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*This supplemental data file contains information pertaining to the endogenous 

control gene analysis that was performed together with the UGT2B gene 

expression analysis. 

 

Materials and Methods 

Tissue Specimens: The 42 histologically-confirmed normal human tissue specimens 

utilized to evaluate endogenous control gene expression were from eight sites (six each 

from the liver, lung, larynx, tonsil, esophagus, and pancreas; and three each from the 

tongue and floor of mouth). 

Determination of expression stability of 31 putative control genes.  Applied Biosystems 

(Carlsbad, CA) endogenous control plates were used for determining the control genes 

with the greatest expression stability in human tissue specimens.  These plates included 

real-time PCR primers and probes for 32 literature-established control genes including 

the following: 18S rRNA, ABL1, ACTB, B2M, CASC3, CDKN1A, CDKN1B, EIF2B1, 

ELF1, BADD45A, GAPDH, GUSB, HMBS, HPRT1, IPO8, MRPL19, MT-ATP6, PES1, 

PGK1, POLR2A, POP4, PP1A, PSMC4, PUM1, RPL30, RPL37A, RPLP0, RPS17, TBP, 

TFRC, UBC, and YWHAZ; 18S rRNA was excluded because it is not a polyadenylated 

RNA species and oligo (dT) was used for the RT reaction.  Quadruplicate real-time PCR 

reactions were performed for each cDNA sample using a 10 μL final reaction volume 

containing 5 μL 2X Taqman Universal PCR Master Mix, 4.5 μL of diluted cDNA, and 0.5 

μL of gene expression assay.  A 22.5 ng RNA equivalent of cDNA was used in all 
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reactions.  Reactions were performed in 384-well plates using the ABI 7900 HT 

Sequence Detection System under the following conditions: 1 cycle at 50°C for 2 min, 1 

cycle at 95°C for 10 min, and 40 cycles of 95°C for 15 sec and 60°C for 1 min. 

After calculating the mean Ct value and standard deviation for each of the 31 control 

genes in the different tissue specimens, the expression stability of each gene was 

examined by determining the percent covariance of each gene.  Percent covariance 

was calculated using the formula, 100*(stdev/mean).  The expression stability between 

different tissue sites was then determined by ranking the percent covariance across all 

tissue samples for each gene. 

 

Results 

Expression stability of control genes in different tissues.  As previous quantitative UGT 

gene expression studies have utilized ‘housekeeping’ genes like GAPDH (Ohno and 

Nakajin, 2009) or 18S ribosomal RNA (rRNA) (Court et al., 2012), a secondary goal was 

to identify a stably-expressed control gene for expression analysis across multiple 

specimens from eight different tissue types.  Of the 31 putative control genes assayed, 

MT-ATP6 was determined to be among the most stably- expressed control genes both 

within and between different tissues, and was used as the control gene to determine 

the levels of expression of UGT2B genes in the present study.  The percent covariance 

for each control gene in each tissue is shown in Supplementary Table 1, with the 4-most 
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stably-expressed control genes shown in bold for each tissue.  In the liver, the most 

stably-expressed genes were GUSB, POLR2A, MRPL19, and PUM1.  For the rest of 

the tissues, the stability of expression was as follows: lung, MT-ATP6 > RPLP0 = PES1 

> HPRT1; larynx, HPRT1 > PES1 > GUSB > POP4; tonsil, MT-ATP6 > PES1 > 

MRPL19 > PUM1; tongue, PP1A > MT-ATP6 > HPRT1 > PSMC4; floor of mouth, 

GUSB > CDKN1B > GADD45A > CASC3; and esophagus, MT-ATP6 > GUSB > HPRT1 

> ABL1; pancreas, GUSB > CDKN1B > MT-ATP6 > HMBS.  Across all tissue 

specimens, the lowest percent covariance was found for the MT-ATP6 gene, followed 

by GUSB, MRPL19, and PES1.  Only five of the 31 control genes were found to be 

among the 4-most stable control genes in three or more tissue sites, including MT-ATP6 

(6 of 10 sites), GUSB (5 of 10 sites), PES1 (4 of 10 sites), HPRT1 (4 of 10 sites), and 

MRPL19 (3 of 10 sites).  MT-ATP6 was also in the top 8-most stably-expressed genes 

for liver while GUSB was also in the top 6 for the lung.  Of the tissues examined, the 

lung exhibited relatively small covariance in expression, with 23 of the 31 control genes 

exhibiting a percent covariance of < 3.0% in the lung 

The mean Ct values of all putative control genes across all tissue sites are shown in 

Supplementary Figure 1.  The data indicate that nearly all of the control genes displayed 

a range of mean Ct values greater than 5.0 cycles between different tissue sites.  This 

corresponds to at least a 32-fold (25) difference in expression level between different 

tissues.  The notable exception was the MT-ATP6 gene, which exhibited a range of 

mean Ct values of less than 3.0 cycles.  The MT-ATP6 gene had 25th to 75th percentile 



Jones, NR and Lazarus, P 
UGT2B gene expression analysis in multiple tobacco carcinogen-targeted tissues   

Drug Metabolism and Disposition 

 

4 
 

of its values separated by less than 2.0 cycles.  This is less than a 4-fold difference in 

expression of MT-ATP6 for the middle 50 percent of the tissue samples. 

 

Discussion 

To better assess the expression of potential control genes across multiple specimens 

from various organ sites, 31 putative control genes were assayed for expression across 

multiple specimens and organ sites, with mitochondrial ATP-synthase subunit 6 (MT-

ATP6) exhibiting the lowest percent covariance within the majority of tissues (6 out 10 

tissue sites) and the lowest percent covariance between different tissue sites (4.2%).   

There are many variables that affect the efficiency and reproducibility of RT-qPCR 

expression analysis.  Total RNA has been used for normalization, with genes such as 

18S rRNA frequently used as internal controls for RNA loading.  However, rRNA 

molecules are not polyadenylated, prohibiting the use of oligodT as an RT primer.  This 

necessitates the use of random hexamers, but because of the relatively high abundance 

of rRNA species it can lead to different efficiencies of RT priming (Vandesompele et al., 

2002).  Therefore, the use of 18S rRNA as a normalization gene may be suboptimal 

because the kinetics of the RT-qPCR occurs with different efficiency during both the 

reverse transcription and qPCR steps.  In contrast, data from the present study 

demonstrates that the quantification of the MT-ATP6 gene displays similar kinetics 

compared to various UGT target genes during both reverse transcription and qPCR.  In 

addition, mitochondrial genes such as MT-ATP6 are polyadenylated, making it 
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appropriate to use oligo (dT) as an RT primer and allowing for enrichment of the cDNA 

with polyadenylated RNA species.   

Two important caveats exist in the use of a mitochondrial gene like MT-ATP6 for 

normalization.  First, mitochondrial genes are transcribed by different polymerases than 

nuclear mRNA species and may be regulated differently (Solanas et al., 2001).  For 

example, two studies have shown that mitochondrial RNAs are reduced in human 

cancers (Dmitrenko et al., 2005; Abril et al., 2008), suggesting that MT-ATP6 may be 

suboptimal in human cancer studies.  Secondly, cellular mRNA content may be different 

in different cell types than mitochondrial RNA fractions (Solanas et al., 2001).  The 

disparity in mitochondrial RNA fraction (5%) may not be nearly as large as with rRNA 

(90-95%) and mRNA (3-5%), but differences in the relative abundance may affect 

mRNA quantitation. 
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Supplementary Table 1. aPercent covariance of Ct values of 31 endogenous control genes in eight tissues. 

Control Gene Liver Lung Larynx Tonsil Tongue Fl of Mouth Esophagus Pancreas  All Tissues 

ABL1 5.0 3.1 11.0 10.0 6.8 10.8 4.4 4.1 7.5 

ACTB 11.5 1.7 9.3 15.0 7.7 14.9 9.7 5.5 12.6 

B2M 8.6 3.7 7.6 14.2 3.2 12.6 4.7 4.4 10.7 

CASC3 3.4 1.8 8.2 8.7 8.8 8.4 5.1 4.0 7.3 

CDKN1A 8.3 4.5 6.1 8.5 3.3 13.3 8.5 5.3 8.4 

CDKN1B 4.3 2.6 9.8 7.0 7.9 7.5 4.4 2.5 6.2 

EIF2B1 6.7 2.9 6.0 8.2 11.1 10.1 6.9 4.7 7.4 

ELF1 5.9 1.4 8.9 9.6 4.5 11.4 5.6 2.9 6.8 

GADD45A 4.5 2.2 6.0 10.6 5.1 7.7 8.0 4.8 8.4 

GAPDH 8.0 3.7 17.1 13.6 6.6 13.6 10.1 3.6 12.0 

GUSB 2.5 1.4 5.0 8.0 7.8 6.8 2.8 2.2 5.2 

HMBS 4.8 1.5 6.1 9.9 7.3 10.5 5.8 2.9 6.7 

HPRT1 5.7 1.1 3.7 8.9 2.8 9.7 4.3 3.9 6.2 

IPO8 5.6 1.9 7.6 8.4 10.2 9.3 5.6 3.6 7.4 

MRPL19 3.2 1.4 7.0 6.9 5.5 8.7 5.7 3.3 5.6 

MT-ATP6 4.2 0.4 7.3 4.5 2.2 11.2 2.6 2.6 4.2 

PES1 6.2 0.7 4.6 6.5 3.5 11.1 5.4 3.1 6.0 

PGK1 5.9 1.4 6.2 10.4 5.2 11.8 7.9 3.7 9.2 

POLR2A 2.8 2.1 12.8 7.6 5.0 11.9 7.6 4.7 6.7 

POP4 3.9 1.6 5.1 9.4 6.1 12.0 6.0 3.3 7.2 

PP1A 6.7 1.7 5.7 11.8 1.7 12.7 8.5 3.9 8.8 

PSMC4 5.2 1.3 5.2 9.3 3.1 9.8 6.4 3.6 6.9 

PUM1 3.3 1.9 10.4 7.0 8.0 8.7 5.6 4.1 6.6 

RPL30 5.6 1.4 6.5 10.3 4.9 15.3 6.9 4.3 8.2 

RPL37A 6.6 1.8 6.5 11.0 3.8 13.3 7.3 3.9 8.2 

RPLP0 7.8 0.7 7.8 11.9 9.4 13.5 9.1 5.1 10.2 

RPS17 6.4 1.6 5.4 8.2 5.2 13.1 7.1 4.0 7.6 

TBP 5.3 1.6 5.9 10.5 9.0 9.8 6.0 3.8 7.0 

TFRC 5.2 2.2 8.4 8.7 4.9 10.2 7.9 3.8 7.7 

UBC 6.4 2.0 8.5 11.9 8.7 15.9 8.6 4.8 9.2 

YWHAZ 4.2 1.5 7.0 9.2 7.7 12.2 6.9 4.5 8.5 
aPercent covariance = 100*(stdev/mean); bold values indicate when the gene is among the four most  
stably-expressed in the given tissue.  Bolded values indicate the four genes exhibiting the lowest percent  
covariance of Ct values in a given tissue. 
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Supplmentary Figure 1 

 

Supplementary Figure 1. Mean Ct values of 31 putative endogenous control genes in 52 human 

tissue specimens.  The mean Ct value for each endogenous control gene is shown for 10 tissue sites.  Ct = 

cycle threshold. 
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