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Abstract. Approximately 500,000 new head and neck squa‑
mous cell carcinoma (HNSCC) cases are detected every
year around the world, and its incidence ranks sixth among
all cancer types globally. Among these cases, oral squamous
cell carcinoma (OSCC) and laryngeal squamous cell carci‑
noma (LSCC) are HNSCC subtypes with high incidence rates,
especially in China. The present study examines the asso‑
ciation between the apolipoprotein L1 (APOL1) mRNA and
protein expression and clinical parameters in HNSCC. The
two most common types (oral and larynx) of HNSCC were
selected for subgroup analyses. Immunohistochemistry (IHC)
was used to detect APOL1 protein expression levels in HNSCC
clinical specimens. It was demonstrated that APOL1 protein
expression in 221 cases of HNSCC was higher compared with
that in normal tissues. Consistent upregulation of APOL1
protein was also found in subgroups of OSCC and LSCC.
Through mining the ArrayExpress, The Cancer Genome Atlas
and the Gene Expression Omnibus databases, microarrays and
RNA sequencing data for HNSCC were retrieved, which were
used to analyze APOL1 mRNA expression levels. The results
showed that APOL1 expression was higher in both OSCC and
LSCC subtypes, as well as in HNSCC, compared with that in
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non‑cancerous squamous epithelium. The summary receiver
operating characteristic analysis showed that APOL1 had
potential as a diagnostic biomarker for HNSCC, OSCC and
LSCC. Thus, upregulation of APOL1 may contribute to the
tumorigenesis of HNSCC.
Introduction
Head and neck squamous cell carcinoma (HNSCC), repre‑
senting a group of tumors in the larynx, pharynx and oral
cavity, is the sixth most common cancer in the world, with
~500,000 new cases worldwide each year (1,2). Among these
cases, oral squamous cell carcinoma (OSCC) and laryngeal
squamous cell carcinoma (LSCC) have a high incidence,
especially in China (3,4), exhibiting high morbidity and
mortality rates (5). According to GLOBOCAN 2012, the
incidence and mortality rate of laryngeal cancer in China
was 1.1/100,000 and 0.7/100,000, compared with the global
incidence and mortality rate of which was 2.1/100,000 and
1.1/100,000, respectively (6). Oral cancer was also reported
to be the 11th most common malignancy in the world
in 2017 (7,8). HNSCC is associated with smoking and alcohol
abuse (9), and it is also linked to infection with the human
papillomavirus (10). In the occurrence and development of
HNSCC, epigenetic events play an important role, including
DNA methylation, post‑translational covalent modification of
histones, chromatin remodeling and the effects of non‑coding
RNA (11‑14). Currently, an increasing number of splicing
patterns have been found, such as the splicing variants of
laminin subunit α3 (LAMA3), dystonin (DST), dedicator
of cytokinesis (DOCK5), lysyl oxidase‑like 2 (LOXL2) and
gelsolin (GSN), and some studies have shown that these
splicing variants can be used as cancer markers and potential
therapeutic targets (15‑18). Some of these variants could even
become novel antigens for specific targeted therapy of HNSCC,
such as the splicing variant of GSN, which was reported to
be able to serve as a biomarker of HNSCC and a neoantigen
for HNSCC treatment (18). In addition, HNSCC is character‑
ized by clinical heterogeneity (19). For instance, patients
with recurrent and/or metastatic HSNCC can be treated with
cetuximab, an anti‑EGFR antibody, but only ~13% of patients
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with metastasis respond to this therapy (20). In recent years,
immune checkpoint inhibitors (ICIs), such as nivolumab and
pembrolizumab, have shown certain potential in the treat‑
ment of HNSCC (21,22). However, primary resistance to
ICIs emerges in the majority of patients, and the benefits of
this therapy is therefore suboptimal (23) compared with the
anti‑programmed death‑1 monoclonal antibody (24,25).
Therefore, it is particularly important to identify novel predic‑
tive biomarkers to improve the screening of patients who can
benefit from ICI treatment. At present, more and more evidence
has shown that the progression and metastasis of HNSCC are
associated with polygenic changes (26,27); thus, it is important
to improve our understanding of the mechanisms underlying
the pathogenesis of HNSCC to aid the identification of novel
biomarkers.
Apolipoprotein L1 (APOL1) is located at chromosome
22q12.3 and APOL1 gene encodes a trypanolytic factor
that dissolves pathogenic Trypanosoma brucei subspecies
in humans and gorillas (28). Other studies have shown a
link between non‑diabetic nephropathy and variations in
the APOL1 gene (29,30), which are also associated with
atherosclerosis (31). APOL1 is one of six genes of the APOL
gene family, which are a set of genomic hotspots for various
diseases (32), including schizophrenia, cancer and chronic
kidney disease (33,34). The APOL gene family is associated
with programmed cell death and mainly encodes proteins to
initiate apoptosis or autophagic death by increasing levels of
free radicals, aggregating macromolecules, and inducing DNA
damage and metabolic defects (35). Therefore, protein damage
caused by apoptosis and autophagy is associated with the
pathogenesis of several cancer types (36,37). However, there is
no relevant literature to report the expression of APOL1 and its
clinical significance in HNSCC, to the best of our knowledge.
By mining the high‑throughput data from ArrayExpress,
Gene Expression Omnibus (GEO), The Cancer Genome
Atlas (TCGA), Human Protein Atlas (HPA), as well as using
immunohistochemistry (IHC), the present study examined the
associations between APOL1 mRNA and protein expression
in HNSCC and related clinical parameters and prognoses.
The two most common sites (oral and larynx) of HNSCC
were selected for subgroup analyses (Fig. 1). Nasopharyngeal
carcinoma was excluded from subgroup analysis due to its
unique pathogenesis (38). The present results may improve our
understanding of the association between HNSCC and APOL1
that has hitherto been lacking in oncology, and suggested that
APOL1 is a promising biomarker that deserves further study.
Materials and methods
Study design. At the mRNA level, datasets, including 16,510
individual data points after removing duplicates, were
obtained through TCGA (https://cancergenome.nih.gov/),
GEO (http://www.ncbi.nlm.nih.gov/geo/), and ArrayExpress
(http://www.ebi.ac.uk/arrayexpress/) databases. In total,
39 studies were used for the final analysis, which were divided
into two subgroups: OSCC and LSCC, such as the datasets of
GSE10121 (39), GSE13601 (40), GSE51985 (41). The control
group included negative marginal tissue with squamous
cells, healthy nasopharyngeal tissue and the epithelial tonsil
samples. At the protein level, images of IHC staining results

were obtained from the HPA (42‑44). In‑house validation with
IHC was also used to verify the APOL1 mRNA expression
data collected from the First Affiliated Hospital of Guangxi
Medical University (Nanning, China). The inclusion criteria
were: i) None of patients had received preoperative chemora‑
diotherapy and ii) all of the operative tissues were obtained
during resection. The study exclusion criteria were as follows:
i) Multiple primary tumors and ii) lack of clinicopathological
data.
IHC. The HPA, through the use of IHC techniques, aims to
provide information on the distribution of various kinds of
human proteins in cells and tissues and the staining results of
images that are fully representative (42‑44). Thus, this data‑
base was used to collect images of IHC staining results for
HNSCC. After obtaining approval from The Ethics Committee
of the First Affiliated Hospital of Guangxi Medical University
(Nanning, China), as well as patient written consent, HNSCC,
non‑tumor tissues and corresponding clinical information
were collected at the hospital between January 2017 and
September 2018. IHC was then performed on these tissues,
including 221 HNSCC and 24 non‑tumor squamous epithelial
tissues from 13 cases of the oral cavity, five of the larynx
and six of the nasopharynx. All clinicopathological features
were obtained to analyze the influence of the APOL1 protein
expression on the occurrence and development of HNSCC.
Pathological sectioning was performed on both the HNSCC
and non‑cancerous tissues, which were then fixed in 4% form‑
aldehyde solution for 24 h at room temperature, followed by
being dehydrated with conventional gradient ethanol (80, 90,
95 and 100%) and embedded. Paraffin‑embedded HNSCC
and non‑cancerous tissues were cut into 4‑µm sections and
heated at 75˚C for 2 h. The sections were deparaffined with
xylene and rehydrated with conventional gradient ethanol
(100, 95, 85, 75 and 50%). Then these sections were washed
twice under running water and boiled in EDTA antigen
Retrieval Solution (pH=9.0) for 2.5 min in a pressure cooker
for antigen retrieval. After that, the sections were immersed in
3% hydrogen peroxide for 5 min to block endogenous peroxi‑
dase activity and incubated with diluted anti‑APOL1 antibody
(1:100, cat. no. CL0171; Abcam) for 90 min at 37˚C and with a
secondary antibody for 25 min at room temperature. After the
sections were incubated with DAB staining for 5 min at room
temperature and counterstained with hematoxylin for 30 sec
at room temperature. Finally, these sections were dehydrated
with gradient ethanol, cleared by xylene, and sealed with resin.
Images (magnification, x100 and x200) were captured using an
optical microscope (Motic China Group Co., Ltd.). The score
of the IHC staining results, including HPA and in‑house IHC,
was generated from the product of the proportion of stained
cancerous cells among all cells (0, ≤5%; 1, 6‑25%; 2, 26‑50%;
3, 51‑75%; 4, >75%) and the staining degree of the positive
cancerous cells (0, no staining; 1, light staining; 2, moderate
staining; 3, strong staining), which was assessed manually by
two independent pathologists.
Microarray and RNA‑sequencing data from TCGA, GEO
and ArrayExpress databases. By mining TCGA, GEO and
ArrayExpress databases, microarrays and RNA‑sequencing
(RNA‑seq) data regarding HNSCC were retrieved. The search

ONCOLOGY LETTERS 20: 377, 2020

3

Table I. Basic information of the 39 microarrays of APOL1 expression profiling involved in the present study.
Number of samples, n
APOL1 expression, mean ± SD
	------------------------------------------	------------------------------------------------------------------ID
Year
Tissue type
HNSCC
Normal
HNSCC
Normal

P-value

GSE10121
GSE13601
GSE19089
GSE23558
GSE25099
GSE30784
GSE31056
GSE31853
GSE34106
GSE3524
GSE36090
GSE37991
GSE55550
GSE56532
GSE6631
GSE74530
GSE9844
GSE55549
GSE78060
GSE75539
GSE75538
GSE12452
GSE53819
GSE64634
GSE51985
GSE59102
GSE29330
GSE84957
GSE10774
GSE13397
GSE13398
GSE33205
GSE55546
GSE58911
GSE83519
GSE107591
GSE39400
E-MTAB-1516
TCGA

<0.001
<0.001
0.449
0.006
<0.001
<0.001
<0.001
0.015
<0.001
0.010
0.119
<0.001
<0.001
0.001
0.001
0.015
<0.001
0.276
<0.001
0.026
0.113
0.808
0.007
0.877
0.437
0.004
0.002
0.032
0.012
<0.001
<0.001
<0.001
0.153
0.011
0.090
<0.001
0.030
0.251
<0.001

2008
2008
2009
2011
2011
2011
2011
2011
2012
2005
2012
2013
2014
2014
2007
2017
2008
2014
2017
2016
2016
2008
2014
2017
2013
2014
2014
2016
2008
2009
2009
2013
2014
2014
2017
2017
2012
NA
NA

OSCC
OSCC
OSCC
OSCC
OSCC
OSCC
OSCC
OSCC
OSCC
OSCC
OSCC
OSCC
OSCC
OSCC
OSCC
OSCC
OSCC
OSCC
OSCC
OSCC
OSCC
NPC
NPC
NPC
LSCC
LSCC
LSCC
LSCC
Unclassified HNSCC
Unclassified HNSCC
Unclassified HNSCC
Unclassified HNSCC
Unclassified HNSCC
Unclassified HNSCC
Unclassified HNSCC
Unclassified HNSCC
Unclassified HNSCC
Unclassified HNSCC
Unclassified HNSCC

32
31
3
27
57
167
23
8
28
16
10
40
139
10
22
6
26
8
26
7
14
31
18
12
10
29
13
9
10
8
8
44
12
15
22
24
28
16
502

6
1.774±1.490	-1.083±0.423
26
7.917±1.284
5.466±1.271
3
5.757±0.140
5.665±0.128
5
2.107±1.454
0.022±1.329
22
7.938±0.870
5.985±0.610
45
8.522±1.349
5.970±0.951
73
8.267±1.058
6.385±1.004
3
6.027±0.948
3.933±1.275
15
6.691±0.600
5.992±0.367
4
0.054±1.165	-1.842±1.222
3
2.083±1.861
0.170±0.816
40
7.546±0.334
8.205±0.566
16
0.191±0.921	-0.290±0.381
6
10.080±1.340
7.661±0.735
22
6.176±0.680
5.539±0.411
6
7.033±1.548
4.744±0.268
12
7.701±1.217
6.053±0.533
4
0.158±0.666	-0.268±0.424
4
10.801±1.437
7.139±2.094
8
6.43±0.258
6.143±0.181
14
6.767±1.161
6.238±0.331
10
8.342±0.618
8.394±0.437
18
12.169±0.541
11.509±0.816
4
7.749±1.015
7.833±0.471
10
31.337±43.389
18.568±26.459
13
11.867±1.163
10.753±0.879
5
8.322±1.548
6.486±0.619
9
13.326±0.649
12.539±0.771
4	-0.812±0.853	-1.780±0.366
8
13.087±0.617
11.802±0.538
8
1.484±0.604
0.363±0.376
25
7.032±1.087
5.885±0.347
4
0.395±0.947	-0.358±0.414
15
9.085±1.111
8.151±0.732
22
2.672±0.236
2.781±0.180
23
8.602±1.419
7.2±0.886
11
6.585±0.287
6.365±0.235
19	-5.366±4.091	-6.925±3.796
44
4.383±0.106
4.257±0.104

HNSCC, head and neck squamous cell carcinoma; APOL1, apolipoprotein L1; SD, standard deviation; OSCC, oral squamous cell carcinoma;
NPC, nasopharyngeal squamous cell carcinoma; LSCC, laryngeal squamous cell carcinoma; TCGA, The Cancer Genome Atlas; NA, not available.

strategy was (head and neck OR HNSCC OR laryngeal OR
nasopharyngeal OR pharyngeal OR oral OR LSCC OR NPC
OR OSCC) AND (squamous cell carcinoma OR carcinoma

OR tumor OR cancer OR neoplas* OR malignan*). The inclu‑
sion criteria for the microarray and RNA‑seq data were as
follows: i) Cancer samples came from HNSCC tissues; ii) the
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Figure 1. Design and retrieval flow chart. (A) Flow chart of the design of the present study and (B) flow chart of the study search and selection proceed.
APOL1, apolipoprotein L1; HNSCC, head and neck squamous cell carcinoma; OSCC, oral squamous cell carcinoma, LSCC, laryngeal squamous cell carci‑
noma; TCGA, The Cancer Genome Atlas; GEO, Gene Expression Omnibus; HPA, Human Protein Atlas; RNA‑seq; RNA sequencing.

species was Homo sapien; iii) the included chips contained the
expression APOL1; iv) the tissue sample sources were head and
neck tissues and v) chip sequencing or other high‑throughput
detection methods were used. The downloaded data were
normalized and log2 transformed. Basic information of the
39 microarrays of APOL1 expression profiling involved in the
present study is summarized at Table I. There are 21 microar‑
rays with APOL1 expression for OSCC, 4 for LSCC, 3 for NPC
and 11 for unclassified HNSCC tissues. The mRNA expression
of APOL1 in HNSCC and normal tissues were obtained from
above databases.
Clinical parameter data of TCGA, GEO and ArrayExpress
databases. Meanwhile, the information of corresponding
clinicopathological parameters, such as sex, age, grade and
Tumor‑Node‑Metastasis (TNM) stage (45), were extracted for
further analysis and comparison. Kaplan‑Meier estimator with
log‑rank tests were also used on the RNA‑seq data to show the
prognostic capability of APOL1 for HNSCC.
Statistical analysis. The appropriate statistical methods were
applied to clarify the APOL1 expression in HNSCC and its
two subgroups (OSCC and LSCC). SPSS 22.0 (IBM Corp)

was used to carry out unpaired t‑tests to investigate the
differences in the APOL1 mRNA expression between tumor
and normal tissues based on TCGA, GEO and ArrayExpress
databases. Scatter diagrams and receiver operating charac‑
teristic (ROC) curves were drawn using GraphPad Prism
version 7.0 (GraphPad Software). In addition, the summary
receiver operating characteristic (sROC) curves were drawn
using Stata 12 (StataCorp LLC). These were used to evaluate
the capability of APOL1 to diagnose tumors, the accuracy
of which was confirmed by the area under the curve (AUC).
Comparing the APOL1 expression in tumor tissues with that
in non‑tumor tissues, standard mean differences (SMDs) and
95% confidence intervals (CIs) were used. The funnel plot and
Begg's test were used to examine whether there was publica‑
tion bias. χ2 and Fisher's exact tests were used to compare
the IHC staining scores of APOL1 in HNSCC with those in
the normal tissues and analyze the association between the
clinicopathological parameters and expression of APOL1
proteins for 135 patients with HNSCC. χ2 tests were used when
all theoretical frequency T≥5 and total sample size n≥40,
while Fisher's test suitable for sample size n<40 or theoretical
frequency T<1. Fagan's Tests were used to demonstrate the rela‑
tionship between the former probability, the latter probability,
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Figure 2. mRNA APOL1 expression in OSCC tissue and the corresponding ROC curves. (A‑O) Expression data of APOL1 and corresponding ROC curves
in OSCC tissues in 15 microarrays from Gene Expression Omnibus datasets. APOL1, apolipoprotein L1; ROC, receiver operating characteristic; OSCC, oral
squamous cell carcinoma; AUC, area under the curve.

the positive likelihood ratio and the negative likelihood ratio
by taking APOL1 expression value as the diagnostic method
and comparing with the gold standard for cancer diagnosis.
If the heterogeneity test was P<0.05 or I2>50%, meaning the
existence of heterogeneity, the random effects model was used.
If the contrary was true, the fixed effects model was used.
Some microarrays were excluded according to the following

criteria: i) Microarrays with low expression, ii) microarrays
with large confidence intervals (CIs) and iii) microarrays with
no statistical significance. Meanwhile, Stata 12 (StataCorp)
was also used to construct the forest plots, sensitivity analysis
and to determine the positive or negative likelihood ratio and
publication bias. P<0.05 was considered to indicate a statisti‑
cally significant difference.
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Results
APOL1 protein expression in OSCC detected by IHC and
its association with clinicopathological parameters. In
total, 135 cases of OSCC and 13 cases of normal oral tissues
in‑house were used to analyze the change of APOL1 expres‑
sion in OSCC samples. Of the 135 cases with OSCC tissue
samples, APOL1 was positively expressed in 61 cases (45.2%).
Meanwhile, no positive results were observed in the 13 cases
of non‑cancerous oral tissues (Table II). It was demonstrated
that the difference of APOL1 protein was statistically signifi‑
cant (P=0.001; Table II), which indicated a higher expression
of APOL1 in OSCC tissues compared with in normal tissues.
The clinicopathological features of the 135 OSCC are summa‑
rized in Table II. By analyzing the association between the
expression of APOL1 and clinicopathological parameters in
OSCC, it was revealed that there was a significant association
between APOL1 and sex (P=0.015, Table II). No marked asso‑
ciations were observed between APOL1 expression and other
clinical parameters. Thus, APOL1 protein expression was
upregulated in OSCC tissues as compared to non‑cancerous
oral controls.
Analysis of APOL1 mRNA expression in OSCC. TCGA,
GEO and ArrayExpress databases were searched and
21 microarrays containing APOL1 expression profile were
performed with OSCC tissues (Table I). Of the 21 microar‑
rays (Fig. 2A‑O and  3A‑F), 20 showed that APOL1 was highly
expressed in OSCC tissues compared with in normal tissues.
Statistically significant differences were found in 17 out of 21
microarrays, while four microarrays (GSE19089, GSE36090,
GSE55549 and GSE75538 had no statistical significance in the
change of expression level of APOL1 between the OSCC tissues
and control group. Analysis revealed that the overall SMD was
1.38 (95% CI, 0.88‑1.88) (Fig. 4A). In other words, the expres‑
sion of APOL1 was stronger in OSCC tissues compared with in
normal tissues because the SMD>0 and 0 were not included in
the 95% CI (Fig. 4A). The heterogeneity test was applied, and the
outcome demonstrated that the analysis was heterogeneous via
the random effects model (Pheterogeneity<0.0001; I2=88.4%; Fig. 4A).
The sensitivity analysis was then conducted (Fig. 4B). After
removing five microarrays (GSE25099, GSE30784, GSE31056,
GSE37991 and GSE55550), the SMD was 1.46 (95% CI,
1.21‑1.69); no significant heterogeneity was found (the fixed
effects model: Pheterogeneity=0.362; I2=8.0%; Fig. 4C). According to
the funnel plot and the results of Begg's test (P=0.608; Fig. 4D),
no publication bias was observed. Thus, the mRNA expression
of APOL1 in OSCC tissues was higher than in normal tissues,
which was consistent with the protein level.
To reveal the capacity of the APOL1 expression to diag‑
nose patients with OSCC, the sROC was used to analyze the
AUC and 95% CI. As Fig. 5A shows, the AUC of APOL1 was
0.93 (95% CI, 0.79‑0.90). The pre‑test probability, post‑test
probability positive and post‑test probability negative were
20, 63 and 4%, respectively (Fig. 5B), with a sensitivity of
0.85 (95% CI, 0.79‑0.90) and a specificity of 0.88 (95% CI,
0.81‑0.92) (Fig. 5C and D, respectively). Hence, the results
indicated that the upregulation of APOL1 mRNA has poten‑
tial as a marker for differentiating OSCC from non‑cancerous
oral epithelium.

Table II. The clinicopathological parameters and expression of
APOL1 protein for 135 patients with oral squamous cell carcinoma.
APOL1 expression, n
Clinicopathological	----------------------------------------parameter
High
Low
Cancerous cases vs. 			
non-cancerous cases
Cancerous cases
61
74
Non-cancerous cases
0
13
Sex
Male
Female

Age, years
≥60
<60
Grade
1-2
3-4

Stage
Ⅰ-Ⅱ
Ⅲ-Ⅳ

Pathological T
T1-T2
T3-T4

Pathological N
N0
N1

Pathological M
M0
M1

P-value
0.001

53
8

51
23

0.015

24
37

31
42

0.728

25
36

35
39

0.491

25
36

35
39

0.491

43
59

15
18

0.840

34
27

45
29

0.601

61
0

73
1

0.456

APOL1, apolipoprotein L1; T, tumor; N, node; M, metastasis;
Grade, clinical pathological grade; Stage, TNM stage.

Association between APOL1 protein expression and the clini‑
copathologic parameters of LSCC. A total of 49 cases of LSCC
tissues and 5 cases of normal laryngeal tissues were collected
in‑house. Of the 49 LSCC tissues collected, 45 were positive for
APOL1, accounting for 91.8% (Table III). Meanwhile, all normal
laryngeal tissues showed a low expression. Statistical calcula‑
tion revealed that APOL1 levels were higher in LSCC tissues
compared with normal tissues (P<0.0001; Table III). The asso‑
ciation between APOL1 expression levels and clinicopathological
parameters were analyzed but no significant relationships were
observed (Table III). So, the expression of APOL1 protein was
increased in LSCC tissues as compared to non‑cancerous controls.
Analysis of mRNA expression of APOL1 in LSCC. Through
deep mining the GEO, TCGA and ArrayExpress, finally the
number of microarrays of APOL1 expression in LSCC and
normal tissues was four (Table I). All of them showed that
APOL1 expression was higher in LSCC tissues compared
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Figure 3. mRNA APOL1 expression in HNSCC and normal tissues. (A‑F) Expression data of APOL1 and corresponding ROC curves in OSCC tissues in six
microarrays from GEO datasets. (G‑I) Expression data of APOL1 and corresponding ROC curves in NPC tissues in three microarrays from GEO datasets.
(J‑M) Expression data of APOL1 and corresponding ROC curves in LSCC tissues in four microarrays from GEO datasets. (N and O) Expression data of
APOL1 and corresponding ROC curves in unclassified subgroups of HNSCC in two microarrays from GEO datasets. APOL1, apolipoprotein L1; ROC,
receiver operating characteristic; HNSCC, head and neck squamous cell carcinoma; OSCC, oral squamous cell carcinoma; LSCC, laryngeal squamous cell
carcinoma; NPC, nasopharyngeal carcinoma; AUC, area under the curve.

with in normal tissues (Fig. 3J‑M). Besides, three out of
four microarrays of LSCC showed that the differences were
significant according to Table I. The SMD was 0.92 (95% CI,
0.48‑1.36) (Fig. 6A). As there was no obvious heterogeneity

(Pheterogeneity=0.512; I2= 0.0%, Fig. 6A), the fixed effects model
was used. Similarly, according to the funnel plot and the
results of Begg's test (P=0.308, Fig. 6B), no publication bias
was observed for the analysis of APOL1 expression.
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Figure 4. Forest plots and funnel plot of APOL1 expression between OSCC and non‑tumor tissues. (A) Forest plots of studies evaluating standard mean differ‑
ence of APOL1 between OSCC and non‑tumor tissues based on GEO datasets. (B) Sensitivity analysis and the forest plot after sensitivity analysis; sensitivity
analysis of analysis of the expression levels of APOL1 in OSCC and non‑tumor tissues based on GEO datasets. (C) Forest plots of APOL1 expression between
OSCC and non‑tumor tissues after removing the following studies: GSE25099, GSE30784, GSE31056, GSE37991and GSE55550. (D) Funnel plot for publica‑
tion bias test after analysis of the expression level of APOL1 in OSCC, The size represented by the Begg's plot circle is the weight of each data concentration.
APOL1, apolipoprotein L1; OSCC, oral squamous cell carcinoma; GEO, Gene Expression Omnibus.

In addition, as shown in Fig. 7A, APOL1 had a notable
discriminatory capability for LSCC due to the AUC of the
APOL1 upregulation being 0.82 (95% CI, 0.78‑0.85). The
pre‑test probability, post‑test probability positive, and post‑test
probability negative were 20, 45 and 8%, respectively (Fig. 7B),
with the sensitivity being 0.72 (95% CI, 0.60‑0.82) and the
specificity 0.78 (95% CI, 0.62‑0.89) (Fig. 7C and D, respec‑
tively). So it was shown that the mRNA expression of APOL1
in LSCC tissues was higher than in normal tissues, which was
in line with the APOL1 protein level.

Fisher's exact test showed that the proportion of APOL1 in
tumor tissues was significantly higher compared with in
non‑cancer tissues (P<0.0001; Table IV). The HPA database
was used to verify the expression of APOL1 (Fig. 8A‑C). After
analyzing the association between APOL1 expression and the
clinical parameters, it was reported that there was a significant
difference in terms of sex (P=0.004), tumor pathological grade
(P<0.0001) and pathological T stage (P=0.019) (Table IV). So
the APOL1 protein level was generally upregulated in HNSCC
tissues than normal tissues.

APOL1 protein level in HNSCC. Overall, the present study
analyzed 221 cases of HNSCC (including OSCC, LSCC, NPC
and some HNSCC without specified sites) and 24 cases of
normal head and neck tissues in‑house. So, the entire HNSCC
group included the OSCC, LSCC, and non‑classified HNSCC
groups, which was analyzed as a whole in order to observe
the association between the APOL1 and the entire HNSCC
tissues in present study. The IHC results and the information
of the patients in‑house were also evaluated. Of the 221 cases,
APOL1 was highly expressed in 126 (57%), whereas levels of
APOL1 in the normal tissues showed lower expression. The

Clinical significance of APOL1 mRNA expression in HNSCC.
In the present study, a total of 39 microarrays and RNA‑seq
data regarding HNSCC and normal tissues were analyzed.
Among them, 21 OSCC and four LSCC microarrays were
used for subgroup analysis as aforementioned. Three of the
remaining microarrays were nasopharyngeal carcinoma (NPC),
the pathogenesis of which is different from that of other
HNSCCs (38), and 11 were not classified any of the HNSCC
subgroups according to the TCGA, GEO and ArrayExpress
databases; thus, these were grouped into the overall HNSCC
group. The 39 studies are listed in Table I. Of the three
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Figure 5. Analysis of the mRNA expression of APOL1 in OSCC. (A) sROC analysis of APOL1 for discriminating OSCC from normal tissues based on GEO data‑
sets. (B) Prior probability and post‑probability positive and negative of the included studies. The prior probability, post probability positive and negative reached
20, 63 and 4%, respectively. (C and D) Sensitivity and specificity values of the included studies. The sensitivity and specificity values of the included studies were
0.85 (95% CI, 0.79‑0.90) and 0.88 (95% CI, 0.81‑.92), respectively. Oral squamous cell carcinoma (OSCC). APOL1, apolipoprotein L1; sROC, Summary receiver
operating characteristic; LR, likelihood ratio; GEO, Gene Expression Omnibus; OSCC, oral squamous cell carcinoma; CI, confidence interval.

Figure 6. Analysis of the mRNA expression of APOL1 in LSCC. (A) Forest plots of studies evaluating standard mean difference of APOL1 between LSCC
and non‑tumor group. (B) Funnel plot for publication bias test after analysis of the expression level of APOL1 in LSCC, The size represented by the Begg's
plot circle is the weight of each data concentration. APOL1, apolipoprotein L1; LSCC, laryngeal squamous cell carcinoma; GEO, Gene Expression Omnibus.

microarrays of APOL1 expression profiling in NPC tissues,
one NPC microarray showed that the difference was significant
(P=0.007) according to the Table I. And combining all of the

aforementioned studies, it was reported that, in the 39 microar‑
rays, the expression of APOL1 in HNSCC tissues was higher
compared with that in non‑cancerous tissues (Figs. 2, 3 and 9).
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Figure 7. sROC curves analysis of APOL1 for discriminating LSCC from normal tissues, prior probability post-probability, positive and negative of the
included studies and sensitivity and specificity values. (A) The sROC analysis of APOL1 for discriminating LSCC from normal tissues based on GEO datasets.
(B) Prior probability and post‑probability positive and negative of the included studies. The prior probability, post probability positive and negative reached 20,
45 and 8%, respectively. (C and D) Sensitivity and specificity values of the included studies. The sensitivity and specificity values of the included studies were
0.72 (95% CI, 0.60‑0.82) and 0.78 (95% CI, 0.62‑0.89), respectively. APOL1, apolipoprotein L1; GEO, Gene Expression Omnibus; LSCC, laryngeal squamous
cell carcinoma; sROC, summary receiver operating characteristic; LR, likelihood ratio; CI, confidence interval.

This difference was statistically significant in 29 out of 39
microarrays (P<0.05; Table I). However, in the remaining
10 microarrays (GSE19089, GSE55549, GSE75538, GSE12452,
GSE64634, GSE51985, GSE55546, GSE83519, GSE36090 and
E‑MTAB‑1516), there was no statistical significance in the
APOL1 expression between the HNSCC and normal tissues.
The SMD was 1.14 (95% CI, 0.83‑1.44) (Fig. 10A), which
confirmed that APOL1 expression was higher in HNSCC
tissues compared with the corresponding control group. The
heterogeneity test was applied, and the outcome demonstrated
that the analysis was heterogeneous using the random effects
model (Pheterogeneity<0.0001; I2=83.7%; Fig. 10A). The sensitivity
analysis was then conducted (Fig. 10B). To determine the
datasets with heterogeneity, the 10 microarrays (GSE25099,
GSE30784, GSE31056, GSE37991, GSE55550, GSE12452,
GSE64634, GSE83519, E‑MTAB‑1516 and all TCGA datasets)
were removed. After the removal of 10 microarrays, which
had the potential to produce heterogeneity, the SMD was 1.28
(95% CI, 1.10‑1.45) and we found no obvious heterogeneity
among them (the fixed effects model: Pheterogeneity=0.317; I2=9.7%;
Fig. 10C). According to the funnel plot, the results of Begg's test
(P= 0.468, Fig. 10D), no publication bias was identified. So it was

consistently shown that the expression of APOL1 mRNA in the
HNSCC was higher than in the normal tissues.
sROC was used to analyze the value of APOL1 overexpres‑
sion regarding the diagnostic potential of HNSCC (AUC, 0.90;
95% CI, 0.87‑0.93; Fig. 11A). The pre‑test probability, post‑test
probability positive and post‑test probability negative were
20, 60 and 6%, respectively (Fig. 11B), with a sensitivity of
0.79 (95% CI, 0.73‑0.84) and a specificity of 0.87 (95% CI,
0.81‑0.91) (Fig. 11C and D, respectively), thereby indicating
the notable discriminatory capability of high APOL1 level for
differentiating HNSCC from non‑cancerous lesions.
After analyzing the association between the expression
of APOL1 and clinicopathological parameters in HNSCC,
relevant clinical information from the chips included in the
current study were extracted and SMD analysis was performed
in terms of sex, age and pathological staging (Fig. 12A‑C).
However, only the results concerning age were statistically
significant (P<0.0001), and the expression of APOLI in patients
>60 years old was higher compared with that in patients <60
years old (Fig. 12B). Using the Kaplan‑Meier estimator, it was
revealed that there was no significant difference in terms of
survival regarding APOL1 expression (Fig. 13).
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Table III. Clinicopathological parameters and APOL1 expres‑
sion of 49 patients with LSCC.
APOL1 expression, n
Clinicopathological	----------------------------------------parameter
High
Low
Cancerous cases vs.
non-cancerous cases
Cancerous cases
Non-cancerous cases
Sex
Male
Female

Age, years
≥60
<60
Grade
1-2
3-4

Stage
Ⅰ-Ⅱ
Ⅲ-Ⅳ

Pathological T
T1-T2
T3-T4

Pathological N
N0
N1
Figure 8. The APOL1 expression in normal tissues and HNSCC tissues from
the Human Protein Atlas database (antibody CAB056156). (A) Poorly dif‑
ferentiated metastasis of HNSCC to lymph nodes for APOL1. (B) Normal
nasopharynx tissues low expression for APOL1. (C) Normal oral mucosa
negative tissues for APOL1. Magnification, x100 and x200. HNSCC, head
and neck squamous cell carcinoma; APOL1, apolipoprotein L1.

Discussion
The human APOL1 gene is located at chromosome 22q13 (28).
APOL1 induces inflammatory cytokines (for example IFN and
TNF) and the tumor suppressor gene p53 (46). Alterations in
APOL1 function can lead to the occurrence of cancer, chronic
nephropathy, atherosclerosis and other diseases (32‑34). It
has been reported that autophagy is a cellular pathway that
transmits cytoplasmic components to lysosomes for degrada‑
tion and recycling (47). APOL1 is a Bcl‑2 homologous domain
3 monolipid‑binding protein, which can maintain sufficient
autophagy flux of podocytes under normal physiological
conditions. When APOL1 is overexpressed, it can enhance
the autophagy ability of podocytes, liver cancer cells and
melanoma cells (48‑50). A previous study has shown that
among the seven exons of APOL1, exon 4 is the main deter‑
minant of APOL1G0 cytotoxicity (51). This lysosome‑related
autophagy is triggered by several pathways. First, APOL1

P-value

45
0

4
5

<0.0001

44
1

4
0

0.9180

20
25

0
4

0.1350

29
16

4
0

0.1930

15
30

0
4

0.2190

28
16

0
3

0.0600

22
23

0
4

0.0830

Pathological M			M0
45
4
M1
0
0
LSCC, laryngeal squamous cell carcinoma; IHC, immunohistochem‑
istry; T, tumor; N, node; M, metastasis; APOL1, apolipoprotein L1.
Grade, clinical pathological grade; Stage, TNM stage

disrupts intracellular vesicle transport by interfering with
autophagosome maturation, and APOL1 can be inserted into
the plasma membrane to form pH‑sensitive cation channels,
which can change the pH value of endocytosis and enhance
the activity of trypsin decomposition (46,48). Second, APOL1
may interact with GTPase or SNARE proteins, thus interfering
with autophagy maturation and lysosome fusion (52). APOL1
renal risk alleles (G1 and G2), also called renal risk vari‑
ants (RRVs), inhibit the APOL1‑miR193a axis of differentiated
podocytes (DPDs) (53), resulting in a decrease in the assembly
of PI3KC3‑ATG14L and PI3KC3‑anti‑UV radiation resistance
associated gene complexes needed for autophagy nucleus
formation and maturation. This is a separate pathway by which
APOL1 can trigger lysosome‑mediated autophagy (54). Third,
APOL1RRVs can affect the permeability of intracellular and
plasma membrane (55), and activate the opening of mitochon‑
drial pores and form oligomers, resulting in cytotoxicity (56).
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Figure 9. APOL1 expression and ROC curves in unclassified subgroup HNSCC tissues. (A‑I) Expression data of APOL1 and corresponding ROC curves in unclas‑
sified subgroups HNSCC tissues in nine microarrays from TCGA, ArrayExpress and GEO datasets. APOL1, apolipoprotein L1; TCGA, The Cancer Genome
Atlas; GEO, Gene Expression Omnibus; ROC, receiver operating characteristic; HNSCC, head and neck squamous cell carcinoma; AUC, area under the curve.

The process of the activation of the cGAS/IFI16‑STING
pathway begins by binding of cytosolic nsDNA by cyclic
GMP‑AMP synthase (cGAS) and interferon‑inducible
protein 16 (IFI16), which activates stimulator of interferon
genes (STING), and the cGAS/IFI16‑STING pathway finally
promotes the transcription of APOL1 through signaling
cascade (57). The expression of APOL1 induced by nucleo‑
some‑associated double‑stranded DNA fragments is mediated
by the IFN β‑dependent signaling pathway, which is triggered
by the activation of the cGAS/IFI16‑STING pathway (57). It
has been demonstrated that a high level of APOL1 expres‑
sion can cause autophagy and autophagy‑related cell death
in various tissues that are associated with the occurrence
of cancer, cardiomyopathy, obesity and neurodegenerative
diseases (58,59). Autophagy plays a dual role oncogenesis and
the development of tumors (60,61). In normal physiological
conditions, autophagy helps to degrade denatured proteins
and damaged organelles, which aids in preventing cells from
becoming cancerous (62). However, when tumor cells are
formed, adjacent normal cells can also provide nutrients for
the growth of tumors through autophagy (63). These factors

led to the hypothesis that APOL1 may be associated with
the development of HNSCC. Based on the present results, it
was speculated that the expression of APOL1 would make it
more easily to promote the development of HNSCC through
inducing autophagy, which leads to tumor growth and inva‑
sion.
The present study collected a mass of chips by mining
TCGA, ArrayExpress and GEO databases. The HPA was also
used to verify differences in the APOL1 protein expression
between HNSCC and normal tissues. HNSCC tissues and
normal tissues were also collected in‑house for IHC analysis.
The current study had several highlights. First of all, a total
of 39 sets of microarrays and RNA‑seq data were collected to
show the mRNA level of APOL1, and 221 cases of HNSCC
tissues and 24 cases of normal head and neck tissues were
used in IHC detection for protein level. Secondly, several
methods were used to analyze APOL1 expression in HNSCC
tissues, such as IHC on tissue microarrays, gene microarrays,
RNA‑sequencing, and also the integrated analysis. Therefore,
the association between the HNSCC tissues and the expression
of APOL1 could be observed at both the mRNA and protein
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Figure 10. The analysis of the mRNA expression of APOL1 in HNSCC. (A) Forest plots of studies evaluating standard mean difference of APOL1 between
HNSCC and non‑tumor group. (B) Sensitivity analysis of the expression level of APOL1 in HNSCC and non‑tumor group. (C) Forest plots of APOL1 expres‑
sion between HNSCC and non‑tumor group after removing the following studies: GSE25099, GSE30784, GSE31056, GSE37991, GSE55550, GSE12452,
GSE64634, GSE83519, E‑MTAB‑1516 and TCGA. (D) Funnel plot for publication bias test after analysis of the expression level of APOL1 in HNSCC, The size
represented by the Begg's plot circle is the weight of each data concentration. HNSCC, head and neck squamous cell carcinoma; APOL1, apolipoprotein L1;
SMD, standardized mean difference; CI, confidence interval.

levels in multiple cohorts using multiple detection methods.
This provided more evidence demonstrating APOL1 upregula‑
tion in HNSCC than results from a single cohort and single
detection method approach would.
In order to make the study more applicable, OSCC and
LSCC cases were selected for HNSCC subgroup analysis.
By applying IHC to analyze the protein expression levels of
APOL1 in 135 cases of OSCC tissues, it was demonstrated that
the protein content of APOL1 in OSCC was higher compared
with that in healthy tissues. However, after analyzing the
association between APOL1 expression and the clinicopatho‑
logical parameters in OSCC, significant differences were only
identified in terms of sex. In the analysis of APOL1 mRNA
expression in OSCC, APOL1 was expressed at significantly
higher levels in OSCC tissues compared with in normal
tissues. In addition, the results of sROC, pre‑test probability,
post‑test probability positive and post‑test probability negative
indicated that APOL1 had a notable discriminatory capability
for OSCC.

By applying IHC to analyze the protein expression levels
of APOL1 in 49 cases of LSCC tissues, it was revealed that
the protein expression levels of APOL1 in LSCC tissues were
significantly higher compared with those in normal tissues.
The association between APOL1 expression levels and clinico‑
pathological parameters (including sex, age, tumor grade and
clinical stage) were investigated but no significant differences
were observed. In the analysis of APOL1 mRNA expression in
LSCC microarrays, APOL1 levels were significantly higher in
LSCC tissues compared with those in normal tissues. In addi‑
tion, the results of sROC, the pre‑test probability, the post‑test
probability positive and the post‑test probability negative
indicated that APOL1 had a notable discriminatory capability
for LSCC.
It has been reported that APOL1 expression is higher
in papillary thyroid carcinoma (PTC) and renal cell carci‑
noma (RCC) tissues compared with respective normal
tissues (64,65). However, Liu et al (34) demonstrated that
the expression of APOL1 in paracancerous tissues is greater
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Figure 11. sROC curves analysis of APOL1 for discriminating HNSCC from normal tissues, prior probability post‑probability, positive and negative of the
included studies and sensitivity and specificity values. (A) sROC curves analysis of APOL1 for discriminating HNSCC from normal tissues based on GEO
datasets. (B) Prior probability and post‑probability positive and negative of the included studies. The prior probability, post probability positive and negative
reached 20, 60 and 6%, respectively. (C and D) Sensitivity and specificity values of the included studies. The sensitivity and specificity values of the included
studies were 0.79 (95% CI, 0.73‑0.84) and 0.87 (95% CI, 0.81‑0.91), respectively. HNSCC, head and neck squamous cell carcinoma; APOL1, apolipoprotein L1;
LR, likelihood ratio; sROC, summary receiver operating characteristic; CI, confidence interval.

ONCOLOGY LETTERS 20: 377, 2020

15

Table IV. The clinicopathological parameters and APOL1
expression of 221 patients with HNSCC.
APOL1 expression, n
Clinicopathological	----------------------------------------parameter
High
Low

Figure 12. The clinical significance of the mRNA expression of APOL1 in
HNSCC. (A) Forest plots of studies evaluating SMD of APOL1 expression
between the male and female group. (B) Forest plots of studies evaluating
SMD of APOL1 expression between patients <60 and ≥60 years old. (C) Forest
plots of studies evaluating SMD of APOL1 expression between stage Ⅰ-Ⅱ and
Ⅲ-Ⅳ. APOL1, apolipoprotein L1; HNSCC, head and neck squamous cell
carcinoma; SMD, standardized mean difference; CI, confidence interval.

compared with that in pancreatic cancer (PC) tissues (34).
This may be because PTC is derived from squamous epithe‑
lial cells. Similarly, OSCC and LSCC are also derived from
squamous epithelial cells, therefore the expression of APOL1
in cancer may be dependent on the cell type. However, the
dominant histological type of PC was pancreatic ductal
adenocarcinoma, derived from ductal or acinar cells, and RCC
originates in proximal renal tubular epithelial cells (65,66).
There were several similarities in the expression of APOL1
in OSCC and LSCC subgroups. First, by applying IHC to
measure the levels of APOL1, it was reported that APOL1
was significantly expressed in OSCC and LSCC tumor tissues
compared with respective normal tissues. Second, analysis of

P-value

Cancerous cases vs.
non-cancerous cases
Cancerous cases
Non-cancerous cases

126
0

95
24

<0.0001

Sex
Male
Female

114
12

70
25

0.0040

Age, years
≥60
<60

54
72

38
57

0.6850

Grade
1-2
3-4

89
39

79
14

<0.0001

Stage
Ⅰ-Ⅱ
Ⅲ-Ⅳ

50
76

39
54

0.0870

Pathological T
T1-T2
T3-T4

85
41

66
27

0.0190

Pathological N
N0
N1

69
57

54
39

0.7630

Pathological M			
M0
126
93
M1
0
0

0.4270

APOL1, apolipoprotein L1; HNSCC, head and neck squamous cell
carcinoma; T, tumor; N, node; M, metastasis. Grade, clinical patho‑
logical grade; Stage, TNM stage.

APOL1 mRNA expression revealed that APOL1 levels were
higher in tumor tissues compared with normal tissues. Third,
no significant difference was found between APOL1 expression
levels and certain clinicopathological parameters, including
age, tumor grade and TNM stage (45) for both subtypes. Fourth,
APOL1 had a valuable discriminatory capability for OSCC and
LSCC to be separated from non‑cancerous SCC tissues.
According to Table III, of the three microarrays of APOL1
expression profiling in NPC tissues, one NPC microarray
showed that the upregulation of APOL1 was significant
(P=0.007). The result was quite different from that of OSCC
and LSCC. It has been shown that the initiation and progress
of NPC is closely associated with the status of Epstein‑Barr
virus (EBV) infection (67). Some EBV gene products are
involved in tumor progression and play a vital part in epithe‑
lial‑mesenchymal transition, angiogenesis and metastasis in
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Figure 13. The Kaplan-Meier survival curve of APOL1 in head and neck squamous cell carcinoma by RNA sequencing. (A) Overall survival and (B) diseasefree survival. APOL1, apolipoprotein L1; TPM, transcripts per million; HR, hazard ratio.

NPC (67,68). The APOL1 gene may have a limited contribu‑
tion to the initiation and progress of NPC.
By analyzing the data from the HPA database and our IHC
results, it was observed that the content of APOL1 protein in
tumor tissue higher compared with that in non‑tumor tissue.
In the analysis of the mRNA expression of APOL1 in HNSCC
by microarrays and RNA‑seq, the same pattern was observa‑
tion. The results of sROC, the pre‑test probability, the post‑test
probability positive and the post‑test probability negative indi‑
cated that APOL1 upregulation had potential diagnostic value
for HNSCC. When overexpressed, APOL1 induces autophagy
and autophagy‑related cell death (65). Through autophagy,
adjacent normal cells are degraded and provide nutrition for
the growing tumor (63).
Despite the aforementioned findings, the present study has
some limitations. For example, we did not perform in vitro studies
to investigate the mechanisms underpinning APOL1 function in
HNSCC cells, and the sample size used in present study could
be enlarged. The pathological mechanism of the disease is still
not clear, and further research is underway. However, the present
results may aid the development of potential interventions in
the future. High expression of APOL1 may directly or indi‑
rectly result in the occurrence of HNSCC, therefore APOL1 is
expected to be a biomarker for HNSCC. The present results may
help improve our understanding of the occurrence and prognosis
of HNSCC and provide new avenues for future research.
In conclusion, compared with non‑cancerous head and
neck tissues, APOL1 expression was significantly elevated in
most HNSCC tissues. This indicated that APOL1 might play
a vital role in the oncogenesis and development of HNSCC.
The present study is the first to identify an association between
HNSCC and APOL1, to the best of our knowledge. The
current findings also suggest that APOL1 has the potential
to be a promising biomarker, which warrants further study.
However, further research is needed to resolve the molecular
mechanisms underpinning the function of APOL1 in HNSCC.
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