involves many complicated processes, with different effects depending on the cellular
environment.>*~* Our findings indicate that AHNAK2 may play a role in regulating c-MET at the post-transcriptional
level, perhaps leading to the preservation of c-MET stability. It has been demonstrated that the c-MET receptor could be
stabilized by DYRKIA in PDAC, contributing to the prolonged activation of extracellular signal-regulated kinase
signaling.®> The findings from our in vitro experiments support the hypothesis that AHNAK2 increases c-MET
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Abbreviation: N.S., not significant.

accumulation by inhibiting degradation. This suggested that AHNAK2 functions as a regulator of c-MET accumulation.
Furthermore, inactivation of the HGF/c-MET signaling pathway may be attributed to the increased kinetics of c-MET
degradation induced by AHNAK?2 silencing.
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The HGF/c-MET pathway has shown potential as an important therapeutic target for many solid tumors. Selectively
or unselectively targeting TKIs, as well as monoclonal antibodies against c-MET, have been suggested as potential
targeted treatments. However, the effectiveness and blocking efficiency of these approaches have been deemed
unsatisfactory.>® Thus, patients with PDAC may benefit from a combination strategy involving AHNAK?2 inhibitors or
antagonists. This approach offers an alternative mean of enhancing the effectiveness of TKIs by expediting the
degradation of the c-MET receptor.

Conclusions

In conclusion, our results confirm the pivotal role of AHNAK? in tumorigenesis and malignant progression of PDAC.
The tumor-promoting effects driven by AHNAK? are dependent on c-MET signaling, with AHNAK?2 silencing leading
to the inactivation of the HGF/c-MET pathway by compromising c-MET stability. These findings suggest the potential of
targeting AHNAK?2 as an innovative strategy to enhance the treatment efficacy for PDAC. In addition, to broaden the
clinical applications of AHNAK?2 in PDAC, the concrete mechanisms or targeted sequences through which AHNAK?2
regulates the stability of c-MET need to be further validated.
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