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The study of specific target protein expression is often performed by western blotting, a commonly used
method to measure the protein expression in neuroscience research by specific antibodies. Housekeeping
proteins are used as an internal control for protein loading as well as reference in the western blotting anal-
ysis. This practice is based on the belief that such housekeeping genes are considered to be ubiquitously and
constitutively expressed in every tissue and produce the minimal essential transcripts necessary for normal
cellular function. The most commonly used housekeeping proteins are β-actin, β-tubulin, and glyceraldehyde
3-phosphate dehydrogenase (GAPDH). However, recent studies have shown significant variation in some
housekeeping genes both at the mRNA and protein levels in various neuropathological events, such as spinal
cord injury and Alzheimer's diseases. Changes of housekeeping genes are also induced by non-neuronal dis-
eases in various tissues. Therefore, these discoveries raise a potential concern regarding whether using a
housekeeping protein as an internal standard for target protein analysis is an appropriate practice. This
minireview will focus on (I) the effects of neuronal and non-neuronal diseases, experimental condition,
and tissue-specific roles on alteration of housekeeping genes, and (II) alternative internal standards for
gene and protein expression analysis.

© 2013 Elsevier Inc. All rights reserved.
Contents
Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 747
β-Actin/β-tubulin/glyceraldehyde 3-phosphate dehydrogenase (GAPDH)—the most commonly used housekeeping proteins . . . . . . . . . . . 748

Pathology related cytoskeleton protein changes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 748
Experimental condition related variation of housekeeping protein changes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 749
Tissue specific alteration of housekeeping genes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 749

Other options for internal reference controls . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 750
Reversible Ponceau S staining . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 750
Coomassie Blue staining . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 750
SYPRO Ruby and Amido Black gel staining . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 750
Staining free gel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 750

Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 750
Conflict of interest statement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 750
Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 750
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 750
anced Science and Education,
34243, USA. Tel.: +1 941 752

rights reserved.
Introduction

Analysis of specific neuronal associated protein expression is often
performed by western blotting, a commonly used method to semi-
quantitatively measure the protein expression of target proteins by
specific antibodies. Because the expression levels of specific target
proteins are estimated by relative densities, which are based on the
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assumption that samples are loaded with the same amount of proteins,
it is always necessary to control equal protein loading which is often
done by re-probing the western blot membrane with an antibody that
recognizes a housekeeping protein, such as β-actin, β-tubulin and
glyceraldehyde 3-phosphate dehydrogenase (GAPDH). The housekeep-
ing proteins are used as reference proteins to normalize the target
protein during western blotting analysis. Therefore, to accurately com-
pare western blotting signals, one must compensate for these non-
sample-related variations in signal intensity. However, increasing evi-
dence shows that the housekeeping proteins are subject to change in
many biological conditions, such as neuronal diseases, tissue type,
aswell as under some specific experimental conditions (Fig. 1). Further-
more, those housekeeping proteins were also altered under some drug
and experimental treatments and conditions (Aldridge et al., 2008;
Greer et al., 2010), cell cycle phase, differentiation (Said et al., 2009)
or proliferation status, and age (Lowe et al., 2000). These findings
raise a potentially serious question on whether using housekeeping
genes as an internal standard reference indeed results in the description
of “false-positive” differences in our “standard” assay.

β-Actin/β-tubulin/glyceraldehyde 3-phosphate dehydrogenase
(GAPDH)—the most commonly used housekeeping proteins

The most commonly used housekeeping gene-coded proteins are
β-actin, β-tubulin and GAPDH. Those housekeeping proteins are
used as internal controls in the western blot analysis with presumed
stability and no changes in physiological condition. However, if these
housekeeping proteins DO change in certain biological or pathological
condition, then using these housekeeping genes as internal controls
may cause problems in data acquisition, analysis, and interpretation.

Pathology related cytoskeleton protein changes

The variability of these housekeeping genes has been found in vari-
ous neuronal diseases and pathological states. For example, studies
Fig. 1. Stain free total protein measurement reflects the difference in protein load better than
or 50 μg per lane on a Bio-Rad stain free gel, this serial dilution was repeated 6 times in eac
image (A) and a chemiluminescent image of a house keeping protein such as β-actin (B), GA
and the housekeeping protein blotting signals in each lane was measured using Image Lab
ation of these measurements from 6 repeats were plotted in the graph (E). The intensity of
Hela cell lysate was normalized to 1. The dotted line indicates the quantitative response curv
be 5.
demonstrated changes of β-actin and DAPDH in various pathological
conditions such as in the brain after injury (Liu and Xu, 2006) or
under neuropathological conditions (Bauer et al., 2009; Moehle et al.,
2012). Studies showed that spinal cord injury induced more than a 2
fold increase in β-actin expression while no statistically significant
difference was found in β-tubulin expression after the injury compared
with sham-operated controls (Liu and Xu, 2006). The variability of
housekeeping gene expression after nerve injury was also reported
by other independent research groups, that compared β-actin and
β-tubulin, GAPDH as the one most stable housekeeping genes for nor-
malizing gene expression for qRT-PCR analysis in the context of periph-
eral nerve injury (Bangaru et al., 2012). In contrast, β-actin along with
GAPDH are found suitable as western blot loading controls for human
postmortem studies of schizophrenia as there were no differences in
the expression of those housekeeping proteins between schizophrenia
and comparison groups (Bauer et al., 2009), although a recent study
demonstrated that β-tubulin protein levels were decreased in the ante-
rior cingulated cortex, increased in the dorsolateral prefrontal cortex
and saw no change in the hippocampus in schizophrenia (Moehle et
al., 2012), suggesting a disease-associated major cytoskeleton protein.
In a study of Alzheimer' diseases (AD), an extremely low expression of
GAPDH and β-actin have been reported in AD cases compared to con-
trols (Gebhardt et al., 2010).

The housekeeping genes were affected in other non-neuronal tis-
sues such as placentas from preeclampsia or gestational diabetes
mellitus as part of cellular processes in their pathogenesis (Lanoix
et al., 2012; Redman and Sargent, 2009). As shown in Table 1,
Dr. Ferguson and his colleagues study the variability of the β-actin,
β-tubulin and GAPDH in a number of different established renal can-
cer cell lines, matched pairs of renal tumor and normal kidney lysates
as well as nine different human tissues. They reported that β-actin
shows the most variation between lines while all three housekeeping
genes are increased in kidney tumor tissue compared to normal kid-
ney (Ferguson et al., 2005). Cells transfected with the Von Hippel
Lindau (VHL) showed reduction of GAPDH which might be caused
the housekeeping protein blotting signals. Hela cell lysate was loaded at 10, 20, 30, 40,
h experiment and the experiment was repeated three times. For each blot, a stain free
PDH (C), or beta-tubulin (D) was taken. The image of total protein from staining free gel
software following the manufacturer's instruction. The average and the standard devi-
the protein bands or total protein measurement for the lane loaded with 10 μg of the
e where the relative intensity from the lanes with 50 μg of protein load was expected to



Table 1
Summary of biological event-related changes in housekeeping genes.

β-actin GAPDH β-tubulin

Pathological condition ↑ In kidney tumor
(Ferguson et al., 2005)
↑ In spinal injury
(Liu and Xu, 2006)
↑ In alcoholic hepatitis
↓ In steatosis
(Boujedidi et al., 2012)
↓ In Alzheimer's brain
(Gebhardt et al., 2010)

↑ In alcoholic hepatitis
↓ In steatosis
(Boujedidi et al., 2012)
↓ In Alzheimer's brain
(Gebhardt et al., 2010)

↓ In anterior cingulated cortex
↑ In dorsolateral prefrontal cortex of
Schizophrenia brain
(Moehle et al., 2012)

Experimental condition ↓ In miRNA treatment
(Sikand et al., 2012)
Extensive variable in qPCR
(Albershardt et al., 2012)
No change with cell confluence (10–100%)
(Greer et al., 2010)
Unreliable for total loading protein 1.8–7.5 μg
No signal b0.12 μg of total loading protein
(Dittmer and Dittmer, 2006)

↓ In VHL transfection
(Ferguson et al., 2005; Lu et al., 2002)
↓ In miRNA treatment
(Sikand et al., 2012)
Extensive variables in qPCR
(Albershardt et al., 2012)
↑ With cell confluence (10–100%)
(Greer et al., 2010)
Unreliable for total loading protein 0.9–7.5 μg
No signal b0.94 μg of total loading protein
(Dittmer and Dittmer, 2006)

Tissue-specific condition ↓ With age in leukocytes
(Yu et al., 2011)

Unstable in adipose tissue
(Pérez-Pérez et al., 2012)
↓ In rat muscle with age
(Lowe et al., 2000)

Unstable in adipose tissue
(Pérez-Pérez et al., 2012)
↓ With age in leukocytes
(Yu et al., 2011)
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by interaction between VHL and hypoxia-induced factor-α gene
(Ferguson et al., 2005; Lu et al., 2002). Recent liver studies also
found that β-actin and GAPDH tended to decrease with steatosis
and to increase with alcoholic hepatitis while other internal refer-
ences such as 18S and SFRS4 levels were not significantly changed
in the alcohol-induced liver histological lesions (Boujedidi et al.,
2012).

Experimental condition related variation of housekeeping protein changes

One of the biggest challenges that western blotting faces is to detect
a target protein that is being expressed at very low levels. Increasing
loading proteins is a commonly used practice. Our studies found that
the β-actin antibody failed to detect actin levels when higher total pro-
tein loads are needed for the detection of low-abundance proteins
(Fig. 1). Our data is consistent with other publications as Dr. Dittmer
found that signal intensity as generated by the anti-GAPDH antibody
again gradually decreased from 7.5 to 0.94 μg of total protein loaded,
while no signal could be observed below 0.94 μg. On the other hand,
β-actin showed no linear change in band intensity in the range of
7.5–1.88 μg of total protein and the signal was undetectable at 0.12 μg
or lower (Dittmer and Dittmer, 2006). In concert with the Dr. Dittmer's
finding, a group from Canada also observed that cell confluence sig-
nificantly affects the levels of α-actin and GAPDH while the levels
of β-actin remained unchanged at a wide range of cell densities,
suggesting β-actin is a more reliable loading control for cell culture
study (Greer et al., 2010). However, in many experimental conditions,
the housekeeping proteins remain unchanged. For example, studies of
6 different tumor cell lines under hypoxic stimulation, found no change
of GAPDH in all of the tested cancer cell lines, including Hep-3-B, HepG2
human hepatocellular carcinoma cell lines, human lung adenocarcino-
ma epithelial cell line (A-549), Ht-29 and HCT-116 colon cancer cell
lines even under hypoxia (Said et al., 2009). Quantitative western blot
analysiswith chemiluminescence is a commonmethod to compare pro-
tein expression in various biological samples. Given that housekeeping
protein bands often appear very thick and dark in intensity on many
published papers, it is possible that the chemiluminescence signal of
the housekeeping protein can be easily saturated in this range and
loses the credibility for quantization (Colella et al., 2012; Suzuki et al.,
2011). Recent studies also reported that microRNA inhibition or over-
expression in vitro might also regulate β-actin and GAPDH expression
(Sikand et al., 2012), suggesting β-actin and GAPDH should not be
used as an internal control for normalization of microRNA targeted
mRNA expression. This observation is further confirmed by other inde-
pendent research groups in mouse lymphocytes by reporting that
β-actin is not a suitable reference gene in qPCR analysis due to its exten-
sive variability in expression (Albershardt et al., 2012).
Tissue specific alteration of housekeeping genes

Several studies indicate that levels of some of the most commonly
used housekeeping genes change based on tissue type. For example, a
study of human adipose tissue samples from obese and non-obese sub-
jects demonstrated that neither GAPDH nor β-tubulin is at adequate
standards in protein expression studies on adipose tissue, while
β-actin showed steady expression levels between non-obese and
obese individuals (Pérez-Pérez et al., 2012). Moreover, a recent study
determined the eight housekeeping genes, including β-actin, ribosomal
protein L17 (RPL17), α-tubulin (TUBA), elongation factor-1-α (EF1A),
β-2-microglobulin (B2M), RNA polymerase II subunit D (RPSD),
glyceraldehyde-3-phosphate dehydrogenase (GAPDH), and 18S ribo-
somal RNA (18S rRNA), as internal standards for qRT-PCR analysis of
gene expression in turbot before and after bacterial challenge as a func-
tion of bacterial infection. They detected these housekeeping genes in
the liver, spleen, kidney, gill, heart and brain and reported that RPSD
is the most stable gene across tissue types under normal physiological
conditions and during bacterial infection, while β-actin might be used
as an internal control for the normalization of gene expression in im-
mune relevant organs (Dang and Sun, 2011). Most importantly, their
studies suggested that no single gene or single pair of genes among
the 8 housekeeping genes can serve as a universal reference across all
tissue types under the condition of bacterial infection.

In addition to tissue variation, the three commonly used house-
keeping proteins showed different variability between ages. For ex-
ample, studies of peripheral blood cells found age-related different
expression level of β-actin and β-tubulin in leukocyte subpopulations
while GAPDH maintains no change during development (Yu et al.,
2011). The age-associated change of housekeeping proteins is also
found in rat muscles (Lowe et al., 2000).
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Other options for internal reference controls

Due to the nature of western blot analysis, in order to estimate the
specific protein concentration, all samples have to be loaded with the
same amount of total protein and the total protein amount should be
confirmed before and after gel transferring using housekeeping genes
as internal references or protein loading controls. Since using a single
housekeeping protein as the loading control, such as GAPDH and
β-actin does not always accurately reflect differences in protein con-
centration in many cases, using total protein staining instead of a
single-protein loading control as an alternative sample loading con-
trol becomes a more acceptable practice during the past decade.
Here are a few methods to detect total proteins in addition to the col-
orimetric assays, such as the bicinchoninic acid (BCA) assay.

Reversible Ponceau S staining

While β-actin showed variability under various physiological and
pathological conditions, studies using Ponceau S staining after transfer-
ring showed great correlation between Ponceau and β-actin densito-
metric signals in rat colon, kidney and liver samples (Romero-Calvo et
al., 2010). Moreover, the analysis of the densitometric quantitation of
the Ponceau S staining and β-actin signals at protein loading ranges
from 10 to 140 μg shows an enhanced linearity in the Ponceau S stain-
ing at higher levels of protein loading than β-actin. The advantage of
Ponceau S staining is that the staining does not rely on a single protein
for normalization or loading control, especially when the housekeeping
proteinsmay vary in some conditions or get saturatedwhile loading the
amount which is necessary for detecting low-expression target prod-
ucts. However, when comparing this method to other protein staining
methods such as western blot, Ponceau S staining has lower sensitivity
with regards to a minimum amount in detecting proteins, only 200 ng,
while Amido Black and Coomassie Blue can detect proteins when only
50 ng are loaded (Harper and Speicher, 2001).

Coomassie Blue staining

Coomassie Blue staining is another method to stain total protein as
an internal standard in the western blot. Recent studies showed that
Coomassie Blue staining can also be used on membranes to detect
total protein as a loading control after transferring and even after im-
munoblotting. However, this is not a reversible staining and the pro-
tein bands can be further analyzed by peptide mass fingerprinting
(Welinder and Ekblad, 2011).

SYPRO Ruby and Amido Black gel staining

Sypro Ruby and Amido Black staining are two traditional methods
of protein gel detection. The Sypro Ruby family of fluorescent dyes
has high sensitivity and broad linear dynamic ranges. Studies showed
that both staining have detection sensitivity around 50 ng/protein
band (Harper and Speicher, 2001; Ren et al., 2012). The sensitivity
of newly developed “visible Sypro” staining is compatible with mass
spectrometry (Yang et al., 2011) such as detection protein range im-
proving up to 2.5 ng on SDS-PAGE gel. The Sypro Ruby and Amido
Black staining showed much better linearity with various protein
loading amounts (up to 40 μg protein) than β-actin and GAPDH
(Aldridge et al., 2008). While reversible Ponceau S has low-sensitivity
in general protein stain and most of the gels after classical Sypro
Ruby and Amido Black staining can no longer be used for target pro-
tein blotting, recently modified Sypro Ruby- and Flamingo-staining
methods provide an application of completed western blotting after
gel staining (Hagiwara et al., 2010), suggesting a potential usage of
Sypro Ruby and Amido Black for protein loading control in western
blot.
Staining free gel

One of the most recently developed technologies on detecting total
protein as internal reference forwestern blotting is a staining freemeth-
od using a pre-stained gel andmeasured by UV detection (Gürtler et al.,
2013). Investigation of the staining free gel under 5 different conditions
such as post-transfer; post-blocking, first antibody detection, post-
stripping and re-blocking, and second antibody detection, showed that
the quantification of protein load was linear from 10 to 40 μg total pro-
tein in all tested conditions (Colella et al., 2012). Interestingly enough,
we compared the traditional housekeeping proteins with the free stain-
ing gel and showed better stability and less variability of protein loading
by using staining free gel than regular β-actin, β-tubulin and GAPDH as
showed in Fig. 1. The staining free gel method has been used as loading
control in several recent publications (Mollica et al., 2012; Larkins et al.,
2012; Elliott et al., 2012). However, further investigations are needed to
verify whether the advantage of staining free gel method on protein
loading control could be applied to various disease conditions.

Conclusion

The western blot method is widely used for the study of the relative
expression of interesting targeting proteins by specific antibodies.
Housekeeping proteins such as β-actin, β-tubulin and GAPDH are used
most often as protein loading controls or internal references to normalize
the target protein expression. For a long time, these housekeeping pro-
teins were believed to express in every tissue ubiquitously and constitu-
tively with minimal essential transcripts necessary for normal cellular
function. During the past decade, increasing evidence shows that using
a single housekeeping protein as a loading control might lead to a
pseudo-positive or false negative expression of target proteins because
of the instability and variability of the housekeeping proteins under
many biological and pathological conditions. Recent studies suggest
that total protein detection is a more reliable and sensitive protein load-
ing control or internal reference for studying the relative expression of
interesting proteins. At the same time, the use of housekeeping proteins
as internal standards should be examined carefully in relation to the cell
or tissue types, the experimental conditions and disease state.
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