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Abstract

Background: Esophageal squamous cell carcinoma (ESCC) is a severe disease with high mortality, and is associ-
ated with poor prognosis and frequent lymphatic metastasis. Therefore, prognostic indicators for ESCC are urgently
needed. A-kinase anchor-protein 8-like (AKAP8L) is a member of the A kinase anchor-protein (AKAPs) family and is
overexpressed in many cancers. However, the role of AKAP8L in ESCC remains unclear. The aim of this study is to
investigate the expression patterns and prognostic value of AKAP8L in ESCC.

Methods: The mRNA expression of AKAP8L was analyzed from the dataset of The Cancer Genome Atlas (TCGA)
and Gene Expression Omnibus (GEO). Immunohistochemistry was applied to detect the AKAPSL expression in tissue
microarray. Pearson’s chi-square test was carried out for the correlation analysis of clinicopathological features and
AKAP8L expression. The prognostic significance of clinicopathological features and AKAP8L expression was deter-
mined by univariate and multivariate Cox hazard models. Kaplan—Meier survival curve was used for survival analysis.

Results: We found that the mRNA level of AKAP8L was higher in tumor tissues than in adjacent tissues in TCGA and
GEO dataset. High AKAP8L expression was associated with poor overall survival (OS) in ESCC patients (p=0.0039).
Besides, AKAP8L expression was highly expressed in patients with lymph node metastasis detected by ESCC tis-

sue microarray (p=0.0014). The comparison of the different clinicopathological features of ESCC between high and
low AKAP8L expression groups revealed that high AKAPSL expression was related to lymph node stage (p =0.041).
Kaplan—Meier survival analysis revealed that high AKAP8L expression indicates an unfavorable progression-free sur-
vival (PFS) and OS in ESCC patients (p <0.0001). Univariate and multivariate analyses confirmed that AKAP8L was an
independent prognostic factor for PFS and OS in ESCC (p=0.003 and p < 0.0001).

Conclusions: In conclusion, this study demonstrated that high expression of AKAP8L is associated with poor prog-
nosis of ESCC and can be considered an independent risk factor for ESCC.
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characteristics, are esophageal squamous cell carcinoma
(ESCC) and esophageal adenocarcinoma (EAC) [4]. In
China, ESCC constitutes the most important pathologi-
cal type and causes for over 90% of all esophageal can-
cer cases [5]. Despite the improved 5-year survival rate of
ESCC patients in the past decade, the prognosis of ESCC
remains poor because most patients are diagnosed at
an advanced stage [6, 7]. Therefore, the identification of
novel biomarkers for early diagnosis and better prognosis
of ESCC is urgently needed.

A-kinase anchoring proteins (AKAPs) belong to a fam-
ily of structurally diverse scaffold proteins that share a
common function of binding the cAMP-dependent pro-
tein kinase A (PKA) and anchoring the regulatory (R)
subunit of PKA near the substrate [8, 9]. Moreover, many
AKAPs interact with other proteins, such as other scaf-
fold proteins, phosphatases, ion channels, and receptors.
Recent research has increasingly focused on members of
the AKAP family and their functions. AKAPS is a core
member of the AKAP family and has multiple activities
[10] that include integrated regulation of transcription
and RNA splicing through the binding of its zinc finger
domain (ZF) to many factors during RNA processing
and transcription [11, 12]. Recent study has found that
AKAPS could inhibit tumor metastasis by regulating the
splice isoform switching of CLSTNI, a key molecule that
affects epithelial-mesenchymal transition [13]. How-
ever, another research team revealed that AKAP8 may
promote tumorigenesis through the formation of phase-
separated and liquid-like condensates in the cancer cell
nucleus and regulating alternative splicing [14].

The protein sequence homology of AKAPSL and
AKAPS is as high as 61%, which suggests the possibil-
ity that AKAPS8L has similar functions with AKAP8 in
tumorigenesis and metastasis. A previous study revealed
that AKAPSL interacts with mTORCI1 and facilitates
mTORCI1-promoted cell growth [15]. However, no study
has investigated the expression profile of AKAP8L in
human cancer, and the function and clinical significance
of AKAPSL in ESCC remain unclear.

Therefore, in this study, we first comparatively analyzed
the mRNA expression level of AKAPSL in ESCC and
non-tumoral tissues. Next, the AKAPS8L expression pro-
file in an ESCC tissue microarray was detected by immu-
nohistochemistry, and the correlation between AKAP8L
expression levels and the clinical characteristics and sur-
vival outcome of ESCC patients was studied to clarify the
clinical significance of AKAPSL in ESCC patients.

Materials and methods

AKAPS8L gene expression analysis

The mRNA expression of AKAPSL in ESCC and non-
tumoral tissues was ascertained from The Cancer
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Genome Atlas (TCGA) as well as from two Gene Expres-
sion Omnibus (GEO) data sets. The RNA-seq data was
downloaded from TCGA database (https://portal.gdc.
cancer.gov/). GSE23400 and GSE20347 contained gene
expression data of 53 and 17 pairs of tumor-adjacent nor-
mal specimens and tumor biopsy specimens from ESCC
patients that were downloaded from the GEO database
(http://ncbi.nlm.nih. gov/geo/). The mRNA expression
level of AKAP8L was comparatively analyzed in the nor-
mal and tumoral tissues.

Kaplan-Meier plot analysis

Kaplan—-Meier plot (http://kmplot.com/analysis/) was
applied to analyze the relationship between AKAPSL
gene expression and survival rates in ESCC (n=381)
based on the hazard ratios (HR) and log-rank P-values.

Tissue microarray

A tissue microarray containing 116 human ESCC sam-
ple tissues that were collected between May 2000 and
December 2002 at Sun Yat-sen University Cancer Center
in China was obtained. The study was approved by the
Ethics Committee of The Sun Yat-sen University Cancer
Center. All participants provided written informed con-
sent for study participation. The clinical characteristics of
patients are listed in Table 1.

Immunohistochemistry

Paraffin-embedded tissue sections were dewaxed in
dimethyl benzene and rehydrated in gradient ethanol
solutions. Thereafter, 3% H,0O, was applied for 10 min to
inhibit the endogenous peroxidase, and the antigens were
retrieved by microwave heating. After cooled to room
temperature, the tissue sections were blocked and incu-
bated with 10% fetal bovine serum for 30 min. The pri-
mary antibody AKAPSL (1:200; HPA042485) was added
and incubated at 4 °C overnight, and the tissue sections
were subsequently incubated with HRP-labeled univer-
sal anti-mouse/rabbit secondary antibody in the dark.
Immunostaining was visualized with diaminobenzidine
(DAB), and the tissue sections were counterstained with
hematoxylin, then dehydrated and mounted.

Immunohistochemical scoring

Based on the proportions of positive cells and staining
intensity, the level of AKAP8L expression was assessed
by two independent pathologists who were blinded to
the clinicopathological information. The proportion of
positive cells was graded as 0 (0%—5%), 1 (6%—25%), 2
(26%-50%), 3 (51%—75%), and 4 (76%—-100%), whereas
staining intensity was rated as 1 (weak), 2 (moderate),
and 3 (strong). The IHC scores of AKAPSL expression
levels were based on the multiplication of proportions
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Table 1 Clinical data of 116 cases of esophageal squamous cell
carcinoma

Characteristics Total patients (n, %)

Gender

Female 20 (17.2%)

Male 96 (82.8%)
Age, year

<60 70 (60.3%)

>60 46 (39.7%)
Differentiation grade

| 34 (29.3%)

I 52 (44.8%)

Il 30 (25.9%)
T stage

T 4 (3.4%)

T2 30 (25.7%)

T3 78 (67.2%)

T4 4 (3.4%)
N stage

NO 58 (50.0%)

N1 57 (49.1%)

N2 1(0.9%)
M stage

MO 110 (94.8%)

M1 6 (5.2%)
Clinical stage

| 3(2.6%)

Il 61 (52.6%)

Il 46 (39.6%)

% 6 (5.2%)

of positive cells and staining intensity. The final AKAP8L
expression was defined as follows: negative (—), O points;
low expression (+), 1-4 points; moderate (++), 5-8
points; and high expression (+++), 9-12 points. For
further investigation, all ESCC patients were divided into
two groups of low and high AKAP8L expression accord-
ing to an AKAP8L median IHC score of 4.

Statistical analysis

GraphPad Prism (GraphPad Software, Inc.) and SPSS
(IBM, USA) were used for data analysis. The Student’s
t-test was used for intergroup comparisons. The Mann—
Whitney U test was used to compare nonnormally dis-
tributed data. The area under the curve (AUC) value
was computed based on receiver operating character-
istic (ROC) analysis using the pROC package in R ver-
sion 3.6.1. Pearson’s chi-square test was used for the
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correlation analysis of clinicopathological features and
AKAPSL expression. Kaplan—Meier survival curve was
used for survival analysis. Univariate and multivariate
analyses were carried out based on Cox proportional
hazard regression. P-value <0.05 was considered statisti-
cally significant.

Results

mRNA expression level of AKAP8L in ESCC

We first analyzed the gene expression levels of AKAPSL
in different human cancer tissues as compared with those
in normal tissues based on data obtained from the TCGA
database. The mRNA expression of AKAPSL was signifi-
cantly higher in multiple type of cancer tissues than in the
corresponding normal tissues, including esophageal car-
cinoma (ESCA) (Fig. 1A). The level of AKAPSL expres-
sion was further validated in two independent GEO
datasets: GSE23400 and GSE20347. AKAPSL expression
was higher in ESCC tumor tissues than in normal tissues
in both datasets (Fig. 1B and C). ROC analysis revealed
that AKAPS8L possessed high sensitivity and specificity
for predicting patient outcomes (AUC 0.914; Fig. 1D). In
addition, the prognostic value of AKAPS8L expression was
analyzed in ESCC using the Kaplan—Meier plotter data-
base. High AKAPS8L expression correlated with poorer
prognosis in ESCC (hazard ratio [HR] =3.62, 95% confi-
dence interval [CI] =1.43 to 9.21, p=0.0039; Fig. 1E).

AKAPSL expression levels in tissue samples of ESCC
patients

Next, we evaluated the level of AKAPS8L expression in the
ESCC tissue microarray by immunohistochemical assay.
The results showed that positive staining of AKAPSL
was predominately present in the nucleus of tumor cells,
which was observed in 93.97% (109/116) of ESCC tis-
sues. Figure 2A shows different IHC staining intensities
of AKAPSL. The AKAPSL IHC scores were comparable
between ESCC patients in the T1-2 and T3-4 stages
(Fig. 2B). The IHC score of AKAPSL was significantly
higher in N1/2 ESCC than in NO ESCC patients (Fig. 2C).
Furthermore, TNM stage III/IV ESCC patients had
higher AKAPSL expression than those with TNM I/II
ESCC (Fig. 2D).

Correlation between AKAPS8L expression and clinical
characteristics of ESCC patients

We further analyzed the correlations between the
AKAPSL expression levels and the clinicopathological
parameters of the 116 ESCC patients. The median IHC
score of 4 was applied as the cut-off value for AKAPSL
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Fig. 1 The expression profile of AKAP8L in esophageal squamous cell carcinoma. A High or low expression of AKAP8L in different human cancer
tissues compared with normal tissues from the TCGA database. B, C The expression level of AKAP8L was higher in ESCC tissue than the adjacent
normal tissue in GSE23400 dataset and GSE20347 dataset. D ROC curve indicated that AKAP8L showed high accuracy in predicting normal and
tumor outcomes. E. High AKAP8L expression was correlated with poor OS in ESCC using the Kaplan-Meier plotter database (n=2381). *P <0.05,
**P<0.01,***P <0.001

expression. AKAPSL expression was high in 55 (47.41%)
tissue samples of ESCC patients. We next evaluated the
association of AKAP8L expression in tumor tissues with
the following clinicopathologic parameters: gender, the
age of diagnosed, tumor-differentiation grade, T stage, N
stage, distant metastasis, and clinical stage. The correla-
tion between clinicopathological features and AKAP8L
expression in 116 ESCC patients are summarized in
Table 2. High AKAPS8L expression was associated with
a higher N stage than was low AKAPSL expression
(p=0.041). AKAPSL expression level showed no signifi-
cant correlation with other clinicopathologic features.

Prognostic value of AKAPS8L in ESCC

In order to determine whether AKAPSL expression and
the clinicopathological characteristics can served as
independent risk factors for ESCC patients, univariate
and multivariate analyses were performed based on Cox
regression analysis. The univariate analysis indicated that
age<60 years (p=0.001), T3/4 stage (p=0.044), N1/2
stage (p<0.001), TNM III/IV stage (p<0.001), and high
AKAPSL expression level (p<0.001) were significantly
associated with a decrease in progression-free survival

(PES; Table 3). Multivariate Cox model analysis showed
that age (p=0.009), N stage (»p=0.005), and AKAP8L
levels (p=0.003) were independent predictors for PFS.
Univariate analysis showed that age <60 years (p =0.003),
N1/2 stage (p<0.001), TNM III/IV stage (» =0.001), and
high AKAPSL expression level (p<0.0001) were signifi-
cantly associated with decreased overall survival (OS;
Table 4). Moreover, multivariate Cox analysis indicated
that age (» =0.018), N stage (»=0.011), and the AKAP8L
levels (p <0.0001) were independent predictors of OS.

Association between AKAPS8L expression and survival
outcome in ESCC

We assessed the prognostic performance of AKAPS8L in
predicting the PFS and OS outcome of all ESCC cases.
Kaplan—Meier survival analysis showed that patients
in the low AKAPSL expression group had better sur-
vival results with regard to PFS and OS (Fig. 3). Next,
we analyzed the PFS outcome between the low and
high AKAP8L expression groups in patients with dif-
ferent phenotypes (Fig. 4). High AKAPS8L expression
predicted poorer PFS outcome in ESCC patients with
T1/2 stage (p=0.0031), T3/4 stage (p=0.0047), NO
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Fig. 2 Representative images and statistical analysis of immunohistochemical staining for AKAP8L in ESCC tissues. A Representative images of IHC
staining of AKAP8L with negative, weak, moderate, and strong expression. Scale bar: 100 um. B Statistical analysis of AKAP8L expression in T1/2 and
T3/4 stage ESCC samples based on IHC scores. C The expression level of AKAPSL in patients with lymph node metastasis was significantly higher
than that in patients without lymph node metastasis. D The expression level of AKAPSL in TNM stage IlI/IV patients was significantly higher than that
in TNM stage /Il patients
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(<0.001), and TNM I /II ((p<0.001), whereas the PFS
survival outcome did not differ significantly between
patients in the low and high AKAP8L-expression groups
in N1/2 (p=0.5916) and TNM III /IV (p =0.9150). Fur-
thermore, the OS outcome analysis in Fig. 5 revealed
that high AKAPSL expression correlated with poorer
survival results in patients with T1/2 stage (p=0.0027),
T3/4 stage (p<0.001), NO (p<0.001), and TNM I/II stage
(p<0.001), but not with the N1/2 stage (p=0.1665) and
TNM III/IV stage (p=0.3149).

Discussion

ESCC is a common malignancy in China, and accounts
for nearly half of all new ESCC cases and deaths world-
wide [16]. Despite considerable progress in surgical
resection, radiotherapy, chemotherapy, and immunother-
apy for ESCC, the clinical efficacy of these therapeutic
options for locally advanced ESCC remain disappointing
[17, 18]. Thus, there is an urgent need to explore effective
biomarkers for better prognostic prediction for ESCC
patients.

Recently, an increasing number of studies have sug-
gested that the signal-transduction complexes which
regulated by AKAP family proteins are associated with
cancer development and progression, thus, targeting
AKAP may be a therapeutic option [19, 20]. For instance,
evaluated AKAP4 expression is found in multiple
tumors, and high AKAP4 expression positively impacts
cell proliferation, migration, and invasion abilities in sev-
eral cancers, including cervical cancer, colorectal cancer,
and ESCC [21-24]. In addition, AKAPS is upregulated in
many types of cancer, including ovarian, lung, and esoph-
ageal squamous carcinoma, and mediates cell-cycle regu-
lation and mitotic DNA condensation [25-27]. AKAP9
and AKAP13 regulate cell proliferation and epithelial-
mesenchymal transition [28-31]. Therefore, the study
of AKAP family proteins is helpful to enrich our under-
standing of the molecular mechanism of tumorigenesis,
development, and prevention.

AKAPSL is a nuclear protein that was originally iden-
tified as a 95 kDa apparent molecular weight homolog
similar to AKAP95, and thus was also named HA95
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Table 2 Correlation between the expression of AKAP8L and
clinicopathologic parameters in esophageal squamous cell
carcinoma

Characteristics Total AKAPBSL expression p value
Low (n=61) High (n=55)

Gender
Female 20 10 10 0.799
Male 9% 51 45

Age at diagnosis
<60 70 39 31 0405
>60 46 22 24

Differentiation grade
|-l 86 44 42 0.603
Il 30 17 13

Tumor extent
T1/T2 34 17 17 0.719
T3/T4 82 44 38

Lymph node stage
NO 58 36 22 0.041
N1/2 58 25 33

Distant metastasis
MO 110 60 50 0.081
M1 6 1 5

Clinical stage
I/11 64 38 26 0.104
/v 52 23 29

(homolog of AKAP95) [32]. The amino acid sequence
homology of AKAPSL and AKAP95 was 61%. AKAP8
is involved in regulating the histone H3 lysine 4 (H3K4)
histone methyltransferase (HMT) complexes through

Page 6 of 10

interacting with the WDR5 protein and DPY30 pro-
tein, which are core subunit of H3K4 HMT complexes
[33]. Similar to AKAP8, AKAPSL also associates with
the core subunits of H3K4 HMT complexes and may be
a potential regulator of H3K4 methylation [33]. How-
ever, AKAP8L does not interact with DPY30 protein
directly, further study is needed to identify the subunits
of HMT complexes interacting with AKAPSL. AKAP95
and AKAP8L could be recruited to mitotic chromosomes
and involved in mitotic progression, but the mechanism
remains obscure [32, 34, 35]. Yun Li and their research
team found that AKAPS8L can interacted with AKAP95
and histone deacetylase 3 (HDAC3), and this interaction
is increased during mitosis [25]. Depletion of AKAP8/
AKAPSL or HDAC3 caused a similar impairment of
mitotic progression and induced G2/M arrest. This pro-
vides new insights into the mechanism by which HDAC
inhibitors are used to target HDAC3 in cancer treatment
[25]. Another study found that knockdown of AKAPSL
resulted in delayed maturation of erythrocyte progenitor
cells, suggesting that AKAP8SL may play a key role in reg-
ulating terminal differentiation of human primary eryth-
rocytes, especially in regulating pyknosis and enucleation
of erythroblasts. Further studies of AKAPSL in the future
may help to provide a comprehensive understanding of
the underlying mechanisms of nuclear rupture and the
diversity of cell stages in different types of anemia [36].
AKAPSL is involved in many biological processes, but the
function of AKAPS8L in tumor development is unclear.
Therefore, investigating AKAP8L expression profile in
tumor tissues and its impact on clinical prognosis may
help us understand its functional role.

Table 3 Univariate and multivariate Cox regression analysis of progression-free survival in patients with esophageal squamous cell

carcinoma
Variable Univariate analysis Multivariate analysis

HR (95% Cl) p value HR (95% Cl) p value
Gender (Female vs. Male) 1.148 (0.680-1.938) 0.606
Age (<60 vs.>60) 1.936 (1.289-2.908) 0.001 1.737 (1.145-2.633) 0.009
Differentiation grade (lll vs. I-1l) 0.851 (0.539-1.344) 0.490
T stage (T34 vs. T1-2) 1.593 (1.013-2.504) 0.044 1.634 (0.920-2.903) 0.094
N stage (N1-2 vs. NO) 2.709 (1.788-4.106) <0.0001 2.707 (1.355-5.407) 0.005
M stage (M1 vs. M0) 1.251 (0.545-2.872) 0.597
Clinical stage (IlI-IV vs. I-Il) 2.122(1.413-3.189) <0.0001 0.702 (0.324-1.518) 0.368
AKAP8L expression (High vs. Low) 2.192 (1.449-3.317) <0.0001 1.943 (1.258-3.000) 0.003
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Table 4 Univariate and multivariate Cox regression analysis of overall survival in patients with esophageal squamous cell carcinoma

Variable Univariate analysis Multivariate analysis
HR (95% Cl) p value HR (95% Cl) p value

Gender (Female vs. Male) 1.127 (0.665-1.911) 0.656
Age (<60 vs.> 60) 1.887 (1.242-2.866) 0.003 1.682 (1.095-2.586) 0.018
Differentiation grade (lll vs. I-Il) 0.789 (0.497-1.253) 0315
T stage (T3-4 vs. T1-2) 1461 (0.920-2.320) 0.108
N stage (N1-2 vs. NO) 2598 (1.695-3.982) <0.0001 2.252 (1.206-4.208) 0.011
M stage (M1 vs. MO) 1.250 (0.544-2.873) 0.599
Clinical stage (IlI-IV vs. 1)) 1.980 (1.304-3.006) 0.001 0.956 (0.524-1.744) 0.883
AKAP8L expression (High vs. Low) 2.588(1.677-3.992) <0.0001 2.208 (1.417-3.440) <0.0001
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Fig. 3 Kaplan-Meier survival curves grouped by high and low AKAP8L expression in ESCC patients. A Progression-Free-Survival (PFS) in all patients.
B Overall survival (OS) in all patients

In this study, we initially analyzed the mRNA expres-
sion level of AKAPS8L in a pan-cancer sample obtained
from the TCGA dataset. We found that, compared with
normal tissues, AKAP8L mRNA levels increased signifi-
cantly in many cancers, including ESCC. The differen-
tial expression of AKAPSL in ESCC was further verified
in two independent GEO datasets. In addition, TCGA
data showed that a higher level of AKAPSL expres-
sion was associated with a lower survival rate in ESCC.
IHC staining of AKAP8L in a tumor tissue microar-
ray of ESCC patients revealed higher AKAPSL expres-
sion in ESCC patients with lymphatic metastasis. High
AKAPSL expression levels significantly correlated with
N categories, but not with sex, age, histological differen-
tiation grade, and tumor status or TNM stage of ESCC

patients. Importantly, ESCC patients with high AKAP8L
expression exhibited significantly shorter OS and PFS
duration than those with low AKAP8L expression. These
results indicate that AKAP8L may play an important role
in tumor metastasis and progression of ESCC. However,
the biological function of AKAPSL in promoting ESCC
development and the underlying regulatory mechanisms
warrant further investigation.

In conclusion, our study demonstrated that AKAPSL
is highly expressed in ESCC tissues and high AKAP8L
expression significantly correlates with lymphatic metas-
tasis and poor survival outcome in ESCC. Therefore,
AKAP8 may be a useful indicator of the prognosis of
ESCC patients.
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