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ABSTRACT

البروتيومي  التحليل  تقنية  مجال  في  السريعة  التطورات  تشكل 
الكمي المعتمدة على قياس الطيف المتعدد أملًا كبيراً في عملية 
سريرياً  تفيد  والتي  البروتينية  الحيوية  العلامات  عن  البحث 
ومعرفة  وتشخيصه،  المرض،  عن  المبكر  الكشف  عملية  في 
يساهم  للعلاج.  الاستجابة  مدى  ورصد  المستقبلية،  نتائجه 
للعقاقير،  الجديدة  الأهداف  إيجاد  في  أيضاً  البروتيوميات  علم 
من  وبالرغم  بالمرض.  المرتبطة  الجزيئية  المسارات  عن  والكشف 
تطبيق علم البروتيوميات السريري على نطاق واسع في الأبحاث 
بيانات  في  نقصاً  هناك  يزال  لا  أنه  إلا  عالمياً،  بالأمراض  المتعلقة 
والمتعلقة  السعودية  العربية  بالمملكة  الكمية  البروتيوميات 
نناقش  ولذلك سوف  السعودي،  المجتمع  في  الشائعة  بالأمراض 
في هذا المقال بعضاً من جوانب البروتيوميات السريرية، وسنقوم 
العربية  المملكة  في  للموضوع  ورؤيتنا  منظورنا  بتلخيص  أيضاً 
مجتمع  مفهوم  إدخال  إلى  المقال  هذا  في  نهدف  السعودية. 
السعودية،  العربية  المملكة  في  الوطني  السعودي  البروتيوميات 

وذلك كجزء من البرنامج المتقدم للبحث و التطوير.

Rapid developments in the field of mass spectrometry-
based quantitative proteomic technologies holds 
great promise in the search for clinically useful 
protein biomarkers for early detection, diagnosis, and 
prognosis of disease in general, and for monitoring 
response to therapy. Proteomics may contribute to 
finding novel drug targets and unravel molecular 
pathways associated with disease. Despite the 
application of ‘clinical proteomics’ to a wide spectrum 
of disease research globally, however, there is lack of 
data with regard to quantitative proteomics in the 
Kingdom of Saudi Arabia (KSA) for the diseases 
common to the Saudi population. In this review 
therefore, we will discuss some aspects of clinical 
proteomics with regard to the occurrence of common 
diseases, and outline our perspectives and vision in the 
context of KSA. Furthermore, we aim to introduce 

Review

the concept of a national Saudi Proteomics Society 
in the Kingdom as part of an advanced research and 
development program.
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The study of proteins at the level of global expression 
profiling, post-translational modifications 

(PTMs), protein-protein interactions, protein 
subcellular localization, and protein structure is termed 
‘proteomics’.1-4 The term ‘proteome’ was initially coined 
by Marc Wilkins in 1995 who described it as protein 
complement expressed by the genome.5,6 Extending the 
scope of proteomics to human health and disease with 
an aim towards improved diagnostics, prognostics, and 
biomarker discovery for future therapeutics is commonly 
referred to as “clinical proteomics”. For the past decade 
there has been tremendous advancement in clinical 
proteomics technologies with the development of more 
quantitative methodologies in the search for clinically 
useful protein biomarkers for early detection, diagnosis, 
and prognosis of cancer in general, and for monitoring 
response to therapy. However, with the availability of 
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only a few clinical biomarkers and specific diagnostic 
assays, the need for novel biomarkers in many areas of 
healthcare is increasingly becoming essential. Without 
reliable biomarkers, diseases such as cancer, other 
chronic malignancies, and genetic disorders are difficult 
to detect early, and thereby could affect the therapeutic 
response in patients. In this respect, Anderson et al7 
argued that clinical biomarker(s) will have substantial 
impact on the patient well-being and financial viability 
of healthcare systems worldwide.

Substantial literature supporting the application 
of mass spectrometry (MS) proteomics in relation to 
disease does exist. The MS-based protein expression 
studies have been reported for various human 
malignancies, such as with hematologic disorders in 
leukemia, lymphoma, and chronic myeloproliferative 
neoplasms, with solid cancers in breast,8-10 colorectal,11-13 
ovarian, bladder, and prostate,14-17 in addition to other 
endometrial and non-endometrial cancers, such as 
stomach,18 and lung.19,20 Despite this, no comprehensive 
MS-based proteomic studies have been performed in 
the Kingdom of Saudi Arabia (KSA) for diseases that 
are common to the Kingdom. Thus, a need for clinical 
MS-proteomics research in KSA can be envisaged not 
only to establish advanced technology platforms as part 
of the ‘Research and Development’ program, and bring 
KSA on an international forefront of medical research, 
but also for general research purposes, to understand 
disease pathogenesis that may help finally in identifying 
novel drug targets. 

The purpose of this review is to highlight not only the 
importance of MS-based clinical proteomics research in 
KSA, but also to introduce the concept of forming a 
‘Saudi Proteomics Society (SPS)’, which will form a vital 
platform for international collaboration in the field of 
proteomics. In order to grasp the whole concept with an 
aim to bring it to practice, it will on one hand, require 
a description of the use of MS-based proteomics in 
understanding the pathogenesis of the disease in general 
worldwide, and on the other hand, will be essential to 
pinpoint some of the common diseases in KSA, for 
which no proteomic data are available but have been 
studied elsewhere from a proteomics perspective. While 
we will discuss these issues one by one, this review article 
by no means covers the whole spectrum of proteomics 
application or its limitations in disease, which have been 
discussed elsewhere.21-31 

Proteomics and MS. Two sides of the same coin. 
Proteins are derived in a complex genotype-phenotype 
information loop and are regulated under tight 
transcriptional, post-transcriptional, and translational 
control (Figure 1). Proteins are the functional read-outs 
of any biological process, and therefore their study 
through a high throughput approach that directly 

addresses protein function, such as proteomics, 
becomes essential. Proteomics is not a single technique 
or a straight-forward approach, but involves a number 
of complex and interdependent methodologies and 
platforms, some of which are described for simplicity 
(Figure 2). Conventional proteomics can be classified 
as ‘top-down’,32 or ‘bottom up’,33 and may or may not 
involve the use of isoelectric focusing (IEF) techniques.34 
In the IEF technique, proteins are separated based 
on their charge in an electric field when proteins stop 
migration at the point of their zero net charge (their 
isoelectric points [pI]). The IEF in the first dimension is 
followed by sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE) in the second dimension 
that will separate proteins based on their molecular 
weight (referred to as 2-dimensional gel electrophoresis 
or 2D-E).35,36 Alternatively, the IEF technique can be 
avoided, and instead liquid chromatography (LC) prior 
to SDS-PAGE37 is used. Each approach has advantages, 
as well as limitations, and the choice depends upon 
many factors, including the question being addressed. 

Figure 1 -	 Genotype-phenotype information loop: proteins that give rise 
to the phenotype are generated in a sequential and controlled 
manner as a result of transcription and translation via a 
genetic information transfer from DNA to RNA to protein. 
The proteins in turn, are modified by post-translational-
modifications, and are controlled by feedback mechanisms 
and small RNA molecules called microRNAs.

Figure 2 -	 Various proteomics platforms useful in clinical research: 
conventional proteomics can be broadly classified into ‘top 
down’ and ‘bottom up’, which may involve expression, 
interaction, targeted, or global proteomics.
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For instance, in case of expression profiling experiments 
for a particular disease, the ‘IEF-based’ approach 
may be most suitable, whereas in the case of complex 
protein mixtures, an approach that avoids IEF will be 
a method of choice. With the advent of quantitative 
MS methodologies, such as the use of labeling strategies 
based on stable isotope labeling of amino acids in 
culture (SILAC),38 the ‘bottom up’ approach is widely 
used in recent times. Despite this, 2D-E still remains 
the basic method for all the proteomics laboratories 
worldwide. Depending upon the experimental settings, 
both the ‘top down’ and the ‘bottom up’ approaches can 
be further subdivided into: global proteomics39 that will 
include the study and analysis of all proteins present in a 
cell, tissue, or organism;40-42 targeted proteomics with an 
aim to reduce complexity of the proteome will include 
more specific questions in a sense to characterize a well 
defined subproteome, for example, phosphoproteins 
or  PTMs;43-46 expression proteomics that will involve 
qualitative and quantitative comparison of samples 
using 2DE, 2D-difference gel electrophoresis (DIGE), 
LC, and LC-MS/MS using isotope labels (SILAC, and 
so forth), antibody array, and nucleotide microarrays;1,38 
interaction proteomics that will attempt to analyze 
protein-protein associations by isolating complexes, 
and define partners by LC-MS/MS (affinity pull-downs 
using antibody or tags), or identify complexes of 1D 
gels.37,47,48

One of the major developments that revolutionized 
the field of proteomics is MS, in particular the 

development of “soft” ionization methods-matrix 
assisted laser desorption ionization (MALDI), and 
electro-spray ionization (ESI).49 The mass spectrometer 
can be considered analogous to a weighing balance 
for biomolecules. The MS is an analytical tool that 
operates under vacuum and is used for measuring the 
molecular mass of a sample, such as biomolecules with 
an accuracy of 0.01% of the total molecular mass of 
the sample, and organic molecules with an accuracy 
of 5 parts per million (ppm).50,51 In general, mass 
spectrometers consist of 3 fundamental parts, namely 
the ionization source, the analyzer, and the detector 
under complete data system control (Figure 3). It is 
the ability of the mass spectrometer to rapidly identify 
proteins that makes it unique. The main approach 
to mass spectrometric protein identification are the 
‘peptide-mass mapping’.52 In a series of steps, spectra are 
generated when the analyte undergoes ionization and 
fragmentation resulting in ions with different charge 
to mass (m/z) ratios, and detected by the detector. The 
spectra are analyzed by software-based database search 
resulting in the identification of proteins.  

Applications of mass spectrometry. The MS is a global 
technique and therefore, has diverse applications in the 
biotechnology, pharmaceutical, clinical, and energy 
sector. With regard to clinical settings, the proteomic-
pattern diagnostics in serum using surface-enhanced 
laser desorption ionization-time of flight (SELDI-TOF) 
to identify ovarian cancer cases,53 can be considered one 
of the first applications of MS in this direction. This 

Figure 3 -	 Parts of the mass-spectrometer and tandem mass spectrometry (MS) instrument. Most popular analyzer configurations for “2-dimensional” MS 
are shown. The MS has one mass analyzer (top) and the tandem MS has 2 mass analyzers (bottom). Q-time of flight (TOF) and TOF-TOF 
are real tandem instruments. Various ion sources are shown. ESI - electrospray ionization, MALDI - matrix assisted laser desorption ionization, 
FAB - fast atom bombardment, APCI - atmospheric pressure chemical ionization, CI - chemical ionization, EI - electron impact, FI - field 
ionization, TSP - thermospray 
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was followed by major developments in fractionation of 
complex patient material in addition to advances in MS 
instrumentation that transformed into the use of LC 
and MS in metabolite identification studies in modern 
drug discovery, and biotransformations.54-56 Other 
advances include MS applications in profiling, and 
imaging proteins directly in tissue sections in diagnostic 
pathology,57 as well as development of quantitative MS 
strategies based on labeling, or label free approaches.58,59 
The MS proteomics has found versatile applications 
in genomic research, new born screening, serum and 
plasma biomarker discovery, stem cell research, PTM 
identification, and micro ribonucleic acid target 
identification. In summary, proteomics in conjunction 
with quantitative tandem MS, has and in the future, will 
profoundly improve our ability to understand protein 
pathways and systems biology, and certainly keeps alive 
our hope of identifying real disease biomarkers to be 
targeted for therapy.

Having described various functional proteomic 
platforms, let us briefly review the application of these 
platforms for diseases common in KSA.

Common diseases and their occurrence in KSA. The 
incidence of cancer and other genetic and metabolic 
disorders is high in KSA. According to the year 2008 
Tumor Registry published by King Faisal Specialist 
Hospital and Research Center, Riyadh in June 2010,60 
and the Saudi Cancer Incidence Report 2005 published 
by the Ministry of Health KSA in 2009,61 breast 
cancer (mostly in women), leukemia, non-Hodgkin’s 
lymphoma, thyroid cancer, brain tumor, colorectal and 
bladder cancer (mostly in men) constitute some top 
cancers in adults in the Kingdom. On the other hand, 
in addition to leukemia and lymphoma, malignancies 
of brain and central nervous system, bone and cartilage, 
and soft tissue malignancies are common in children.61 
This is compounded by the fact that the distribution 
of these common malignancies has significantly risen 
over the past 30 years in the Kingdom despite advances 
in medical technology and treatment. A number of 
factors can be attributed to this increasing trend. First, 
modern diagnostic tools and better screening practices 
adopted by physicians, such as analysis of chromosomal 
abnormalities using advanced cytogenetic tools 
(CGH arrays, chromosomal banding, and so forth), 
immunophenotyping using multi-color flow-cytometry 
with specific markers, and others, such as nuclear 
magnetic resonance and MS make these amenable 
for the early detection of a malignancy/abnormality. 
Second, the prevalence of unidentified risk factors, 
which could be demographic-specific for cancer in 
concurrence with advanced screening techniques 
may in turn, be important contributing factors in the 
detection of new cancers. Third, globalization with a 

vast amount of knowledge transfer has led in general, 
to increased awareness of the need to seek early and 
routine medical check-ups. This is particularly true in 
KSA, where the proportion of female cancer patients 
has dramatically increased over the past decades (from 
27% in 1975 to 50% in 1995, and to 54% in 2005),60,61 
a trend that is attributed to awareness among women 
to seek routine clinical examinations. It is important 
to pinpoint the observation that the number of cancer 
patients during a 5-year period from 2002-2005 in most 
cases is reduced compared to periods before, which may 
be an indication of improved health care, and better 
treatment modalities in KSA. However, the number of 
cancer patients showed an upward trend in other types 
of cancers, such as colorectal cancers, indicating that we 
still need more work to eradicate cancer.60,61 

Other diseases common in KSA include inherited 
genetic disorders, especially metabolic disorders (IMDs), 
such as autosomal recessive disorders, sickle cell anemia 
and thalassemia, lysosomal storage disease, Niemann 
Pick disease, and other unique syndromes, such as 
Sanjad Sakati and Al-Aqeel-Sewairi syndromes.62-67 The 
inherited metabolic disorders are relatively common 
in children in KSA, and this would require special 
attention since it can have a tremendous impact on 
the society as a whole, as well as on the economy. 
These inherited genetic disorders are thought to be a 
result of the consanguineous nature of the Middle 
Eastern culture including KSA, where 60-70% of 
the marriages are known to be first cousin marriages. 
Thus, understanding metabolic response to physio- or 
non-physiological stimuli for the improvement of 
disease identification would be an essential step in 
this direction. The developing field of ‘metabolomics’ 
can make it possible, for example, by quantifying 
intermediate metabolites in biological fluids using high 
resolution MS.54,55,66,68-71 From the medical perspective, 
while significant progress has been achieved in diagnosis, 
prognosis, and treatment of various diseases, such as 
breast cancer and leukemia, most of them still remain 
incurable. These analyses underscore the need for early 
detection, and strengthen our motives and efforts in 
trying to find new ways of preventing, or reducing the 
occurrence of common malignancies found in KSA. 
Combining better application of existing knowledge 
with advanced research to improve prevention, early 
detection, and treatment will be needed to sustain 
and extend this progress in the future. As one way 
forward in this direction, global MS-based proteomics 
has found significant expansion and advancement, 
with respect to its clinical applications in identifying 
biomarkers and putative drug targets in disease relevant 
processes,2,23,72-87 and also as a diagnostic tool.53,88-91 
Thus, we strongly support and envisage research in 
this area by the incorporation of tandem MS-based 
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proteomics platforms at institutions of medical and 
scientific importance, in order to pave the way for 
improved diagnostics, prognostics, and therapy for 
patients visiting the Saudi hospitals. 

MS-based proteomic studies in ‘common diseases’: 
global view. Breast cancer. It may be important to remind 
the readers here that breast cancer is the most common 
malignancy in KSA, for which extensive proteome 
profiles are lacking. In this disease, the mortality rate is 
high with a poor outcome owing to the accumulation 
of malignant cells in the regional lymph nodes having 
the potential for distant metastases, preferentially in the 
bone, lung, and liver.10,92 Bini et al93 reported 32 protein 
spots from whole biopsy fragments, that were indicative 
of epithelial neoplasia using protein expression profiles 
in human breast ductal carcinoma and histologically 
normal tissue. Jacquameir et al,9 monitored the 
expression of 26 selected proteins in more than 1,600 
cancer samples from 552 consecutive patients with 
early breast cancer, and identified relevant clusters of 
coexpressed proteins and clusters of tumors with a 
significant correlation to 5-year metastasis-free survival. 
The authors conclude that protein expression profiling 
may be a clinically useful approach to assess breast 
cancer heterogeneity and prognosis in stage I, II, or III 
disease.9 Using SELDI-TOF MS-based protein chip 
arrays, Goncalves et al94 performed protein profiling of 
human breast cell lines (BCL), and classified the 2 groups 
of BCLs corresponding to “luminal-like” cell lines and 
to “basal-like” cell lines. They further demonstrated 
the clinical relevance of one of the proteins S100A9 in 
its association with basal subtypes, as well as with its 
poor prognosis value, clearly indicating the potential 
of profiling technologies to identify biomarkers of 
diagnostic and prognostic significance.

Leukemia (myeloid and lymphoid). Leukemia is 
a cancer that derives from blood cells that incorrectly 
respond to normal cues to grow and develop. Leukemia 
is not a single disease, but a group of neoplasms with 
diverse genetic abnormalities and variable responses to 
treatment. Depending upon the lineage, that is, affected 
leukemia can be very broadly classified into myeloid 
and lymphoid.95 Acute myeloid leukemia or AML is a 
disease that is characterized by a block in the normal 
process of myeloid differentiation, thereby leading to 
the accumulation of immature cells termed blasts.96,97 
The French-American-British, or FAB, classification 
has been the standard system used to classify acute 
leukemias. The AML is divided into 8 major FAB 
subtypes (M0-M7), which are defined by morphology 
and immunophenotype.98,99 In a study by Cui et al,61 

cases of FAB classified acute leukemia were resolved, and 
analyzed by both MALDI-TOF-MS and tandem (ESI-
MS/MS to successfully obtain distinct protein profiles 

characteristic of each group.100,101 However, the choice 
of therapy often depends upon the specific cytogenetic 
abnormality found in the leukemic blasts rather than 
their morphology, or degree of differentiation. More than 
half of the AML patients display detectable and usually 
single cytogenetic abnormalities.98 Using MS-based 
proteomics in 42 cytogenetically different AML patient 
samples Balkhi et al,102 reported that cytogenetically risk 
groups differ not only in their proteome, but also in the 
levels of PTMs. Cui et al,103 also applied the proteomic 
approach to the identification of proteins that commonly 
elicit a humoral response in acute leukemia. Using 
MS for protein identification, the authors detected 
autoantibodies against some proteins in the sera of AL 
patients suggesting a possibility for development of a 
serum-based assay for AL screening and diagnosis. 
Dr. Behre’s laboratory37,48,102,105,106 extensively used 
MS-based proteomic technology to understand the 
molecular events underlying AML, and we successfully 
applied it to the analysis of target proteins of the fusion 
proteins involved in the pathogenesis of AML (for 
example, promyelocytic leukemia-retinoic acid receptor 
alpha),104 to the analysis of target proteins and protein-
protein interactions (for example, CCAAT enhancing 
binding protein alpha),37,48,105,106 and also provided a 
novel approach to leukemia classification based on 
post-translational modifications of specific proteins.102 
Although these studies have clearly laid the foundation 
for new thinking in the pathogenesis of leukemia, future 
studies should use larger cohort of patient samples and 
advanced quantitative MS, such as the use of labeling 
strategies based on SILAC, if putative biomarkers are to 
be identified and validated.58,107,108

Chronic lymphocytic leukemia or CLL is a disease 
characterized by defects in apoptotic pathways, 
resulting in a prolonged life span of the precursor 
and fully transformed antigen-experienced mature 
B-lymphocytes in the blood, secondary lymphoid 
tissues, and bone marrow (BM) in vivo.109,110 Voss et 
al,111 demonstrated a correlation of large-scale protein 
expression profiles with clinical parameters such as 
patient survival in CLL. Boyd et al,112 reported the use 
of plasma-membrane-based proteomic analysis in CLL 
to identify potential B-cell-specific proteins whereas, 
Cochran et al,113 analyzed the proteome of mutated and 
unmutated CLL. Recently, Su et al114 reported LC-MS 
based profiling of histones in CLL.

Lymphoma. Mantle cell lymphoma (MCL), a type of 
non-Hodgkin’s lymphoma is characterized by malignant 
transformation of the mantle zone cells surrounding 
the germinal centers and by the t(11;14)(q31;q32) 
translocation resulting in the up-regulation of cyclin D1 
is a B cell disease with a poor prognosis, and a median 
survival time of approximately 3-5 years.115 The patients 
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have malignant cell invasion of spleen, bone marrow, 
and particularly the gastrointestinal tract.116,117 The 
2D gel electrophoresis has been used to compare the 
protein profiles of lymph node tissue in MCL patients 
and normal control samples.118 A protein (antibody) 
microarray study compared proteins in CD19+ purified 
B cells obtained from normal tonsils and histologically 
confirmed MCL patients.119 Miguet et al,120 and Boyd 
et al,77 recently reported the proteomic approach based 
on MS analysis of plasma membrane microparticles in 
MCL, as well as in CLL and small cell lymphoma. In the 
case of follicular lymphoma, Gulmann et al121 reported 
prognostic factors belonging to apoptotic pathways 
using laser capture microdissection and reverse-phase 
protein microarrays. 

Thyroid cancer. Thyroid cancer, an endocrine 
neoplasm is derived from thyroid epithelial cells 
displaying diverse neoplastic phenotypes, including 
benign follicular adenomas, well-differentiated papillary 
and follicular carcinomas, and aggressive anaplastic 
carcinomas.122,123 Brown et al124 utilized DIGE coupled 
to MS to uncover biomarkers in pooled protein extracts 
from patients with papillary thyroid carcinoma (PTC). 
Giusti et al,125 performed a comparative proteome 
analysis to examine the global changes of fine needle 
aspiration fluid protein patterns of 2 variants of 
malignant PTC (classical variant PTC [cPTC, and tall 
cell variant [TCV] PTC) with respect to the controls. 
Gorla et al126 performed a proteomic-multiplexed 
analysis of the phosphotyrosine signaling in 2 human 
medullary thyroid carcinoma cell lines.

Ovarian cancer. Ovarian cancer is an epithelial 
cancer in women associated with metastases and 
invasion of the peritoneal cavity and ascites.127 Ovarian 
cancer is one of the first cancers, for which proteomic 
patterns in serum that distinguish neoplastic from non-
neoplastic disease within the ovary were described.53 

Other proteomics studies for biomarker identification 
analyzed serum, ovarian tumor tissue, or secreted, or cell 
surface proteins of tumor cells.76,128-133 Serum proteomic 
expression profiles analyzed in 153 patients with invasive 
epithelial ovarian cancer, 42 with other ovarian cancers, 
166 with benign pelvic masses, and 142 healthy women 
that revealed 3 biomarkers as apolipoprotein A1, a 
truncated form of transthyretin and a cleavage fragment 
of inter-trypsin inhibitor heavy chain H4 were reported 
by Zhang et al.134 

Hepatocellular carcinoma. Proteome analysis of 
hepatocellular carcinoma using 2D-PAGE and MALDI-
TOF-MS is reported.135,136

Neurodegenerative diseases. Neurodegenerative 
diseases, such as Alzheimer’s disease, Parkinson’s disease, 
amyotrophic lateral sclerosis, and prion diseases are 
disorders caused by the deterioration of certain nerve 

cells, for which diagnosis is made primarily on clinical 
grounds including neuropsychological testing, limited 
laboratory tests, and brain imaging.137 However, there 
are no cure for these disorders making biomarker 
identification essential. Thus, MS based protein profiling 
is being applied in this direction.137-141

Other diseases. There are certain other diseases in 
KSA that represents a major public health concern and 
need utmost attention. One of them is osteoporosis, a 
bone disease mainly characterized by low mineral bone 
density (BMD). Different techniques like BMD testing, 
optical and electrochemical testing have been studied.142 
Kubota et al143 demonstrated proteome analysis of 
secreted proteins during osteoclast differentiation. 
Osteoclasts are the cells that express factors responsible 
for the modulation of bone resorption and bone 
remodeling. Prahalad et al144 employed ProteinChip 
technology to generate protein profiles from sera of mice 
treated with parathyroid hormone, which has variable 
effects on bone in osteoporosis patients. Deng et al145 
reported comparative proteomic study of circulating 
monocytes (CNMC) in Chinese premenopausal 
females with extremely discordant BMD. Despite this, 
comprehensive studies using tandem MS in osteoporosis 
research are clearly lacking in order to understand the 
molecular pathways underlying the disease that could 
be used in early detection of the disease.

In summary, while significant progress has been 
achieved worldwide with regard to MS-based proteomics 
research, we still face enormous challenges in KSA, 
given the lack of basic proteomics infrastructure and 
the research outcome. However, recent developments 
are encouraging, and provide a ray of hope for all 
researchers in this direction. This is in part, due to 
enhanced research funding during the period of the 
current government under the leadership of King 
Abdullah Al-Saud. What is now required on the part of 
researchers are consistent and dedicated efforts to build 
up a research environment with collaborative platforms 
in respective fields. Team efforts at the national level is 
the way forward to achieve success at the international 
level.

Introducing the SPS. With the achievement in 2001 
of a major milestone in genomics that culminated in 
obtaining the human genome sequence, the need 
for establishing the Human Proteome Organization 
(HUPO, www.hupo.org) was recognized. Since 
then, proteomics is not only playing a major role in 
elucidating the functional role of many novel genes and 
their products, but also in understanding genotype-
phenotype relationship in normal cellular processes 
and disease. The HUPO as an international consortium 
to promote proteomics research has championed the 
cause of launching a number of scientific initiatives 
with the help of international collaboration. A number 
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of proteomics network or societies from different 
regions and countries are currently a part of this wide 
international network, and contribute one way or 
another to the scientific initiatives launched by HUPO 
such as brain, liver, plasma, and stem cell proteome 
initiatives. In the Middle East, Iran is the only nation 
to have a proteomics society affiliated with the HUPO, 
at present.

In the context of KSA, MS-based proteome 
profiles of diseases common to the Kingdom, or 
data on evaluation of multi-parametric metabolites 
quantitatively in biological fluids such as serum, urine, 
blood, cerebrospinal fluid (CSF) in Saudi patients are 
clearly lacking. It may be important to mention here 
that proteomic profiling studies, or Saudi biomarker 
studies from blood in a massive scale-cohort, or even 
determining the levels of proteins in Saudi subjects 
and  how they may differ from populations in other 
countries could be highly valuable studies for biomarker 
discovery, in addition to obtaining a comprehensive 
proteomic database. The assumption that specific 
proteomic research on Saudi patient material will 
likely differ from populations in other countries is not 
surprising, given the fact that significant differences 
are observed at the genomic and protein level when 
the comparison is made between Saudi and non-Saudi 
populations by our colleagues at the Center of Excellence 
for Genomic and Medicine Research (CEGMR) 
recently.146,147 Biofluid proteomic profiling studies for 
obtaining individualized diagnostic fingerprints can 
add another dimension to proteomics research in the 
Kingdom. Thus, in order to identify specific signatures, 
if any, associated with a specific disease that could 
serve as prognostic or diagnostic markers in the Saudi 
population, and in the process for discovering protein 
biomarkers, ‘proteome profiles,’ and research in other 
aspects of clinical proteomics, such as population 
studies for the development of early blood tests from 
multicenter studies using MS needs to be performed. 
We need to move forward with innovative approaches 
in this area to benefit not only the academia, but also 
the industrial sector as well. This can be possible only 
under the umbrella of committed research teams with an 
interdisciplinary approach that will combine innovative 
application of existing knowledge with advanced 
research to improve prevention, early detection, and 
treatment in the Kingdom. Consequently, we propose 
the idea of forming a ‘Saudi Proteomics Society (SPS)’. 
The aim of such a society would be initially to establish 
and enforce clinically useful proteomics projects at 
the multicenter level, gather all proteomics data from 
national research centers, and organize it in a national 
database. Affiliations with international consortiums, 
such as HUPO and other international collaborations 

are envisioned in the process. We strongly believe that 
KSA can be a vital part of international consortiums 
with regard to initiating population-based proteomics 
studies in Saudi Arabia, known to be of a diverse 
ethnicity. Strong commitment on the part of researchers 
and extensive collaborations within these multicenter 
studies will enable us to succeed for the better human 
cause. In the future, a need to establish such advanced 
technologies and curricula at higher education levels 
including at the level of universities and research 
institutions of medical importance in KSA, not only to 
foster knowledge for human cause, but also for improving 
health standards in Saudi society as well, is desirable. 
It will also be fruitful to incorporate proteomics in the 
national curriculum so as to encourage and generate 
interest among students opting for research in the future 
in this area. In fact, advanced technology programs of 
the King Abdullah Center for Science and Technology 
(KACST) implemented by the Ministry of Higher 
Education for KSA is a welcome step towards this goal, 
and must be put in place and practiced to incorporate 
such technologies, which may benefit the society in one 
way or another.

In conclusion, rapid developments in the field of 
MS-based quantitative proteomic technologies hold 
great promise in the search for disease biomarkers and 
thus, proteomics is considered a valuable tool towards 
understanding biological processes for early detection, 
diagnosis, and prognosis of cancer in general, and for 
monitoring response to therapy. Given highly diverse 
applications of MS-proteomics, there is a need for 
an organized effort to develop an infrastructure in 
proteomics that will help us unravel mechanisms 
associated with the disease, and advance our efforts in 
combating diseases in the Kingdom, where proteomics 
research is under-represented. To achieve astounding 
success in this direction, it is imperative to perform 
multicenter studies with a concerted effort on the part 
of researchers, physicians, and other collaborating 
partners.
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