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Abstract
BACKGROUND 
MicroRNAs (miRNAs) have been suggested as biomarkers for malignant diseases 
including hepatocellular carcinoma (HCC). Specifically, hsa-miR-21-5p (miR-21) is 
among the most frequently deregulated miRNA in cancer. The diagnostic and 
prognostic value of miR-21 has been demonstrated in HCC tissue, mostly in the 
Asian population. Although the impact of various factors has been recently 
reported for circulating hsa-miR-122-5p (miR-122), at present only limited 
knowledge is available for miR-21.

AIM 
To evaluate the value of miR-21 for the assessment of prognosis in HCC patients 
and to delineate the influence of clinical and preanalytical factors on miR-21 level 
in sera.

METHODS 
Patients with confirmed HCC from our European cohort with predominantly 
alcohol-associated liver damage were included in the study. All subjects were 
characterized according to their clinical and laboratory work-up and overall 
survival data were obtained. Quantitative real-time polymerase chain reaction 
was performed for miR-21 and spiked-in cel-miR-39-3p. The results were 
compared to previously reported miR-122 data.
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RESULTS 
Survival of HCC patients was comparable between patients with low and high 
serum miR-21 concentration. No association was observed between miR-21 level 
in sera and Child-Pugh score, Barcelona Clinic Liver Cancer staging system, or 
etiology of HCC/liver disease. Age, gender, or pretreatment had no association 
with miR-21 level. A positive correlation was observed between miR-21 and 
aspartate aminotransferase (r = 0.2854, P = 0.0061), serum miR-122 (r = 0.2624, P = 
0.0120), and the International Normalized Ratio (r = 0.2065, P = 0.0496). Negative 
correlation of miR-21 with serum creatinine (r = -0.2215, P = 0.0348) suggests renal 
function as a potential influencing factor in miR-21 biogenesis in blood.

CONCLUSION 
The results from this work do not support clinically relevant prognostic value of 
circulating miR-21 in HCC patients in real-life settings. Following systematic 
evaluation, we identified renal function and aspartate aminotransferase as 
potential factors that may affect miR-21 concentration in blood. This knowledge 
should be considered in future miRNA-based biomarker studies not only for HCC 
but also for other diseases.

Key Words: Hepatocellular cancer; Hepatocellular carcinoma; MicroRNA; Prognosis; 
miR-21-5p; Renal function

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In our previous work, we identified renal function, hemoglobin, and liver 
injury as potential factors that may impact circulating microRNA expression. miR-21-
5p is the most frequently deregulated miRNA in various types of cancer. Several 
reports have proposed miR-21-5p as a prognostic biomarker in hepatocellular 
carcinoma. In this study, serum miR-21-5p values were not associated with prognosis 
of hepatocellular carcinoma in a European cohort of patients with predominantly 
alcohol-related liver injury. In a similar fashion as previously reported for miR-122-5p, 
changes in circulating miR-21-5p level correlated with renal function and liver injury. 
This observation shows that caution should be taken in interpreting circulating miR-21-
5p level and its biomarker potential.

Citation: Franck M, Thon C, Schütte K, Malfertheiner P, Link A. Circulating miR-21-5p level 
has limited prognostic value in patients with hepatocellular carcinoma and is influenced by 
renal function. World J Hepatol 2020; 12(11): 1031-1045
URL: https://www.wjgnet.com/1948-5182/full/v12/i11/1031.htm
DOI: https://dx.doi.org/10.4254/wjh.v12.i11.1031

INTRODUCTION
There is a substantial effort to identify disease-specific biomarkers. Increasing 
evidence from intense research in the past several years strongly suggests that 
microRNAs (miRNAs) may become a valuable tool for the early identification and 
assessment of disease prognosis or treatment prediction. However, prior potential 
implementation of novel biomarkers including miRNAs in clinical settings, there is a 
great need for studies that deal with possible influencing factors[1]. At present, only 
limited knowledge is available regarding the translational utility of miRNAs as 
biomarkers in the real-life setting.

Hepatocellular carcinoma (HCC) is one of the most common cancers, even though 
the factors responsible for disease development are very heterogeneous[2,3]. Prognosis 
of patients with HCC is dependent on multiple factors including tumor biology, but is 
also strongly related to residual liver and kidney function. Therefore, HCC is probably 
the disease that may be best suited for evaluation of various influencing factors in 
biomarker research. There are several prognostic assessment models and staging 
systems for liver diseases and/or HCC available including Child-Pugh score[4,5], Model 
of End-Stage Liver Disease score[6], the Cancer of the Liver Italian Program score[7], 

mailto:alexander.link@med.ovgu.de
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Okuda staging system[8], and the Barcelona Clinic Liver Cancer (BCLC) staging 
system[9] and many of those include multiple variables related to liver and/or renal 
function.

There is a great need for novel diagnostic, prognostic, and predictive biomarkers for 
HCC patients that would help to refine the forecast and subsequently individualize 
treatment decisions. MiRNA analyses of different solid cancers suggest the extensive 
involvement of miRNAs in cancer pathogenesis[10]. Multiple miRNAs have been 
examined in HCC previously, but substantial heterogeneity of data has hampered its 
utility[11]. We recently re-evaluated the prognostic value of hsa-miR-122-5p (miR-122) 
in a European cohort of well-characterized patients[1]. According to our data, 
circulating miR-122 was associated with the overall survival (OS) of HCC patients only 
in a subgroup of patients. We and others have identified multiple co-existing factors 
that may influence circulating miR-122 levels such as liver injury, hemoglobin 
concentration, or kidney function, but knowledge of other miRNAs in HCC is limited.

Undoubtedly, hsa-miR-21-5p (miR-21) is among the most frequently deregulated 
miRNA in human cancers[10-12]. In-depth evidence gathered over the past several years 
clearly demonstrates the pro-oncogenic function of miR-21 in carcinogenesis[13,14]. For 
instance, an in vivo study used an miR-21-overexpression mouse model where miR-21 
overexpression led to a pre-B malignant lymphoid-like phenotype, indicating that 
miR-21 is an oncogenic miRNA[15].

In HCC, miR-21 promotes lipid accumulation in the liver and carcinogenesis 
through the Hbp1-p53-Srebp1c pathway, and therefore represents a potential link 
between non-alcoholic fatty liver disease and HCC[16]. It may play a role in mediating 
sorafenib resistance of HCC[17]. In a mouse model, treatment with a miR-21 inhibitor 
led to inhibition of tumor growth implicating miR-21 as potential therapeutic target in 
HCC[18]. Overexpression of miR-21 in HCC tumors was uniformly described[19-21] and is 
associated with poor OS and disease-free survival of HCC patients[19,20].

Higher miR-21 blood level was described in patients with HCC compared to healthy 
donors[22-24], but the opposite observation has also been reported[25]. Several studies 
have reported discordant results on circulating miR-21, particularly in patients with 
chronic hepatitis B virus (HBV) infection and HCC[22,26,27]. Diagnostic value of miR-21 in 
HCC has mostly been evaluated in HBV-dominant cohorts[22,23,27]. However, a recently 
published meta-analysis suggested that high ubiquitous miR-21 expression may be a 
limiting factor in the diagnostic performance of circulating miR-21[28].

In this study, we evaluated the value of serum miR-21 as a prognostic marker in a 
European cohort with mainly alcohol-induced HCC. Furthermore, we identified and 
explored the potential clinical conditions and laboratory co-factors that may influence 
performance of miR-21 as a biomarker in HCC and potentially in other conditions.

MATERIALS AND METHODS
Study cohort
In total, the sera of 91 patients with HCC were available for analysis. The samples 
were collected between January 2009 and April 2011 as previously described[1]. 
Diagnosis of HCC was confirmed either histologically or via non-invasive criteria 
based on typical imaging using computer tomography and magnetic resonance 
imaging. The study was performed according to the World Medical Association 
“Declaration of Helsinki–Ethical Principles for medical research involving human 
subjects,” and was approved by the local Institutional Review Board of Otto-von-
Guericke University Magdeburg (No. 99/10). Written informed consent was obtained 
from patients prior inclusion in the primary study. All patients were well 
characterized according to laboratory parameters, concomitant liver disease, and HCC 
including Child-Pugh score and BCLC staging as previously reported[1].

Extraction of RNA and miRNA expression analysis
Following centrifugation, all serum samples were stored at -80 °C prior to further use. 
We performed extraction of RNA (including miRNA) according to a previously 
described and established protocol using the miRNeasy Mini Kit (QIAGEN, Hilden, 
Germany)[29]. Briefly, 700 µL QIAzol Lysis Reagent were initially mixed with 100 µL 
serum. During this step, we added 5 μL of a 5 nM cel-miR-39 solution for internal 
normalization. The quality of RNA was examined using spectrophotometry. Following 
washing steps, RNA was finally eluted in 30 µL RNase-free water and stored at -80 °C 
until further use. Quantification of cel-miR-39-3p (assay ID: 000200) and hsa-miR-122-
5p (assay ID: 002245) expression were assessed using the TaqMan miRNA assay and 
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TaqMan Universal Master Mix II (Applied Biosystems, Foster City, CA, United States). 
Hsa-miR-21-5p was assessed with internally validated SYBR green method as 
previously described[30]. RNA (20 ng) was transcribed and used for the quantitative 
PCR (qPCR). The analyses were performed on the BioRad CFX Cycler System (BioRad, 
Hercules, CA, United States) in duplicate and the Ct or threshold cycle value was used 
for normalization and subsequent relative quantification.

Statistical analysis
For statistical analysis, we used GraphPad Prism Version 7.0 (GraphPad Software, San 
Diego, CA, United States). Two-sided P values ≤ 0.05 were defined as significant. 
Based on the normality of distribution of miRNA values (2-deltaCt [miR-21/cel-miR-
39]), we used nonparametric tests such as Spearman’s rank correlation coefficient, 
Mann-Whitney test, Kruskal-Wallis test, and Dunn’s post-hoc test. Chi-square (χ2) test 
and Fisher’s exact test were used for contingency testing accordingly. Additionally, the 
unpaired t-test was used for analysis of laboratory parameters as appropriate. The 
data are presented as boxplots with whiskers for minimum and maximum. The 
survival time was defined as the time between inclusion in our study (date of blood 
withdrawal) and death or last documented contact. Kaplan-Meier survival curves and 
nonparametric log-rank test were used to evaluate survival differences. Median (50% 
percentile) was used to define the groups with high and low serum miR-21 expression, 
miR-122, alpha-fetoprotein (AFP) expression.

RESULTS
The analysis of miR-21 in serum showed high variability between samples (mean Ct 
value: 29.61 ± 0.78, [min: 27.38, max: 31.22, range: 3.84]). First, we divided the cohort in 
two groups with miR-21-high and miR-21-low serum levels based on the median as 
shown in Table 1. Most parameters showed no statistically significant difference 
between the groups including gender, age, etiology of HCC, BCLC stage, or treatment 
status.

Circulating miR-21 in relation to staging and etiology of liver disease
To evaluate the role of disease stage or etiology of the concomitant liver disease, we 
performed subgroup testing. Circulating miR-21 in patients with HCC were similar 
between patients with different Child-Pugh scores (P = 0.7991; Figure 1A), BCLC 
stages (P = 0.3947; Figure 1B) or was interdependent of etiologies of underlying liver 
disease (P = 0.6331; Figure 1C) suggesting that other factors than HCC or liver disease 
may contribute to miR-21 variation.

Circulating miR-21 and parameters of liver and kidney injury
To evaluate if concomitant conditions including liver injury, liver function or kidney 
injury may affect miR-21 level, we performed comparison of various laboratory 
parameters and serum miR-21. As shown in Figure 2A, there was a non-significant 
trend for a positive correlation between miR-21 and alanine aminotransferase (ALAT) 
(r = 0.1709, P = 0.1053). In much stronger fashion, we observed a statistically 
significant positive correlation between miR-21 and aspartate aminotransferase 
(ASAT) (r = 0.2854, P = 0.0061; Figure 2B). Correspondingly, patients with higher miR-
21 had also significantly higher ASAT levels (P = 0.0307; Table 1). Even though, miR-21 
showed no correlation with AFP (r = 0.1025, P = 0.3337; Figure 2C), the miR-21-high 
group was associated with higher AFP levels (P = 0.0469; Table 1). MiR-21 levels were 
furthermore associated with the International Normalized Ratio (r = 0.2065, P = 0.0496; 
Figure 2D) and patients with high miR-21 had higher International Normalized Ratio 
accordingly (P = 0.0486; Table 1). Subsequent analysis of other parameters of the liver 
function such as bilirubin or albumin revealed not association with miR-21 (Tables 1 
and 2). Most importantly from the clinical perspective, we observed a negative 
correlation between miR-21 level and creatinine level (r = -0.2215, P = 0.0348; 
Figure 2E), suggesting that renal function may impact miR-21 level in blood. Tables 1 
and 2 provide a detailed overview on other factors that have been evaluated in the 
study with no significant difference.

Circulating miR-21 and survival analysis
The survival data of our cohort have been previously validated and reported[1]. To 
evaluate the prognostic value of miR-21, we divided our study population based on 
the 50th percentile of miR-21 into patients with high and low level. We did not find any 
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Table 1 Clinical and laboratory characteristics of hepatocellular carcinoma patients and hsa-miR-21-5p expression

All patients miR-21 low1 miR-21 high2 P value

Patient number: 91 47 44

Gender (n, %): Women 17 (18.7%) 7 (14.9%) 10 (22.7%) 0.4231

Men 74 (81.3%) 40 (85.1%) 34 (77.3%)

Age in yr mean ± SD 67.91 ± 8.98 69.11 ± 8.84 66.64 ± 9.05 0.1912

Alcohol abuse 41 (45.1%) 22 (46.8%) 19 (43.2%) 0.7560Etiology (n, %):

Viral hepatitis 12 (13.2%) 5 (10.6%) 7 (15.9%)

NASH 13 (14.3%) 8 (17.0%) 5 (11.4%)

Rare or other cause3 25 (27.5%) 12 (25.5%) 13 (29.5%)

A 16 (17.6%) 7 (14.9%) 9 (20.5%) 0.7787BCLC stage (n, %):

B 37 (40.7%) 20 (42.6%) 17 (38.6%)

C + D 38 (41.8%) 20 (42.6%) 18 (40.9%)

No liver cirrhosis 16 (17.6%) 8 (17.0%) 8 (18.2%) 0.7443Child-Pugh score (n, %):

A 45 (49.5%) 25 (53.2%) 20 (45.5%)

B + C 30 (33.0%) 14 (29.8%) 16 (36.4%)

Treatment (n, %)4: Therapy naïve 26 (28.6%) 11 (23.4%) 15 (34.1%) 0.3535

Pretreated 65 (71.4%) 36 (76.6%) 29 (65.9%)

No ascites 58 (63.7%) 30 (63.8%) 28 (63.6%) 0.9999Ascites (n, %):

Ascites present 33 (36.3%) 17 (36.2%) 16 (36.4%)

Bilirubin (µmol/L): mean ± SD 23.38 ± 31.73 24.27 ± 40.47 22.43 ± 18.78 0.7833

AFP (ng/mL): mean ± SD 4593 ± 20162 540 ± 1533 8922 ± 28481 0.0469

INR5: mean ± SD 1.076 ± 0.2127 1.034 ± 0.1450 1.122 ± 0.2611 0.0486

Platelets (Gpt/L): mean ± SD 195.6 ± 118.7 182.7 ± 80.5 209.3 ± 149.0 0.2870

ALAT (μmol/Ls): mean ± SD 0.7457 ± 0.4460 0.6955 ± 0.3425 0.7993 ± 0.5340 0.2697

ASAT (μmol/Ls): mean ± SD 1.267 ± 1.041 1.040 ± 0.597 1.510 ± 1.330 0.0307

Hemoglobin (mmol/L): mean ± SD 7.811 ± 1.254 7.655 ± 1.122 7.977 ± 1.375 0.2230

Creatinine (µmol/L): mean ± SD 92.92 ± 67.95 102.3 ± 88.46 82.91 ± 33.08 0.1751

Albumin (g/L): mean ± SD 36.29 ± 6.539 36.47 ± 5.668 36.10 ± 7.420 0.7938

1miR-21  50% percentile.
2miR-21 > 50% percentile.
3Including hemochromatosis.
4Patients with different kind of pretreatments (for example hepatic resection, transarterial chemoembolization, selective internal radiation therapy and 
sorafenib) were included.
5For 30 patients we obtained no exact laboratory value of the International Normalized Ratio (only < 1.5). For these patients, we calculated the International 
Normalized Ratio based on the Quick. P values were calculated with unpaired t-test, Fisher’s exact test, and χ2 test as appropriate. AFP: Alpha-fetoprotein; 
ALAT: Alanine aminotransferase; ASAT: Aspartate aminotransferase; BCLC: Barcelona Clinic Liver Cancer; INR: International Normalized Ratio; NASH: 
Non-alcoholic steatohepatitis; SD: Standard deviation.

significant difference in survival between these groups (P = 0.2697; Figure 3A). 
Furthermore, no survival difference was found between the groups if the cohort was 
divided into three groups according to the 25th, 33th, and 75th percentile (data not 
shown). Taking into account the differences in tumor biology, we performed subgroup 
analysis for different BCLC stages. Neither separate analysis for combined BCLC A 
and B (P = 0.1428; Figure 3B) nor BCLC C and D (P = 0.4955; Figure 3C) were 
associated with survival differences. Having shown an association to creatinine, we 
further explored the prognostic value in subjects with normal and impaired renal 
function, but no prognostic difference was observed based on miR-21 level in patients 
with normal or pathological creatinine (P = 0.2564, Figure 4A and P = 0.8378, 
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Table 2 Correlation analyses of hsa-miR-21-5p and clinical or laboratory parameters

2-ΔCt miR-21 / cel-miR-39
Parameter

Spearman r Confidence interval P value

Age in yr -0.1147 -0.3188 to 0.09956 0.2789

Creatinine (µmol/L) -0.2215 -0.4139 to -0.01013 0.0348

Bilirubin (µmol/L) 0.1484 -0.06547 to 0.3493 0.1603

ALAT (µmol/Ls) 0.1709 -0.0425 to 0.3694 0.1053

ASAT (µmol/Ls) 0.2854 0.07828 to 0.4689 0.0061

Albumin (g/L) -0.01562 -0.2267 to 0.1969 0.8832

AFP (ng/mL) 0.1025 -0.1118 to 0.3077 0.3337

Hemoglobin (mmol/L) 0.1377 -0.07638 to 0.3396 0.1931

INR1 0.2065 -0.005615 to 0.4008 0.0496

Platelets (Gpt/L) 0.09185 -0.1224 to 0.2979 0.3865

2-ΔCt miR-122 / cel-miR-39 0.2624 0.05357 to 0.4493 0.0120

1For 30 patients, we obtained no exact laboratory value of the International Normalized Ratio (only < 1.5). For these patients, we calculated the 
International Normalized Ratio based on the Quick. ALAT: Alanine aminotransferase; ASAT: Aspartate aminotransferase; AFP: Alpha-fetoprotein; INR: 
International Normalized Ratio; miR-21: Hsa-miR-21-5p.

Figure 4B, respectively). Higher miR-21 levels were not associated with a worse 
prognosis in patients with normal ALAT (P = 0.8094, Figure 4C), while a slight trend 
for worse OS was observed in patients with pathological ALAT (P = 0.0800, 
Figure 4D). In a similar way, we found no significant difference in OS in patients with 
normal ASAT but a non-significant trend in patients with pathological ASAT (P = 
0.8423, Figure 4E, P = 0.1170, Figure 4F, respectively).

Circulating miR-21, miR-122 and AFP
Next, we evaluated the link between serum miR-21 and serum miR-122 levels. There 
was a positive correlation between miR-21 and miR-122 (r = 0.2624, P = 0.0120; 
Figure 5A), which suggests that circulating miRNAs may behave in a similar manner 
dependent on certain conditions like liver disease or renal function. We investigated if 
the combination of serum miR-21 and miR-122 may improve prognostic value in 
patients with HCC. After dividing our study group according to the median of miR-21 
and miR-122 level, we formed three groups (patients with low miR-21 and low miR-
122, patients with either low miR-21 or low miR-122, patients with high miR-21 and 
high miR-122); however, no significant difference in OS was observed (P = 0.3377; 
Figure 5B).

In a similar fashion, we investigated the association of serum miR-21 in correlation 
with AFP on OS. In HCC patients, higher AFP levels were associated with shorter OS 
in subjects with miR-21 Low (P = 0.0237; Figure 5C) but only with a trend for shorter 
OS in miR-21 high group (P = 0.0917; Figure 5D). In subgroup analysis, AFP was 
indeed associated with a worse prognosis, but the impact was independent of miR-21 
level (data not shown).

DISCUSSION
Data on translational value of serum miR-21 in HCC in real-life settings are 
heterogeneous and only limited evidence is available for the European population. In 
this work, we systematically analyzed the prognostic value of serum miR-21 in our 
well-characterized European cohort of HCC patients, and evaluated the potential 
influence of various factors on its level in serum. The results of our study do not 
support the prognostic role of miR-21 in HCC. MiR-21 was neither associated with 
worse OS nor with etiology or tumor stage. Most interestingly, circulating miR-21 
levels correlated significantly with ASAT, as surrogate for liver injury, and with 
creatinine, as a surrogate for renal function.
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Figure 1 Serum hsa-miR-21-5p level in correlation to Child-Pugh score, Barcelona Clinic Liver Cancer stage, and underlying etiology. A: 
Serum hsa-miR-21-5p (miR-21) level and Child-Pugh score: No liver cirrhosis (n = 16), Child-Pugh A (n = 45), Child-Pugh B (n = 27), Child-Pugh C (n = 3), P = 
0.7991; B: Serum miR-21 and Barcelona Clinic Liver Cancer (BCLC) staging system: Stage A (n = 16), stage B (n = 37), stage C (n = 32), stage D (n = 6), P = 
0.3947; and C: Serum miR-21 and underlying etiology of the hepatocellular carcinoma: Alcohol abuse (n = 41), viral hepatitis (n = 12), non-alcoholic steatohepatitis 
(NASH) (n = 13), hemochromatosis (n = 6), rare or other (n = 19), P = 0.6331. Kruskal-Wallis test and post-hoc Dunn’s test were used for statistical analysis. MiR-21: 
Hsa-miR-21-5p.

The prognostic value of circulating miR-21 has been studied in several studies. The 
overview of the studies is provided in Table 3. Among those, four studies reported 
that high miR-21 was associated with a worse prognosis[18,24,31,32], while one study[25], in 
concordance with our data, did not support prognostic role of miR-21. Another study 
demonstrated significantly better liver transplantation-free survival in HCC patients 
with higher plasma miR-21 levels[33]. As mentioned above, the available data are 
mostly based on the evidence from Asian populations and mainly include 
HBV/hepatitis C virus-induced HCC, while our work is among the first to evaluate 
the survival in patients from European origin. One may speculate if etiology of HCC 
may be responsible for the differences in the study outcome; however, our subgroup 
analysis did not reveal any difference in this regards. From another point of view, 
differences in tumor stage may also influence miR-21 level. Our cohort involved a 
large proportion of patients with intermediate or advanced HCC (BCLC B and C). 
Nevertheless, the samples size in our work may be too low to precisely delineate the 
interaction and larger studies with possibility to perform multivariate adjustments for 
liver and renal injury in view of tumor stage and etiology of the disease will be 
needed.

AFP is among the most valuable prognostic markers in HCC. Wang et al[19] reported 
a positive correlation between miR-21 in tissues and serum AFP[19]. Tomimaru et al[24] 
and Liu et al[32] reported a similar correlation between circulating miR-21 in the blood 
and AFP[24,32]. In concordance with the data form Zhang et al[18], although our study 
demonstrated higher AFP values in patients with high serum miR-21 levels, it still did 
not reveal any correlation among the parameters.
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Table 3 Comparison of studies with a statement about the prognostic value of blood hsa-miR-21-5p in patients with hepatocellular 
carcinoma

Characteristics Qi et al[25]
Tomimaru 

et al[24] Liu et al[32] Wang et al[31] Cho et al[33] Zhang et al[18] Current data

High miR-21 and 
prognosis

↔ Trend for worse 
prognosis

Worse 
prognosis

Worse prognosis Better liver 
transplant-free 
survival

Worse prognosis ↔

Group allocation: 
Cut-off-value

NA Cut-off based on 
ROC analyzes

50th percentile 50th percentile 50th percentile NA 50th percentile

Origin of the cohort Asia Asia Asia Asia Asia Asia Europe

Predominant etiology HBV HCV/HBV HBV HBV HBV NA Mainly alcohol 
abuse

TNM reported Yes Yes Yes Yes Yes

BCLC reported Yes Yes Yes

Child-Pugh score 
reported

Yes Yes Yes Yes Yes

Sampling Before 
surgery

Before surgery Before TACE No exact 
information, 
surgical resection

Before surgery 
or RFA

Pre- and 
postoperative 
serum samples

Therapy naïve 
and pretreated

Patients 70 126 136 97 120 46 91

Specimen Serum Plasma Serum Serum Plasma Serum Serum

qPCR method TaqMan® TaqMan® SYBRGreen SYBR Green TaqMan® Unknown TaqMan® 

SYBRGreen

Normalization miR-16 miR-16 Quanto EC1, 
Quanto EC2

cel-miR-39 MiR-16 RNU6b cel-miR-39

Publishing year 2011 2012 2014 2015 2017 2019 2020

BCLC: Barcelona Clinic Liver Cancer; HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma; HCV: Hepatitis C virus; NA: Non-available; NASH: Non-
alcoholic steatohepatitis; qPCR: Quantitative PCR; RFA: Radiofrequency ablation; ROC: Receiver operating characteristic; TACE: Transarterial 
chemoembolization; TNM: Tumor-Node-Metastasis Classification of Malignant Tumors.

An open question remains regarding the source of circulating miR-21 in HCC 
patients. Since miR-21 is present at a relatively high level in serum, it is hard to 
consider it a specific surrogate for the HCC tumor load. Nevertheless, several reports 
have suggested that circulating miR-21 may originate from tumor tissue. Studies have 
shown a reduction of miR-21 in blood after surgery[18,22,24,26]. Furthermore, concordant 
data have been reported for serum miR-21 and associated tissue levels[18,22,24], 
hypothesizing HCC tumor tissue as a potential source of miR-21 in HCC patients. At 
the same time, another hypothesis suggests that elevated circulating miR-21 may be 
triggered by non-specific liver damage. Based on our observation, miR-21 correlated 
with ASAT, which at least indirectly supports the hypothesis of liver injury. 
Additionally, miR-21 correlated significantly with serum miR-122 as highly abundant 
liver-specific miRNA[34,35]. Non-specific release of miR-122 from liver tissue has also 
been previously discussed[36,37]. Another study explored the influence of 
necroinflammation in patients with hepatitis C virus with and without HCC[38]. The 
authors demonstrated similar values of serum miR-21 between patients with and 
without HCC, suggesting that higher miR-21 level may be caused by non-specific liver 
injury rather than tumor-induced miR-21 release. Although our results do not link 
miR-21 with liver cirrhosis or liver function, Karakatsanis et al[20] showed that miR-21 
was associated with cirrhosis[20], and Wang et al[39] correlated exosomal miR-21 with 
presence of liver cirrhosis[39].

Renal function seems to be a crucial confounding factor for miRNA analysis in 
blood not only for miR-122[1] as previously reported, but also for miR-21. On one hand, 
upregulation of miR-21 in kidney plays a role in acute kidney injury as a defense 
mechanism to reduce cell death. On the other hand, overexpression of miR-21, caused 
by massive cell death, leads to renal inflammation and fibrosis[40]. Renal injury in 
animal studies is associated with increased miR-21 expression in tissue and lower 
levels in blood[41]. In human, miR-21 was lower in subjects with cardiac surgery-
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Figure 2 Correlation analysis of serum hsa-miR-21-5p and common laboratory parameters. Correlation between serum hsa-miR-21-5p and A: 
Alanine aminotransferase (ALAT); B: Aspartate aminotransferase (ASAT); C: Alpha-fetoprotein (AFP); D: International Normalized Ratio (INR); and E: Creatinine. For 
30 patients only laboratory quick value was available and reverse calculation of International Normalized Ratio for values below < 1.5 were performed. Spearman’s 
correlation coefficient was used for statistical analysis. MiR-21: Hsa-miR-21-5p.

associated acute kidney injury[42]. Our data strongly support the suggestion that renal 
function may affect circulating miRNAs as both miR-21 and miR-122 have shown a 
clear correlation with creatinine values. Taking into account the fact that miR-21 has 
been suggested as a potential biomarker for a large number of diseases including 
cancer[11,43] it will be necessary in the future to consider those variations in ongoing 
studies. In particular, miR-21 has been suggested as a diagnostic marker for malignant 
diseases including gastric, colorectal cancer, and HCC. Because of the miR-21 variation 
in our cohort, we speculate that the diagnostic value of miR-21 may be also affected by 
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Figure 3 Overall survival analysis in relation to hsa-miR-21-5p level. A: All patients were divided into two groups: (1) Low: < 50th percentile (n = 47) and 
(2) High: > 50th percentile (n = 44), two patients exhibit exactly the median expression of serum hsa-miR-21-5p, that is why, the group division is not exactly 
symmetric; B: Overall survival analysis in patients with Barcelona Clinic Liver Cancer staging system A + B (divided into two groups: (1) Low: < 50th percentile [n = 27] 
and (2) High: > 50th percentile [n = 26]); C: Survival analysis in patients with Barcelona Clinic Liver Cancer staging system C + D (divided into two groups: (1) Low: < 
50th percentile [n = 20] and (2) High: > 50th percentile [n = 18]). Nonparametric log-rank test was used for statistical analysis. MiR-21: Hsa-miR-21-5p.

the renal and liver function. In-depth systematic data including miRNA-profiling are 
encouraged to address this topic in detail.

CONCLUSION
In summary, the results of this study do not support the role of circulating miR-21 as 
prognostic biomarker for patients with HCC in our European cohort. A positive 
correlation between miR-21 and ASAT and negative correlation with creatinine 
strongly emphasizes that non-specific liver injury and renal function may influence the 
sensitivity and specificity of miRNAs as biomarkers, and that those factors need to be 
carefully assessed in future studies.
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Figure 4 Overall survival analysis in subgroups of patients in relation to hsa-miR-21-5p level. A: Survival analysis in patients with normal creatinine 
(divided into two groups: (1) Low: < 50th percentile (n = 33) and (2) High: > 50th percentile [n = 33]); B: Survival analysis in patients with pathological creatinine (hsa-
miR-21-5p [miR-21] low n = 13; miR-21 high n = 12); C: Survival analysis in patients with normal alanine aminotransferase (miR-21 low n = 29; miR-21 high n = 29); 
D: Survival analysis in patients with pathological alanine aminotransferase (ALAT) (miR-21 low n = 17, miR-21 high n = 16); E: Survival analysis in patients with 
normal aspartate aminotransferase (ASAT) (miR-21 low n = 15; miR-21 high n = 15); and F: Survival analysis in patients with pathological ASAT (miR-21 low n = 31; 
miR-21 high n = 30). Nonparametric log-rank test was used for statistical analysis. MiR-21: Hsa-miR-21-5p.
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Figure 5 Overall survival analysis in hepatocellular carcinoma patients in relation to serum hsa-miR-21-5p, hsa-miR-122-5p, and alpha-
fetoprotein levels. A: Correlation between serum hsa-miR-21-5p (miR-21) and serum hsa-miR-122-5p (miR-122); B: All patients were divided into three groups: 
Both miR-21 and miR-122 low (50th percentile, n = 28); one of miR-21 or miR-122 low (50th percentile, n = 37); both miR-21 and miR-122 high (> 50th percentile, n = 
26); C: Analysis of overall survival of alpha-fetoprotein (AFP) low (n = 24) vs AFP high (n = 23) in patients with low miR-21 levels; and D: Analysis of overall survival 
of AFP low (n = 22) vs AFP high (n = 22) in patients with high miR-21 levels. Spearman correlation and nonparametric log-rank test were used for statistical analysis. 
MiR-21: Hsa-miR-21-5p; MiR-122: Hsa-miR-122-5p.

ARTICLE HIGHLIGHTS
Research background
MiR-21-5p (miR-21) is one of the most frequently deregulated microRNAs (miRNAs) 
in tissue and in body fluids in different diseases and most importantly in cancer. 
Overexpression and prognostic value of tissue miR-21 in hepatocellular carcinoma 
(HCC) has been previously suggested, but the data are heterogeneous. Greatest 
evidence in support of miR-21 as a biomarker originate from Asian population, 
highlighting the need for additional scientific effort and search for potential 
confounding factors including etiological background of HCC.

Research motivation
Data on prognostic value of serum miR-21 in patients with mainly alcohol abuse-
induced HCC as well as the knowledge of potential influencing factors and underlying 
mechanism are still limited.

Research objectives
We evaluated the prognostic value of serum miR-21 in a European cohort of HCC 
patients with mainly alcohol-associated liver disease in real-life settings. We also 
explored the potential confounding clinical or laboratory influencing factors on the 
serum miR-21 levels.
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Research methods
Circulating miR-21 level were analyzed in 91 sera samples from well-characterized 
patients with HCC. Clinical and laboratory parameters (including alpha-fetoprotein), 
miR-122 as well as the overall survival (OS) were examined.

Research results
We observed no association between serum miR-21 and OS, Child-Pugh scores, or 
BCLC staging data. Significant correlation between serum miR-21 and aspartate 
aminotransferase, International Normalized Ratio, creatinine, and hsa-miR-122 
suggested the potential influence of liver and renal function on circulating miR-21 
levels.

Research conclusions
Our data do not support prognostic role of miR-21 in HCC patients. An association of 
miR-21 with surrogate markers of liver injury and renal function strongly support the 
need for better understanding of influencing factors in miRNA biogenesis.

Research perspectives
Systematic profiling studies that provide overall data assessment of miRNAs in view 
of potential influencing factors in blood are needed prior clinical implementation of 
miRNAs as clinical biomarkers.
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