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Abstract

microRNA (miRNA) mediated regulation of gene expression has emerged as a significant 

mechanism contributing to variation in gene expression. In this study, we evaluated the potential 

role of miRNAs in regulating expression of hepatic cytochrome P450s and their transcriptional 

regulatory genes. We screened the Targetscan database for high scoring miRNA binding site 

predictions in selected hepatic DMEs and transcription factors. Expression profiling for candidate 

miRNAs (n= 22) and their target genes (n=21) was performed in 50 human liver samples (25 

female, 25 male). Significant negative correlations were observed between expression levels of 

several CYPs/hepatic transcription factors and the hepatic miRNAs studied. Interestingly, hepatic 

miR-34a demonstrated significant negative correlation with expression levels of multiple hepatic 

transcription factors (including NR1I2 and HNF4α) and DMEs (CYP3A4, CYP2C19). miR-34a 

expression was also significantly higher in males than in females in congruence with previous 

observations of higher CYP3A4 expression in females versus males. A mediation analysis 

revealed that miR-34a was involved in significant mediation of the association observed between 

CYP2C19 and several hepatic transcription factors (HNF4α, NR1I2). miR-34a may thus play a 

key regulatory role and be a key contributory factor to the inter-individual variability observed in 

expression of key drug metabolizing genes in humans.
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1. Introduction

Hepatic drug metabolizing enzymes (DMEs) such as cytochrome P4503A4, demonstrate 

substantial inter-individual variability in expression, including gender differences, thus 

impacting drug metabolism/clearance in individuals and often leading to either reduced 

efficacy or drug related toxicity. Although a number of factors can contribute to this 

variation, recent data suggests an important role for hepatic transcription factors and 

miRNAs in regulating gene expression levels of genes involved in drug absorption, 

disposition, metabolism and elimination (ADME). Whereas the role of hepatic transcription 

factors (TF), such as nuclear hormone receptors, in transcriptional regulation of ADME 

genes is well established, the role of miRNAs in mediating regulation of ADME genes has 

not been well studied.

MiRNAs have recently been demonstrated to play an important role in regulation of hepatic 

gene expression. Bioinformatic analyses suggest potential binding sites for miRNAs in 

several hepatic DMEs and TFs [1,2]. Some of these in silico predictions have been explored 

further and validated, such as miR-27b and CYP1B1 [3]; miR-148a and NR1I2/CYP3A4 

[4]; miR-378 and CYP2E1 [5]. Indirect regulation of CYP7A1 through miR-24a [6] and 

miR-34a mediated regulation of HNF4α has also been reported [6]. These examples are also 

summarized in a few recent reviews [7,8]. Apart from the examples cited above, the current 

knowledge on miRNA-mediated regulation of DMEs in liver is limited and a systematic 

screening methodology for miRNAs that regulate the expression of hepatic DMEs and their 

upstream transcription factors is lacking. The objective of this research was to identify and 

evaluate the potential role of miRNAs in regulating expression of hepatic DME genes and 

their upstream transcription factors. To do this we first performed an in silico analysis to 

identify miRNAs with either strong and/or multiple binding sites in hepatic CYPs and TFs. 

We then evaluated the involvement of these miRNAs by correlating mRNA expression (of 

CYPs/TFs) and miRNA expression levels in 50 human liver tissue specimens (25 Male and 

25 Female) to identify any miRNAs associating with hepatic CYP/TF expression, as well as 

to explore any gender-related differences in expression of hepatic CYPs/TFs and miRNAs.

2. Methods

2.1. Study samples

50 normal and de-identified human liver tissue samples (25 female, 25 male) subjects that 

had been flash frozen and stored in liquid nitrogen were obtained from University of 

Minnesota’s Biological Materials Procurement Network facility (BIONET). The study was 

approved by the University of Minnesota IRB and was in accordance with Helsinki 

declaration.

2.2. Screening of Target CYPs and Transcription Factors for miRNA Binding

Using the Targetscan™ database [9] we analyzed 4 CYPs (CYP2B6, CYP2C9, CYP2C19 

and CYP3A4) and 14 hepatic transcription factors (implicated in regulation of these CYPs) 

for the presence of predicted miRNA binding sites in their 3’UTR regions. We also analyzed 

3 additional genes: SLC10A1 (a bile acid transporter), AKR1D1 (an aldo-keto-reductase) 
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and EHHADH (an oxidoreductase), as these have been shown to be potentially associated 

with CYP expression/activity [10]. miRNA binding site predictions were prioritized using 

the “total context” and “Aggregate PCT” scores. Additionally, miRNAs with binding sites in 

multiple target genes were given priority. Supplementary Fig. 1 shows a schematic of the 

strategy followed for the in silico analysis and mRNA/miRNA target selection. 

Supplementary Table-1 provides the list of genes and miRNAs that were selected for 

expression analysis.

2.3. RNA isolation for mRNA and miRNA expression profiling

Total RNA was isolated from fifty normal liver tissues (25 males and 25 females) using 

AllPrep DNA/RNA mini kit (Qiagen, Valencia, CA, USA) and Mirvana miRNA isolation 

kit (Life Technologies, Grand Island, NY) for mRNAs and microRNAs respectively, per the 

manufacturers’ protocols. Additional enrichment for short RNA molecules (of ~200bp or 

less) was performed for microRNA isolation. The RNA quality and yield of each total RNA 

sample was obtained from A260 measurements using a NanoDrop 2000 (Thermo Fischer, 

Waltham, MA, USA). The RNA integrity number (RIN) was tested with an Agilent 2100 

Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA).

2.4. Real-time PCR amplification of mRNA and miRNA targets

For mRNA targets, first-strand cDNA was prepared from total RNA using the High 

Capacity cDNA Reverse Transcription Kit from Applied Biosystems (Vernon, CA, USA). 

Reverse transcription was carried out according to the manufacturer’s instructions using 

random primers and up to 2μg of total RNA for each sample.

For miRNA amplification, enriched short RNA was reverse transcribed using the miRNA 

reverse transcription kit from Applied Biosystems in combination with a multiplexed stem-

loop primer pool (for 22 miRNAs and controls). The stem loop design ensured highly 

sensitive and specific amplification of mature miRNAs [11]. Custom designed 384 well 

TLDA (Taqman Low Density Array) cards were used for real time PCR amplification of 

mRNA and miRNA targets and endogenous controls and analyzed according to 

manufacturer’s instructions. SDS 2.3 and RQ manager (Applied Biosystems) were used for 

data analysis. The RQ study output was analyzed using Data Assist v3.01 from Applied 

Biosystems and Qbaseplus from Biogazelle (http://www.biogazelle.com/qbaseplus). 

Relative quantification was carried out using ddCT method using a common calibrator 

sample. Replicates/wells with Ct > 37 were excluded.

We used two computational programs Normfinder ([12,13]), and GeNormplus ([14]) to 

compare and rank the stability (least variability in expression) of candidate mRNAs, 

miRNAs and endogenous controls. Normfinder algorithm was also used to estimate both 

intra- and intergroup variance for targets between genders.

2.5. Statistical analysis

Normalized mRNA and miRNA expression values were imported into Partek Genomics 

Suite 6.5 to perform statistical analysis. ANOVA analysis was performed to determine 

group differences between genders. Spearman rank correlation was used to determine 
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mRNA and miRNA correlation patterns. Additional statistical calculations were performed 

by use of the statistical program R [http://www.R-project.org]. Gender differences in 

expression levels were analyzed parametrically using the t test with unequal variances and 

non-parametrically using the Wilcoxon rank-sum test. No adjustments have been made for 

multiple testing.

2.6. Mediation analysis

To determine if miRNAs potentially contributed to CYP expression through modulating the 

expression levels of any associated transcription factors, the Baron and Kenny (1986) steps 

were applied to examine any potential mediation effect of selected miRNAs on the 

relationship between each pair of CYP and TF gene expression [15]. Specifically, each CYP 

gene expression was first regressed on each TF using linear regression (regression 

coefficient for TF denoted by b0), and only TFs associated with CYP gene expressions (p < .

05) were considered in the mediation analysis. miRNAs were then regressed on these TFs, 

and were selected when the association was significant (p < .05). In the last step, a 

multivariable model was carried out such that the CYP gene expression was regressed on 

each selected pair of miRNA and TF (regression coefficient for TF denoted by b1). 

Mediation effect was calculated when miRNA was independently associated with CYP gene 

expression in the multivariable model (p < .05). It was defined as the proportion of total TF 

effect “explained” (PTE) by miRNA, i.e., 1 − b1/b0. A PTE greater than 15% was 

considered as evidence of mediation, and a PTE of 30% was considered as strong mediation 

[15].

3. Results

3.1. Expression profiling of hepatic mRNAs and miRNAs

We quantified mRNA levels of 21 genes (4 CYPs, 14 transcription factors, and 3 other 

genes) of importance in drug metabolism and 22 miRNAs with predicted binding sites in 

these CYPs and TFs. While all of target mRNAs were present at quantifiable levels, 5 

miRNAs showed little or no amplification. Since Med25 and NcoA1 mRNAs were most 

stable mRNAs with least variability (Coefficient of variation (CV)<10%, Table 1) among 

the samples, they were chosen as an endogenous controls and the mRNA data was 

normalized to their geometric mean. Similarly the miRNA data was normalized to the 

geometric mean of mir-152/mir-23b, the two most stable miRNAs.

Descriptive statistics of the mRNA/miRNA quantification data after normalization is shown 

in Table 1. We observed wide inter-individual variation in expression levels of several 

mRNAs and miRNAs (Table 1, and Fig. 1). As expected, CYP2C19, CYP2B6, and 

CYP3A4 demonstrated substantial inter-individual variation (CV>50%) in expression. 

Among the hepatic transcription factors/other genes studied, CEBPα, NR1I2, PPARGC1α, 

AKR1D1 and SLC10A1 also demonstrated substantial variability in expression (CV>40%, 

Table 1 and Fig. 1). Among the miRNAs, several, such as miR-1, miR-128a, miR-138, 

miR-150, miR-200a, miR-23a, miR-34a and miR-9 were highly variable (CV>40%) in 

expression between individuals (Fig. 1 and Table 1). Although miR-135 and miR-141 also 
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demonstrated very high coefficient of variation, this was due to one or two outliers with very 

high values.

3.2. Gender differences in CYPs, hepatic transcription factors and miRNAs

We compared expression differences between males (n=25) and females (n=25). We 

observed that females exhibited significantly higher mRNA expression levels for CYP3A4, 

CYP2C19, SLC10A1, and HNF4γ and lower levels of NCOA6 (all p<0.05, Fig. 2). In 

contrast, females expressed lower levels of miRNAs such as miR-150, and miR-34a as 

compared to males (p<0.05; Table 2 and Fig. 2). As potential direct/indirect targets of 

miRNA mediated repression, the lower levels of CYP3A4 and CYP2C19 in males agreed 

with males exhibiting higher levels of miRNAs such as miR-34a and miR-150.

3.3. Correlations patterns within hepatic mRNA expression profiles

Within the mRNA expression data, we observed significant correlations between CYPs and 

select TFs/other hepatic genes analyzed. Supplementary Table 1 and heatmap in 

supplementary Fig. 2A, summarizes all correlation results between mRNAs. Specifically, 

CYP3A4 relative mRNA levels were significantly associated with expression of CYP2C19 

and CYP2C9 in human liver samples (p=0.000002 and p =0.002, respectively; Fig. 3A). 

CYP2B6 expression was associated with FOXA2 and NR1I3 (p =0.015 and p =0.011, 

respectively); CYP2C9 CYP2C19 and CYP3A4 expression showed significant correlations 

with HNF4α (all ps <0.005), NR1I2 (ps <0.01, Fig. 3B), NR1I3 (ps<0.01) and SLC10A1 (ps 

<0.005, Fig. 3C).

3.4. Correlation patterns within hepatic miRNA expression profiles

Among miRNAs, significant correlations (both positive and negative) were observed 

between several miRNAs. Supplementary Table 1 and heatmap in supplementary Fig. 2B, 

summarizes all miRNA-miRNA correlation results. Interestingly, miR-34a expression levels 

were positively correlated with levels of miR-135a, miR-150, miR-152, miR-200a, miR-23a 

and miR-27a (all Spearman correlation ps <0.05); and negatively with miR-10a (Spearman 

correlation p =0.002); while miR-148 was positively correlated with miR-23b and miR-27b 

(Spearman correlation p <0.003).

3.5. Correlations between hepatic mRNA and miRNA expression levels

We analyzed the miRNA-mRNA correlations in all samples together and separately in males 

and females. As shown in the heatmap in Fig. 4A, we observed significant positive and 

negative correlations between miRNAs and mRNAs. The most interesting results included 

positive correlations of mir-148a with multiple target genes such as AKR1D1 (p =0.001), 

CYP2B6 (p =0.003), CYP2C9 (p =0.0005), CYP2C19 (p =0.003), CYP3A4 (p =0.00003), 

EHHADH (p =0.0005), FOXA2 (p =0.004), HNF4α (p =0.01), NR1I2 (p =0.004), NR1I3 (p 

=0.004), PPARGC1α (p =0.02), RXRA (p =0.004) and SLC10A1 (p =0.001); and negative 

correlations of mir-34a with CYP3A4 (p =0.0004), CYP2C19 (p = 6.04E-07), AKR1D1 (p 

=0.0004), HNF4α (p =0.04), NR1I2 (p =0.02), NR1I3 (p =0.004)and SLC10A1 (p =0.003); 

miR-34a also demonstrated positive correlation with NCOA6 (p =0.0002) (Fig. 4B). 

Additionally miR-150 was negatively associated with CYP3A4 (p =0.02), NR1I2 (p =0.003) 
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and NR1I3 (p =0.01) and miR-27a was negatively correlated with CYP2C19 (p =0.03), 

AKR1D1 (p =0.006), EHHADH (p =0.02), FOXA2 (p =0.002), HNF4α (p =0.006), NR1I2 

(p =0.005) and SLC10A1 (p =0.005). miR-138, miR-200a and miR-27a were positively 

correlated with a transcriptional co-repressor NCOR2 (SMRT) (Spearman rank correlation p 

= 0.002, 0.002 and 0.046, respectively). Most of the miRNA-mRNA correlations observed 

in the combined cohort were conserved when the analyses were separated by gender. 

However, we did observe some additional gender specific miRNA-mRNA correlations. In 

females, miR-10a was correlated with CYP3A4 (p =0.033) and NCOA6 (p =0.02); 

miR-135a with CEBPα (p =0.02) and SLC10A1 (p =0.04); miR-150 with NR3C1 (p =0.04), 

and miR-23a with NCOA6 and PPARG1α (p <0.01 for both). In males, miR-10 and 

miR-152 were associated with MED25 (p =0.034) and NCOA1 (p =0.034), miR-10b with 

CEBPα, NR1I3 and NR3C1 (all p <0.05); miR-128a with EHHADH (p =0.002); miR-150 

with CYP2C9 (p =0.001), EHHADH (p =0.001) and PPIA (p =0.03).

3.6. Mediation analysis to test for miRNA mediation between hepatic CYPs and TFs

A mediation analysis was conducted to evaluate the potential role of miR-34a and miR-150 

in mediating the association observed between CYPs and TFs. The analysis could only be 

carried out in the combined dataset due to the small sample size. The analysis demonstrated 

that miR-34a was indeed involved in significant mediation of the association observed 

between CYP2C19 and several hepatic transcription factors (HNF4α, NR1I2). Interestingly, 

miR-34a was also involved in significant mediation of the association observed between 

CYP2C19 and AKR1D1 and SLC10A1 (Table 3). In most of these cases, miR-34a was 

observed to mediate a significant proportion of the association observed between the CYP-

TF pair. In contrast, even though miR-150 was negatively correlated with several CYPs, it 

did not mediate a significant proportion of the interaction between these CYPs and the TFs 

studied, suggesting that additional TFs/hepatic genes not covered in this study could be 

involved.

4. Discussion

miRNAs are short (21–23 bp) noncoding RNAs that have been recognized as potential 

regulators of gene expression in various tissue/cell types. Research in recent years has 

established their role in various cellular processes such as cell proliferation, differentiation, 

apoptosis and necrosis. However the potential role of miRNAs in regulating genes of 

importance in drug metabolism is still largely unknown and an assessment of their impact on 

DME gene expression is needed. Although the role of nuclear hormone receptors in 

regulating the expression of CYP3A4, CYP2C19 and CYP2C9 has been considerably 

defined, the role played by transcriptional and miRNA networks in regulation of CYP gene 

expression, and their contributions to the variability observed in CYP expression is still 

largely undefined.

This study was designed to evaluate the role of miRNAs in regulating hepatic gene 

expression of drug metabolizing genes (CYP2B6, CYP2C19, CYP2C9 and CYP3A4) either 

directly or indirectly by influencing the expression levels of hepatic transcription factors 

involved in transcriptional regulation of these CYPs. We quantitated 4 CYPs, 14 
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transcription factors and 3 additional genes along with 22 miRNAs (with predicted binding 

sites in the 3’UTR regions of CYPs/TFs/other genes being studied) in 50 human liver 

specimens (25 females, 25 males).

Our results identified miR-34a as a strong predictor of mRNA levels of CYP3A4, 

CYP2C19, and several hepatic transcription factors and other significant genes of interest 

(NR1I2, NR1I3, HNF4α, SLC10A1 and AKR1D1). These findings suggest that miR-34a 

may be a potential direct or indirect master negative regulator of CYP expression. 

Additionally, in silico miRNA binding site predictions from the Targetscan database also 

indicate strong miR-34a binding sites in NR1I2 and HNF4α. miR-34a has been previously 

shown to influence the mRNA expression levels of HNF4α, and it has been documented that 

miR-34a mediates repression of protein levels of HNF4α and is a significant contributor to 

down-regulation of HNF4α binding activity and its transactivation [6,9]. miR-34a has also 

been implicated in regulation of Nrf2 [16]. Our results further demonstrate a network of 

interactions indicating miR-34a as potential repressor of multiple genes (in addition to 

HNF4α) such as NR1I2 and NR1I3 that have key roles in regulation of CYP gene 

expression.

Our results also implicate miR-34a in mediating down regulation of both AKR1D1 and 

SLC10A1, which can cause downstream effects on ligand-mediated transcriptional 

regulation of P450s. AKR1D1 plays a significant role in bile acid synthesis and SLC10A1 is 

a bile acid transporter. Bile acids are ligand activators of multiple nuclear hormone receptors 

such as farnesoid X receptor (FXR), pregnane X receptor (PXR; NR1I2), and constitutive 

androstane receptor (CAR; NR1I3), which in turn are involved in transcriptional regulation 

of multiple CYPs. Overexpression of AKR1D1 in primary human hepatocytes has been 

demonstrated to enhance expression of various cytochrome P450s [17].

To investigate if the identified miRNAs mediated some of the CYP-TF associations seen in 

our study, a mediation analysis was conducted to assess whether miR-34a and miR-150 

potentially mediated any of the associations observed between the CYPs and TFs. The 

analysis demonstrated that miR-34a was indeed involved in significant mediation of the 

association observed between CYP2C19 and several transcription factors/hepatic genes 

(HNF4α, NR1I2, AKR1D1, SLC10A1). In contrast, even though miR-150 was negatively 

correlated with several CYPs, it did not mediate a significant proportion of the interaction 

between these CYPs and the TFs, suggesting that additional TFs/hepatic genes not covered 

in this study could be involved.

Although additional in vitro functional studies are needed to establish the precise molecular 

mechanism/s underlying miR-34a mediated repression, our results are strongly supportive of 

a key role for miR-34a in directly/indirectly regulating DME expression. Our data are also in 

concordance with a very recent report where miR-34a was negatively associated with CYP 

expression and/ activity in liver samples [1]. Furthermore, our findings may have important 

clinical implications as miR-34a is a known tumor suppressor and is upregulated in several 

cancers including hepatocellular carcinomas [18]. Given the observed association of 

miR-34a with expression levels of multiple CYPs and their regulatory TFs, its upregulation 
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could potentially lead to repression of DME levels in such cancer patients, potentially 

altering drug efficacy or toxicity.

Another interesting observation was the positive association of mir-148a with expression 

levels of multiple genes within the CYP regulatory reactome. miR-148 is down-regulated in 

several types of cancers such as pancreatic cancer [19], gastric cancer [20], colon, breast, 

lung, head and neck cancer, as well as melanoma [21] and hepatoblastoma [22]. Due to this 

reduced expression in tumors it has been speculated that miR-148a might serve as a tumor 

suppressor and be potentially critical for tumorigenesis. Some of the known target genes of 

miR-148a include genes involved in DNA methylation pathways such as TGIF2 [21], 

DNMT1 [23], DNMT3b [24] and MSK1 [25]. It is possible that as mir-148a is involved in 

repressing DNA methyl transferases (DNMT1 and DNMT3b), the over-expression of 

miR-148 could result in DNA hypomethylation thereby resulting in higher expression levels 

of CYPs or upstream regulators of CYPs. Although our in silico analysis identified 

miRNA148 binding sites in several candidate genes including PPARGC1α, Ncoa1, NR1I2, 

CYP2B6, HNF4α and RXRα, its association with these genes was mixed (e.g., with Med25 

and NcoA1 there was little or no association), while positive associations were noted with 

several others (e.g., CYP3A4, NR1I2 and HNF4α). It is quite likely that the association of 

miR-148a with several of the DME/TF genes observed in our study is indirect and being 

mediated through transcription factors not analyzed. Work is underway to functionally 

characterize the molecular mechanisms underlying these observed positive and negative 

associations.

In conclusion, the current work evaluated the hepatic expression profiles of 21 genes of 

importance in drug metabolism including 4 CYPs and 14 hepatic transcription factors as 

well as 22 miRNAs that were predicted to have binding sites in these genes. Significant 

correlations were observed between miRNA expression levels and levels of several DMEs 

and other genes of regulatory significance indicating direct or indirect involvement of 

miRNAs in regulating hepatic DME gene expression networks. Of particular interest, a 

potential role for miR-34a in repressing and of mir-148a in enhancing the expression levels 

of DMEs such as CYP3A4 and CYP2C19 was identified. This effect could be direct or 

indirect through regulation of expression levels of hepatic transcription factors such as 

NR1I2, NR1I3 and HNF4α (known transcriptional regulators of CYPs) or through 

regulating bile acid mediated ligand activation of NR1I2 or NR1I3 (by influencing 

SLC10A1 and AKR1D1). We also observed miR-34a expression to be significantly higher 

in males than females; this was in alignment with lower CYP3A4 expression in males as 

compared to females; thus indicating a possible role of miRNAs in mediating gender 

differences in expression of DMEs. With respect to mir-148a, our results demonstrate for the 

first time its positive association with NR1I2, NR1I3, HNF4α, RXRα, PPARGC1α and the 

four CYPs, indicating its potential (indirect) importance to drug metabolism. As miR-34a 

and miR-148a both are tumor suppressors and as their expression is altered in hepatic 

malignancies, our results have potential implications for anticancer drug therapy. These 

results suggest an important role for miRNAs in regulating hepatic gene expression 

networks associated with drug metabolism and warrant further studies to evaluate the role of 

miRNAs as predictive markers of drug disposition.
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Highlights

• Expression profiled key CYPs, transcription factors (TFs) and miRNAs in 

human livers.

• Several targets were highly variable in expression and different between 

genders.

• miR-34a was negatively correlated with CYP3A4, CYP2C19, NR1I2 and 

HNF4α.

• miR-34a, miR-150 expression was significantly higher in males than in females.

• miR-34a significantly mediates CYP2C19 association with HNF4α and NR1I2.
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Fig. 1. 
Hepatic expression profiles of mRNAs (1A) and miRNAs (1B) in human liver samples. Box 

plots indicate first and third quartiles of expression; the bold line in the box represents the 

median value; the whiskers represent the range after excluding the outliers; circles represent 

outliers.
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Fig. 2. 
Gender differences in hepatic mRNA and miRNA expression levels. Box plot description is 

same as Fig.1. F:Females; M:Males.
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Fig. 3. 
Correlation of mRNA expression levels of CYPs with each other and with hepatic 

transcription factors. A) Scatter plots of relative mRNA expression of CYP3A4 with that of 

CYP2C19 and CYP2C9. Scatter plots of relative mRNA expression of Nr1I2 (B) and 

SLC10A1 (C) with that of CYP2C9 and CYP3A4 respectively in 50 human liver samples. F: 

Females; M: Males. r = Pearson’s correlation coefficient.
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Fig. 4. 
Correlation of miRNAs with mRNAs. 4A) Heatmap of correlation analysis of miRNAs and 

21 genes of importance in drug metabolism. Each row represents a mRNA and each column 

represents a miRNA. Spearman correlation coefficients were calculated to determine 

relationship of each miRNA with individual mRNAs. Positive correlation coefficients are 

indicated in red and negative in blue, with higher correlation indicated by higher color 

intensity as shown by the color scale. Little or no correlations are indicated in white. 4B). 

Scatter plots of hsa-miR-34a expression with relative mRNA expression of CYP2C19, 

CYP3A4, SLC10A, NR1I2, and HNF4α respectively. F: Females; M: Males. r = Pearson’s 

correlation coefficient.
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