
INTERNATIONAL JOURNAL OF MOlecular medicine  41:  3527-3536,  2018

Abstract. Investigations of hepatic gene expression are 
crucial for determining the molecular factors involved in acute 
alcoholic liver injury. The results of liver molecular investiga-
tions may reveal etiologically important genomic alterations. 
Therefore, it is necessary to normalize gene expression data to 
identify stable genes, which may be used as a reference under 
different experimental conditions. The aim of the present study 
was to apply reverse transcription‑quantitative polymerase 
chain reaction analysis and use analysis software to investigate 
the expression stability of candidate reference genes in hepatic 
tissues from mice with acute alcoholic liver injury. The acute 
alcoholic liver injury models were established by the intragas-
tric administration of alcohol (5 g/kg) in Imprinting Control 
Region mice. Total RNA was isolated from the mouse livers, 
following which the expression levels of seven reference genes, 
β‑actin, glyceraldehyde 3‑phosphate dehydrogenase (Gadph), 
glucuronidase β, hypoxanthine phosphoribosyltransferase 1 
(Hprt1), 18S ribosomal RNA, TATA binding protein and β‑2 
microglobulin, were examined, and gene expression stability 
was assessed using the geNorm, NormFinder and BestKeeper 
tools. The geNorm analysis revealed that the gene with the 
lowest variability was Hprt1. Hprt1 and Gapdh were vali-
dated as the optimal reference gene pair in all samples from 
all groups. The NormFinder and BestKeeper results showed 
that Hprt1 was the most stable gene in all samples. Alcohol 
induces endoplasmic reticulum (ER) stress, causing changes 
in the expression levels of ER stress‑associated genes. The 
stability of Hprt1 was verified by the expression analysis of 
ER stress‑associated genes, and gene expression levels in the 

ethanol groups were upregulated, with a significant differ-
ence in expression, compared with those in the control group. 
Therefore, Hprt1 was selected as the most stable gene, and 
Hprt1 and Gapdh were determined to be the optimum gene 
pair in mouse models of acute alcoholic liver injury. The reli-
ability of the Hprt1 gene was confirmed by expression analysis 
of ER stress‑associated genes.

Introduction

Acute alcoholic liver injury refers to a period that may span 
several days, or periods of intermittent, repeated episodes of 
heavy drinking, which result in a spectrum of clinical signs 
and morphological changes, ranging from fatty liver (steatosis) 
to more severe forms of chronic liver injury, including fibrosis, 
cirrhosis and hepatocellular carcinoma (1‑3). In addition, the 
increased prevalence of metabolic syndrome, and the combina-
tion of obesity, hypertension, dyslipidemia and hyperglycemia 
in a population, may present a risk factor to an increasing 
number of individuals with acute alcoholic liver injury 
manifestations (4‑6). Liver injury and disease from excessive 
alcohol consumption have become important contributors to 
morbidity and mortality rates worldwide (7,8).

The molecular events involved in acute alcoholic liver 
injury are complex, and altered gene expression ultimately 
orchestrates the integration of these distinct pathways in order 
to promote the response to alcoholic liver injury (9,10). Previous 
studies have elucidated mechanisms that may be involved in the 
process of acute alcoholic liver injury, however, its molecular 
mechanism in terms of gene expression remains to be eluci-
dated. Gene expression analysis in mouse models may provide 
important information on the molecular pathways involved in 
acute alcoholic liver injury, and reverse transcription‑quan-
titative polymerase chain reaction (RT‑qPCR) analysis has 
become the most important analytical tool for measuring 
gene expression due to its accuracy, sensitivity, specificity and 
reproducibility (11‑13). However, the appropriate application of 
reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR) analysis in comparative gene expression studies 
requires a rigorous normalization strategy to explain the 
technical variability among samples (14,15). The use of refer-
ence genes as internal controls is the most common method 
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of normalizing gene expression data (14). Consequently, it 
is important to select an appropriate reference gene for each 
experimental model. The selection of the reference gene(s) to 
use may be meaningful, and previous studies have demon-
strated that a single common reference gene is not likely to 
be present and perform well for all tissue types, or under all 
physiological, pathological and experimental conditions (16). 
Furthermore, studies have demonstrated that the conventional 
use of a single reference gene for normalization may lead to 
relative errors. The use of multiple reference genes is currently 
considered to be the most effective approach for accurate 
normalization of data (17,18).

The optimization of normalizing methods using refer-
ence genes has attracted increasing attention, leading to the 
development of several mathematical algorithms, including 
geNorm  (19), NormFinder  (20) and BestKeeper  (21), 
which were developed to promote the evaluation of poten-
tial reference gene expression stability under different 
experimental conditions. Using these methods of statistical 
analysis, a number of reference genes have been selected 
for evaluation of their expression profiles under specific 
conditions (22).

The present study aimed to identify and evaluate the appro-
priate reference genes in a mouse model of ethanol‑induced 
acute alcoholic liver injury. Using this model, the expression 
profiles of seven commonly used reference genes, β‑actin 
(Actb), glyceraldehyde 3‑phosphate dehydrogenase (Gadph), 
glucuronidase β (Gusb), hypoxanthine phosphoribosyltrans-
ferase 1 (Hprt1), 18S ribosomal RNA (18S), TATA binding 
protein (Tbp) and β‑2 microglobulin (B2m) were subsequently 
examined. Ethanol directly or indirectly leads to endoplasmic 
reticulum (ER) stress, causing changes in ER stress‑associated 
gene expression (23). The stability of the selected reference 
gene was verified by expression analyses of ER stress‑asso-
ciated genes. It was observed that several genes commonly 
used to normalize qPCR data were not suitable for applica-
tion as reference genes in acute alcoholic liver injury mouse 
models. The application of several mathematical algorithms 
under the set experimental conditions revealed that Hprt1 
was the most stable gene, and that Hprt1 and Gapdh were the 
most appropriate gene pair to use in mouse models of acute 
alcoholic liver injury. The reliability of the selected reference 
genes was further confirmed by analyzing the expression of 
ER stress‑associated genes.

Materials and methods

Chemicals and reagents. TRIzol® reagent was obtained 
from Invitrogen; Thermo Fisher Scientific, Inc. (Waltham, 
MA, USA). RNase‑free DNase was purchased from Promega 
Corporation (Madison, WI, USA). A Reverse Transcription 
System kit was purchased from Promega Corporation. The 
Light Cycler 480 SYBR Green® I kit was obtained from 
Roche Diagnostics GmbH (Manheim, Germany). All other 
reagents were obtained from Sigma‑Aldrich; Merck Millipore 
(Darmstadt, Germany), or as indicated in the specified 
methods.

Animals and treatments. Male Imprinting Control Region 
(ICR) mice (aged 8‑10 weeks and weighing 28‑30 g) were 

purchased from Beijing Vital River Laboratories Co., Ltd. 
(Beijing, China), whose foundation colonies were all introduced 
from Charles River Laboratories, Inc. (Yokohama, Japan). The 
animals were allowed free access to food and water at all 
times, and were maintained on a 12/12 h light/dark cycle with 
a controlled temperature (20‑25˚C) and humidity (50±5%) 
environment for 1 week prior to use. To identify the optimal 
reference gene in mouse models with ethanol‑induced acute 
alcoholic liver injury, a total of 18 mice were divided into three 
groups (n=6 per group). The mice received ethanol (5 g/kg) by 
intragastric administration. The control group received saline 
(5 g/kg) by intragastric administration. At different time points 
(6 and 12 h) following intragastric ethanol administration, the 
mice were weighed and sacrificed. All the mice were sacrificed 
following fasting for 14 h, and liver and blood samples were 
collected. Liver tissue was collected and frozen immediately 
in liquid nitrogen for RT‑qPCR analysis, or partially fixed in 
4% paraformaldehyde for histological examination.

The present study was approved by the Association of 
Laboratory Animal Sciences and the Center for Laboratory 
Animal Sciences at Anhui Medical University (Hefei, China; 
permit no. 20150349). All procedures on animals conformed 
to the Guidelines for Humane Treatment set by the Association 
of Laboratory Animal Sciences and the Center for Laboratory 
Animal Sciences at Anhui Medical University.

Biochemical parameters and hepatic histology. Plasma 
was obtained from blood collected into tubes, after 2‑6 h of 
storage at room temperature before centrifugation (5,000 x g, 
10 min at 4˚C). The plasma alanine aminotransferase level was 
measured using commercial available kits (Nanjing Jiancheng 
Bioengineering Institute, Nanjing, China). Histological evalua-
tion was performed using hematoxylin and eosin‑stained tissue 
sections (0.5x0.5 cm) and light microscopy. To quantify the 
extent of necrosis, the percentage of necrosis was estimated by 
measuring the necrotic area relative to the entire histological 
section. Analysis of the region was performed using NIH 
ImageJ software, version 1.44 (National Institutes of Health, 
Bethesda, MD, USA; http://rsb.info.nih.gov/ij/).

Terminal dUTP nick‑end labeling (TUNEL) assay. For the 
detection of nuclear DNA strand breaks, the paraffin‑embedded 
sections were stained with the TUNEL technique using an in 
situ apoptosis detection kit (Promega Corporation), according 
to the manufacturer's protocol. The sections were counter-
stained with hematoxylin. The TUNEL‑positive cells were 
counted in 12 randomly selected fields from each slide at 
x200 magnification with a light microscope. The percentage 
of TUNEL‑positive hepatocytes was analyzed in six liver 
sections from the six mice in each group.

Liver tissue collection and RNA isolation. Total RNA was 
isolated from the liver tissues of the saline‑ and ethanol‑treated 
mice using TRIzol reagent. The liver samples were homog-
enized using 1.2 ml TRIzol reagent per 50 mg liver tissue. 
DNase I was used to digest and remove genomic DNA 
contaminants. The RNA purity was determined by measuring 
the absorbance at 260 and 280 nm with a microplate reader 
(ELX800, Bio‑Tek Instruments, Inc., Winooski, VT, USA). 
The purity was verified at OD260/OD280 nm, and the ratios of 
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all samples ranged between 1.8 and 2.0. The RNA was stored 
at ‑80˚C until further analysis.

RT‑qPCR analysis. The RNase‑free DNase‑treated total 
RNA (1.0 µg) was reverse‑transcribed with AMV (Promega 
Corporation). In order to improve the reverse transcription, 
random primers were used. The reactions were incubated at 
37˚C for 30 min, 65˚C for 10 min and 42˚C for 60 min, and then 
diluted to a concentration of 0.5 µg/µl. All cDNA was stored at 
‑20˚C until required for the qPCR assay. The RT‑qPCR anal-
ysis was performed with the Light Cycler 480 SYBR Green I 
kit using genetic‑specific primers synthesized by Invitrogen; 
Thermo Fisher Scientific, Inc., as listed in Table I. The reaction 
mixture (20 µl) consisted of 7 µl of 10X buffer, 10 µl of Mix 
(2X Taq DNA Polymerase, 2X PCR Buffer, 2X dNTP), 2 µl of 
primer mix (forward and reverse primers) and 1 µl of diluted 
cDNA. The amplification reactions were performed on a Light 
Cycler 480 instrument (Roche Diagnostics GmbH), with an 
initial hold step (95˚C for 5 min) and 50 cycles of a three‑step 
PCR (95˚C for 15 sec, 60˚C for 15 sec and 72˚C for 30 sec). For 
the quantification of primers, a dissociation curve was drawn 
at the end of the run.

Statistical analysis. Seven candidate reference genes (Actb, 
Gapdh, Gusb, Hprt1, 18S, Tbp and B2m) were analyzed. 
The quantification cycle (Cq) values were transformed into 
Raw Quantity (RQ) values via the ΔCq method [RQ=2‑(ΔCq)], 
ΔCq represents each corresponding Cq value ‑ minimum 
Cq value  (24). Two separate sets of independent samples 
from the control and treated mice were compared using an 

unpaired one‑tailed t‑test. Multiple‑group comparisons were 
analyzed using one‑way analysis of variance, followed by 
the Student‑Newman‑Keuls test. In all samples, P<0.05 was 
considered to indicate a statistically significant difference. The 
data are expressed as the mean ± standard deviation. In order 
to calculate the expression stability of the candidate refer-
ence genes, three validation mathematical algorithms were 
used, including BestKeeper (http://gene‑quantification.com/
bestkeeper.html), which identifies the appropriate reference 
gene by paired correlation analysis of all pairs of candidate 
genes; geNorm (https://genorm.cmgg.be/), which calculates 
a gene normalization factor based on a pairwise comparison 
analysis, without considering the experimental conditions; 
and NormFinder (http://www.mdl.dk/publicationsnormfinder.
htm), which is based on a model selection method that enables 
estimation not only of the overall variation of the candidate 
normalization genes, but also of the variation between sample 
subgroups (20). The obtained RQ data were further analyzed 
with geNorm and NormFinder. BestKeeper analysis was based 
on the untransformed Cq values. For the rank of all candidate 
reference genes, the stability values from these three statis-
tical algorithms were analyzed. The comparative Cq‑method 
was used to determine the level of a target gene, normalized 
to a reference gene and relative to a calibrator (2‑∆∆Cq) using 
Lightcycler 480 software (Roche Diagnostics GmbH; version 
1.5.0) (25,26).

Results

Ethanol treatment induces acute liver injury and hepatocyte 
necrosis. The characteristics of the mice administered with 
saline or 5 g/kg ethanol intragastrically are listed in Table II. 
There was no statistically significant difference in mouse 
weights between the two groups. However, the ethanol‑treated 
mice exhibited significantly elevated liver weights compared 
with those in the control group (P<0.05). In the ethanol 
group, the mice in the 12 h group exhibited a significant 
increase in hepatosomatic index (liver weight/body weight), 
compared with those in the 6 h group (P<0.05), whereas no 
significant difference in liver weight was found. The alanine 
aminotransferase activity was increased in the ethanol‑treated 
group at different time points, and the activity in the ethanol 
12 h group was significantly increased compared with that in 
the control group (P<0.05). Microscopic examination of the 
livers was performed to verify the damage caused by ethanol 
and to describe its typical histopathological characteristics. 
Characteristic hepatocyte necrosis was observed in the liver 
sections from the mice treated with ethanol (Fig. 1A). The 
area of necrosis was ~28% at 12 h post‑ethanol administration 
(Fig. 1B). Ethanol‑induced hepatocyte death was determined 
using a TUNEL assay, and numerous TUNEL‑positive 
cells were observed in the livers of the ethanol‑treated mice 
(Fig. 1C and D). The ethanol 6 h group exhibited mild inflam-
matory infiltration and mild liver cell degeneration, whereas 
the tissue in the 12 h ethanol group exhibited severe infiltration 
and hepatocyte necrosis.

RT‑qPCR data analysis. Following data normalization, the 
Cq value was calculated for all PCR reactions. The Cq values 
for these seven reference genes were calculated for all mouse 

Table I. Oligonucleotide sequences and sizes of primers.

		  Size
Gene	 Sequence (5'‑3')	 (bp)

Actb	 Forward: GCTCTTTTCCAGCCTTCCTT	 92
	 Reverse: CGGATGTCAACGTCACACTT	
Gapdh	 Forward: AGCCTCGTCCCGTAGACAA	 164
	 Reverse: AATCTCCACTTTGCCACTGC	
Gusb 	 Forward: AGCCTTCCTCTGCTCTGAAAC	 117
	 Reverse: CTGCATCATATTTGGCGTTG	
Hprt1	 Forward: CAAACTTTGCTTTCCCTGGT	 100
	 Reverse: TCTGGCCTGTATCCAACACTTC	
18S	 Forward: TTGACGGAAGGGCACCACCAG	 130
	 Reverse: GCACCACCACCCACGGAATCG	
Tbp	 Forward: GAAGAACAATCCAGACTAGC	 129
	 AGCA
	 Reverse: CCTTATAGGGAACTTCACATCA	
	C AG
B2m	 Forward: ATTCACCCCCACTGAGACTG	 193
	 Reverse: TGCTATTTCTTTCTGCGTGC	  

Actb, β‑actin; Gapdh, glyceraldehyde 3‑phosphate dehydrogenase; 
Gusb, glucuronidase β; Hprt1, hypoxanthine phosphoribosyltrans-
ferase 1; 18S, 18S ribosomal RNA; Tbp, TATA binding protein; B2m, 
β‑2 microglobulin.
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livers sampled. The median Cq values of the seven reference 
genes ranged between 11.2 cycles for 18S and 26.6 cycles for 
Tbp (Fig. 2A‑G). Tbp and Gusb had the lowest expression 
levels, with median Cq values of 24‑26 cycles. By contrast, 
18S and B2m had high expression levels with median Cq 
values ranging between 11 and 18 cycles. Actb, Gapdh and 
Hprt1 distributed intermediate expression levels with median 
Cq values between 20 and 23 cycles. Among the seven genes, 
Actb had the maximum range of expression at 3.2  cycles 
(19.6‑22.8 cycles), whereas the minimum range of Gapdh was 
1.3 cycles., The range of Cq values within each gene are shown 
in Fig. 2A‑G. The extended vertical bars show standard the 
minimum and maximum values deviation of the mean in each 

gene. To an extent, it reflects the expression stability of each 
reference gene in the different groups.

Evaluation of the expression stability of the reference genes: 
geNorm analysis results. The present study first assessed the 
stability of expression for seven reference genes in the control, 
ethanol 6  h, ethanol 12  h and all groups (Table  III). The 
expression stability of the reference genes was analyzed using 
geNorm software. When all groups were analyzed, the genes 
examined exhibited expression stability measures (M values) 
between 0.11 (Hprt1) and 0.68 (Gusb). Hprt1 and Gapdh had 
the lowest M values, representing the most stable reference 
genes/gene pair in the liver in all samples. Reference gene 

Table II. Characteristics of mice administered with saline or ethanol (5 g/kg intragastrically).

	 Group
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Parameter	C ontrol	 Ethanol 6 h	 Ethanol 12 h

Weight (g)	 38.051±1.481	 39.183±1.682	 37.156±2.234
Liver weight (g)	 1.590±0.081	 1.714±0.072a	 1.763±0.181a

Hepatosomatic indexc	 0.042±0.002	 0.044±0.001a	 0.047±0.003a,b

ALT (U/l)	 37.021±4.342	 88.431±58.501	 184.046±55.663a 

All data are expressed as the mean ± standard deviation (n=6). aP<0.05, vs. control. bP<0.05, vs. ethanol 6 h. cLiver weight/body weight. ALT, 
alanine aminotransferase.

Figure 1. Ethanol treatment induces acute liver injury and hepatocyte death. The mice received an intragastric injection of ethanol (5 g/kg) for 6 or 12 h to 
develop acute liver injury. (A) Representative photomicrographs of liver histology (hematoxylin and eosin staining; magnification, x100). (B) Percentage area 
of necrosis in the liver was estimated. (C) Hepatocyte death was determined using a TUNEL assay and TUNEL+ cells were analyzed. (D) Representative 
photomicrographs of TUNEL staining in different groups (magnification, x200). All data are expressed as the mean ± standard deviation (n=6). *P<0.05, 
compared with the control. TUNEL, terminal dUTP nick‑end labeling.
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stability analysis revealed that the gene with the lowest vari-
ability in all groups was Hprt1; 18S had the highest M value in 
the other three groups, with the exception of the assessment of 
ʻall groups .̓ The result revealed that the least stable gene was 
18S. The expression stability of the seven reference genes is 
shown in Fig. 3A‑D

As shown in Fig. 4, the pairwise variations V2/3, V3/4, 
V4/5, V5/6 and V6/7 were all lower than the limited value of 
0.15, which indicated that the combination of the two reference 
genes with the lowest M values in the experiments was suffi-
cient for normalization. As all pairwise variations were <0.15, 
the above‑mentioned observations remain valid, whether the 
data were analyzed for each experimental group, or in a single 
set grouping all data.

NormFinder analysis results. NormFinder also analyzed 
the stability values of the seven candidate reference genes. 
NormFinder is an Excel‑based mathematical tool, which 
analyzes each sample set separately and also estimates 
inter‑group variations in expression across different sample 
sets. NormFinder ranks the control genes on the basis of their 
stability value, where the lower stability value represents 
higher gene expression stability and vice versa. In the 'all 
groups' group and in the ethanol 12 h group, Hprt1 was identi-
fied as the most stable reference gene (Fig. 5 and Table III).

BestKeeper analysis results. Hprt1 was considered to be the 
top‑ranked stable reference gene in all groups, whereas B2m 
and Gapdh were identified as the most stable internal reference 
genes in the control group, and in the ethanol 6 h and ethanol 
12 h groups, respectively (Table III).

Differential gene expression associated with ER stress based 
on the selection of different reference genes. Ethanol can 
directly or indirectly lead to the occurrence of ER stress, and it 
may change the expression levels of glucose‑regulated protein 
(GRP)78 and of other genes (27,28). It has been reported that 
the ER chaperone gene ER DNA J domain‑containing protein 
4 (ERdj4) is upregulated by ER stress (29). Protein disulfide 
isomerase (PDI) is a resident enzymatic chaperone and its 
expression is upregulated in ER stress (30). To demonstrate the 
importance of selecting appropriate reference genes as calibra-
tors in ethanol treatment paradigms, ER stress‑associated gene 
expression was normalized in the present study, with the most 
stable gene Hprt1 and the least stable gene 18S as the reference 
genes analyzed by the three mathematical algorithms, geNorm, 
NormFinder and BestKeeper. The ER stress‑associated 
genes included GRP78, C/EBP homologous protein (CHOP), 
GRP94, spliced X‑box binding protein 1 (XBP1s) total XBP1 
(XBP1t), ERdj4 and PDI. Using Hprt1 as the reference gene, 
the mRNA levels of GRP78, CHOP and PDI were significantly 

Figure 2. Reverse transcription‑quantitative polymerase chain reaction Cq values of each candidate reference gene in four groups. The boxes indicate the 
range of Cq values within each gene. The central box represents the interquartile interval, the central lines indicate the median, and the extended vertical 
bars show the minimum and maximum standard deviation of the mean values for (A) Actb, (B) Gapdh, (C) Gusb, (D) Hprt1, (E) 18S, (F) Tbp and (G) B2m 
genes combined. Cq, quantification cycle; Actb, β‑actin; Gapdh, glyceraldehyde 3‑phosphate dehydrogenase; Gusb, glucuronidase β, Hprt1, hypoxanthine 
phosphoribosyltransferase 1; 18S, 18S ribosomal RNA; Tbp, TATA binding protein; B2m, β‑2 microglobulin.
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increased in the livers of the ethanol 12 h group, compared 
with those in the control group, and the difference was statisti-
cally significant (P<0.05; Fig. 6). The relative expression levels 
of the remaining genes, ERdj4, GRP94 and XBP1t, exhibited a 
gradually increasing trend in the control to the ethanol groups. 
Using 18S as the reference gene, no statistically significant 

differences in gene expression were found between the ethanol 
and control groups. These results suggested that Hprt1 offers 
an advantage as a reference gene in mouse models of acute 
alcoholic liver injury.

Discussion

With regards to endogenously expressed reference genes, the 
appropriate selection of an individual or of a pair of reference 
genes is crucial for the quantification of gene expression under 
specific conditions. Similarly, the establishment of well‑char-
acterized animal models is also crucial to fully understand 
the condition represented by the model. RT‑qPCR analysis of 
gene expression is the most common method for examining 
relevant changes in gene regulation, and provides rapid and 
consistent results. The use of reference genes is generally 
considered to be the most reliable method of normalizing 
qPCR data and reducing possible errors in the quantification 
of gene expression (31); however, their utility requires experi-
mental validation for particular experimental designs (32). The 
consistent expression of the reference gene is crucial to ensure 
correct analysis of the experimental results. The inadequate 
selection of reference genes may lead to an erroneous analysis 
and interpretation of relative expression, particularly when 
there are marginal variations in transcription levels between 
different individuals, sample groups and experimental condi-
tions (33,34). Therefore, one of the key points in validation is 

Figure 4. Vn analysis to determine the optimal number of control genes for 
accurate transcript normalization in all four experimental sets. geNorm 
was used to calculate pairwise variation (Vn/Vn+1) for NFn and NFn+1 to 
determine (V<0.15) the optimal number of reference genes. Data are plotted 
for the (A) control group, (B) ethanol 6 h group, (C) ethanol 12 h group and 
(D) all groups combined. Vn, pairwise variation; NF, normalization factor.

Figure 3. M value analysis of the seven reference genes calculated by geNorm. (A) Control group; (B) ethanol 6 h group; (C) ethanol 12 h group; (D) all 
groups. The least stable genes have high mean expression stability values (M); starting from the left, genes are ranked according to increasing expression 
stability, ending with the most stable genes on the right, with lower M values indicating more stable expression. M, expression stability; Actb, β‑actin; Gapdh, 
glyceraldehyde 3‑phosphate dehydrogenase; Gusb, glucuronidase β; Hprt1, hypoxanthine phosphoribosyltransferase 1; 18S, 18S ribosomal RNA; Tbp, TATA 
binding protein; B2m, β‑2 microglobulin.
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to select appropriate reference genes for data normalization 
in gene expression analyses. In the present study, seven refer-
ence genes were examined, which were selected due to their 
common use in previously published reports on the liver and 
other type of tissues. ER stress‑associated gene expression 
measurements can be demonstrably affected by the selection 
of reference genes. Therefore, it is necessary to select appro-
priate reference genes for the quantitation of genes via qPCR 
in acute alcoholic liver injury.

The commonly used programs, geNorm, NormFinder 
and BestKeeper, estimated the most stable reference genes. 
The ranking of the reference genes examined by the three 
programs varied marginally (Table  III), however, this was 
not unexpected as the different programs rely on distinct 
mathematical approaches and analytical principles (35). The 
geNorm algorithm calculates an average expression stability 
M value for each gene from a set of reference genes used in 
the analysis. NormFinder identifies stable expression genes in a 
set of candidate normalization genes based on a mathematical 
model that can estimate the intra‑ and inter‑group variations of 
the sample set. BestKeeper is an Excel‑based tool to assist in 
selecting the optimal reference genes following calculation of 
variables. The results in the present study were based on these 
three mathematical algorithms, which confirmed that Hprt1 was 
the reference gene with the most stable expression level among 
the seven candidate genes, regardless of the different mouse 
models. In addition, 18S was identified as the least stable refer-
ence gene. However, several experiments using qPCR analysis 
have selected other reference genes, for example 18S and Actb, 
even when it has been reported that these common reference 
genes are not stably expressed under variable experimental 
conditions (36,37). It has been previously reported that 18S as a 
reference gene shows the least expression stability (38,39).

Hprt1 is a common reference gene for normalizing rela-
tive expression values in qPCR analysis (40,41). Gapdh is also 
reliable as a reference gene for quantitative gene expression 
analysis under experimental conditions (42). Although there 
is a possibility that there are more appropriate reference 
genes other than those analyzed in the present study, the 
results confirmed that Hprt1 and Gapdh exhibited reliable and 
stable gene expression, compared with other more commonly 
used reference genes, including 18S and Actb (Figs. 3 and 5; 
Table III).

Following estimation of the M value, geNorm calculates 
the minimum number of genes necessary for an appropriate 
normalization. NormFinder, provides the optimal reference 
gene pairs for normalization and suggests that multiple refer-
ence genes only be used when a single stable gene cannot be 
selected (43). Therefore, Hprt1, a reference gene selected by 
NormFinder and geNorm, may be used as a suitable reference 
gene in mouse models of acute alcoholic liver injury.

Ethanol induces ER stress, causing changes in the expres-
sion levels of ER stress‑associated genes. The stability of the 
selected reference genes was verified by expression analysis 
of ER stress‑associated genes. Using the most stable reference 
gene, Hprt1, and the least stable gene, 18S, each identified by 
the three statistical algorithms, the results demonstrated that, 
compared with the control group and using Hprt1 as the refer-
ence gene, ER stress‑associated gene expression was upregulated 
in the ethanol groups with a statistically significant difference; 
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whereas the use of 18S as the reference gene revealed no statisti-
cally significant difference between the ethanol and control 
groups (Fig. 6). These results suggested that Hprt1 is a suitable 
reference gene in mouse models of acute alcoholic liver injury. 

Therefore, selecting a commonly used reference gene without 
first evaluating its stability may result in incorrect normalization 
and altered quantification of target gene expression, affecting 
the interpretation of the results.

Figure 5. Stability estimation for seven reference genes by NormFinder. (A) Control group; (B) ethanol 6 h group; (C) ethanol 12 h group; (D) all groups. The 
least stable gene with high stability values starts from the left, ending with the most stable genes on the right. Lower stability values indicate more stable 
expression. Actb, β‑actin; Gapdh, glyceraldehyde 3‑phosphate dehydrogenase; Gusb, glucuronidase β, Hprt1, hypoxanthine phosphoribosyltransferase 1; 
18S, 18S ribosomal RNA; Tbp, TATA binding protein; B2m, β‑2 microglobulin. 

Figure 6. Levels of different ER stress‑associated genes. Hprt1 and 18S were used as reference genes for reverse transcription‑quantitative polymerase chain 
reaction analysis. (A) Control group; (B) ethanol 6 h group; (C) ethanol 12 h group. All data are expressed as the mean ± standard deviation (n=6). *P<0.05, 
compared with the control. ER, endoplasmic reticulum; Hprt1, hypoxanthine phosphoribosyltransferase 1; 18S, 18S ribosomal RNA; GRP78, glucose‑regulated 
protein 78; CHOP, C/EBP homologous protein; GRP94, glucose‑regulated protein 94; XBP1a, spliced X‑box binding protein 1; XBP1t, total XBP1; ERdj4, ER 
DNA J domain‑containing protein 4; PDI, protein disulfide isomerase 
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In conclusion, the suitable selection of reference genes is 
a crucial step in the characterization of any animal model. 
Seven commonly used reference genes were examined in 
the present study to identify their stability in the livers of 
mice with acute alcoholic liver injury. The reliability of the 
selected reference genes was further verified by expression 
analysis of ER stress‑associated genes. The results of the 
present study demonstrated that the advantages of Hprt1 in 
normalizing target gene expression make it a feasible method 
for the accurate quantification of gene expression associated 
with acute alcoholic liver injury. These findings may assist in 
subsequent investigations of gene expression using this mouse 
model. However, only the expression stabilities of select refer-
ence genes in ICR mice with acute alcoholic liver injury were 
evaluated in the present study. Whether the selected reference 
genes are also suitable for other commonly used mouse strains, 
for example C57BL/6, remains to be elucidated. In order to 
optimize the gene expression analysis in this mouse model, the 
stability of the reference gene in other mouse strains requires 
assessment in subsequent investigations to further elucidate 
the molecular mechanisms involved in mouse models of acute 
alcoholic liver injury.
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