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Abstract: Objective: To study microRNA-373 and microRNA-204 expression in retinoblastoma and its clinical di-
agnostic value. Methods: The cancer tissues and peripheral blood of 32 patients with Retinoblastoma (RB) who 
underwent enucleation of the eyeball from March 2017 to August 2018 were selected as the study group. Healthy 
retinal tissues and peripheral blood of 15 corneal transplantation donors in the same period were selected as the 
control group. The expression levels of microRNA-373 and microRNA-204 were detected by qRT-PCR. The ROC curve 
was used to analyze the diagnostic value of microRNA-373 and microRNA-204. The study group were followed up 
for 5 years by telephone or SMS. The Kaplan-Meier survival curve was used to analyze the relationship between 
microRNA-373, microRNA-204 and the prognosis of patients. Results: The expression level of microRNA-373 in 
tumor tissues of the study group was significantly higher than that in the control group (P < 0.05). The expression 
level of microRNA-204 in tumor tissues of the study group was significantly lower than the control group (P < 0.05). 
The 5-year survival rate of the low microRNA-373 expression group was higher than that of the high microRNA-373 
expression group (P = 0.024). There was no difference in 5-year survival rate between the low microRNA-204 ex-
pression group and the high microRNA-204 expression group (P = 0.133). The expression level of microRNA-373 
in the study group was significantly lower than the control group (P < 0.05). Conclusion: The diagnostic value of 
combined detection of microRNA-373 and microRNA-204 was higher than single factor alone. The 5-year survival 
rate of patients with high microRNA-373 expression was lower.
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Introduction

Retinoblastoma (RB) is a kind of ophthalmic 
cancer caused by mutation of the retina which 
has been a hot topic of tumor study in recent 
years [1]. RB is more likely to occur in children 
under 5 years old, and the incidence of RB is 
about 7%-45%. About 70% of the patients suf-
fer from unilateral intraocular tumors, which is 
the first tumor found with genetic basis. About 
40% of RB is hereditary [2, 3]. Although the sur-
vival rate of patients with RB is very high, the 
mortality rate can’t be ignored because RB is 
prone to other secondary malignant tumors. 
The prognosis of RB patients found in an early 
stage is better, and the outcome rate of RB 
patients can reach 95% survival [4].

Pathological examination is still the golden st- 
andard for diagnosis of tumors. Due to traumat-

ic examination, it is difficult to popularize in 
clinic. With the development of CT and nuclear 
magnetic resonance technology, less invasive 
methods provide for the diagnosis of RB. How- 
ever, there are still some patients who can’t be 
diagnosed in this manner because of the simi-
lar clinical manifestations to metastatic endo-
phthalmitis and Coats [5]. The sensitivity and 
specificity of existing molecular markers such 
as carcinoembryonic antigen (CEA) for RB diag-
nosis are also not ideal [6]. Therefore, it is nec-
essary to find a sensitive and specific molecular 
marker to improve the early diagnosis rate and 
prognosis of children. MicroRNA is a small, non-
coding endogenous RNA, which is widely ex- 
pressed in eukaryotic cells. Gene expression is 
regulated by the degradation or translation inhi-
bition of mRNA after microRNA and protein 
form a RNA-induced silencing complex [7]. 
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More and more evidence have shown that 
microRNAs play an important role in the occur-
rence and development of tumors [8, 9]. In the 
screening of biomarkers in RB tumors, it was 
found that the expression of microRNA-373 in 
tumor tissues was 4 times higher than that in 
adjacent tissues [10]. It has also been shown 
that microRNA-204 was down-regulated in RB 
and participates in the proliferation and inva-
sion of RB tumor cells. Up-regulation of microR-
NA-204 expression can inhibit the proliferation 
and invasion of RB tumor cells [10]. However, 
the diagnostic value of both microRNAs in RB 
has not been reported.

This study explored the combined detection of 
microRNA-373 and microRNA-204 expression 
in RB and its clinical diagnostic value.

Material and methods

Study subjects

The cancer tissues and peripheral blood of 32 
patients with RB who underwent enucleation of 
the eyeball in our hospital from March 2017 to 
August 2018 from were selected as the study 
group. Normal retinal tissues and the corre-
sponding peripheral blood of 15 corneal trans-
plantation donors in the same period were 
selected as the control group. Inclusion criteria: 
All patients were diagnosed with RB by patho-
logical examination after resection of tumors in 
our hospital. No cryocoagulation, radiotherapy 
(RT) and chemotherapy (CT) were performed 
before the operation, no organ dysfunction was 
found, and the medical records were complete. 
Exclusion criteria: Patients with preoperative 
metastasis of tumors or advanced tumors; 
patients with other malignant tumors, congeni-
tal heart disease and other congenital diseas-
es; patients with jaundice; patients with a his-
tory of cancer; or patients with abnormal bleed-
ing or coagulation dysfunction. This study was 
approved by the Hospital Ethics Association, 
and informed consent was given by patients or 
their relatives.

Outcome measures

The expression levels of microRNA-373 and 
microRNA-204 in tissues and plasma of the two 
groups were detected by qRT-PCR. The ROC 
curve was used to analyze the diagnostic value 
of single and combined detection of microR-
NA-373 and microRNA-204 in RB. The patients 

in the study group were followed for 5 years by 
telephone or SMS. The Kaplan-Meier survival 
curve was used to analyze the relationship 
between microRNA-373 and microRNA-204 
and the prognosis of patients.

qRT-PCR

After the grinding and comminution of the can-
cer tissues, 1 ml TRIzol lysate was added to 
extract the total RNA from the tissues. The total 
RNA was extracted from the plasma by 3:1 ratio 
of TRIzol lysate. After the extraction, the integ-
rity of RNA was analyzed by 1.5% agarose gel 
electrophoresis, and the purity of RNA was 
detected by the micro nucleic acid analyzer. 
The value of A260/A280 in 1.8-2.1 was consid-
ered to meet the experimental requirements. 
After RNA extraction, the reverse transcription 
reaction was carried out. The first cDNA strand 
was synthesized and amplified by PCR. The 
PCR amplification system consisted of 2 μL 
cDNA template, 1 μL cDNA dilution, 5 μL 
2*SYBR Green mixture, 1 μL upstream primer, 
1 μL downstream primer, and 10 μL distilled 
water. After denaturation at 95°C for 30 sec-
onds, annealing at 60°C for 30 seconds, ex- 
tension at 72°C for 30 seconds over 40 cycles, 
the dissolution curve was analyzed. GAPDH 
was used as the internal reference of the reac-
tion. All samples were repeated in 3 wells, and 
the results were analyzed by 2-ΔCt method. 
TRIzolTM Reagent was purchased from Chengdu 
East Creative Technology Co., Ltd. with the arti-
cle number 1559026. SYBER GREEN Real-time 
Fluorescence Quantitative PCR Kit was pur-
chased from Nanjing Cobioer Biotechnology 
Co., Ltd. with the article number 430151. The 
primer sequence was designed and synthe-
sized by Hepeng (Shanghai) Biotechnology Co., 
Ltd. (Table 1).

Statistical methods

SPSS 19.0 (Asia Analytics Formerly SPSS 
China) was used to analyze the data. The mea-
surement data were expressed as % and χ2 test 
was used for the comparison of rate. The enu-
meration data were expressed as mean ± stan-
dard deviation (mean ± sd), and the indepen-
dent sample t test was used for the comparison 
between the two groups. The ROC curve was 
used to analyze the diagnostic value of microR-
NA-373 and microRNA-204 in RB. The Kaplan-
Meier survival curve was used to analyze the 
relationship between microRNA-373 and micro- 



Combined detection of MicroRNA-373 and MicroRNA-204 expression 

13544 Int J Clin Exp Med 2019;12(12):13542-13549

RNA-204 and the prognosis of patients. P < 
0.05 represented that there was statistical 
significance.

group was higher than the control group (P < 
0.05). The expression level of microRNA-204 in 
tumor tissues of the study group was (1.598 ± 
0.766), the expression level of microRNA-204 
in normal retina tissues of the control group 
was (2.881 ± 1.713), and the study group was 
lower than the control group (P < 0.05) (Table 
3).

Diagnostic value of microRNA-373 and mi-
croRNA-204 in tissues in RB

The AUC, specificity, sensitivity and critical va- 
lue in the tissues were 0.728, 80.00%, 71.88% 
and 2.860 for single detection of microRNA-373 
in RB. The AUC, specificity, sensitivity and criti-
cal value in the tissues were 0.692, 46.67%, 
100.00% and 3.295 for single detection of 
microRNA-204 in RB. The AUC, specificity and 
sensitivity in the tissues were 0.792, 73.33% 
and 84.38% for combined detection of microR-
NA-373 and microRNA-204 in RB (Table 4 and 
Figure 1).

Table 1. Primer sequence
Upstream Downstream

miR-373 5’-GACGGCTCGAGGACCAAGG-GGCTGTATGCAC-3’ 5’-GCCAGAAGCT-TCCTGCCCTGTTCATCTGCAGG-3’
miR-204 5’-GCGGCGCAAAGAATTCTCCT-3’ 5’-GTGCAGGGTCCGAGGT-3’
GAPDH 5’-CGGAGTCAACGGATTTGGTCGTAT-3’ 5’-AGCCTTCTCCATGGTGGTGAAGAC-3’

Table 2. General data
Study group (n = 32) Control group (n = 15) χ2/t P

Gender [n (%)] 0.006 0.078
    Male 18 (56.25) 8 (53.33)
    Female 14 (43.75) 7 (46.67)
Age (years) 3.8 ± 1.4 4.6 ± 2.1 1.550 0.128

Table 3. Expression levels of microRNA-373 and microRNA-204 in 
tissues

Study group (n = 32) Control group (n = 15) t P
MicroRNA-373 3.518 ± 1.721 2.306 ± 1.606 2.279 0.026
MicroRNA-204 1.598 ± 0.766 2.881 ± 1.713 3.573 0.001

Table 4. Diagnostic value of microRNA-373 and microRNA-204 in 
tissues in RB

miR-373 miR-204 miR-373 and miR-204
AUC 0.728 0.692 0.792
95% Cl 0.573 to 0.883 0.511 to 0.873 0.635 to 0.948
Critical value 2.860 3.295
Specificity 80.00% 46.67% 73.33%
Sensitivity 71.88% 100.00% 84.38%

Figure 1. Diagnostic value of microRNA-373 and mi-
croRNA-204 in tissues in RB. AUC (microRNA-373) = 
0.728, AUC (microRNA-204) = 0.692, AUC (microR-
NA-373 and microRNA-204) = 0.792.

Results

General data

There were 32 patients in 
the study group, including 
18 males (56.25%), 14 fe- 
males (43.75%) and 15 pa- 
tients in the control group, 
including 8 males (53.33%) 
and 7 females (46.67%). Th- 
ere was no significant differ-
ence in sex ratio and age 
between the two groups (P > 
0.05) (Table 2).

Expression levels of microR-
NA-373 and microRNA-204 
in tissues

The expression level of mi- 
croRNA-373 in tumor tis-
sues of the study group was 
(3.518 ± 1.721), the expres-
sion level of microRNA-373 
in normal retina tissues of 
the control group was (2.306 
± 1.606), and the study 
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Relationship between the expression of mi-
croRNA-373 and microRNA-204 in tissues and 
the prognosis of patients

According to the relative expression levels of 
microRNA-373 and microRNA-204 in tumor tis-
sues, the median expression level of microR-
NA-373 was 3.537. With the median as the 
critical value, the patients were divided into the 
high microRNA-373 expression group (> 3.537) 
and low microRNA-373 expression group (< 
3.537). The median expression level of microR-
NA-204 was 1.369. With the median as the 
critical value, the patients were divided into the 
high microRNA-204 expression group (> 1.369) 
and low microRNA-204 expression group (< 
1.369). Kaplan-Meier survival analysis showed 
that the 5-year survival rate was 87.50% (14 
cases) in the low microRNA-373 expression 

group was (0.269 ± 0.121), and that of the con-
trol group was (1.046 ± 0.643). The study group 
was lower than the control group (P < 0.05) 
(Table 5).

Diagnostic value of microRNA-373 and mi-
croRNA-204 in peripheral blood in RB

The AUC, specificity, sensitivity and critical va- 
lue in peripheral blood were 0.728, 80.00%, 
71.88% and 2.860 for single detection of mi- 
croRNA-373 in RB. The AUC, specificity, sensi-
tivity and critical value in peripheral blood were 
0.692, 46.67%, 100.00% and 3.295 for single 
detection of microRNA-204 in RB. The AUC, 
specificity and sensitivity in peripheral blood 
were 0.792, 73.33% and 84.38% for combined 
detection of microRNA-373 and microRNA-204 
in RB (Table 6 and Figure 3).

Figure 2. Relationship between the expression of microRNA-373 and microR-
NA-204 in tissues and the prognosis of patients. A. The 5-year survival rate 
of the low microRNA-373 expression group was higher than that of the high 
microRNA-373 expression group (P = 0.024). B. There was no difference in 
5-year survival rate between the low microRNA-204 expression group and the 
high microRNA-204 expression group (P = 0.133).

Table 5. Expression levels of microRNA-373 and microRNA-204 in 
peripheral blood

Study group  
(n = 32)

Control group  
(n = 15) t P

MicroRNA-373 2.755 ± 0.960 1.194 ± 0.755 5.535 < 0.001
MicroRNA-204 0.269 ± 0.121 1.046 ± 0.643 6.667 < 0.001

Table 6. Diagnostic value of microRNA-373 and microRNA-204 in 
peripheral blood in RB

miR-373 miR-204 miR-373 and miR-204
AUC 0.900 0.912 0.963
95% Cl 0.8104 to 0.9896 0.7901 to 1.033 0.9145 to 1.011
Critical value 1.679 0.494
Specificity 73.33 80.00 100.00
Sensitivity 93.75 96.88 78.13

group and 50.00% (8 cases) 
in the high microRNA-373 
expression group. The 5-year 
survival rate of the low mi- 
croRNA-373 expression gro- 
up was higher than that of 
the high microRNA-373 ex- 
pression group (P = 0.024). 
The 5-year survival rate was 
56.25% (9 cases) in the low 
microRNA-204 expression gr- 
oup and 81.25% (13 cases) 
in the high microRNA-204 ex- 
pression group. There was no 
difference in 5-year survival 
rate between the low micro- 
RNA-204 expression group 
and the high microRNA-204 
expression group (P = 0.133) 
(Figure 2).

Expression levels of microR-
NA-373 and microRNA-204 
in peripheral blood

The expression level of mi- 
croRNA-373 in peripheral bl- 
ood of the study group was 
(2.755 ± 0.960), and that of 
the control group was (1.194 
± 0.755). The study group 
was higher than the control 
group (P < 0.05). The expres-
sion level of microRNA-204 in 
peripheral blood of the study 
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Relationship between the expression of mi-
croRNA-373 and microRNA-204 in peripheral 
blood and the prognosis of patients

According to the relative expression levels of 
microRNA-373 and microRNA-204 in tumor tis-
sues, the median expression level of microR-
NA-373 was 2.762. With the median as the 
critical value, the patients were divided into the 
high microRNA-373 expression group (> 2.762) 
and low microRNA-373 expression group (< 
2.762). The median expression level of microR-
NA-204 was 0.306. With the median as the 
critical value, the patients were divided into the 
high microRNA-204 expression group (> 0.306) 
and low microRNA-204 expression group (< 
0.306). Kaplan-Meier survival analysis showed 
that the 5-year survival rate was 87.50% (13 
cases) in the low microRNA-373 expression 
group and 56.25% (9 cases) in the high microR-
NA-373 expression group. There was no differ-
ence in 5-year survival rate between the low 
microRNA-373 expression group and the high 
microRNA-373 expression group (P = 0.085). 
The 5-year survival rate was 56.25% (9 cases) 
in the low microRNA-204 expression group and 
81.25% (13 cases) in the high microRNA-204 
expression group. There was no difference in 
5-year survival rate between the low microR-
NA-204 expression group and the high microR-
NA-204 expression group (P = 0.133) (Figure 
4).

Discussion

RB is a very common primary malignant tumor 
among minors in the ophthalmic department 

[11]. With the prolongation of the course of dis-
ease, the risk of bone tumor, soft tissue sarco-
ma and melanoma also increased [12]. The 
occurrence and development of cancer is a 
multi-step process of multi-genetic diseases. 
The abnormal expression of microRNAs is asso-
ciated with the occurrence and development of 
tumor cells. Detection of related microRNAs as 
a marker of early diagnosis of malignant tumors 
is a very hot topic in tumor study in the world 
[13, 14].

MicroRNA-373 and microRNA-204 are two 
microRNAs closely related to tumors. Micro- 
RNA-373 has been identified as a potential 
oncogene of testicular germ cell tumors [15]. In 
recent years, the role of microRNA-373 in pro-
moting the metastasis of breast cancer cells 
has also been verified [16]. Reis et al. [17] 
found that the expression level of microR-
NA-373 in RB was higher than that in normal 
retina tissues by RB-related microRNAs screen-
ing, suggesting that microRNAs play a role in 
tumorigenesis and in occurrence. However, 
there are few reports about the relationship 
between microRNA-373 and RB since then. In a 
report on microRNA-204, Ding et al. found that 
microRNA-204 may be involved in the occur-
rence and development of RB [18], and was 
closely related to the differentiation of tumor 
tissues, nerve invasion and lymph node metas-
tasis. MicroRNA-204 may inhibit proliferation 
and promote apoptosis of RB cells by down-
regulating the expression of Bcl-2 and Sirt-1 in 
RB, which may become new biological indica-
tors related to RB. MicroRNA-204 was also 
regulated by non-coding RNA paranuclear set 
transcription factor 1 (NEAT 1). The down-regu-
lation of NEAT 1 promoted the expression of 
microRNA-204, significantly reduced the prolif-
eration and metastasis of RB cells, and promot-
ed the apoptosis of RB cells. However, the diag-
nostic value of both microRNAs in RB has not 
been reported, and this study will analyze the 
diagnostic value of the two microRNAs.

The results of this study showed that compared 
with normal fresh retinal tissue and donor 
peripheral blood, the expression of microR-
NA-373 in RB tumor tissues and peripheral 
blood of RB patients increased, while the 
expression of microRNA-204 decreased. Then, 
the diagnostic value of microRNA-373 and 
microRNA-204 in RB was analyzed. The results 
showed that the AUC for single detection of 

Figure 3. Diagnostic value of microRNA-373 and mi-
croRNA-204 in peripheral blood in RB. AUC (microR-
NA-373) = 0.900, AUC (microRNA-204) = 0.912, AUC 
(microRNA-373 and microRNA-204) = 0.963.
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microRNA-373 and microRNA-204 in RB was 
0.728 and 0.692, respectively, and the AUC for 
combined detection of microRNA-373 and 
microRNA-204 in RB was 0.792, which indicat-
ed that both microRNA-373 and microRNA-204 
had better diagnostic value in RB. Screening 
and early diagnosis of tumors by serological 
examination has always been the research 
direction of scholars. It has the advantages of 
high sensitivity, high specificity, little trauma, 
good repeatability and high compliance, and 
avoids the shortcomings of pathological exami-
nation such as high trauma, complicated meth-
ods and being time-consuming [19, 20]. Th- 
erefore, the diagnostic value of microRNA-373 
and microRNA-204 in peripheral blood in RB 
was further analyzed. The results showed that 
the AUC for single and combined detection of 
microRNA-373 and microRNA-204 in peripheral 
blood in RB were 0.900, 0.912 and 0.963, 
respectively. In this study, the sensitivity for 
combined detection of microRNA-373 and 
microRNA-204 in RB was 100.00%. In previous 
studies on the diagnosis of microRNA-373 and 
microRNA-204 in RB, Hua et al. [21] reported 
that the AUC of serum microRNA-373 in the 
diagnosis of pancreatic cancer was 0.852, with 
sensitivity and specificity of 80.6% and 84.3%, 
respectively. Guo et al. [22] reported that the 
AUC, sensitivity and specificity of plasma 
microRNA-204 in the diagnosis of non-small 
cell lung cancer were 0.809, 76% and 82%, 
respectively, which were superior to the diag-
nostic value of serum CEA or CA19-9 in non-
small cell lung cancer. These results all showed 
that the diagnostic value of microRNA-373 and 
microRNA-204 in tumors was better. There is 

NA-204 in peripheral blood in the diagnosis of 
RB is worthy of affirmation.

The relationship between the expression of 
microRNA-373 and microRNA-204 and the 
prognosis of patients with RB was also ana-
lyzed. The results showed that the 5-year sur-
vival rate of high microRNA-373 expression 
group in tissues was lower than that of low 
microRNA-373 expression group. In this study, 
the relationship between the expression of 
microRNA-373 in peripheral blood and the 
prognosis of patients with RB was not found, 
nor was the relationship between the expres-
sion of microRNA-204 in tissues and peripheral 
blood and the prognosis of patients with RB. 
Müller et al. [23] found that the elevated level 
of serum microRNA-373 was significantly relat-
ed with the advanced stage of clinical cancer in 
HER-2 positive breast cancer patients. In the 
study of Tu et al. [24], it was reported that over-
expression of microRNA-373 was associated 
with lymph node metastasis, lymphatic vessel 
invasion and poor survival. Multivariate analy-
sis showed that high-expression of microR-
NA-373 was an independent predictor of poor 
survival in patients with oral squamous cell car-
cinoma. In a study of breast cancer, Li et al. [25] 
reported that the expression of microRNA-204 
was closely related to TNM staging and metas-
tasis, and the total survival and disease-free 
survival of low microRNA-204 expression group 
were lower than those of high microRNA-204 
expression group. Ye et al. [26] reported that 
glioma patients with low microRNA-204 expres-
sion had shorter progression-free survival and 
overall survival than those with high microR-

Figure 4. Relationship between the expression of microRNA-373 and microR-
NA-204 in peripheral blood and the prognosis of patients. A. There was no 
difference in 5-year survival rate between the low microRNA-373 expression 
group and the high microRNA-373 expression group (P = 0.085). B. There 
was no difference in 5-year survival rate between the low microRNA-204 
expression group and the high microRNA-204 expression group (P = 0.133).

no report about the combina-
tion of microRNA-373 and 
microRNA-204 in the diagno-
sis of tumors. There was also 
a small number of samples in 
this study. The result that the 
sensitivity for combined de- 
tection of microRNA-373 and 
microRNA-204 in RB was 
100% still needs to be veri-
fied. We will conduct a multi-
center and large-sample study 
to further explore the value of 
combination of microRNA-373 
and microRNA-204 in the 
diagnosis of RB, but the value 
of microRNA-373 and microR-
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NA-204 expression. In addition, the single fac-
tor and multi-factor analysis showed that the 
expression of microRNA-204 was an indepen-
dent prognostic factor of progression-free sur-
vival. These reports confirmed the relationship 
between the expression of microRNA-373 and 
the prognosis of RB patients to some extent. 
miR-373 orchestrates its functions either by 
pairing to the 3’ untranslated regions (UTR) of 
specific mRNAs to post-transcriptionally down-
regulate gene expression, or by binding to the 
promoters of target DNAs to up-regulate gene 
expression [27]. However, this study failed to 
verify the specific mechanism of miR-373 and 
miR-204 in RB, which we will demonstrate in 
future studies. Also more data is needed to 
prove the relationship between the expression 
of microRNA-204 and the prognosis of RB 
patients.

In conclusion, microRNA-373 was highly 
expressed in RB, and microRNA-204 was less 
expressed in RB. MicroRNA-373 and microR-
NA-204 had better diagnostic value in RB, and 
the diagnostic value of combined detection of 
microRNA-373 and microRNA-204 was higher. 
MicroRNA-373 was also related to prognosis of 
patients, and the 5-year survival rate of patients 
with high microRNA-373 expression was lower.
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