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INTRODUCTION  
 

Ovarian cancer has raised worldwide concern because it 

has the highest fatality rate among cancers affecting 

only women [1ï3]. WHO statistics indicate that 

225,500 women are diagnosed with ovarian cancer, and 

140,200 of them die from this malignant disease 

annually [4]. Women in developing countries and 

developed countries both suffer from a high death rate 

from ovarian cancer. Even in developed countries, a 

large number of patients cannot be diagnosed at an early 

stage [5]. Cumulative evidence has reported that ovarian 

serous carcinoma (OV) has the highest mortality among 

all histological subtypes of ovarian cancer. As shown in 

a recent study, we found that the survival data have not 

changed since 1980 in many areas [6ï8]. Consequently, 

molecular markers will play an essential role in 

diagnosing OV at an early stage and assist in the 

treatment of patients. 

 

Accumulating statistics indicate that among a series of 

RNA modification adenosines, N6-methyladenosine 

(m6A) plays the most significant role in modulating 

numerous cellular processes of eukaryotes [9ï11]. 

Currently, an increasing number of scientists are 

committed to exploring the relationship between m6A 

and cancers, comparing differences between various 

types of tumors [12ï14]. At the same time, a recent 

study revealed that m6A is linked to the pathogenesis 
and development of ovarian cancer by regulating 

several targeted genes [15]. The main regulators of 

m6A RNA methylation include ñwritersò, ñerasersò and 
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ABSTRACT 
 

AlkB family of Fe (II) and h -ketoglutarate-dependent dioxygenases plays essential roles in development of ovarian 
serous carcinoma (OV). However, the molecular profiles of AlkB family in OV have not been clarified. The results 
indicated that the expression of ALKBH1/3/5/8 and FTO was lower in OV patients while ALKBH2/4/6/7 expression 
was higher. There was a strong correlation between ALKBH5/7 and pathological stage of OV patients. Kaplan-
Meier plotter revealed that OV patients with high ALKBH4 level showed longer overall survival (OS). However, 
patients with high levels of ALKBH5/6 and FTO showed shorter OS and progression-free survival (PFS). Genetic 
alterations using cBioPortal revealed that the alteration rates of FTO were the highest. We also found that the 
functions of AlkB family were linked to several cancer-associated signaling pathways, including chemokine 
receptor signaling. TIMER database indicated that the AlkB family had a strong relationship with the infiltration  of 
six types of immune cells (macrophages, neutrophils, CD8+ T-cells, B-cells, CD4+ T-cells and dendritic cells). Next, 
DiseaseMeth databases revealed that the global methylation levels of ALKBH1/2/3/4/5/6/7/8  and FTO were all 
lower in OV patients. Thus, our findings will  enhance the understanding of AlkB family in OV pathology, and 
provide novel insights into AlkB-targeted therapy for OV patients. 
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ñreadersò, which are named based on their biological 

functions. The AlkB family of Fe (II) and Ŭ-

ketoglutarate-dependent dioxygenases are ñerasersò and 

play essential roles in RNA m6A modification [16, 17]. 

Furthermore, another recent study conducted by Jiang et 

al. indicated that the expression of ALKBH5 in ovarian 

cancer tissue is higher than that in normal tissue. 

Consequently, ALKBH expression is linked to 

modulating ovarian cancer [18]. In addition, ALKBH5 

plays an essential role in the regulation of cancer cell 

proliferation and invasion [19]. However, the specific 

mechanisms of AlkB family members in OV 

development and progression still require further 

confirmation and research. 

 

The aim of our study was to evaluate the biological 

significance of AlkB family members in OV patients 

using comprehensive bioinformatics databases 

(Supplementary Table 1). 

 

RESULTS 
 

Aberrant expression of the AlkB family in OV 

patients 

 

We used the GEPIA databases to evaluate the mRNA 

expression levels of AlkB family members in OV tissues 

and normal tissues. We found that the expression levels 

of ALKBH1, ALKBH3, ALKBH5, ALKBH8 and FTO 

were significantly downregulated in OV patients. 

However, the expression levels of ALKBH2, ALKBH4, 

ALKBH6 and ALKBH7 were higher in OV tissues than 

in normal tissues (Figure 1). When evaluating the 

relative levels of the AlkB family in OV tissues, we 

found that the expression of ALKBH7 was the highest, 

while that of ALKBH8 was the lowest (Figure 2). 

 

Then, we analyzed the association between the 

expression profiles of the AlkB family and the 

pathological stages of OV patients. As shown in Figure 

3, ALKBH5 expression (p = 0.00266) displayed a 

negative correlation with pathological stage. In contrast, 

ALKBH7 expression (p = 0.0352) displayed a positive 

correlation with pathological stage. These data 

suggested that aberrant expression of AlkB family 

members might participate in disease progression in OV 

patients. 

 

The prognostic value of the AlkB family in OV 

patients 

 

Then, we used Kaplan-Meier plotter to assess the 

prognostic value of the AlkB family for patients with 

OV. The data of the OS curves are shown in Figure 4. 

 

 
 

Figure 1. Differential mRNA expression analysis of the AlkB family in OV and normal tissues. The expression profiles were 
collected from the GEPIA databases. 
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We found that a high transcriptional level of ALKBH4 

(p = 0.0027) was highly related to a longer OS time. In 

addition, we also concluded that high transcriptional 

levels of ALKBH1 (p = 0.035), ALKBH5 (p = 0.03), 

ALKBH6 (p = 0.0052) and FTO (p = 0.001) had an 

important association with a shorter OS time. At the 

same time, we evaluated the prognostic value of the 

AlkB family on the PFS of OV patients. From Figure 5, 

we know that low levels of ALKBH5 (p = 0.00053), 

ALKBH6 (p = 9e-07) and FTO (p = 0.00045) have an 

important association with a longer PFS time. 

 

Genetic alteration of the AlkB family in OV patients 

 

To further analyze the alteration profiles of AlkB family 

members in patients with OV, we conducted a series of 

 

 
 

Figure 2. The relative expression levels of the AlkB family in OV patients. GEPIA databases were used to evaluate the relative 

expression levels of the AlkB family in OV patients. 

 

 
 

Figure 3. The relationship between the expression of the AlkB family and the pathological stage of OV patients (GEPIA). 
GEPIA databases were used to evaluate the correlations of the AlkB family with the pathological stage of OV patients. 



 

ǿǿǿΦŀƎƛƴƎ-ǳǎΦŎƻƳ фсун !DLbD 

surveys as follows. First, we evaluated the genetic 

alterations of the AlkB family by using the cBioPortal 

database. As shown in Figure 6A, we confirmed that the 

alternation rate of FTO was the highest in 25% of cases, 

whereas the lowest was for ALKBH7, which was only 

1%. In addition, ALKBH1, ALKBH2, ALKBH3, 

ALKBH4, ALKBH5, ALKBH6 and ALKBH8 

mutations occurred in 16, 7, 6, 12, 16, 16 and 8% of the 

samples, respectively (Figure 6A). 

 

Interaction analyses of the AlkB family in OV patients 

 

Furthermore, we used STRING to evaluate the 

associated molecules of the AlkB family and found 

 

 
 

CƛƎǳǊŜ пΦ ¢ƘŜ ŎƻǊǊŜƭŀǘƛƻƴǎ ƻŦ !ƭƪ. ŦŀƳƛƭȅ ŜȄǇǊŜǎǎƛƻƴ ǿƛǘƘ ǇŀǘƛŜƴǘǎΩ h{Φ These OS survival curves were collected from Kaplan-Meier 

plotter. 

 

 
 

Figure 5. The correlations of AlkB family expression with PFS in OV patients. Kaplan-Meier plotter was used to assess the 

ŎƻǊǊŜƭŀǘƛƻƴ ƻŦ !ƭƪ. ŦŀƳƛƭȅ ƳŜƳōŜǊǎ ǿƛǘƘ ǘƘŜ ǇŀǘƛŜƴǘǎΩ tC{ ǘƛƳŜΦ 
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that in the interactive network, 9 AlkB family 

members were all included and served as hub nodes 

(Figure 6B). At the same time, to explore the 

association between the AlkB family and other 

signaling pathway-associated biomarkers, we used 

GeneMANIA to find the functions of the AlkB family 

(ALKBH1, ALKB H2, ALKBH3, ALKBH4, 

ALKBH5, ALKBH6, ALKBH7, ALKBH8 and FTO) 

were associated with chemokine signaling pathways, 

including chemokine receptor binding and cytokine 

activity (Figure 6C). 

 

Additionally, we used cBioPortal to extract the 150 most 

frequently altered genes that were significantly linked to 

the AlkB family in OV patients (Supplementary Table 2). 

The data indicated that several hub genes, such as 

COL1A1, COL1A2, COL3A1, FN1, COL5A1 and 

POSTN, were closely linked to the biological processes of 

AlkB family modulation in OV patients (Figure 6D). 

 

Functional enrichment analysis of the AlkB family 

 

In our study, we applied the WebGestalt database to 

evaluate the biological functions of the AlkB family. As 

shown in the GO pathways (Figure 7A), we know that 

the most highly enriched biological process (BP) 

category was biological regulation, followed by 

metabolic process, response to stimulus, multicellular 

organismal process, cell communication, developmental 

process and localization. In the cellular component  

(CC) categories, membrane, nucleus, cytosol, protein-

containing complex, membrane-enclosed lumen, 

endomembrane system, vesicle, extracellular space, cell 

projection, and cytoskeleton were highly enriched. In 

the molecular function (MF) category, the AlkB family 

members were mainly enriched in protein binding, ion 

binding, nucleic acid binding, transferase activity and 

hydrolase activity. In addition, the KEGG pathway 

results are shown in Figure 7B. We can conclude from 

the picture that protein serine/threonine kinase activity, 

peptidyl-tyrosine modification, negative regulation of 

cellular component movement, positive regulation of 

neurogenesis, maintenance of location, regulation of 

transsynaptic signaling, leukocyte differentiation, 

neuronal cell body, gland development, gland 

development and covalent chromatin modification  

were strongly linked to the potential biological 

functions of the AlkB family in the occurrence and 

development of OV. 

 

Immune cell infiltration of the AlkB family  

 

To explore the relationship between immune cell 

infiltration and the expression profiles of the AlkB 

family, we searched the information from the Timer 

database. The expression of ALKBH1 was positively 

linked to the infiltration of macrophages (Cor = 0.177, p 

= 9.26e-05), neutrophils (Cor =0.143, p = 1.69e-03) and 

dendritic cells (Cor =0.119, p =9.16e-03) (Figure 8A). 

ALKBH2 expression had a positive relationship with 

the infiltration of CD8+ T cells (Cor = 0.09, p = 4.87e-

02) and B cells (Cor = 0.075, p = 1.02e-01), whereas it 

 

 
 

Figure 6. Genetic alterations and interaction analyses of the AlkB family in OV patients. (A) Genetic alteration of the AlkB family in 

OV patients analyzed with cBioPortal. (B) The interaction analysis of the AlkB family was evaluated by STRING. (C) Analysis of the interaction 
between the AlkB family and chemokine signaling-associated biomarkers. (D) The 150 most frequently altered genes identified from 
cBioPortal that are linked to the AlkB family in OV patients. 
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had a negative relationship with the infiltration of CD4+ 

T cells (Cor = -0.059, p = 1.93e-01) (Figure 8B). There 

was a positive correlation between ALKBH3 expression 

and the infiltration of B cells (Cor = 0.142, p = 1.77e-

03), dendritic cells (Cor = 0.119, p = 8.87e-03) and 

neutrophils (Cor = 0.062, p = 1.73e-01) (Figure 8C). 

We concluded from Figure 8D that ALKBH4 

expression was negatively associated with the 

infiltration of macrophages (Cor = -0.152, p = 8.21e-

04), dendritic cells (Cor = -0.111, p = 1.50e-02) and 

neutrophils (Cor = -0.1, p = 2.91e-02). There was a 

negative correlation between ALKBH5 expression and 

the infiltration of CD8+ T cells (Cor = -0.172, p = 

1.59e-04), neutrophils (Cor = -0.157, p = 5.45e-04) and 

dendritic cells (Cor = -0.14, p = 2.07e-03) (Figure 8E). 

We also found that the expression of ALKBH6 was 

positively related to the infiltration of macrophages 

(Cor = 0.232, p = 2.71e-07), CD4+ T cells (Cor = 0.125, 

p = 6.04e-03) and neutrophils (Cor = 0.105, p = 2.08e-

02) (Figure 8F). There was a positive correlation 

between ALKBH7 expression and the infiltration of 

CD8+ T cells (Cor = 0.139, p = 2.26e-03), dendritic 

cells (Cor = 0.085, p = 6.43e-02) and neutrophils (Cor = 

0.069, p = 1.33e-01) (Figure 8G). There was a positive 

correlation between ALKBH8 expression and the 

infiltration of B cells (Cor = 0.148, p = 1.18e-03) and 

macrophages (Cor = 0.106, p = 1.97e-02) (Figure 8H). 

Additionally, the expression of FTO was positively 

linked to the infiltration of macrophages (Cor = 0.159, p 

= 4.83e-04) and negatively linked to the infiltration of 

CD4+ T cells (Cor = -0.083, p = 7.07e-02) (Figure 8I). 

At the same time, we analyzed the relationship between 

the expression of the AlkB family and the infiltration of 

immune cells (Table 1). The Cox proportional hazard 

model included the following confounding factors:  

B cells, CD8+ T cells, CD4+ T cells, macrophages, 

 

 
 

Figure 7. The biological pathways of the AlkB family were evaluated by the WebGestalt database. (A) Bar plot of GO enrichment 

in cellular components, biological processes, and molecular functions. (B) The bar plot of KEGG enrichment. 
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neutrophils, dendritics, ALKBH1, ALKBH2, ALKBH3, 

ALKBH4, ALKBH5, ALKBH6, ALKBH7, ALKBH8 

and FTO. From Table 1, we found that CD4+ T cells  

(p = 0.000) and macrophages (p = 0.007) had a strong 

relationship with OV patient prognosis. 

Methylation level of the AlkB family 

 

Then, we analyzed the methylation levels of the  

AlkB family by searching the DiseaseMeth database. 

We found that the methylation levels of ALKBH1 

 

 
 

Figure 8. The relationship between immune cell infiltration and the expression of the AlkB family. The Timer database was used 

to analyze the effect of (A) ALKBH1, (B) ALKBH2, (C) ALKBH3, (D) ALKBH4, (E) ALKBH5, (F) ALKBH6, (G) ALKBH7, (H) ALKBH8 and (I) FTO on the 
abundance of immune cells in OV patients. 


