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The number of genes (~23,000 genes) in the human genome is not
much larger than those in lower eukaryotes, however the biological
functions of human genome are more intricate and diverse due largely
to the complex network of regulation of gene expression. The interaction
between each step of gene expression, especially at transcriptional and
translational levels, contributes to the large human proteome with
estimated 1 million proteins for the vast physiological functions of
the human body. As important as it is, gene expression profiling has
become a routine experimental approach to study various physiological
and pathological questions. Yet, most of current techniques rely on
the quantitation of mRNA rather than simultaneous measurement
of protein production, leading to a gap between mRNA and protein
abundance and an inaccurate explanation of biological functions.

The completion of human genome sequencing project in 2003 has
shifted the research paradigm from a gene-based approach to a systems
biology trend. Consequently, numerous high throughput techniques
have been dramatically improved, exemplified by DNA microarray and
next-generation sequencing (NGS), which allow us to analyze gene
expression at the genome level. Genome-wide gene expression profiling
has been carried out for many diseases. The first global map of human
gene expression was accomplished [1] with as many as 369 different types
of cells, tissues and disease states. Without a doubt, these achievements
fundamentally enhanced our understanding of disease mechanisms;
however a major piece of information linking a gene to its function is
missing- protein expression. Proteins are functional molecules to carry
out the biological tasks of genes. Without knowing protein levels, the
change in mRNA abundance sometimes cannot explain the phenotype
or generates contradictory results. This phenomenon of ignorance of
protein synthesis as a part of gene expression is misled by a common
sense that gene expression is highly regulated by transcription, whereas
mRNA translation is considered as a robust process, which is not true
from our current understanding of translational control and regulatory
RNAs manifested by the discovery of RNAi and miRNA during the last
decade. Technically, a high throughput protein assay is also hindered
by the lack of robust technique like RT-PCR, microarray and RNA-seq
with NGS. The high dynamics and post-translational modifications
of proteins pose additional chemical obstacles for protein analysis.
Fortunately, mass spectrometry (MS)-based proteomics has advanced
to a level sophisticated enough to identify and quantitate proteins on
a genome scale,unveiling proteomes in many diseases and cellular
processes [2].

The combination of NGS and MS drives us to revisit the importance
of protein synthesis in gene expression. It is noteworthy to mention
two major technical advances: one is the “4sU-seq” by NGS that
can accurately measure the dynamics of newly synthesized mRNA
through pulse labeling with 4-thiouridine at physiological conditions
[3]; the other is the “quantitative MS” through stable isotope labeling
with amino acids in cell culture (SILAC) or absolute quantification
of proteins (AQUA) [4]. The direct measurement of protein in gene
expression is also driven by the increasing facts that mRNA levels do
not always correlate with protein abundance. Specific studies are now
devoted intensively to this topic. In one report, absolute mRNA and
protein levels were measured simultaneously in mouse fibroblast using

the methods described above, leading to the conclusion that mRNA
levels only account for ~ 40% of the variation in protein abundance, as it
is mostly controlled by mRNA translation [5]. Another study addressed
this issue in mouse liver tissue associated with clinical traits. It was
discovered that mRNA levels correlated with protein abundance for
only about half of the genes tested [6]. More studies have been done in
yeast and Arabidopsis [7,8], and all have concluded that the discrepancy
between mRNA and protein levels is a common characteristic of gene
expression. The concordance varies significantly from species to species
and among cellular pathways. Also, it is believed that mRNA-directed
mechanisms play a major role in gene expression.

Eukaryotic mRNAs possess diverse sequence signatures that
control mRNA processing, localization, stability, and translational .
These regulatory cis-elements include, but are not limited to, 5’-Cap,
5-UTR(untranslated region), IRES(internal ribose entry site), Kozak
sequence, 3’-UTR, poly (A) tail and even a regulatory motif within
coding region [9]. The last decade has witnessed the fastest growth
in our understanding of mRNA translation. It is now recognized that
mRNA translation is a critical regulatory step in gene expression [10]
and a goal keeper of gene expression fidelity [11]. mRNA translation is
more sensitive than gene transcription in response to cell signaling [12],
thus provides a more flexible mechanism to regulate gene expression.
Some mRNAs from critical genes (e.g., receptors, oncogenes and
tumor suppressors, etc.) generally contain IRES and are translated
through cap-independent mechanism, showing inconsistence between
their mRNA and protein levels. miRNA has emerged as an important
regulator of gene expression that functions by controlling mRNA
translation and /or degradation. Thus, it is imperative to integrate
translational control into the study of gene expression. This trend will
also promote the development of bioinformatics tools to better annotate
mRNA functional elements.

With the exception of the genome research described above,
current studies are still being conducted at gene- or pathway-based
levels in most research laboratories. When gene expression profiling is
performed, one should be mindful to have their target genes verified
not only by qRT-PCR but also by quantitative Western Blotting. If
discrepancy arises, the full-length mRNA sequence,including the 5’
and 3’-UTR should be examined to see if some regulatory cis-elements
are involved. The translational activity of the mRNA should be directly
measured in translation systems in vivo and in vitro. Polysome profiling
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is another efficient technique to confirm the translational activity
of specific mRNA. Collectively, these strategies will foster a better
understanding of the mechanisms that regulate gene expression and
the consequence on biological function.
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