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A B S T R A C T

The ETFDH (electron transfer flavoprotein dehydrogenase) gene mutations are reported to be a major cause of
riboflavin-responsive multiple acyl-coenzyme A dehydrogenation deficiency (MADD). However, the role of
ETFDH in the prognosis of hepatocellular carcinoma (HCC) remains unclear. The aim of this study was to in-
vestigate the expression of ETFDH in HCC. Immunohistochemical staining of the 207 HCC tissue microarray
showed that expression of ETFDH was significantly decreased in HCC compared with the matching noncancerous
hepatic tissues (P < 0.001). Moreover, ETFDH expression levels were found to be correlated with AFP levels
(P=0.011). Intriguingly, ETFDH expression levels were significantly lower in poorly differentiated or un-
differentiated HCCs as compared to the well or moderately differentiated cases (P= 0.001). Kaplan-Meier
analysis revealed that low tumor expression of ETFDH was associated with a poorer overall survival in patients
with HCC (P= 0.024). Furthermore, multivariate analysis showed that ETFDH (P= 0.047) was an independent
predictor of overall survival. Our findings may shed new light on the identification of new prognostic marker for
HCC.

1. Introduction

Liver cancer is the fourth leading cause of cancer death worldwide
in 2018 [1]. Hepatocellular carcinoma (HCC) is the most prevalent
primary liver cancer, accounting for 80–90% of all primary liver cancer
in many countries [2]. Despite marked progress in therapeutic strate-
gies, the prognosis for HCC patients remains poor [3,4]. Therefore,
identification of the underlying molecular mechanisms in HCC patho-
genesis may contribute to a better clinical management of such pa-
tients.

The ETFDH (electron transfer flavoprotein dehydrogenase) gene
(also referred to as electron-transfer flavoprotein ubiquinone oxidor-
eductase, ETF-QO), is located in 4q32.1 and contains 13 exons [5]. It
comprises three functional domains: a FAD domain, an iron-sulfur
[4Fe4S] cluster domain, and a ubiquinone (UQ) binding domain [6].
The ETF (electron transfer flavoprotein) and ETFDH link the oxidation
of fatty acids and some amino acids to the electron transport chain by
transferring electrons from acyl-CoA dehydrogenases to ubiquinone in
the inner mitochondrial membrane [7]. Previous data have shown that
many missense mutations in ETFDH impair FAD binding. FAD has a
crucial role in maintaining conformational stability and the proper
folding of lots of flavoproteins. Increased FAD concentration is reported

to restore stability of ETFDH proteins carrying missense mutations [8].
ETFDH gene mutations are reported to be an important cause of ribo-
flavin-responsive multiple acyl-coenzyme A dehydrogenation defi-
ciency (MADD) [9]. The appearance of clinical symptoms of MADD are
heterogeneous, however, ETFDH mutations usually lead to a lateronset
milder phenotype, which mainly manifested as episodic weakness, ex-
ercise intolerance, rhabdomyolysis, hepatomegaly, gastrointestinal
symptoms, and weight loss [10]. To date, the limited literature on
ETFDH has focused primarily on MADD. However, the role of ETFDH in
the prognosis of HCC remains unclear.

In the present study, we investigated the correlation between the
expression of ETFDH and the prognosis of HCC. Our study provides
evidence that ETFDH may serve as a prognostic and predictive bio-
marker in HCC.

2. Materials and methods

2.1. Patients and specimens

The patient cohort consists of 207 patients with HCC who had been
surgically treated in the Affiliated Tumor Hospital of Nantong
University from January 2009 to January 2014. The inclusion criteria
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were: (1) pathologic confirmation of HCC; (2) without a history of
cancer; (3) not receiving any treatment prior to surgery. The exclusion
criteria were: (1) underwent liver transplantation during follow‐up; (2)
other causes of death. The median age of the patients was 51 years
(range=35–75 years), and the median follow-up was 57 months
(range=1–104 months), 99 (47.8%) patients died during follow-up.
Written informed consent was obtained from each patient. Ethical
permission was received from the Ethical Review Committee of the
Affiliated Tumor Hospital of Nantong University. After ethical ap-
proval, 207 HCC samples and corresponding noncancerous hepatic
tissues were obtained to construct tissue array (TMA) as previously
described [11].

2.2. Immunohistochemistry

Immunohistochemical staining was performed on a Dako Omnis
Autostainer (Dako, Agilent Technologies, Inc., Carpinteria, CA, USA)
according to the manufacturer’s instructions. Briefly, sections were
baked at 60 °C for 30min, and then loaded onto the Dako Omnis
Autostainer for deparaffinization, antigen retrieval, antibody incuba-
tion and detection. Antigen retrieval was performed using EnVision™
FLEX Target Retrieval Solution, high pH at 97 °C for 30min. ETFDH
antibody (1:200 dilution, Proteintech Group, Wuhan, China) was in-
cubated for 28min. Detection was performed using the EnVision FLEX/
HRP reagent for 30min.

Fig. 1. ETFDH is frequently decreased in HCC. (A) Representative image of immunohistochemical staining of the whole tissue section with anti-ETFDH antibody. (B)
Immunohistochemical staining of HCC TMAs and the matching noncancerous hepatic tissues. Shown are stained tumor and noncancerous hepatic tissue sections
representative of high and low ETFDH staining. (C) Scatter plots showing a statistical analysis of ETFDH expression in HCC and the matching noncancerous hepatic
tissues.
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2.3. Evaluation of immunohistochemistry

For the quantitative analysis, the H-score was calculated based on
the staining intensity and percentage of stained cells. The intensity
score was defined as follows: 0, negative; 1, weak staining; 2, inter-
mediate staining; 3, strong staining. The fraction of positive cells was
scored as 0–100%. The H-score was calculated by multiplying the in-
tensity score and the fraction score, producing a total range of 0 - 300.
The optimal cutoff point for the definition of ETFDH high/low ex-
pression subgroups was calculated by X-tile software (Yale University).
Cases exhibiting a H-score 0–120 were pooled in the ETFDH low ex-
pression group, whereas cases with a higher H-score (> 120) were
designated ETFDH high expression group.

2.4. Statistical analysis

The associations between ETFDH expression and clinicopathological
characteristics were evaluated by Pearson’s chi-square test. Kaplan-
Meier analysis and the log-rank test was used to estimate differences in
overall survival. Cox proportional-hazards regression analysis was ap-
plied to estimate univariate and multivariate hazard ratios for overall
survival. P-values< 0.05 were considered significant.

3. Results

3.1. Reduced ETFDH expression in HCC versus noncancerous hepatic
tissues

From our preliminary experiments, we observed that expression of
ETFDH was significantly decreased in HCC cells in whole tissue sections
(Fig. 1A). These results were confirmed in TMA, which showed that

ETFDH staining was much weaker in HCC (H-score, 186.4 ± 4.178)
than the matching noncancerous hepatic tissues (H-score,
231.7 ± 4.150) (P < 0.001; Fig. 1B and 1C). As shown in Table 1,
ETFDH expression levels were found to be correlated with AFP levels
(P=0.011). Of the 128 Edmondson grade I or II tumors, 118 (92.2%)
had high ETFDH expression and 10 (7.8%) had low ETFDH expression.
Of the 79 Edmondson grade III or IV tumors, 60 (75.9%) had high
ETFDH expression and 19 (24.1%) had low ETFDH expression (P=
0.001; Table 1). These findings suggested that ETFDH expression levels
were significantly lower in poorly differentiated or undifferentiated
HCCs as compared to the well or moderately differentiated cases.
However, ETFDH expression was not correlated with age, gender,
tumor size, HBsAg status, tumor number, liver cirrhosis, vascular in-
vasion and TNM stage (P > 0.05 for all; Table 1).

3.2. Low ETFDH expression predicts poor overall survival in HCC

Cox univariate analysis suggested that decreased ETFDH expression
was associated with reduced overall survival time (HR=0.560, 95%
CI= 0.336 to 0.934, P= 0.026; Table 2). The association between
ETFDH expression and overall survival time was confirmed by Kaplan-

Table 1
Relationship between expression levels of ETFDH and clinicopathological fea-
tures of 207 HCC specimens.

Variables n ETFDH P value

Low High

Age (years) 0.811
< 60 146 21 125
≥60 61 8 53
Gender 0.670
Female 37 6 31
Male 170 23 147
Tumor size 0.364
< 5 cm 116 14 102
≥5 cm 91 15 76
AFP 0.011
< 400 ng/mL 136 13 123
≥400 ng/mL 71 16 55
HBsAg 0.118
Negative 36 8 28
Positive 171 21 150
Tumor number 0.709
Single 166 24 142
Multiple 41 5 36
Liver cirrhosis 0.442
Absent 59 10 49
Present 148 19 129
Vascular invasion 0.212
Absent 142 17 125
Present 65 12 53
TNM 0.276
I / II 126 15 111
III / IV 81 14 67
Edmonson grade 0.001
I - II 128 10 118
III - IV 79 19 60

Statistical analyses were performed by the Pearson χ2 test.
A P value< 0.05 was considered significant.

Table 2
Univariate and multivariate analysis of prognostic factors in 207 HCC patients.

Univariate analysis Multivariate analysis

HR (95% CI) P HR (95% CI) P
Age
< 60 years 1.00
≥60 years 1.076 (0.701 to

1.654)
0.737

Gender
Female 1.00
Male 0.911 (0.546 to

1.519)
0.721

Tumor size
< 5 cm 1.00 1.00
≥5 cm 1.610 (1.085 to

2.390)
0.018 0.673 (0.282 to

1.609)
0.373

AFP
<400 ng/mL 1.00
≥400 ng/mL 1.341 (0.892 to

2.016)
0.158

HBsAg
Negative 1.00
Positive 1.491 (0.831 to

2.675)
0.181

Tumor number
Single 1.00 1.00
Multiple 1.609 (1.013 to

2.554)
0.044 1.539 (0.943 to

2.513)
0.085

Liver cirrhosis
Absent 1.00
Present 1.559 (0.970 to

2.505)
0.066

Vascular invasion
Absent 1.00 1.00
Present 1.516 (1.006 to

2.286)
0.047 0.983 (0.609 to

1.586)
0.943

TNM
I / II 1.00 1.00
III / IV 2.017 (1.358 to

2.997)
0.001 2.759 (1.139 to

6.685)
0.025

Edmonson grade
I - II 1.00
III - IV 1.130 (0.753 to

1.695)
0.554

ETFDH
Low 1.00 1.00
High 0.560 (0.336 to

0.934)
0.026 0.589 (0.350 to

0.992)
0.047

Statistical analyses were performed by Cox proportional hazards regression.
A P value< 0.05 was considered significant.
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Meier analysis, which showed that low tumor expression of ETFDH was
associated with a poorer overall survival in patients with HCC
(P=0.024; Fig. 2). Furthermore, in univariate analysis, tumor size
(P= 0.018), tumor number (P= 0.044), vascular invasion (P=
0.047), and TNM stage (P= 0.001) showed a significant impact on
survival, whereas age (P=0.737), gender (P=0.721), AFP level
(P=0.158), HBsAg status (P=0.181), liver cirrhosis (P=0.066), and
Edmonson grade (P=0.554) were not significantly associated with
survival (Table 2). Intriguingly, multivariate analysis demonstrated that
TNM stage (P= 0.025) and ETFDH (P= 0.047) were independent
predictors of overall survival (Table 2).

4. Discussion

Physiologically, the first step in the mitochondrial beta-oxidation
process is the acyl group CoA dehydrogenase catalyzed fatty acid de-
hydrogenation reaction. During the beta-oxidation of lipophilic acid,
electrons produced by multiple acyl-coenzyme A dehydrogenase are
transferred to ETF, and then transferred to ETFDH located in the mi-
tochondrial membrane, and transferred to the respiratory chain com-
plex III via ETFDH-bound ubiquinone pool, resulting in ATP as body
energy supply [6]. ETF is a heterodimer of alpha (30 kDa) and beta
(28 kDa) subunits, encoded by ETFA and ETFB genes, respectively. It
contains a flavin adenine dinucleotide (FAD) prosthesis and an adeno-
sine 5′-monophosphate in the mitochondrial matrix [12]. The genetic
defects of ETFDH or ETF lead to metabolic diseases, MADD, also known
as glutaric acidemia type II (GAⅡ) [13–15]. MADD is an autosomal
recessive genetic disorder with mitochondrial electron transport chains
and metabolic disorders of fatty acids [8,16,17]. MADD shows a broad
range of symptoms, including hypoglycemia, recurrent rhabdomyolysis,
cardiomyopathy, encephalopathy, and lipid storage myopathy. The
phenotypes of MADD are divided into three categories: a neonatal-onset
form with congenital anomalies (type I) or without congenital anoma-
lies (type II) and a mild and/or late-onset form (type III) [18–20].

To date, the limited literature on ETFDH has focused primarily on
MADD. However, the role of ETFDH in the prognosis of HCC remains
unclear. In this study, we found that expression of ETFDH was sig-
nificantly decreased in HCC compared with the matching noncancerous
hepatic tissues. Moreover, ETFDH expression levels were found to be
correlated with AFP levels. Intriguingly, we found that ETFDH ex-
pression levels were significantly lower in poorly differentiated or un-
differentiated HCCs as compared to the well or moderately differ-
entiated cases. Kaplan-Meier analysis revealed that low tumor
expression of ETFDH was associated with a poorer overall survival in
patients with HCC (P= 0.024). Furthermore, multivariate analysis
showed that ETFDH (P= 0.047) was an independent predictor of
overall survival.

In conclusion, the current study demonstrated that low tumor ex-
pression of ETFDH was associated with a poorer overall survival in
patients with HCC, and ETFDH was an independent predictor of overall
survival. Our findings may shed new light on the identification of new
prognostic marker for HCC.
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