
 
 

 

Summer Research Program - Projects 
 

Project # 1 
 
Title: Role of the heat shock response on pathophysiology of insulin resistance and type 2 
Diabetes 
 
Description: The overall focus of our research is to understand the role of DNAJB3, a 
component of the heat shock response in the pathophysiology of obesity and diabetes. We 
recently described that obese and diabetic humans displayed impaired expression of DNAJB3 
with a concomitant increase in various forms of metabolic stress that are known to contribute 
to diabetes through the development of insulin resistance (i.e., inflammatory response, 
oxidative stress, endoplasmic reticulum stress and activation of JNK-stress kinase). We are 
currently pursing our research activity to elucidate the direct role of DNAJB3 in glucose 
homeostasis and insulin signaling both in vitro and in vivo. More specifically, we will 
investigate the effect of DNAJB3 on: 
- Glucose uptake 
- Protein translocation 
- Insulin signaling 
- Protein-protein purification 
- Inflammatory response/Luciferase assay 
- Metabolic stress 
We will use an array of modern techniques used in molecular and cellular biology such as 
transient and stable expression of the clone of interest in transfected cells, transfection of 
silencing RNA, luciferase assay, glucose uptake, insulin signaling and apoptosis, western blot, 
RT-PCR 
 
Mentor: Dr. Mohammed Dehbi, Principal Investigator. Email: mdehbi@hbku.edu.qa 
 

 

 

Heat shock response and type 2 diabetes: The vicious metabolic cycle  

mailto:mdehbi@hbku.edu.qa


 
 

 

Project # 2 
 

Title: Effect of Glucagon-like peptide-1analog on modulating metabolic stress: Possible role 
of heat shock response 
 

Description: Insulin resistance (IR) and b-cell failure are the two core metabolic defects that lead to 
type 2 diabetes (T2D). These defects occur as a consequence of chronic metabolic stress that includes 
chronic low-grade inflammation, imbalance in the redox system, persistent ER stress. Failure of the 
heat shock response (HSR) to mitigate these various forms of metabolic stress is an early event that 
precedes IR as manifested by impaired expression of heat shock proteins (Hsps). Developing 
strategies that mitigate metabolic stress or restore the HSR hold the promise to improve insulin 
sensitivity and prevent b-cell failure in individuals at high risk, thereby, preventing the epidemic 
spread of T2D. 
 Although the current oral anti-diabetic drugs showed a clear beneficial effect to control and manage 
T2D, they have some undesirable side effects such as weight gain, digestive problem, CVD, risk of 
hypoglycemia & certain cancers, that may limit their use. In addition, they failed to show efficacy to 
preserve b-cell integrity and function. Recently, a new class of anti-diabetic drugs referred to as, 
Incretin hormones have become available and they showed efficacy with a higher therapeutic index. 
Incretin hormones are made by the gastrointestinal tract system and they consist of Glucagon-like 
peptide (GLP-1) and Gastric inhibitory polypeptide (GIP). They exert important actions that contribute 
to glucose homeostasis by stimulating insulin secretion by b-cell and improving its sensitivity at target 
tissues, reducing central satiety, promoting weight loss and mitigating metabolic stress. However, 
their effect on the heat shock response has never been investigated. In this investigation we will 
explore the in vitro effect of Exendin-4, a GLP-1 analog that mimics GLP-1 action on: 1) The expression 
of key components of the heat shock response (Hsp-40/DNAJB3, Hsp-25 and Hsp-72) in skeletal 
muscle, adipocyes, hepatocytes and pancretaic cells and 2- Investigate whether Exendin-4 effect is 
mediated by the activation of heat shock factor-1 “HSF-1”.  The outcomes of this investigation will be 
related to glucose uptake and changes in the inflammation, oxidative stress and ER stress.  
In this study, we will carry out a series of in vitro cell-based assays “western blot, transient gene 
transfer, luciferase activity, glucose uptake…”.  
If successful, this will be the first demonstration that GLP-1 analogs exert a beneficial effect by 
modulating the HSR. It will also complement us in vivo study that we plan to conduct on Qatari 
patients. 
 

Mentor: Dr. Mohammed Dehbi, Principal Investigator. Email: mdehbi@hbku.edu.qa 
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Project # 3 
 
Title: Hypoxia-induced pre-conditioning of induced pluripotent stem cells 
 
Description: Both type 1 diabetes (T1D) and type 2 diabetes (T2D) are caused by insufficient 
insulin secretion compared to insulin requirements. The underlying cause is near complete 
and relative loss of β-cells, respectively, with residual β-cells being dysfunctional. 
Our research aims to determine whether pre-conditioning of iPSC-derived beta cells and 
human islets with an hypoxic environment will facilitate their survival and function. We plan 
to characterize iPSC derived pancreatic progenitor cells in terms of the changes in their 
transcriptome and proteome in response to a range of hypoxic conditions, from mild to 
severe, in vitro.  
The ultimate goal of this project is to identify a novel mechanism by which an effective and 
viable cell therapy approach for the treatment of diabetes mellitus can be established. 
 
Mentor: Dr. Alexandra Butler, Principal Investigator. Email: abutler@hbku.edu.qa 
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Project # 4 
 
Title: Mechanisms of transcription factors involved in pluripotency and B cell development 
 
Description: Student will work with recombinant protein production (transcription factors) 
involved in stem cell pluripotency pathways as well as B cell development.  The protein will 
be used for various protein-protein and protein-DNA interactions assays such as EMSA and 
ITC to find binding and thermodynamic parameters.  Finally, protein crystallization and X-ray 
crystallography will also be used to find a high-resolution three-dimensional structure.  
Factors such as Sox2 and Sox5 as well functional mutants will be the key factors to be studied. 
 
Mentor: Dr. Prasanna R. Kolatkar, Senior Scientist. Email: pkolatkar@hbku.edu.qa 
             

 

 
 

 

  

Sox crystals 

Structure of Sox17 bound to DNA 
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Project # 5 
 
Title: How do GLP-1 agonists reverse the progression of non-alcoholic fatty liver disease? 
 
Description: Non-alcoholic fatty liver disease (NAFLD) is one of the most common liver 
diseases that increase the risk for cardiovascular disease. So far no treatment exists for 
NAFLD. Recently, Glucagon-like peptide-1 (GLP-1) receptor agonists have been shown to 
reverse the progression of NAFLD indirectly through an incretin effect that improves key 
parameters involved in NAFLD, but also directly affecting lipid metabolism of hepatocytes and 
inflammation in liver. However, the underlying mechanisms are not yet explained precisely. 
In this project we will use an in vitro model of NAFLD to investigate mechanisms behind the 
effect of GLP-1 agonists. 
 
Mentor: Dr. Abdelilah Arredouani, Scientist. Email: aarredouani@hbku.edu.qa 
 

 

 

 

 
 

  

Oleic acid treated HepG2 cells 

Non-Alcoholic fatty liver induced in vitro by treating HepG2 cells with Oleic acid 

Blue: DAPI 
Green: BODIPY 

RED: Glucose transporter 2 
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Project # 6 
 
Title: Generation of pancreatic beta cell precursors from human pluripotent stem cells 
 
Description: Pancreatic progenitors co-expressing PDX1 and NKX6.1 are recognized as the 
only precursors of functional pancreatic beta cells. Recently, we have established a novel 
method for generation of PDX1+/ NKX6.1+ progenitors from human pluripotent stem cells 
(hPSCs) that could serve as a source of highly proliferative pancreatic progenitors facilitating 
scalable production of functional beta cells in vitro. This project is designed to provide 
participants with a solid understanding of the basic biology of hPSCs with a specific focus on 
pancreatic lineage differentiation. It will equip participants with hands-on experience in the 
following areas: 
- Culture, expansion, and maintain hESCs/hiPSCs using feeder-free system.  
- Examine the pluripotency and differentiation markers in undifferentiated and differentiated 
hPSCs using different techniques. 
- Differentiation of hPSCs into definitive endoderm (SOX17+/FOXA2+ cells). 
- Differentiation of hPSCs into pancreatic beta cell precursors (PDX1+/ NKX6.1+ cells). 
 
Mentor: Dr. Essam Abdelalim, Scientist. Email:  emohamed@hbku.edu.qa 
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Project # 7  
 
Title: Identification of genetic factors in the etiology of autism spectrum disorder (ASD) 
 
Description: Autism spectrum disorder (ASD) is characterized by aberrations in social 
interaction and communication that are associated with repetitive behaviors and interests. 
The worldwide prevalence of ASD has been estimated to be approximately 1% in children. 
ASD is phenotypically heterogeneous with varying degrees of severity and comorbidities, such 
as epilepsy and intellectual disability (ID). The cause of ASD is largely unknown and identifying 
a cause is important for appropriate patient management. Recently, high throughput Whole 
Genome or Whole Exome Sequencing (WGS/WES) have been used as cutting edge 
approaches in ASD gene discovery.  Currently, we identified 20 trio families with a proban 
affected with ASD. Twenty trios were subjected to WES on the illumina platform. The project 
involves some wet lab experience such as DNA extraction, quality control (QC) and to recent 
techniques of WES library preparation. Later, the student will be guided through several 
bioinformatics tools for WES data normalization and analysis to identify genetic factors 
contributing to the etiology of ASD and its associated co-morbid conditions. 
 
Mentor: Dr. Omar Albagha, Principal Investigator. Email: oalbagha@hbku.edu.qa 
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Project # 8 
 
Title: Validation of Arabic version eye tracking stimuli for the early screening and diagnosis of 
Autism Spectrum Disorder 
 
Description: Deficits in eye gaze are a hallmark feature of Autism Spectrum Disorder (ASD) 
and are included in gold-standard diagnostic instruments. Recently, research showed that eye 
gaze to social and non-social stimuli can be aggregated into an autism risk index with high 
validity for identification of ASD. The hypothesis of using the eye gaze-based Autism risk index 
through the use of remote eye tracking device will provide an objective and easy to use tool 
for early detection and diagnosis of ASD. 
Our research plan is to create an Arabic stimulus battery and test the validity compared to 
the English version already used by the Cleveland Clinic team, and testing its effectiveness as 
an objective diagnostic tool for the early diagnosis of ASD. 
 
Mentor: Dr. Fouad A. Al-Shaban, Senior Scientist. Email: falshaban@hbku.edu.qa 
                  

 
 

 
 
Note: Please note that there is no bench work involved 
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Project # 9 
 

Title: Investigating the role of PP2A in neurons 
 
Description: Investigating the role of PP2A in neurons. 
The serine/ threonine protein phosphatase 2A (PP2A) is the major serine/ threonine 
phosphatase in neurons- accounting for upto 70% dephosphorylation of serine/ threonine 
kinase mediated activity. Examples here include the receptor mediated PI3K-AKT, PKA and 
MAPK proteins. Under homeostatic conditions, an equilibrium between kinases and 
phosphatases is present for cell normal functions. In neurological disorders such as 
Alzheimer’s disease and Parkinson’s disease, this balance is greatly affected either by gain of 
function of kinases (over-activity), or loss of function (removal) of PP2A from specific cell loci. 
The student will test different neurotoxic compounds affect PP2A its binding partners Tau and 
associated Kinases in cells. 
 
Mentor: Dr. Tariq Ahmed, Scientist. Email:  taahmed@hbku.edu.qa 
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PP2A and pTau colocalize extraneuronally in differentiated SHSY-5Y neurons.  
A Differentiated SHSY-5Y labelled with anti PP2A (red), B same neurons labelled with anti-pTau 

(S202, green) and C labelled with nuclear stain DAPI (blue). D merged image of PP2A and DAPI, E 
merged image of pTau and DAPI and F merged image of all three (yellow) highlighting co-localization 

of PP2A and pTau as extraneuronal. Scale bar image C, 50µm and image D 20 µm.  
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Project # 10 
 
Title: Detailed characterization, and differentiation of human induced pluripotent stem cells 
into neuronal lineage 
 
Description: Induced pluripotent stem cells (iPSCs) is very promising tool to understand 
cellular and molecular events related to a disease pathogenesis. iPSCs have an unique 
capacity to differentiate into different cell lineage that resembles the developmental stages 
of a specific type of tissue. In this project we will differentiate hiPSCs into neuroprogenitors 
and neuroblasts. We will also study the effect of oxidative stress on the iPSCs and the 
differentiated neurons and how stress response program may play a role regulating stem cell 
fate. This will help to develop a reliable stem cell based model to study the pathogenesis 
neurological disorders. 
 
Mentor: Dr. Sara A. Abdulla, Research Fellow. Email: saabdulla@hbku.edu.qa  
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Project # 11 
 
Title: Engineering Nanobodies for therapeutic and diagnostic tools in Parkinson disease 

 

Description: The aberrant aggregation of the protein ɑ-synuclein in fibrils form has been 
linked to the onset and progression of Parkinson’s disease (PD). Our project focus on the 
development of new antibody fragment against this most important protein in the PD. 
Nanobody or single domain antibody derived from heavy chain only antibodies from camel is 
a promising tool for PD therapy and diagnostic. They are much smaller and more stable than 
conventional antibodies. We have recently identified Nanobodies which can bind specifically 
to human fibrils of a-synuclein. In order to increase their avidity and the function activities, 
our project will focus in the design and the development of bivalent format of our 
Nanobodies. These formats will be expressed in bacteria and purified. The purified protein 
will be characterized by a panel of in vitro experiment to demonstrate their potential for 
therapeutic activity against PD.   
 
Mentor: Dr. Issam Hmila, Post-Doctoral Researcher. Email: ihmila@hbku.edu.qa 
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Project # 12 
 
 Title: Engineering antibodies for diagnostic and therapeutic approaches in 
neurodegenerative disease 
 
Description: Common neurodegenerative diseases such as Parkinson's PD, Dementia with 
Lewy Bodies (DLB) and Multiple System Atrophy (MSA) are characterized by progressive 
deposition of á-synuclein (á-syn) protein within inclusions referred to as Lewy bodies and 
glial cytoplasmic inclusions respectively. Amongst the various approaches attempting to 
tackle the pathological features of synucleinopathies, immunotherapy holds much promise. 
á-Syn antibodies could potentially block processes leading to the pathogenesis of such 
neurodegenerative diseases. The limitation of such antibodies is their inefficiency in crossing 
the Blood-Brain Barrier. The aim of our project focuses on using a fusion protein engineered 
to include the FAb region of an existing á-Syn antibody. This single-chain-fragment-variable 
is designed to have increased BBB penetration by virtue of its smaller size and its conjugation 
with a carrier. It is envisaged that with enhanced penetration there will be superior brain 
targeting results compared to conventional á-syn antibodies. 
 
Mentor: Dr. Vijay Gupta, Post-Doctoral Researcher. Email: vgupta@hbku.edu.qa 
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Project # 13 
 
Title: Identification of alpha synuclein antibodies that identify disease relevant protein 
conformations 
 
Description: Synucleinopathies are a group of neurological disorders that are characterized 
by abnormal aggregation of alpha synuclein protein in the nervous system. Therefore various 
lines of research related to the understanding and management of  these disorders primarily 
target alpha synuclein. New and improved diagnostic tools and therapeutic strategies are 
crucial for early detection and  effective  treatment of these disorders including Parkinsons 
disorder, Dementia with Lewy Bodies and Multiple System Atrophy.   
Dr. El-Agnaf's laboratory works on developing diagnostic biomarkers, immunoassays and 
identifying novel therapeutic targets for synucleopathies. The project proposed herein would 
be aimed at identifying synuclein conformations that are specific to neurological disorders 
using antibodies that detect specific forms of the protein. 
 
Mentor: Dr. Indulekha Poovarangil Sudhakaran, Post-Doctoral Researcher. Email: 
isudhakaran@hbku.edu.qa  
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Project # 14 
 
Title: Characterization of drug-resistant breast cancer cells 
 
Description: Although recent advance in early diagnosis and treatment strategies has 
significantly improved survival rate of breast cancer patients, drug resistance is the major 
obstacle of successful cancer treatment. Therefore, we will study the molecular mechanism 
underlying drug resistance to seek the alternative strategies to overcome it. To this end, we 
will first examine proliferation, migration, and cancer stem cells properties of the established 
drug resistant cells as well as their parental cells. Moreover, we will investigate their gene 
expression profiles and kinase activation/expression to determine the pathways 
activated/inactivated in the resistant cells.   
 
Mentor: Dr. Hirohito Yamaguchi, Senior Scientist. Email: hyamaguchi@hbku.edu.qa 
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Project # 15 
 
Title: Functional characterization of long non-coding RNAs (lncRNA) and microRNAs  in  
triple negative breast cancer  
 
Description: Breast cancer (BC) is the most common malignancy in women, with estimated 
incidence of 1.5 million new cases per year globally. Triple-negative breast cancer (TNBC) 
represents 15% to 20% of invasive breast cancers and is characterized by the lack of 
expression of estrogen and progesterone receptors and lack of amplification of HER2. TNBC 
patients do not benefit from endocrine therapy; therefore, surgery and chemotherapy is the 
main treatment modality. Cumulative evidence suggested added benefit for neoadjuvant 
chemotherapy (NAC) in a subset of triple negative breast cancer (TNBC) patients, therefore 
identifying the molecular signature predictive of the response of TNBC to NAC treatment 
might offer more a more personalized treatment choices for TNBC patients. Long non-coding 
RNAs and microRNAs has emerged as key players in cancer development, progression, and 
therapy failure. However, the role of this class of epigenetic regulators in mediating response 
to NAC in TNBC patients is beginning to unfold. The aim of the current study is to characterize 
the expression of lncRNAs and miRNA in TNBC cell lines and to utilize gain and loss of function 
approached to study the effects of the identified lncRNAs and miRNAs in promoting or 
inhibiting TNBC cell proliferation, migration, colony formation, and chemotherapy sensitivity.  
 
Mentor: Dr. Nehad Alajez, Senior Scientist. Email: nalajez@hbku.edu.qa   
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Project # 16 
 
Title: Cancer lactate metabolism and anti-tumor immune evasion in breast cancer 
 
Description: One of the challenges in immunotherapy is that even though the immune system 
can recognize tumor-associated antigens, the activity of the immune cells is often inhibited 
by the PD-1/PD-L1 inhibitory pathway. It has been shown that lactate, a hallmark of cancer 
metabolism, can impair anti-tumor activity by upregulating the PD-L1 ligand on tumor cells 
and reducing the cytokine production of cytotoxic T lymphocytes. We will investigate whether 
the cancer testis antigen lactate dehydrogenase C (LDHC) can alter PD-L1 expression on breast 
cancer cells through its role in pyruvate-lactate conversion, thereby protecting the tumor cells 
from elimination by the immune system. 
 
Mentor: Dr. Julie Decock, Scientist. Email: jdecock@hbku.edu.qa 
         
 

 

 
 
 
 
 

 
 

Hypothetical link between LDHC-mediated lactate metabolism and anti-tumor immune response 
inhibition through the PD-1/PD-L1 pathway 

mailto:jdecock@hbku.edu.qa

