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ABSTRACT

Background:AHNAK2has been recently reported as a biomarker in many cancers.However, a systematic
investigationof AHNAKZn papillary thyroid carcinoma(PTChasnot beenconducted.

Results: AHNAK2is overexpressedin PTCtissuesand could be an independent prognostic factor. AHNAK
expressionwas significantly high in patients with advancedstage, advancedT classification, lymph node
metastasis, increased BRAFmutations and decreased RAS mutations. Cell adhesion, cell junction-, and
immune-related pathways were the most frequently noted in gene set enrichment analysis. AHNAK;
expressionin PTCwas positively correlated with immune infiltration and negatively correlated with AHNAK
methylation. AHNAK2expressionwas significantly positively correlated with tumor progresson and poor
overall survival(OS)in pan-cancerpatients.

Conclusions:AHNAK?2is a good biomarker for the diagnosisand prognosisof PTC.AHNAK2may promote
thyroid cancerprogressionthrough cell adhesion, cell junction-, and immune-related pathways. Methylation
may act as an upstream regulator to inhibit the expressionand biological function of AHNAK2 Additionally,
AHNAKZasbroad prognosticvaluein pan-cancer.

Methods: Basedon The CancerGenome Atlas (TCGA)data, we screened AHNAKZrelated genes through
weighted gene coexpressiometwork analysisand exploredthe clinical value and the potential mechanismof
AHNAKZn PTCoy multiomics analysis.

INTRODUCTION

Thyroid cancer (TC) is the fifth most common cancer
among women in the United States, with an estimated
52,890 new TC cases nationwide in 2020 [1], and its
incidence is increasing [2, 3]. Papillary thyroid
carcinoma(PTC) isthe most common subtype of TC
comprising approximately 885% of all TCs [4, 5]
Although most weldifferentiated PTC patients have an
excellent overall prognosis (theygar survival rate of
such patients is greater than 97%) [4], PTC recurrence
and metastasis still hinder clinicalamagement and
prognosis in certain patients. A studgyth a median
follow-up of 27 yearslso reported that 28% of PTC

patients had recurrent disease, and 9% of patients died
from PTC [6]. Additionally, overdiagnosis and
overtreatment are common problemssociated with
indolent diseasesThe screening and identification of
indolent TC and the treatment of these overdiagnosed
cancers can increase the risk of injury to patients [7, 8].
Therefore, the use of novel and sensitive biomarkers to
effectively identify specific PTC patients and provide
personalized treatment has become an urgent need.

AHNAK nucleoprotein 2 AHNAK2 is a giant protein
(600 kDa) with a PDZ domain that was first detected in
2004 [9, 10]. AHNAK2 was recently reported as a
biomarker fo the diagnosis and prognosispEncreatic
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ductal adenocarcinomaPDAC) [11i13], clear cell
renal cell carcinomac€RCC) [14], thymic carcinoma
[15], bladder cancer [16], gastric cancer [17], and uveal
melanoma (UM) [18]Although the biological function

of AHNAK2 in cancer remains unclear, some progress
has been made regarding its mechanism in tumors.
AHNAK2 is a critical element of the stressluced
FGF1 export pathway [19Li et al. [18] reportedthat
AHNAK2may play a role in promoting the prolifeit

and migration of UM cells by regulating the PI3K
signaling pathwayWang et al.[14] also found that
AHNAK2i s a target gene of
epitheliatmesenchymal transition (EMT) and stem cell
characteristics driven by the hypoxia pathwédngréby
promoting the progression of ccRCC.

The purpose of this study was to explore the clinical
value and potential mechanism AHNAK2 in PTC.
Based on the bioinformatics method, we conducted a
systematic multiomics study oAHNAK2 in PTC.
Multiomics single-gene studies onthe candidate
oncogendAHNAK2have enriched our understanding of
the molecular function AAHNAK2and have provided a
new piece of the puzzle to the mechanism of cancer
development and a basis for subsequent research on
AHNAK2 The significant diagnostic and prognostic
value of AHNAK2may also be used in clinical practice
to assist doctors in the diagnosis and treatment of PTC
patients.

RESULTS
Diagnostic value of AHNAK2

The mMRNA expression level ofAHNAK2 was
significantly higher in PTC tissues than in normal
tissues (P<0.0001) (Figure 1A). By performing receiver
operating characteristic (ROC) curve analysis to
discriminate PTC frormormal thyroid tissuesve found

that the area under the curve (AUC) oé thHNAK2
expression level was 0.88, suggesting that it could be a
gooddiagnostic biomarker (Figure 1B).

Additionally, immunohistochemistry performed with
four different AHNAK2 antibodies showed deeper
staining levels in PTC tissues than in normal thyroid
tissues, suggesting higher protein expression in PTC
(Figure 1C).

Prognostic value of AHNAK?2

KaplanMeier (K-M) survival analysis showed that the
high AHNAK2 (H-AHNAK2) group was associated
with worse progressiofree survival (PFS) than tHew
AHNAK2(L-AHNAK2) group(P=0.0005) (Figure 1D).
Multivariate Cox regression analysis suggested that

Hclinical

AHNAKZ2 could become an independent predictor after
adjusting for other parameters, including age, gender,
American Joint Committee on Cancer (AJCC) stage,
BRAF mugtions, RAS mutationand tumor mutation
burden (TMB)(Table 1) (PFS as the ending indicator).
In summary,AHNAK2 could be an important tool for
distinguishing PTC patient clinical outcomes

Clinical value of AHNAK2

We analyzedthe relationships betweeAHNAK2 and
parameters, including age, gender, stage,
metastasis, N classification, T classificatipathologic
type and mutations INBRAF and RAS (Table 2,
SupplementaryFigure 1). AHNAK2 expression was
significantly high in patients with an aainced stage, an
advanced T classification lymph node metastasis
increasedBRAF mutations, decreaseldAS mutations,
and lower follicular PTC and higher taéll PTC
proportions.

Interestingly, in the study of the relationship between
AHNAK2 expression @d gene mutations in PTC
(Supplementary FigurdA), we found thatAHNAK2
expression was positively correlated with BRAF
mutations $upplementary FigurdB) and negatively
correlated with RAS (NRAS, HRAS and KRAS)
mutations Supplementary FigureCi 1E).

Saeening modules and genes related to AHNAK?2

To construct a weighted coexpression network and
screen for modules and genes relatedHINAK2 2696
differentially expressed genes (DEGs) between PTC
and normal tissues from The Cancer Genome Atlas
(TCGA) wereselected and subjected to weighted gene
coexpression network analysis (WGCNA) (475 patients
with complete clinical information were selected)
(Figure 2A and2B). After a series of adjustments for
WGCNA parameters, the DEGs were divided into 11
modules by average linkage hierarchical clustering
(Figure 2GQ 2F). The blue module, which contains 407
genes, exhibited the highest correlation WRHNAK2
expression (Pearsonds
P<0.0001) (Figure 2G). Fiftgeven genes in the blue
moduk were selected as hub genes (absolute module
membership [MM] > 0.5 and absolute gene significance
[GS] > 0.5) (Figure 2H).

Analysis ofthe potential mechanism of AHNAK?2

Cell adhesionand cell junctiorrelatedpathways were

the most frequently noted pathways in the functional
enrichment analysis of the 407 blue module genes.
fi C ectlll adhesion via plasma membrane adhesion
mol ecul ecsedl,| Ajcendti ono,
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Figure 1.Diagnostic and prognostic value @&HNAK2n PTC(A) Comparison cAHNAKZNRNA expression levels between PTC and
normal tissues.R) Diagnostic efficacy of the ROC curvédbBiNAK2(CQ Comparison of immunohistochemistry imagesAéfNAKDbetween
PTC and normal thyroid tissues with four differédiNAKZntibodies (HPA0O00878, HPA004145, HPA002940 and HPAOBA%&d)on the
Human Protein Atlas.Dj kKM survival analysis was performed to determine differences in PFS between-ANKMK2 and-AHNAK2
groups.
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Table 1. Univariate and multivariate regssion analyses of PTC.

Univariate analysis

Multivariate analysis

Variables Hazard ratio (95%CI) P value Hazard ratio (95%CI) P value
Age 1.035(1.0171 <0.001 1.020(0.9941 0.132
Gender (male/female) 1.398(0.7711 0.270 1.256(0.6761 0471
Stage 1.739(1.3671 <0.001 1.402((1.0271 0.033
BRAF mutations 1.055(0.5911 0.857 1.040(0. 4841 0.920
RAS mutations 1.940(0.9381 0.074 3.356(1.2771 0.014
T™MB 2.963(1.6361 <0.001 1.092(0. 4571 0.843
AHNAK?2 1.061(1.0251 <0.001 1.074(1.0311 <0.001

Table 2. Comparison of clinical parameters between th&HNAK2 and AHNAK2 groups in PTC.

Clinical parameters L-AHNAK2 H-AHNAK2 P-value
(n=376, %) (n=125, %)

Age(y)
<55 257(68.4) 77(61.6) 0.165
055 119(31.6) 48(38.4) :
Gender
Female 272(72.3) 94(75.2) 0532
Male 135(27.7) 31(24.8) '
Stage
| 224(59.9) 57(45.6)
I 46(12.3) 6(4.8)
M 70(18.7) 41(32.8) <0.001
v 34(9.1) 21(16.8)
NA 2 0
Metastasis
MO 209(97.7) 73(94.8)
M1 5(2.3) 4(5.2) 0.214
NA 162 48
N classification
NO 186(55.5) 43(37.1) 0.001
N1 149(44.5) 73(62.9) '
NA 41 9
T classification
T1 120(32.1) 22(17.6)
T2 134(35.8) 30(24.0)
T3 111(29.7) 59(47.2) <0.001
T4 9(2.4) 14(11.2)
NA 2 0
Pathologic type
Classical 254(67.6) 101(80.8)
Follicular 100(26.6) 1(0.8)
Tall Cell 13(3.5) 23(18.4) <0.001
Other 9(2.4) 0(0.0)
BRAF
wild-type 181(50.4) 14(11.5) <0.001
Mutated 178(49.6) 108(88.5) '
NA 17 3
RAS
wild-type 299(83.3) 122(100) <0.001
Mutated 60(16.7) 0(0.0) '
NA 17 3

Wwww.agingus.com 18166 AGING



Figure 2.Screening for modules and genes related AlINAKZ2n PTC(A) Volcanoplot of DEGs between PTC and adjacent tissues in
TCGA dataBj Heatmap of DEGs betwe®TC and adjacent tissues in TCGA d@jaCélculation of the scafeee fit index of various soft
thresholding powersH). (D) Analysis of the mean connectivity of various gbfesholding powersf). B Clustering dendrogram of 475 PTC
patients. © Atotal of 2696 DEGs were clustered based on the dissimilarity measufi@Ol) and were divided into 11 module§) (A
correlation heatmap between module eigengenes and clinical parameiétBlAK2vas used as the main research object) of PHCS¢atter
plot of blue module eigengenes.
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