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Abstract

It is known that miRNAs are effective in immune response in the diagnosis and treatment of many 

infectious diseases. However, the miRNAs profile is unknown in Alveolar and Cystic 

Echinococcosis which can be fatal if left untreated. The miRNAs profile that activates the T and B 

cells forming the immune system in Alveolar and Cystic Ecinococcosis patients was investigated 

in this study. A total of 50 liver tissue samples were obtained from Alveolar and Cystic 

Echinococcosis patients in Kilis State Hospital Pathology Laboratory in southeast of Turkey. The 

circulating cell-free miRNAs were evaluated by a quantitative real-time polymerase chain 

reaction, statistically calculated within ΔΔCt values and fold changes were evaluated by Welch T 

test, in which p<0.05 were considered to be significant. Twenty-five microRNAs, including let-7a-A
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5p, let-7c, let-7e-5p, miR-15b-5p, miR16, miR-17-5p, miR-23a-5p, miR-24-3p, miR-25-3p, miR-

26a-3p, miR-26b-3p, miR-29b-3p, miR-29c-3p, miR-30a-5p, miR-30b-5p, miR-30c-5p, miR-30d-

5p, miR-30e-5p, miR-98-5p, miR-101-3p, miR-106b-5p, miR-125b-5p, miR-142-5p, miR-222-3p 

and miR-223-3p were found as down-regulated in Alveolar and Cystic Echinococcosis patients 

than control groups. Twelve miRNAs, including miR-15a-5p, miR-21-5p, miR-27a-3p, miR-29a-

3p, miR-146a-5p, miR-181a-5p, miR-181b-5p, miR-181d, miR-181c-5p, miR-195-5p, miR-214-

3p and miR-365-3p were found as up-regulated in Alveolar and Cystic Echinococcosis patients 

than healthy person. It has been shown that T and B cell activities are related in the progressive of 

both Alveolar and Cystic Echinococcosis in this study. The miRNA panel activated by T and B 

cells may be important for exploring the mechanisms underlying early development in Alveolar 

and Cystic Echinococcosis providing novel information that may be used to discover new 

therapeutics for these diseases.

Keywords: miRNA, Alveolar Echinococcosis, Cystic Echinococcosis, immun response

1. INTRODUCTION 

Echinococcosis represents a major public health and economic issue in many countries and is 

considered a neglected tropical disease by the World Health Organization.1 This zoonotic disease 

is caused by cestodes of the Echinococcus species. While some Echinococcus species are 

transmitted in life cycles that involve predominanty domestic animals (e.g., dog-livestock cycles), 

others are wildlife parasites that do or do not interact with domestic transmission. In many cases, 

life cycle patterns of the same parasite species differ according to geography. Simple life cycles 

contrast with transmission patterns that are highly complex, involving multihost systems that may 

include both domestc and wild mammals.2

Echinococcus species cause a variety of diseases in humans, most importantly Cystic 

Echinococcosis (CE), Alveolar Echinococcosis (AE) and Neotropical Echinococcosis (NE).3 The 

two major forms of the disease in humans are AE and CE caused by Echinococcus multilocularis 

(E. multilocularis) and Echinococcus granulosus sensu lato (E. granulosus s.l.), respectively.4 The 

cestode E. granulosus s.l. and E. multilocularis have a complex life-cycle involving different 

development stages but the mechanisms underpining this development, including the involvement 

of microRNAs (miRNAs), remain unknown.5 However, in Echinococcosis caused by these A
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parasites, the effect of miRNA expression is unknown. The miRNAs are small RNA capable of 

post-transcriptional regulation gene expression via translational repression or targeted mRNA 

degradation.6 

The miRNA families are classified by their target-specific seed regions, usually the 

positions 2-7 of the mature miRNAs.7 The miRNAs are usually highly conserved throughout the 

animal kingdom and miRNAs play essential roles in fundamental biological processes such as 

development and metabolism. Of the regulatory RNA classes, miRNAs have been shown to play 

an important role in the immune response of different diseases.8,9 Although previous studies have 

measured the expression of miRNAs in selected immune cells systems such as T cells and B cells, 

miRNA expression levels have not been investigated in Echinococcosis. Therefore, we aimed to 

investigate the expression levels of miRNA panels that activates T and B cells that play a role in 

the immune system in alveolar and cystic Echinococcosis in this study. 

2. MATERIALS AND METHODS

2.1. Participants and Clinical Examination

Clinical findings and demographic findings of patients who applied to Kilis state hospital 

with suspicion of Echinococcosis were evaluated retrospectively from the hospital automation 

system in this study. Medical and demographical characteristics, clinical findings of the patients, 

number and location of cysts, diagnostic histopatological and imaging modalities performed 

medical and surgical therapies applied, and notification of the disease were investigated. 

Utrasound examination (US), computed tomography (CT) and magnetic resonance imaging (MRI) 

results of Echinococcosis patients in Kilis State Hospital were examined by retrospective analyze. 

The Kilis State Hospital has approved this retrospective analysis of clinical and radiological 

examinations (reference number: 36809483/5848). In addittion, the ethical committee of the 

medicine faculty of Cukurova University approved this study (refence number: 

80/22/31Agust2018). All images were read and interpreted by the same senior radiologist 

experienced in the diagnosis of AE and CE. The US, CT and MR images were staged according to 

the World Health Organization Informal Working Group on Echinococcosis (WHO-IWGE) 

classification criteria.10 The 30 CE patients who were in the surgey stage with a stage-specific 

consensus approach according to WHO-IWGE criteria were included in this study. In addittion, 
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the 20 AE patients who were parasitic mass in liver according to WHO-IWGE-PNM classification 

system using imaging findings.

2.2. Liver Tissue Samples and Identification of Echinococcus Species

A total of 50 liver tissue samples were obtained from Echinococcosis patients in Kilis State 

Hospital Pathology Laboratory in southeast of Turkey. Parts of the liver tissues where 

Echinococcus cyst walls were seen were taken to the pathology laboratory for this study. Clinical 

samples containing Echinococcus cysts were analyzed to determine patients’ miRNA profiles and 

Echinococcus genotyping. All of the samples were analyzed histopathology and real-time PCR 

methods in the laboratories. E. multilocularis and E. granulosus s.l. DNA were detected by real-

time PCR targeting a part of the 12S rRNA gene as previously reported for real-time PCR 

analysis.11 According to the results of real-time PCR analysis, E. granulosus s.l. was identified in 

30 liver tissue samples and E. multilocularis was identified in 20 liver tissue samples. As a control 

group, liver tissue samples taken from 50 healthy people were investigated in this study. Healthy 

individuals in the control group consist of people with suspected liver disease, but no disease was 

detected according to laboratory results. 

The genotyping of E. granuosus s.l. was based on amplification of cytochrome c oxidase, 

subunit gene (CO1) gene with the use of the primer set JB3 (ttttttgggcatcctgaggtttat) and JB4.5 

(taaagaaagaacataatgaaaatg)12. The PCR assay was carried out in 25 µl reaction mixture containing 

5 µl DNA, 12.5 µl 2X High Fidelity DNA Polymerases (ThermoFisher Scientific, California), 

0.75 µl of each primers and 6 µl sterile water. The PCR amplification was performed for 35 cycles 

of 45 s at 95°C, 45 s at 50°C, 60 s at 72°C followed by a final extension step of 10 min at 72°C. 

The 10 µl all of PCR products were electrophoresed on 1.5% agarose gels in ethidium bromide as 

described previously for the detection. 

The NADH dehydrogenase subunit (nad) gene was amplified by PCR assay according to 

Nakao et al.’s protocols for genotyping of E. multilocularis13. The PCR assay was carried out in 

25 µl reaction mixture containing 5 µl DNA, 12.5 µl 2X DreamTaq DNA Polymerases 

(ThermoFisher Scientific, California), 1 µl of each primers (nad2F: gcgttgattcattgatacattgt and 

nad2R: tagtaaagctcaaaccgagttct) and 4.5 µl sterile water. Thermal reactions were performed for 35 

cycles of denaturation at 94°C for 30 s, annealing at 55°C for 45 s and extension 72°C for 60 s in 

this study.A
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2.3.miRNA Analysis 

The RNA was extracted from liver tissue samples by using the QIAmp miRNeasy FFPE 

Tissue Kit (Qiagen, Hilden, Germany) for the miRNA analyses. Total RNA of liver tissue samples 

was extracted by utilizing Qiagen Rneasy Mini Kit (Hilden, Germany) according to the 

manufacturer’s intructions. Total RNA concentration and quality were analyzed using Nanodrop 

2000 (ThermoFisher Scientific) and formaldehyde-denaturing electrophoresis, respectively. The 

1.5 µg of total RNA were used to generate cDNA using Qiagen miScript II RT kit was used for 

reverse transcription of RNA to cDNA.  The miRNAs were isolated from cRNAs by 

preamplification with Qiagen miScrit Microfluidics PreAmp kit. Assay plate containing miRNAs 

was diluted with miScrip Microfluidics Universal Primer, Assay Loading Reagent (Fluidigm), and 

RNase-free water subsequently. The miRNAs panel that activates the T and B cells in the Qiagen 

miScript MicroFluidics PCR kit was used in this study (Fluidgm, Germany). The miRNA panel of 

T and B cells activates was shown in Table 1. This miRNA panel has been used and analyzed by 

the manufacturer’s instructions. 

The cDNA products were diluted 7.5 fold using nuclease-free water and immediately used 

for Real-Time PCR (qPCR) analysis. All of cDNA samples in one qPCR mix was used to set up 

the reactions. Real-time polymerase chain reaction (RT-PCR) was performed with SYBR Green 

Master Mix (Exiqon) and using the primers of the miRNA panel in the ready made kit. Data were 

collected on a Light Cycler 96 system (Roche) with the following temperature profile; 

predenaturation 10 min at 95 °C, 45 cycles at 95 °C for 10 s and 60 °C for 30 s. 

2.4.Statistical Analysis

The miRNA expressions were statistically calculated by Flexsix GE Chipi Fludigm 

(Biomark) system and obtained Ct values were analyzed according to related software (httpp:// 

www.qiagen.com/us/shop/genes-and-pathways/data-analysis-center-overview-age/web). Relative 

expression levels of target genes or miRNAs were calculated using the 2-CT formula. Every 

sample was tested in triplicate and data used for the final analysis were from three independent 

experiments. The CT-values are the average of three technical and three biological replicates and 

fold changes of miRNAs and their targets in different samples were calculated by the 2-ΔΔCt 

method. The miRNA expression levels in each developmental stage were compared by using a 
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two-tailed t-test. Correlation analysis was made using the Pearson correlation coefficient. P<0.005 

was considered statistically significant. 

3.RESULTS

Of the 50 patients included in this study 29 (58%) were male and 21 (42%) were female 

according to demographic characterists. Five patients in this study were 18-30 years old; 24 of 

them were 31-50 years old, 12 of them 51-60 years old, 9 of them were over 61 years old and the 

average age of the patients was ±42.7 years. Cysts of all patients located in liver. When miRNA 

expression levels were examined by gender, there was no found significant difference between 

genders (p>0.1). Significant difference was found between miRNA expression levels according to 

age groups (p=0.015). When miRNA expression levels were examined according to the age of the 

patients; miRNA levels were low in elderly people over the age of 65.

The mean liver tissue miRNA expression levels of both patients with AE, CE and the 

control group were elaborately given in Table 2 as ΔCt values. According to the results of the 

Welch t test, which was performed to compare the ΔΔCt values between groups including unequal 

sample sizes, we found that 37 of 84 miRNAs differed between Echinococcosis patients and 

healthy control groups. 

Twenty-five miRNAs, including let-7a-5p, let-7c, let-7e-5p, miR-15b-5p, miR16, miR-17-

5p, miR-23a-5p, miR-24-3p, miR-25-3p, miR-26a-3p, miR-26b-3p, miR-29b-3p, miR-29c-3p, 

miR-30a-5p, miR-30b-5p, miR-30c-5p, miR-30d-5p, miR-30e-5p, miR-98-5p, miR-101-3p, miR-

106b-5p, miR-125b-5p, miR-142-5p, miR-222-3p and miR-223-3p were found as down-regulated 

in AE and CE patients than control groups (healthy person). 

Twelve miRNAs, including miR-15a-5p, miR-21-5p, miR-27a-3p, miR-29a-3p, miR-146a-

5p, miR-181a-5p, miR-181b-5p, miR-181d, miR-181c-5p, miR-195-5p, miR-214-3p and miR-

365-3p were found as up-regulated in AE and CE patients than control groups. The other 47 of 84 

miRNAs in the miRNA panel that activated T and B cells were not found differ significantly 

between Echinococcosis patients and control groups (p>0.1). The results of study are verfied by 

real-time PCR method. 

4.DISCUSSION
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T and B cells are involved in the acquired or antigen-specific immune response given that 

they are the only cells in the organism able to recognize and respond specifically to each antigenic 

epitope. The B cells have the ability transform into plasmocytes and these cells are responsible for 

producing antbodies. Thus, humoral immunity depends on the B cells while cell immunity 

depends on the T cells.14 The immune responses have a high degree of inter-individual variation, 

including poor or non-response, which eventually leads to an accumulation of susceptible 

individulas and subsequent disease outbreaks.15 Studies focusing on host genetic factors such as 

miRNA and studies on transcriptional responses (different gene expression when exposed to 

pathogens) better explain the host’s immune response to diseases. The miRNA targeting of key 

immunoregulatory molecules fine-tunes the immune response. This mechanism boosts or dampens 

immune functions to preserve homeostasis while supportin the full development of effector 

functions. The miRNA expression changes during T and B cell activation, highlighting that their 

function is constrained by a specific spatiotemporal frame related to the signals that induce T and 

B cell-based effector functions.15,16 A regressive or progressive course of AE is correlated with the 

granuloma cell composition and the relative ratios of T-lymphocyte subpopulations in the lesion, 

thus suggesting a major role for the antigen-specific T-cell response in the host-parasite 

relationship. An involvement of cellular immunity in AE is strongly suggested by the intense 

granulomatous infiltrations observed around the hepatic parasite lesions.17 The CE secretes and 

exposes numerous immunomodulatory molecules to the host’s immune system. By the 

characterizing these molecules we can understand the mechanisms that E. granulosus uses for 

increasing the efficiency and persistency of infection in the host. These molecules modulate both 

the innate and adaptive arms of the immune response and appear to target cellular and humoral 

responses.18 Some researchers have used in vitro models to understand the basis of host-parasite 

interactions at the molecular level. There have been recent advances in some aspects of the 

biochemistry and molecular biology of E. multilocularis, the basis of the host-parasite interaction 

in AE is better understood with the use of new technology. These studies emphasized that miRNA 

expression is important in the relationship between host and parasite. The miRNAs may play key 

roles in a broad variey of biological processes, such as cell proliferation and metabolism, DNA 

methylation, chromatin modification and immune response againts parasite infection. As a result 

of the studies on Echinococcus species, it has been determined that there are various miRNAs in 

these parasite species. Cucher et al. have investigated phylogenetic conservation of miRNAs in E. 

multilocularis and E. granulosus s.l. They have reported that, no differences were observed in the A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

genomic sequences of E. multilocularis and E. granulosus s.l. corresponding to mature miRNAs. 

In addition, they reported that a high percentage of identify (>97%) was observed among between 

the respective pre-miRNA sequences.19 The similar miRNA profile of the two Echinococcus 

species indicates that a similar miRNA profile can be seen in hosts. 

The miRNAs have been identified from a number of the parasitic helminths such as 

Ascaris, Taenia and Schistosoma species using deep sequencing of small RNA libraries and 

bioinformatic approaches with the increasing availability of genome sequence data.20 Similar 

miRNA profiles have been reported in other helminths as in Echinococcus species. For example, 

members of the mir-36 family have been identified in Ascaris and Schistosoma mansoni of 

helminth class.20 Hoy et al. have used Exiqon miRNA microarrays to profile miRNA expression in 

the livers of mice infected with Schistosoma mansoni at 7 weeks post-infection. They have 

reported that thirty-three mouse miRNAs were differentially expressed in infected compared to 

naive mice including miR-199a-3p, miR-199a-3p, miR-199a-5p, miR-214 and miR-21.21

Multiple miRNAs have been described to play key roles in T and B immun cells 

development, differentiation and function. The functional classifications of the miRNA profile 

panel were used in the microRNA database (mirBase; http://www.mirbase.org/search.shtml). 

These miRNA profile inducing T and B cells in the host immune system were analyzed in 

Echinococcosis. However, the function of the miRNAs miR-71, let-7, and miR-61 were verified, 

and the target of miR-71 was also confirmed, in total, the targets and biological functions of 

fifteen miRNAs in Echinococcus species were predicted.22 Jin et al. have investigated miRNA 

profiling in the mice in response to E. multilocularis infection. They reported that miR-21a-5p, 

miR-101b-3p, miR-122-5p, miR-192-5p, let-7a, b, c and f are common in liver tissue samples and 

decrease in host during infestation.3 The expression of miR-222-3p in the spleen of infected mice 

was shown to be significantly decreased in response to AE.23 The miR-146a-5p, miR-107-3p, 

miR-103-3p, miR-21a-3p were found to be significantly upregulated after four weeks of AE 

infection. Furthermore, the expression of miR-339-5p was significantly upregulated at four weeks 

post-infection, but did not differ from baseline at eight or 12 weeks post-infection24. In many mice 

studies about AE have found that expression of miRNAs is at different levels. The result of in this 

study confirmed the previous studies about miRNA expression level in AE infection. An approach 

that may shed light on the mechanisms involved in the development of E. granulosus s.l. and other 

related parasites is the study of the regulation of gene expression by small RNAs, particularly A
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miRNAs.19 Combining all detected known and novel miRNAs, 117 pre-miRNAs coding 114 

mature miRNAs and 62 miRNA stars were identified in all the E. granulosus s.l. libraries.5 The 

miR-2, miR-9, miR-10, miR-71, miR-87, miR-124b, miR-125, miR-277 and let-7 have been 

reported to exist in E. granulosus s.l. using Sanger technology. These miRNAs have the highest 

expression levels among the other miRNAs.22 Bai et al. sequenced at the genome-wide level three 

small RNA populations from the adult, protoscolex and cyst membrane of E. granulosus using 

next generation sequencing technology. They analyzed 94 pre-miRNA candidates (coding 91 

mature miRNAs and 39 miRNA stars) and they found 42 mature miRNAs and 23 miRNA stars 

expressed with different patterns in the three life stages examined. Furthermore, they reported that 

25 conserved miRNAs families were identified in the E. granulosus s.l. genome.5 Genetic 

variability in the species group E. granulosus s.l. is well recognised as affecting intermediate host 

susceptibility and other biological features of the parasites. Molecular methods have allowed 

discrimination of different genotypes (G1-G10 and the “lion strain”), some of which are now 

considered separate species.25 On the other hand, E. multilocularis subdivided M1 and M2 variants 

due to geographic variant in last decade.26 In our study, we found that E. granulosus s.s.  isolates 

was G1 genotype and E. multilocularis was M1 variant. AE and CE are disease characterized by a 

slowly expanding larval mass with tumor-like growth in the liver. Several observations provide 

evidence for an active role of the host’s cellular immune sytem in control of parasite growth and 

spreading, although the role of individual cell subsets and effector mechanisms in this host defense 

is unknown.27 Although the immune response to Echinococcosis has been extensively studied with 

the help of animal models, there is insufficient information about the cellular immune response to 

Echinococcosis in humans. The miRNA targeting of key immunoregulatory molecules fine-tunes 

the immune response against Echinococcosis. This mechanism increases or decreases the body’s 

immune responses to protect body functions against Echinococcus species entering in the body. 

Deep sequencing and miRNA microarray technology reveal that the expression of miRNAs 

in host cells or tissues are regulated during parasite infection and an important role in host 

response to pathogens.28 Different immune cell subsets such as Th1, Th2, Th17, T regulatory cells 

and even B cells exert a distinct role in effector and regulatory-type immune responses. However, 

miRNAs have been shown to respond to dynamic micro-environmental cues in relation to 

Echinococcosis and regulate multiple functions of immune system subsets including their 

development, activation and inhibition. Thus, miRNA functions contribute to immune homeostasis A
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of the host, on the one side, and to the control of immune tolerance, on the other. In this study, E. 

granulosus s.s. and E. multilocularis which are the causative agent of Echinococcosis, have been 

shown to play a role in host cellular and humoral immune response in humans. The miRNA 

expression changes during T and B cell activation, highlighting that their function is constrained 

by a specific spatio temporal frame related to the signals that induce T and B cell based effector 

functions. The miRNAs are important mediators of post-transcriptional regulation of gene 

expression through small RNAs degradation and translational repression. 

Bin Ren et al. have studied to differentially expressed host miRNAs that could be used as 

diagnostic markers for AE. They confirmed the changes in miRNA expression in bot liver tissues 

and plasma in AE patients. Their results indicate that miR-483-3p is a potential marker for the 

diagnosis of AE.28 Several predicted targets of miRNAs were related to DNA-dependent 

transcriptional regulation, developmental regulation of multicellular organisms and biological 

functions such as cellular immune responses. The detection of miRNAs involved in pathogen-

infection process could improve the sensitivity and specificity of early diagnosis of 

Echinococcosis. However, our study should be supported by new research including more clinical 

examples. 
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Table 1. The miRNA panel acivated by T and B cells used in this study  

T-Cell & B-Cell Activation Panel 

hsa-let-7a-5p hsa-let-7b-5p         hsa-let-7d-5p      hsa-let-7e-5p      hsa-let-7t-5p      

hsa-let-7i-5p   hsa-miR-101-3p    hsa-miR-106b-5p      hsa-miR-125b-5p      hsa-miR-126- 3p        

hsa-miR-128     hsa-miR-130b3p      hsa-miR-132- 3p      hsa-miR-139-5p    hsa-miR-142- 3p  

hsa-miR-142- 5p       hsa-miR-145- 5p       hsa-miR-146a-5p       hsa-miR-146b-5p                    hsa-let-7g-5p      

hsa-miR-147a            hsa-miR-148a3p        hsa-miR-150- 5p        hsa-miR-155- 5p                    hsa-miR-17-3p         

hsa-miR-15a5p          hsa-miR-15a3p         hsa-miR-15b-5p           hsa-miR-16-5p                        hsa-miR-17-5p          

hsa-miR-181-5p           hsa-miR-181b-5p                       hsa-miR-182-5p            hsa-miR-184                         hsa-miR-18a-5p        

hsa-miR-191-5p       hsa-miR-195-5p            hsa-miR-199a-5p                  hsa-miR-19a-3p        hsa-miR-204-5p            

hsa-miR-20a-5p                    hsa-miR-20b-5p        hsa-miR-21-5p        hsa-miR-210             hsa-miR-214- 3p  

hsa-miR-221- 3p  hsa-miR-222- 3p  hsa-miR-223- 3p  hsa-miR-23a3p  hsa-miR-23b3p  

hsa-miR-24-3p  hsa-miR-25-3p  hsa-miR-26a5p  hsa-miR-26b5p  hsa-miR-27a3p 

hsa-miR-27b3p  hsa-miR-28-5p  hsa-miR-29a3p  hsa-miR-29b3p  hsa-miR-29c3p  

hsa-miR-30a5p  hsa-miR-30b5p  hsa-miR-30c5p  hsa-miR-30d5p  hsa-miR-30e5p  

hsa-miR-31-5p  hsa-miR-326 hsa-miR-331- 3p  hsa-miR-335- 5p  hsa-miR-342- 3p  

hsa-miR-346  hsa-miR-34a5p  hsa-miR-365a3 p hsa-miR-423- 5p  hsa-miR-574- 3p  

hsa-miR-92a3p  hsa-miR-93-5p  hsa-miR-98-5p  hsa-miR-99a5p cel-miR-39-3p  
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Table 2. Expression levels of T-Cell & B-Cell activation related miRNAs according to ΔCt 

values of aong patients with Echinococcosis patients and healthy controls (AE; Alveolar 

Echinococcosis CE; Cystic Echinococcosis CG; Control Group SD; Standard deviation) 

miRNAs                   ΔCt values of CE             ΔCt values of AE              ΔCt values of CG 

                                  (n=10)                               (n=10)                                (n=20)                                        

                                   

                                   Mean              SD            Mean           SD                    Mean               SD             

let-7a-5p                      1.96               1.70          1.90               1.71                     3.61                   2.33 

let-7c                           1.36               1.28          1.30               1.32                     2.61                   1.95  

let-7e-5p                      1.80               1.73          1.70               1.72                     2.88                   1.35 

miR-15a-5p                 1.65               1.37          1.62               1.37                     1.02                   1.09 

miR-15b-5p                 2.50               2.76          2.42               2.53                     5.76                   2.68 

miR-16                        1.72               1.65          1.69               1.38                     2.03                   2.06 

miR-17-5p                   2.72               2.57          2.71               2.36                     8.52                   6.41 

miR-21-5p                   16.03             16.01        16.41             16.36                   14.02                 9.23 

miR-23a-3p                 7.30               7.52          7.41               7.36                     16.20                 8.29 

miR-24-3p                   2.82               2.59          2.56               2.60                     6.35                   3.52 

miR-25-3p                   12.26             12.18        13.21             12.13                   36.52                 40.96 

miR-26a-5p                  3.80              4.81          3.51               4.78                      7.32                  3.41 

miR-26b-5p                  3.39              4.08          3.26               4.01                      6.32                  3.08 

miR-27a-3p                  4.64              4.70          4.55               4.78                      3.58                  1.41 

miR-29a-3p                  1.88              1.63          1.81               1.73                      2.71                  2.13 

miR-29b-3p                  1.72              1.38          1.63               1.36                      0.80                  0.98 

miR-29c-3p                  2.00              1.67          2.23               1.60                      3.04                  2.29 

miR-30a-5p                  2.15              1.88          2.01               1.83                      5.78                  5.05 

miR-30b-5p                  1.54              1.37          1.42               1.30                      1.71                  1.05 

miR-30c-5p                  1.55              1.42          1.32               1.43                      1.91                  1.09 

miR-30d-5p                  1.67              1.59          1.62               1.60                      3.72                  3.29 

miR-30e-5p                  1.75              1.61          1.56               1.51                      4.21                  3.66 A
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miR-98-5p                    1.39              1.34          1.29               1.31                      1.41                  0.91 

miR-101-3p                  1.61              1.52          1.56               1.30                      2.14                  1.94 

miR-106b-5p                2.28              2.27          2.03               2.23                      5.82                  4.02 

miR-125b-5p                1.68              1.62          1.56               1.52                      2.01                  1.72            

miR-142-5p                  1.42              1.26          1.32               1.20                      1.72                  1.15 

miR-145-5p                  1.36              1.30          1.42               1.03                      1.62                  1.12 

miR-146a-5p                 4.34             1.87          4.45               2.00                      4.00                  2.22 

miR-181a-5p                 1.71             1.41          1.81               1.42                      0.98                  1.06 

miR-181b-5p                 1.43             1.11          1.41               1.13                      0.42                  0.39 

miR-181d                      1.73             1.52          1.68               1.47                      0.65                  1.03 

miR-181c-5p                 1.68             1.45          1.66               1.56                      0.76                  1.06 

miR-195-5p                   8.28             9.21          8.36               7.31                      4.01                  3.18 

miR-214-3p                   1.63             1.47          1.53               1.46                      0.69                  0.77 

miR-222-3p                   1.40             1.34          1.32               1.23                      1.65                  1.24 

miR-223-3p                   1.35             1.32          1.30               1.26                      1.69                  1.35 

miR-365a-3p                 1.70             1.40          1.60               1.50                      0.83                  0.98 
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