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Abstract: This study aimed to screen the potential diagnostic biomarkers for distinguishing the malignant pheo-
chromocytoma (PCC) from benign PCC. A total of 59 patients with PCC (benign and malignant) were enrolled in 
this study. The expression level of miRNAs in patients with different kind PCCs (healthy control, benign, malignant, 
malignant with or without SDHD mutation, adrenal and extra-adrenal) was analyzed using the qRT-PCR analysis. 
Besides, the diagnosis accuracy of miRNA in PCC samples was analyzed using the ROC analysis. Moreover, level of 
miR-101 in serum was detected by qRT-PCR analysis and serum VEGF level in patients with PCC was detected using 
the ELISA kit. Compared with benign PCC, miR-101 level was higher in patients with malignant PCC (P < 0.05), while 
the level of miR-513-5p and miR-26b showed no difference between malignant PCC and benign PCC (P > 0.05). 
miR-101 expression was significantly increased in malignant tumor tissue with SDHD mutation (P < 0.05) and in 
extra-adrenal tissues (P < 0.05), respectively. Besides, AUCs for miR-101 in PCC samples was 0.79 and for which in 
PCC samples with non-SDHD mutation was 0.77. Besides, serum miR-101 in malignant PCC was high but showed 
no difference among groups (P > 0.05). Moreover, serum VEGF level in malignant tumors was significantly high com-
pared with benign tumor, as well as that in malignant PCC with SDHD mutation (P < 0.05). Our study suggested that 
SDHD mutation may enhance the overexpression of miR-101 in malignant tumors and miR-101 may be a potential 
diagnostic biomarker for malignant PCC and benign PCC.
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Introduction

Pheochromocytoma (PCC) is a neuroendocrine 
tumor that originates in adrenal medulla or at 
extra-adrenal sites and is responsible for pro-
duction and secretion of catecholamine [1]. 
Statistics show that morbidity of PCC originate 
from adrenal is about 13% to 29% while that of 
PCC at extra-adrenal is about 43% [2]. Studies 
reveal that clinical pathological morphology of 
tumors between benign and malignant PCC is 
similar [3]. The 5-year survival rate for malig-
nant PCC is approximately 40% due to the hard 
detection and less of diagnostic methods, 
which results in the difficulty for begin PCC 
diagnose [4]. Although recent studies prove 
that multiple genes mutations such as succi-
nate dehydrogenase complex (SDHB and 
SDHD) and von Hippel-Lindau (VHL) are avail-
able for the understanding of increasing risk of 

malignant PCC [5, 6], the molecular mecha-
nisms between malignant and benign PCC have 
not yet been fully described. Therefore, explor-
ing several key biomarkers for distinguishing 
begin PCC from malignant PCC will be of great 
significance.

miRNAs are some short (22 bp) noncoding 
RNAs that can regulate gene expression in 
posttranscriptional level by targeting specific 
genes [7]. Increasing evidences suggest that 
miRNAs can be useful in regulating biological 
processes such as cell growth and proliferation, 
apoptosis, and differentiation in many cancers, 
including lung cancer [8], prostate cancer [9], 
and PCC [10, 11]. For instance, Erin reports that 
miR-483-5p has the defining characteristic of 
adrenocortical malignancies and can be used 
to accurately distinguish between benign and 
malignant adrenocortical tumors [12]. Meyer 
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and his colleagues report that miR-15a and 
miR-16 inhibits the cell proliferation and induc-
es cell death in malignant PCC [10]. Besides, 
studies reveal that genes mutation contributed 
to the risk of malignant PCC. For example, Tang 
refers that mutation of SDHB induces the over-
expression of miR-210 in PCC and miR-210 
may be different between benign and malig-
nant PCC [13]. Yeap proves that tumor forma-
tion of PCC in SDHD mutation requires the loss 
of both wild-type SDHD allele and maternal 
11p15, leading to the inheritance after SDHD 
transmission [14]. Also, Korpershoek refers 
that mutation of SDHA is available for the iden-
tification of SDHA-related tumors in sporadic 
PCC [15]. Despite many studies devote to the 
mechanism exploration of biomarkers for dis-
tinguishing benign and malignant PCC. However, 
role of miR-101 in benign and malignant PCC 
still remains largely unknown.

In this study, we focused on analyzing the 
expression levels of three miRNAs in patients 
with benign and malignant PCCs. Compre- 
hensive exprimental methods were used to 
detect the expression of miRNA in malignant 
PCC with SDHD mutation, the level of serum 
miRNA, and the level of vascular endothelial 

growth factor (VEGF) in malignant PCC. This 
study aimed to investigate several potential 
biomarkers for distinguishing benign from 
malignant PCC.

Materials and methods

Definition

The definition of PCC tumors is shown as 
described previously [16]. PCCs (adrenal or 
extra adrenal) are some catecholamine-pro-
ducing tumors of chromaffin cell origin; benign 
PCCs are the solitary chromaffin tumors with no 
evidence of metastasis with at least 2 years of 
follow-up after surgery resection; malignant 
PCCs are the adrenal chromaffin tumor cells 
with metastasis to a region where adrenal tis-
sue would not be expected wither at initial pre-
sentation or during follow-up [17].

Patients and samples 

A total of 53 samples of patients that suffered 
from PCC were enrolled in this study. Thereinto, 
29 patients with benign PCC, including 27 with 
PCC from adrenal and 2 with PCC from extra-
adrenal; 24 patients with malignant PCC, 
including 14 with PCC from adrenal and 10 with 
PCC from extra-adrenal; and 16 malignant PCC 
patients associated with SDHD mutation, 1 
benign PCC patient with VHL mutation, and 1 
benign PCC patient with HF1 mutation. The 
characteristics of the total patients are summa-
rized in Table 1. The informed consent and 
approval of patients were obtained from 
Binzhou People’s Hospital. This study was 

Table 1. Clinical characteristics for the patients used in this study
Information total benign malignant P value
Number of patients 53 29 24
Age (years)* 43.8 ± 14.7 (16-75) 45.3 ± 15.2 (21-75) 41.6 ± 13.9 (16-69) P > 0.05
Gender (male/female) 31/22 17/12 14/10 P > 0.05
Greatest tumor diameter (cm)# 4.5 ± 2.7 (1.1-15.0) 4.2 ± 2.1 (1.1-13.0) 4.9 ± 3.4 (1.7-15.0) P > 0.05
Site
    Adrenal 41 27 14
    Extra-adrenal 12 2 10
Positive mutation
    SDHD 16 0 16
    VHL 1 1 0
    NF1 1 1 0
*Stands for the Mean ± S.E.M (range) while #stands for Mean ± S.D (range).

Table 2. Information of the detected miRNAs
Name type Exqion ID
miR-101-5p Mature miRNA 204379
miR-513-5p Mature miRNA 205620
miR-26b-3p Mature miRNA 204117
U6 snRNA Control miRNA 203907
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approved by the Ethics Committee of General 
Hospital of Binzhou People’s District, in accor-
dance with the Declaration of Helsinki.

The PCC tissue samples were collected at the 
time of surgery, snap frozen in liquid nitrogen, 
and then stored at -80°C. Besides, serum sam-
ples from all patients were frozen at -20°C 
immediately after collection.

The diagnosis of patients with PCC was con-
ducted when there was clinical evidence of 
tumors at distant sites from the primary tumor 
location where chromaffin cells are not found 
or when there was gross local invasion.

Normal adrenal tissues were obtained from the 
healthy organ donors through an IRB-approved 
protocol. Laser capture microdissection was 
used to separate tissue from the adrenal 
medulla [18].

RNA extraction

The fresh PCC tissues were grinded in the liquid 
nitrogen and then washed with the PBS buffer 
(PH 7.4). Total RNA was extracted from the col-
lected fresh-frozen PCC tissues (50 mg) of nor-
mal adrenal medulla, benign PCC and malig-
nant PCC using the Trizol (Tiangen, China) and 
then treated with RNAse-free Dnase I (Sigma, 
USA) according to the manufacturer’s protocol 
[19]. The extracted RNA was further purified by 
two subsequent precipitations with NaCI-
ethanol and stored at -80°C. The concentration 
and purity of extracted RNA was detected using 
SMA4000 UV-VIS (Merinton, Shanghai, China). 
The quality of total RNA was determined at an 
absorbance ratio of 260/280 using a UV-spec- 
trophotometer (UVIKON 860 spectrophotome-
ter, Kontron Instruments, Switzerland). 

Quantitative real-time PCR analysis

To detect the expression levels of miRNAs (miR-
101, miR-513-5p, and miR-26b) in PCC tissues, 
quantitative real-time PCR (qRT-PCR) was car-
ried out in an Eppendorf Mastercycler 
(Eppendorf, Westbury, NY) using the SYBR 
ExScript qRT-PCR Kit (Takara, China) as previ-
ously described [20]. The total essential miR-
NAs data was shown in Table 2. Each reaction 
system was performed in a final volume of 10 
μL containing 2 μL cDNA, 5 μL 2 × SYBR Green 
master mix, 1 μL each of the primers, and 2 μL 

ddH2O with the following reaction conditions: 
template denaturation at 95°C for 10 min, fol-
lowed by 40 cycles of denaturation at 95°C for 
15 s, combined primer annealing/elongation at 
60°C for 1 min, and 72°C for 30 s. Each sam-
ple was run in triplicate for analysis. The expres-
sion level of U6 was tested as possible control 
for data normalization.

Serum miRNA measurement

In order to analyze the level of miR-101 in 
serum of patients with PCC, the total miRNA 
was extracted from 500 μL of serum from 
patients with PCC using the Trizol (Tiangen, 
China) and then treated with RNAse-free Dnase 
I (Sigma, USA) according to the manufacturer’s 
instructions. The final elution volume was 100 
μL. The concentration of RNA samples was 
quantified by NanoDrop 1000 (Wilmington, DE, 
USA). Besides, a fixed volume of 2 μL RNA was 
added to synthesis the cDNA using the reverse 
cDNA synthesis Kit (Exiqon, catalog 203300, 
Vedbaek, Denmark) for the miRNA quantifica-
tion [20]. The reaction system and reaction 
conditions were performed as described above. 
Reactions without RNA template were used as 
a control.

Quantification of serum VEGF production

The level of serum VEGF was measured using a 
VEGF ELISA kit (Amsterdam, Netherlands) 
according to the manufacturer’s instructions. 
Three-fold dilutions of serum and standards 
were measured in duplicate. Absorbance was 
measured with a Molecular Devices Emax plate 
reader, and the results analyzed with SoftMax 
Pro 4.8 processing software.

Statistical analysis

All the statistic analysis was performed using 
SPSS 16.0 (Chicago, IL, USA). As for the qRT-
PCR data, Mann-Whitney U test was used to 
determine the statistical significance for com-
parisons between groups. Differences of other 
data in different tissue were performed using 
one-way ANOVA plus LSD pos hoc multiple com-
parisons. Also, one-way ANOVA was applied to 
compare the RNA concentration between dif-
ferent groups. All statistical test were two sided 
and the P-value < 0.05 was considered as sta-
tistically significant. Receiver operation charac-
teristic (ROC) curve and under the ROC curve 
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Figure 1. Expressions of three miRNAs (miR-101, miR-513-5p, and miR-26b) in pheochromocytoma patients. N: healthy controls, B: benign, M: malignant. A: Quan-
titative real-time RT-PCR (qRT-PCR) analysis of miR-101 in three different groups. B: qRT-PCR analysis of miR-513-5p in three different groups. C: qRT-PCR analysis 
of miR-26b in three different groups.

Figure 2. Box plot of miR-101 expression in different groups. A lower ICt stands for a higher miRNA expression level. N: healthy controls, B: benign, M: malignant. A: 
miR-101 expression in benign and malignant tumors. B: miR-101 expression in adrenal and extra-adrenal tumors. C: miR-101 expression in malignant tumors with 
SDHD mutation and non-SDHD mutation.
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(AUC) were used to determine thresholds of 
miR-101 levels. Sensitivity, specificity, and 
diagnostic values were calculated for miR-101 
cut-off. 

Results

qRT-PCR analysis of the miRNAs in PCC

In order to investigate whether miRNAs expres-
sion is related to PCC, qRT-PCR was used to 
detect the expression levels of miRNAs in 
patients with benign and malignant PCC (Figure 
1). The expression level of miR-101 in malig-
nant PCC patients was significantly increased 
compared with the benign PCC patients (P = 
0.0152), and there were significant differences 
of miR-101 level in malignant PCC (P = 0.0027) 
and benign PCC compared with the healthy 
controls (P = 0.0421) (Figure 1A). However, the 
expression levels of miR-513-5p and miR-26b 
in PCC patients displayed no significant differ-
ence between benign and malignant PCC (miR-
513-5p, P = 0.5621; miR-26b, P = 0.4782), and 
there were no significant difference of miR-
513-5p and miR-26b in malignant PCC com-
pared with the healthy controls (miR-513-5p, P 
= 0.1756; miR-26b, P = 0.1021), and no signifi-
cant difference was found of miR-513-5p and 
miR-26b in benign PCC compared to the healthy 
controls (miR-513-5p, P = 0.4863; miR-26b, P 
= 0.3791) (Figure 1B, 1C). 

Besides, we examined the relationship between 
miRNA expression and specific clinical and 

pathologic factors to understand the basis for 
the differences in PCC. However, there was no 
significant difference between miRNA expres-
sion and the comparison factors such as the 
age, gender, or tumor size. In addition, our data 
showed that miR-101 level was increased in 
malignant PCC with SDHD mutations compared 
with benign PCC (P = 0.0023, Figure 2B).

In this study, although the majority of PCCs 
samples are collected from adrenal, there were 
10% of extra-adrenal PCCs samples. Studies 
revealed that extra-adrenal tumors have a high-
er likelihood of being malignant. The results 
showed that there was a significant difference 
in the expression of the malignancy-associated 
miR-101 (P = 0.0121, Figure 2C) between adre-
nal and extra-adrenal tumors.

Diagnostic accuracy of differentially expressed 
miRNAs

The receiver operating characteristic (ROC) 
curve was used to analyze the accurate diag-
nostic marker of miR-101 based on the qRT-
PCR values (Figure 3A). The area under the 
curve (AUC) for miR-101 was 0.79 (95% confi-
dence interval (CI), 0.65-0.83), suggesting the 
usefulness in molecular diagnostics between 
benign and malignant PCC. Besides, since pre-
vious study have demonstrated that PCC 
patients with SDHD mutations are likely to have 
malignant PCC [21], the ability of miR-101 to be 
a marker of malignancy in non-SDHD tumors 
was assessed in this study. The AUC for miR-

Figure 3. Receiver operating characteristic (ROC) curves for miR-101. Curves were generated based on the. A: ROC 
curve for miR-101 in all tumor samples. B: ROC curve for miR-101 in tumor samples with non-SDHD.
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Figure 4. Expressions of miR-101 and VEGF in serum. N: healthy controls; B: benign; M: malignant. A: The serum miR-101 level in three different groups. B: The 
serum VEGF level in three different groups. C: The serum VEGF level in malignant PCC with SDHD mutation and non-SDHD mutation.
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101 was 0.77 (95% CI, 0.63-0.86) (P < 0.01, 
Figure 3B).

Measurement of miRNA expression in serum

A number of studies have referred that tumor-
derived miRNAs are stable in serum and plas-
ma and are correlated with the levels of miR-
NAs in tumor tissues, miRNA expression levels 
can be used to predict tumor type in clinical 
[22]. We focused on analyzing the expression 
level of miR-101 in PCC patient serum. A total 
of 20 serum samples including 12 from patients 
with benign PCC and 8 from patients with 
malignant PCC were enrolled in this study. qRT-
PCR measurement of miR-101 in serum showed 
that the level of miR-101 was higher in malig-
nant PCC compared with benign PCC. However, 
there was no difference in serum miR-101 in 
patients with benign PCC compared to malig-
nant PCC (P = 0.4513, Figure 4A).

Quantification of VEGF in PCC

Previous study revealed that VEGF level is high-
er in malignant PCC compared with benign, and 
VEGF may be a potential index for diagnosing 
patients in malignant PCC. We analyzed the 
serum level of VEGF in malignant tumors and 
benign tumors compared with healthy controls, 
the results showed that there was significant 
difference of serum VEGF level in malignant 
tumors compared with benign tumors (P = 
0.0021, Figure 4B), and the significant differ-
ence of VEGF level in malignant tumors serum 
compared with that in healthy controls (P = 
0.0231, P = 0.0001, Figure 4B). Besides, qRT-
PCR measurement of VEGF in serum showed 
that the level of VEGF in malignant PCC with 
SDHD mutation was higher than that in malig-
nant PCC with non-SDHD mutation (P = 0.0135, 
Figure 4C).

Discussion

Pheochromocytoma (PCC) is a neuroendocrine 
tumor that originates in the adrenal medulla or 
at extra-adrenal sites and is responsible for 
production and secretion of catecholamine 
with a poor 5-year survival rate and a high mor-
bidity due to the difficulties to distinguish 
benign PCC from malignant PCC [1, 4]. Exploring 
several key biomarkers for distinguishing the 
begin PCC from malignant PCC will be of great 
significance. In this study, we reviewed the rel-

evant literatures and selected three miRNAs 
(miR-101, miR-513-5p, and miR-26b) that have 
been proved to be involved in the development 
of malignant PCC and then analyzed the poten-
tial miRNAs that may be correlated with PCC 
development. Our data showed that miR-101 
level in malignant tumor tissue was high com-
pared with benign tumor (P < 0.05). Also, the 
level of miR-101 in malignant PCC with SDHD 
mutation and in extra-adrenal tumors were sig-
nificantly high (P < 0.05). Moreover, level of 
serum VEGF in patients with malignant PCC 
was significantly increased compared with 
benign (P < 0.05), as well as that in malignant 
PCC with SDHD mutation (P < 0.05).

miR-101 is a short non-coding RNA that is 
involved in post-transcriptional regulation of 
many genes expression in multiple cancers by 
affecting both the stability and translation of 
mRNAs [23]. Smits proved that downregulation 
of miR-101 resulted in the EZH2-induced cell 
proliferation and migration in glioblastoma 
[24], while Hao said that overexpression of miR-
101 inhibited the cell growth in prostate cancer 
through modulating the COX-2 pathway, sug-
gesting its important role in cancer develop-
ment. However, role of miR-101 in PCC has not 
been fully discussed. Patterson proved the 
miR-101 level in malignant PCC tissues was 
higher than that in benign PCC [25]. Coincidence 
with the previous studies, our data showed that 
level of miR-101 in patients with malignant PCC 
was significantly increased compared with 
benign PCC (P < 0.05, Figure 1A). Meanwhile, 
Gill. analyzed that PCC patients with SDHD 
gene mutation was likely to enhance the risk of 
malignant PCC [26]. Tsang proved that miR-210 
was overexpressed in PCC with SDHD mutation 
[27]. Also, in Patterson’s research, the level of 
miR-101 was higher in patients with SDHB 
mutation malignant PCC [25]. Coincidence with 
the previous studies, the level of miR-101 in 
malignant PCC with SDHD mutation was signifi-
cantly high compared with the non-SDHD muta-
tion in this study (P < 0.05, Figure 2B), indicat-
ing that SDHD mutation may contribute to the 
expression of miR-101 in malignant PCC. 
Besides, our data displayed that miR-101 level 
was higher in extra-adrenal tissues than that in 
adrenal tissues (P < 0.05, Figure 2C), suggest-
ing the role of miR-101 in different tissues. 
Wang demonstrated that level of miR-101 in 
extra-adrenal PCC was high [28]. Also, Patter- 
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son and his colleagues reported that miR-101 
level in extra-adrenal was higher [25]. Besides, 
the AUCs for miR-101 in tumor samples and in 
samples with non-SDHD mutation were 0.79 
and 0.77, respectively (Figure 3), indicating the 
high diagnosis accurate of miR-101 in PCC. 
Based on our results, we speculated that miR-
101 level may significantly increased in malig-
nant PCC compared with benign PCC and miR-
101 may be useful for distinguishing malignant 
and benign PCC.

VEGF is the most stronger vessel formation 
contributor which has various effects including 
mediating increased vascular permeability, 
inducing angiogenesis and endothelial cell 
growth [29]. Previous studies revealed that 
VEGF level in malignant PCC tissues was higher 
and VEGF may be a biomarker for malignant 
PCC diagnosis [30]. Jyung proved that the posi-
tive staining of VEGF were mainly in cytoplasm 
of paraganglioma cells [31]. Also, VEGF level in 
serum from patients with adrenal PCC was high 
before surgery and then decreased after sur-
gery [32]. Therefore, VEGF level may be useful 
for malignant PCC diagnosis. Our study showed 
that VEGF level in malignant tumors was higher 
than that in benign tumors (P < 0.05, Figure 
4B). On the other hand, this study found that 
VEGF level in malignant PCC with SDHD muta-
tion was significantly increased compared with 
non-SDHD mutation (P < 0.05, Figure 4C). 
Horbet said that the SDHD mutation induced 
the production of succinic acid which can inhib-
it the HIF-1 prolyl hydroylase, resulting in the 
activity of HIF-1 [33]. The activated HIF-1 may 
activated the overexpression of VEGF in hypox-
ia sensing [34]. Thus, SDHD mutation was 
related to the overexpression of VEGF. Based 
on our study, we speculated that SDHD may 
enhance the expression of VEGF in malignant 
PCC.

Meanwhile, our data showed that level of miR-
101 in serum from patients with PCC was high 
compared with healthy controls, but there was 
no significant difference among three groups (P 
> 0.05, Figure 4A). Mitchell have proved that 
expression level of tumor-specific circulating 
miRNA in serum or in plasma has moderated 
correlation with tumor tissues [22]. The role of 
serum miRNAs in patients with PCC has not 
been fully discussed. However, Patterson 
reported the level of miR-183 in serum from 
patients with PCC was low while that of miR-

483-5p and miR-101 were high but showed no 
significant difference between benign and 
malignant PCC [25]. Further study will be need-
ed to investigate the mechanism of serum miR-
101 in PCC.

In conclusion, this study demonstrated that 
miR-101 expression was significantly increased 
in malignant tumor tissues compared with 
benign tumor and its level is high in malignant 
tumors with SDHD mutation. VEGF level is high 
in malignant tumors with SDHD mutation. Our 
study suggested that SDHD mutation may 
enhance the overexpression of miR-101 in 
malignant tumors and miR-101 may be a poten-
tial diagnostic biomarker for distinguishing 
malignant PCC and benign PCC. This study may 
provide certain basis for future researches on 
exploring the potential diagnostic role of miR-
101 in malignant PCC. However, further experi-
mental studies will be still needed to delve into 
the diagnostic mechanism of miR-101 in malig-
nant PCC.
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