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Abstract  

Acute myeloid leukemia (AML), a blood malignancy resulting in abnormal 

hematopoiesis, is associated with alterations in the bone marrow environment 

(BME). Current treatments for this heterogeneous disease, mainly targeting the 

leukemic cells, are largely unsuccessful for the majority of AML subtypes. By better 

understanding the mechanisms by which the BME contributes to leukemogenesis, it 

may be possible to introduce more effective treatments for AML. Mesenchymal 

stromal/stem cells (MSCs) are essential cellular components of the 

BME/hematopoietic niche and have been shown to support normal hematopoiesis. 

As a critical component, they may have several roles in altering the BME, thus 

providing an excellent model for studying the BME in-vitro. Several studies have 

characterized AML-derived MSCs (AML-MSCs). However, their exact role in altering 

BME remains unclear. Here, we investigated the MSCs' potential role in BME 

alteration by investigating the genetic profiles of previously characterized AML-

MSCs (n=29) and healthy donor MSCs (HD-MSCs) (n=8). We identified that among 

7565 common genes, 21 genes were significantly differentially expressed in AML-

MSCs. The CD248 gene was identified among these significantly upregulated genes 

in AML/HD-MSCs (n=29). Focusing on AML-MSCs derived from high-risk patients 

(HR), CD248 protein was investigated and validated using HR AML-MSCs (n=11) 

and HD-MSCs (n=4). Interestingly, it was highly abundant in HR samples at the 

intracellular and cell-surface levels. CD248 is an MSC marker and has a biological 

significance potentially on their function. To better understand its potential role in 

MSC, CD248 was knocked down (KD) in HD-MSCs using siRNA (siCD248-MSCs). 

Functional capacity, the ability of HD-MSCs and siCD248-MSCs to differentiate into 

cell types that form the BME (adipocytes and osteocytes), and their ability to 

promote the growth of HL60 human leukemia cell line were assessed. Post-

transfection functional assessments showed that siCD248-MSCs had a reduced 

adipogenic but not osteogenic potential via differentiation assays. Quantitative 

validation of the adipogenesis pathway by qRT-PCR confirmed the reduction. KD 

CD248 increased SIRT2 expression and potentially led to adipogenesis inhibition. 

However, co-culture experiments showed no effect of HD-MSCs or siCD248-MSCs 
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on HL60 proliferation. Together these data showed that CD248 is a potential player 

in adipogenesis, essential to MSC’s functionality. Thus, it could serve as a 

prognostic marker and target for AML therapy. 
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CHAPTER 1 

Introduction 
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1.1. Preview of Hematopoiesis 

Hematopoiesis is a continuous hierarchical process of forming blood cellular 

components from hematopoietic stem cells (HSCs) in the bone marrow (BM). HSCs 

reside in a designated bone marrow microenvironment (BME) known as the HSC 

niche (1, 2). Each healthy individual is estimated to generate around 4-5 ×1011 

hematopoietic cells each day (2). The BM is a multifunctional tissue containing 

HSCs and several types of immature procurers and mature cells, such as 

leukocytes, erythrocytes, lymphocytes, and thrombocytes. Those diverse HSC-

generated cellular precursors and mature populations have highly designated 

functionalities. For instance, erythrocytes are responsible for oxygen transport, 

leukocytes and lymphocytes for immune response and thrombocytes are 

responsible for blood clotting and hemorrhage ceasing.  

Moreover, those HSCs, multipotent precursor cells, have the ability to self-

renew and differentiate into lymphoid, erythroid, granulocytic, megakaryocytic, and 

monocytic cell lineages to produce all mature blood cells of the hematopoietic 

system (3). Whereas HSCs can self-renew, the committed specified progenitors 

have limited abilities to self-renew in a healthy physiological state. Having these 

specific features, self-renewal, and differentiation, HSCs are critical in maintaining 

the hematopoietic system throughout human life, steady-state, and physiological 

stress, such as hemorrhage and infections. The hematopoiesis process, HSCs self-

renew, differentiation, function, and role are well-regulated and maintained by 

various mechanisms. In particular, several internal and external factors (4) play 

multiple parts in regulating and maintaining HSCs and the complex hematopoietic 

system. Internal factors include, for instance, intracellular molecules, transcriptional 
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and post-transcriptional regulators, intrinsic signaling pathways, and cell-surface 

proteins. Nutrients and metabolites also regulate HSCs and the hematopoietic 

system (5,6,7). For example, mitochondria exhibit multiple roles in providing HSCs 

nutrients, such as oxidation of essential fatty acids, and impairment of their 

bioenergetics activities results in HSCs exhaustion.  

In addition to internal factors, within BME (8), many extrinsic factors regulate 

HSCs behaviors, such as interactions between HSCs/ progenitors with niche cellular 

compartments, like HSC interaction with mesenchymal stromal/stem cells (MSCs) 

and their differentiated progenies, adipocytes, and osteocytes, which are all critical 

in HSC pool and function (9,10). MSCs, and several BM cellular comportments, for 

instance, produce cytokines; cytokine-mediated regulation of the HSC system is a 

critical extrinsic factor for HSCs proliferation and differentiation toward a specific cell 

lineage. Interferons, interleukins, thrombopoietin, colony-stimulating factors, and 

erythropoietin are all examples of cytokines involved in hematopoiesis (11,12,13). 

These cytokines, for instance, bind, stimulate and activate their designated dimeric 

or heterodimeric receptors through protein-protein interaction, which consequently 

leads to various cellular responses and functions. Another example of extrinsic 

factors that regulate hematopoiesis is neural signals (14). Furthermore, those 

multiple extrinsic and intrinsic mechanisms and networks work harmoniously to 

orchestrate and maintain hematopoiesis (15). Dysregulation of these intrinsic, at the 

HSC level, or extrinsic cellular or molecular components within BME mechanisms 

could lead to ineffective hematopoiesis (16, 17, and 18). Moreover, alterations of 

mechanisms that regulate HSCs, either their self-renewal or differentiation by 
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molecular abnormalities and mutations, could lead to hematological malignancies, 

leukemia. 

1.2 Overview of Acute Myeloid Leukemia  

1.2.1 Acute Myeloid Leukemia (AML) 

Acute myeloid leukemia is a clonal blood disorder. This aggressive heterogeneous 

hematological malignancy affects all age groups, mainly older people> 65 years (19, 

20). Unfortunately, its incidence is high. According to NIH, there is an estimation of 

20,050 new cases of AML in the current year, the year 2022 (20). In AML, an 

affected HSC gives rise to uncontrolled proliferative blood cell progenitors, and 

these immature cells, blasts, accumulate in the BM. Infiltration and accumulation of 

leukemic blasts in the BM are characteristic features of this disease. Consequently, 

such accumulation negatively impacts and interrupts normal hematopoiesis (21-23). 

It prevents the production of healthy mature blood cells and eventually leads to 

blasts released into the circulation and BM failure. 

1.2.2 AML heterogeneity and classification 

AML is known for its heterogeneity. It is associated with several heterogeneous 

genetic mutations and cytogenetics abnormalities. Mainly, AML patients are 

classified based on cytogenetic and molecular profiles (24-29). Furthermore, there 

are two classification systems for AML. The first classification system is the French-

American-British (FAB) system which classifies AML based on microscopic 

morphology to assess the mature status of leukocytes. The second classification 

system is the world health organization (WHO) system, which classifies AML based 

on several factors such as genetic abnormalities and chromosomal alterations (24-

27). AML disease heterogeneity impacts/directs its prognosis and therapy outcomes. 
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Around 50-60% of patients carry clonal chromosomal abnormalities that reflect the 

chemo-sensitivity of the disease (29). 

1.2.3 AML mutations and risk groups  

As mentioned above, AML is attributed to various genetic mutations and 

cytogenetics abnormalities, individual or combined. Genes mutated in AML play 

partial or central roles in several cellular and molecular functions, implicated in 

signaling pathways, such as splicing and transcription factors, epigenetic modifiers, 

and signal transducers. One of the most common genetic mutations in AML is the 

group of mutations in the FLT3 gene (FMS-like tyrosine kinase 3). Among this FLT3 

mutations group is the FLT3-ITD mutation. This mutation is associated, specifically, 

with both; high risk of relapse and poor prognosis (30-32). There are several 

available inhibitors against FLT3, such as quizartinib and midostaurin; inhibitors are 

also classified based on the inhibitor’s specificity. Studies found that even though 

administration of FLT3 inhibitors could clear the AML blasts from blood circulation, 

some could not clear the blast from the BME and the inhibition effect was not 

sustainable (33-35). In addition to FLT3, the other most prominent mutation is the 

NPM1 mutation (29, 36). 

Low (LR), intermediate (IR), and high-risk (HR) AML subsets/groups are 

assigned by cytogenetics features. HR AML is a subset of AML that accounts for a 

considerable number of disease cases (37-40). HR AML has distinctive cytogenetic 

characteristics and molecular profiles. FLT3 mutation and KIT, for example, are HR. 

HR AML patients respond poorly to chemotherapies and have a high rate and risk 

for relapse (41-42). 
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1.2.4 AML Treatments  

Classic AML treatment is composed of targeted therapy and intensive 

chemotherapy. Fortunately, following chemotherapy, complete remission (CR) in a 

high percentage of elderly and adult AML patients, up to 60% and up to 80%, 

respectively, was attained (43,44). Between 2012 and 2018, the percentage of 5-

year survival was estimated to be 30.5% (20). CR in response to chemotherapies is 

usually evaluated by blasts morphology and percentage and evaluation of blood 

smears. Simultaneously with leukocytes' count and additional measurements such 

as signs of lineage-specific processes, erythropoiesis, and megakaryopoiesis. For 

instance, when the percentage of blasts in BM of AML patients is less than 5%, 

patients are considered at CR (43,44,46,47).  

Stem cell transplant (SCT) is another available AML treatment. After 

chemotherapy, and depending on each AML patient case, SCT from an allogeneic 

donor, or what is referred to as allogeneic hematopoietic stem cell transplant (allo-

HSCT), could be the cure for some patients, but not all, especially within IR or HR 

patients. Serval factors could affect the SCT outcome (48). Even though allogeneic 

SCT has been the option when an undesirable outcome is reached (48, 49), 

following SCT, induction of GvHD is, unfortunately, still a subsequent challenge. 

1.2.5 Minimal residual disease (MRD) and AML Relapse  

Even though many AML patients reach CR after chemotherapy, relapse and 

mortality rates in many AML patients, after CR, are still high (50). Studies have 

suggested that relapse in AML emerges from not only leukemic stem cells (LSCs) 

but also MRD. The definition of MRD is that after chemotherapies, some of the LSCs 

persist/resist the therapies and causing AML patients to relapse (Figure 1.1). 
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Figure 1.1. Schematic illustration of AML progressing from diagnosis to 
relapse as a result of MRD after chemotherapy. Representation of the 

heterogeneous cellular population in the BM of AML patients. This cellular 
population includes LSCs, HSCs, and therapy-resistant blasts in AML relapse after 

treatment. Adapted with modification from Ngai, et al. 2021 (51). 

 

With all the challenging heterogeneity of AML, identifying the LSCs, which are 

considered the cells that initiate the relapse (51, 52), and distinguishing them from 

other cells within the marrow is another added challenge. LSCs may or may not 

express an additional altered marker compared to the healthy counterparts, HSCs. 

There are several cellular and molecular techniques, such as flow cytometry and 

qPCR, to evaluate MRD. These techniques are either used individually or combined 

(51) since MRD measuring could help determine treatment directions, pre and post-

SCT, prognosis, and risk group (53). Similar to initial AML, AML after relapse is also 

treated with targeted therapies, and designated therapeutic plans depend on 

patients’ profiles (54). Taken together, available AML treatments, targeted therapies, 
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and chemotherapies mainly focus on eradicating leukemic cells and do not 

necessarily cover the need for all AML subtypes. Moreover, despite those available 

treatments, relapse is still a challenging problem. 

1.3. Bone marrow microenvironment, BME, HSC Niche 

As mentioned earlier (section 1.1), HSCs reside in BME, the HSC niche. The 

idea of the niche was initiated in 1978 and suggested maintaining HSCs' behavior 

and features (55). Presently, the niche concept is accepted and thoroughly 

investigated in a healthy physiological state. As introduced, hematopoiesis 

regulation involves numerous complex extrinsic interactions that include cellular and 

molecular components within the niche. Moreover, the classical function of the niche 

is to support the HSCs' growth, govern the HSC function, protect and maintain the 

reservoir, and control the releasing of HSCs, immature and mature blood cells, into 

the circulatory system (1,56-59) while the mechanisms of hematopoiesis disruption 

and dysregulation in AML context are yet to be completely understood.  

Within the BM, this specialized HSC niche is composed of endosteal and 

vascular/ perivascular niches (56,58,60).The perivascular niche compartment is a 

fundamental part of the niche. It mainly contains pericytes and sinusoidal endothelial 

cells. Furthermore, when sections of murine BM were analyzed, results showed that 

the majority of HSCs are confined within sinusoidal blood vessels (56,58,61). These 

findings suggest that this HSC niche compartment has a critical role in regulating 

HSC. The second compartment of the niche is the endosteal part. It is composed of 

MSCs, and osteoprogenitors. MSCs are known to be a critical component of the 

niche and osteoblast progenitors (59,62,63). Osteoblasts are also essential cellular 

components of the endosteal niche (63). The endosteal niche has also been found 
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to be critical for HSCs. Although the location of HSCs was found to be dependent on 

their differentiation stages, HSCs were found to reside near the endosteal part 

(62,64).The endosteal niche components, osteoblasts, have been found to play a 

critical role in hematopoiesis (59,60,63). Osteoblasts, for example, participate in 

hematopoiesis regulation via activation of the Notch signaling pathway (94). 

Osteoblasts were also found to aid in allogeneic stem cell engraftment (65). 

Furthermore, balanced interactions between cellular and molecular components of 

the endosteal and perivascular compartments of the HSC niche are essential. 

Specifically, essential to orchestrate the endocrine, paracrine and autocrine 

signaling that maintains the HSC pool, self-renewing HSCs, and quiescent HSCs 

and, thus, regulate normal hematopoiesis (1,56-58,66). Even though long-term 

cultures and niche investigation studies showed that the BME is required for 

maintenance and differentiation of the HSCs progenitors, the complete molecular 

mechanisms of the effect of an altered BME on hematopoiesis are still to be fully 

clear. 

1.4. Mesenchymal stromal/stem cells (MSCs) 

MSCs are non-hematopoietic progenitors with multi-lineage differentiation 

ability (59,67,68). Earlier in the 1970s, when bone marrow cells were cultured in vitro 

for several weeks, adherent fibroblast-like cells were produced (69). Those cells 

were found to support the proliferation of HSC progenitors and have a multi-lineage 

differentiation potency in which they could differentiate into adipocytes, osteocytes, 

and chondrocytes in vitro and in vivo (56,67,68,70). Those cells are known as 

MSCs. There are minimum criteria for characterizing MSCs following the 

International Society for Cellular Therapy (ISCT) (71) that include 1) under standard 
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culture conditions, cells are adherent to plastic, 2) they express specific surface 

molecules, CD73, CD90, CD105, and lack others, HLA-DR, CD14, CD19, CD45, 

CD34, CD11b, CD79a and 3) they can differentiate into adipocytes, osteocytes, and 

chondrocytes. 

1.4.1. MSC's role in HSCs niche; hematopoiesis  

MSCs participate in the HSC niche composition both in vitro and in vivo. As 

critical constituents of the HSC niche, MSCs are critical players in regulating 

hematopoiesis (67,72-78). In a physiological state, the balanced harmony amongst 

HSCs and MSCs, as osteogenic progenitors, provides essential coordination 

between the marrow and the skeleton to maintain hematopoiesis. HSCs regulation is 

vigorously reliant on MSCs and the differentiated progenies, demonstrating a critical 

role for MSCs in the specificity of the stem cell niche and regulation of HSCs within 

the BME; thus, when altered, MSCs impact the normal process. MSCs are located 

within proximity to HSCs in the niche. It was shown in vivo that many hematopoietic 

cells require contact with stromal cells, including MSCs, to proliferate and 

differentiate (79-82). In vitro, MSCs also have been shown to support 

hematopoiesis. Directly via cell-to-cell interaction or indirectly by releasing soluble 

factors (77, 78, 82, 83). Their secretion of several cytokines, such as IL-8, and 

several growth factors via regulatory signals. It has been shown that when 

transplanted in mice models, MSCs differentiate in those models' BM into osteoblast 

and osteocytes, and these cellular components are part of the niche's role in 

supporting hematopoiesis. Moreover, when co-transplanted with HSCs, MSCs help 

in HSC homing and engraftment (84-88). 
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Within the BM, multiple signaling pathways work together through interactions 

between their cellular and molecular subunits to provide a suitable niche that 

maintains HSC and progenitors. Many researchers have reviewed a plethora of 

signaling pathways by which MSCs participate in hematopoiesis and HSC regulation 

(76,77, 89). Moreover, HSCs surface markers depend on their status.CD34+ cells 

were found to adhere to MSCs when the latter was used as a feeder layer in culture 

and suggested that cell-to-cell contact is significant to maintaining HSCs in vitro. 

Proteins, such as integrin, cadherin, and vascular cell adhesion molecule, in addition 

to neural cell adhesion molecule 1, are reported to be responsible for such 

maintenance (83). MSCs regulate HSCs fate through cell-cell interaction via, for 

instance, adhesion molecule CXCL-12, which is critical for the proliferation and 

differentiation of HSCs (90). CXCL-12 and CCL-5 are two of the MSCs-produced 

factors that play a role in STAT signaling pathway activation by activating STAT-5 

and STAT-1, respectively (89,90,91). MSCs' role in hematopoiesis is also 

demonstrated and maintained through ligand-receptor interactions between MSCs 

and hematopoietic stem and progenitor cells (HSPCs). An example of such protein-

protein interaction is the interaction between Ang-1, which is expressed on MSCs, 

and Tie-2, which is expressed on HSCs. This interaction is essential for maintaining 

HSCs quiescence (92). Another example demonstrating MSCs' role in supporting 

HSCs survival and proliferation is via their interaction with HSCs' NOTCH molecule 

(89, 93). 

As mentioned earlier, MSCs produce cytokines that are essential for 

maintaining the HSC pool and regulating hematopoiesis. While some cytokines 

promote HSCs quiescence, others support their self-renewal. Besides stromal cell-
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derived factor, SDF-1 /CXCL12, (90), MSCs cytokines such as transforming growth 

factor (TGF), stem cell factor (SCF), bone morphogenetic proteins (BMPs), 

especially BMP-4, all play critical roles in HSCs regulation (89,95). In addition to 

their production of cytokines, MSCs are producers of numerous interleukins such as 

IL- 6, IL-8, IL-1, 1L-14, and IL-15 that are essential in HSCs differentiation, 

proliferation, and maintenance (78,90,95,96). MSCs subtype, Nestin+ MSCs, (nestin 

is a protein typical of neural cells), exhibit differentiation abilities, CFU-F, and 

stemness (self-renewal) and are associated with HSCs in both perivascular and 

endosteum niches. Moreover, MSCs were found to be important in HSCs homing 

after transplantation, and MSCs depletion could negatively impact the HSC 

population in the marrow (74,84). 

MSCs were also found to reduce apoptosis via their produced-paracrine 

factors (Ang1, VEGF, HGF, and FGF-2) through the Akt signaling pathway (97). One 

critical component of the apoptosis signaling pathway is STAT. Signaling through 

STAT is critical in the proliferation of HSCs and their progenitors. MSCs were also 

found to participate indirectly in differentiation blocking via Jagged-1/Notch1: they 

indirectly block HSCs and progenitors. MSCs produce HGFs, which are critical for 

HSPCs maturation. MAPK signaling pathway also plays a role in Hematopoiesis 

regulation, specifically p38 MAPK. Deactivation of MAPK signaling reduces MSC's 

production of chemokines such as IL-8. IL-6 (91, 98, 99). MSCs play critical roles in 

HSCs regulation and hematopoiesis, and as seen, some of these roles were 

demonstrated through several examples. Furthermore, MSCs cellular progenies, 

through MSCs differentiation into multiple lineages, also play essential roles in HSCs 

maintenance and hematopoiesis. 
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1.4.2 Multi-lineage Differentiation potential of MSCs   

MSCs support hematopoiesis not only by directly regulating HSPCs within 

BME but also by providing cellular components for the niche via their differentiation 

ability. Multi-lineage differentiation potential is a critical characteristic feature of 

MSCs. MSCs differentiate into osteocytes and adipocytes, which are essential for 

the structure and function of the HSC niche (60,63,65,71,74,86,96). There are 

multiple factors and mechanisms that affect and perhaps could determine MSCs' 

direction toward each lineage. Furthermore, a balanced differentiation is regulated 

and required within the niche to maintain physiological BME. Several signaling 

pathways, such as Wnt, Notch, BMP, Hedgehogs, and ECM-integrin pathways, are 

involved in MSC's differentiation (100-103). Furthermore, within MSC, these 

pathways are suggested to work collectively to regulate and provide a balanced 

differentiation process between adipogenesis and osteogenesis as demanded (104). 

Multiple extracellular and intracellular signaling molecules of each pathway regulate 

MSCs differentiation. These molecules signal to either activate or inhibit master 

transcription factors toward a specific lineage. Transcription factors PPARγ and 

C/EBPα, for example, are major regulators for adipogenesis, while Runx2 and 

Osterix are osteogenesis master regulators. 

Moreover, MSC's differentiation to osteocytes and adipocytes is significant to 

maintaining HSCs and the HSC niche. Osteocytes and their progenitors are critical 

in regulating HSC's differentiation and mobilization in the BME. For example, an 

increased MSC differentiation towards osteogenic cells has been linked to MSCs 

maintaining the HSCs in their quiescent state (94). Additionally, due to their crucial 

role in sustaining the osteoprogenitors pool, MSCs, both human and mice, were 
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found to regulate bone's remodeling process (105-107) and repair bone fractures 

and injuries. In particular, MSCs migrate to the site of bone injury, differentiate into 

osteoprogenitors, and repair the bone. Other tissue repair properties have also been 

attributed to MSCs (105-110).   

TGF-β signaling can regulate many cellular contrasting physiological and 

pathophysiological processes such as cell growth and apoptosis (111), tumor-

suppressive, and promotion capabilities. Specifically, TGF-β plays a crucial role in 

tumor progression, invasion, and metastasis (111-113). BMP signaling belongs to 

the TGFβ superfamily, which regulates several cellular processes, and is essential 

for HSCs fate during development and differentiation; furthermore, it participates in 

the osteogenesis process. BMP signaling participates in MSCs' osteogenesis 

differentiation (114). When BMPs 2, 4, or 7 bind to their receptors, Type I and type 

II, they heterodimerize, forming an activated complex triggering signal transduction 

through SMADs that phosphorylates SMAD proteins. Consequently, the 

phosphorylated SMADs translate the signals and regulate the transcription of 

osteoblastic genes (115). The osteogenic differentiation process is regulated by 

several MSCs molecules such as gremlin-1 (GREM1)(116-118). 

GREM1 gene encodes a BMP, bone morphogenetic protein, antagonist. 

Particularly, it antagonizes BMP2, 4, and 7 and prevents their binding to their 

receptors. This secreted glycoprotein belongs to the same DAN/Cerberus family as 

TGF-β and VEGF (119-121). GREM1 protein is mainly disseminated extracellularly 

and minimally into the endoplasmic reticulum. It plays an essential role in cellular 

development and differentiation (122,123). As a BMP antagonist, GREM1 has been 

shown to play a critical role in osteogenesis, and when dysregulated, it negatively 
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affects MSC osteogenesis differentiation (116-118). In addition to participation in 

multiple cellular processes, GREM1 has been found to play a critical role as a 

proangiogenic factor. It activates angiogenic responses via VEGF receptors (121). In 

addition to GREM1, SCUBE3 is a gene expressed in MSCs. Like BMPs, SCUBE3 is 

a member of the TGF-β superfamily; members of this family signal through TGFβ 

and control MSC's differentiation. SCUBE3, Signal peptide-CUB-EGF-like domain-

containing protein 3, is a secreted glycoprotein composed of 5 motifs. When 

cleaved, SCUBE3 releases its N-terminal, EGF-like repeats, and C-terminal, CUB 

domain. These EGFs participate in protein-to-protein interactions signaling through 

SMAD canonical pathway, The TGF-β pathway. Dysregulation of SCUBE3 led to 

pathological conditions in mice (124). Nevertheless, in the AML BME context, when 

dysregulated, SCUBE3 and GREM1 potential roles in altering MSCs, affecting their 

differentiation, and thus their function and BM composition role remains unclear. 

MSCs differentiate to mature adipocytes through the adipogenesis pathway, 

where various molecular and transcriptional regulators are involved (Figure 1.2) 

(125). Adipocytes play an essential part in HSCs homeostasis in BME. Regulated 

adipocytes are located close to HSCs and work as negative regulators. They 

prevent the expansion of the progenitors and protect the HSCs pool (126). Both 

radiation and drug-mediated suppression of these adipocytes were found to boost 

the expansion of the progenitors and enhance HSC engraftment, respectively. 

Furthermore, induction or reduction of adipocytes negatively impacts HSC regulation 

(127,128), suggesting that balanced adipogenesis is required to maintain a healthy 

niche. Adipocytes' significance relies on the production of multiple secretions and 

metabolites. They produce several extracellular matrix components or BME, such as 
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collagen. Adipocytes also secret multiple cytokines, such as IL-6, IL-8, and CCL2 

which are essential in BME. In several tissues, adipose tissue alterations were 

associated with several inflammatory diseases (129). Although the interaction 

between HSCs and other cellular components within the niche is needed, 

adipocytes are still critical in maintaining the HSC niche. Moreover, MSC 

differentiation is essential for tissue hemostasis and affects MSC immunomodulation 

properties (130). Therefore, impairment of MSC's differentiation could lead to tissue-

specific problems, which also emphasizes that a balanced harmony or regulated 

differentiation is crucial in preventing disruption of tissue hemostasis. 
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Figure 1.2. MSC’s Adipogenesis pathway. C/EBPα and PPARγ are key regulators 

of MSC’s adipogenesis. Taken from IPA 2021(125). 
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1.4.3. MSC's immunosuppressive properties   

In addition to the multi-lineage differentiation ability, MSCs exhibit 

immunosuppressive properties. MSCs exhibit a dual immunological role; they can 

act as immunosuppressive or immune-modulators. Mainly, human MSCs use 

indoleamine 2,3-dioxygenase, IDO, for immunosuppressing function (131,132). 

Along with IDO, MSCs secrete several immunosuppressive molecules, such as nitric 

oxide (NO), prostaglandin E2 (PGE2), and transforming growth factor (TGF-β). 

These factors allow them to modulate immune responses (132-135). It has been 

suggested that only under the influence of an inflammatory environment MSCs gain 

their immunosuppressive properties. Studies showed that MSCs interact with 

several immune cells, such as T cells. They can inhibit T-cell proliferation and the 

production of pro-inflammatory cytokines (136). Furthermore, they can interact with 

dendritic and natural killer cells (137,138). MSC's immunoregulatory property 

enables them to be used in clinical and therapeutic approaches. Having this 

distinguished ability, MSCs have been used in immunotherapies, especially in 

allogeneic transplantation and treatments of autoimmune diseases (139-142). In 

addition, MSCs' ability to inhibit T-cells from recognizing alloantigens was an 

encouraging character for their utilization in both treatment and prevention of graft 

versus host disease, GvHD (88,143). Although MSCs could be useful in therapeutic 

approaches due to their immunosuppressive properties, these properties could, 

unfortunately, aid MSCs in helping tumors escape the host immune surveillance; for 

instance, MSCs have been found to support and promote tumors (144-146). 
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1.5 Leukemic BME  

Like HSCs, leukemic cells reside within the BM in the HSC niche. HSCs have 

been found to home first in the endosteal niche and then in the other compartments 

(147,148). LSCs were found to have an altered self-renew capacity to generate their 

heterogeneous population (149). Similar to HSCs' behavior, LSCs rely on niche 

components and signals for LSCs maintenance. For instance, CXCL12 and SCF, 

BME factors required for HSC regulation, play a role in LSC's status (150). Using 

single-cell RNA sequencing, studies of BME showed that both healthy and leukemic 

environments have a heterogeneous cellular population (151,152). Furthermore, 

studies have shown that BME cellular components could support disease 

development. These leukemic cells also interact directly with marrow cells to 

maintain their pool, such as communicating with vessels endothelium through 

protein-protein interaction. The interaction between LSCs expressed CXCR4 and 

endothelium cells expressed SDF-1(153) is an example that demonstrates their 

designated communication within the niche. Although some of the LSCs' biological 

features are similar to those of their healthy counterparts, HSCs, LSCs take over the 

HSCs niche and induce changes to BME to create a favorable environment for their 

clones' survival (23,47), which also leads to disruption of hematopoiesis. 

The disturbance of hematopoiesis caused by those abnormal clones, LSCs 

clones, during disease initiation includes altering components of BME. Moreover, 

AML progression and relapse have been associated with BME alterations at cellular 

and molecular levels. These alterations are suggested to provide a permissive niche 

that might aid MRD cells to propagate, disrupt normal hematopoiesis, and eventually 

contribute to disease relapse. Furthermore, this concept emphasizes the need for 
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further understanding of AML biology in terms of BME. Specifically, understanding 

the alterations of its components. Several alterations of BME at multiple levels have 

been reported (23,153-159). For instance, AML was found to induce alterations of 

the cellular compartment of the BME such as MSCs, and MSCs progenitors toward 

a committed lineage, toward osteoprogenitors (154,155,158). Alterations in the HSC 

niche vascular part, specifically endothelium components, were found (153) and 

associated with myeloproliferative disease. Changes in O2 levels in which LSCs 

expand hypoxic microenvironment were also found (159). Furthermore, alteration of 

the cellular composition of BME led to myeloproliferative disorders in mice. In 

addition, LSCs disrupt hematopoiesis by altering niche neuronal signals to induce 

LSCs infiltration and proliferation, creating a leukemic environment (157). 

1.5.1. MSCs in Leukemic BME 

The presence of cross-talk between the niche and leukemic cells, especially 

in myeloid malignancies, has been suggested. Their cross-talk with stromal cells 

enables their proliferation and survival and limits HSCs advantaging from BME, 

suggesting that AML cells compete with their healthy counterparts, HSCs, to benefit 

from the BME resources (23,156,160). MSCs and MSCs progenitors equip the 

marrow microenvironment not only for HSCs growth in normal hematopoiesis (as 

introduced in sections 1.3 and 1.4), but they also support AML cells. Growing 

evidence suggests that within the HSC niche, MSCs interact and communicate with 

LSCs; such interactions aid them in surviving and proliferating (Figure 1.3). MSCs 

also aid blasts within the niche to proliferate through their soluble factors, such as 

their production of cytokines (160). Furthermore, LSCs in leukemic BME are 

reprogrammed to utilize high metabolic energy, unlike normal HSCs. In vitro studies 
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showed that MSCs are among the energy sources that provide LSCs with nutrients 

for such high-energetic demand through their mitochondrial transfer to LSCs. 

Although LSCs mainly obtain their energy from mitochondrial oxidative 

phosphorylation, not glycolysis, the mechanisms behind such reprogramming are 

not completely clear (161-163). Another tool demonstrating MSC's role in protecting 

blasts and thus MSCs' participation in AML pathogenesis is MSCs 

immunosuppressive properties. MSCs produce immunosuppressive factors, such as 

IDO, that could prevent the immune system from recognizing the leukemic cells 

(164). These mechanisms collectively could maintain the AML cells and the 

leukemic environment.   

Additionally, some leukemic blasts resist chemotherapy drug-induced 

apoptosis; such resistance has also been suggested to result from the interaction of 

these blasts with MSCs in part. MSCs participate in blasts' chemoresistance via their 

production of several soluble factors. In vivo, AML blasts altered the HSC niche 

structure to support proliferation and survival. For instance, the murine stromal cell 

line (MS-5) provided chemo-protection for AML blasts and leukemic cell line HL60 

(165). Additionally, interactions between stroma cells and leukemic cells could assist 

in their metastasis (73,156, 165-170) and prevent them from undergoing apoptosis. 

 



22 
 

Figure 1.3. MSCs cross-talk with HSCs and AML cells within BME. A) MSCs 

participate in the regulation of HSCs and HSPCs. They produce several cytokines 

and express cell-surface proteins essential for the proliferation, homing, and 
differentiation of these cells. In addition, MSC's immunosuppressive features inhibit 
the activation of immune cells, which enables their use in preventing GVHD and 
aiding AML cells to survive. B) MSCs support AML cells within the BM niche; their 

immunosuppressive properties prevent the recognition of AML cells. Also, provide 
nutrients and soluble factors that aid those leukemic cells to survive. Such as, MSCs 
provide nutrients to AML cells through mitochondria. Abbreviations: CKs=cytokines, 
ECM=extracellular matrix, GFs=growth factors; ILs, interleukins. Adapted from 

Ciciarello M, et al, 2019 (178). 
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Differentiated MSCs, osteocytes, and adipocytes, also play a role in the AML 

environment. Experimental studies in mice models showed that osteoprogenitors 

play a role in the disease. Genetic mutation of β-catenin of those MSC-derived cells 

negatively affects HSCs differentiation toward myeloid lineage through activation of 

HSCs Notch signaling and consequently results in AML development. Additional 

mutations in MSCs and progenitors were also associated with an increased risk of 

AML development (155,168,170,171). Moreover, adipocytes are an essential cellular 

component of the niche. Adipocytes produce and secrete multiple elements; 

therefore, they participate in hematopoiesis and HSC regulation within BME. 

Similarly, adipocytes have been found to participate in AML  (172-173); they could 

participate in maintaining leukemic BME and AML pathogenesis. In particular, 

adipocytes could support AML blasts and maintain the AML environment by 

providing several molecules (Figure 1.4). Adipocyte production of metabolites, for 

instance, through lipolysis activation, such as free fatty acids, could be used by AML 

cells as an energy resource that could help in AML cells' proliferation and survival as 

shown to contribute to other tumors (174,175). Mainly since a higher fatty acid 

oxidation rate has been found in AML cells compared to healthy cells. In vitro, 

adipocyte-AML cell co-culture experiments showed that adipocytes are critical 

cellular components that support AML survival. Additionally, adipocytes have been 

found to support AML cells' chemoresistance (176,177). These findings collectively 

suggest that adipocytes could play a critical role in contributing to AML 

pathogenesis. 
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Figure 1.4. Adipocytes have multiple secretions and mechanisms through 
which they could aid AML cells to survive within BME. Adipocytes participate in 

BME composition via secretion and production of several molecules and 

metabolites. Cytokines, chemokines, and enzymes are part of adipocytes' 
secretions. They also participate in extracellular matrix composition through their 
fibronectin and collagen products. Abbreviations; FFA: free fatty acids, LPL: leptin, 
FABP4: Fatty acid-binding protein 4. Adapted from Zinngrebe, J. et al. 2020 (172). 

 

Nevertheless, the molecular differences between MSCs in normal BME and 

MSCs in leukemic BME and, consequently, their potential roles in BME alterations 

toward a potential permissive niche are unclear. Thus, investigating the changes of 
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MSCs and how these stromal cells are different from their healthy counterparts is 

essential to provide a better understanding of niche biology in AML. Moreover, it 

could perhaps aid in identifying novel MSCs markers that limit AML progression and 

prevent its relapse. Therefore, AML-derived MSCs (bone marrow MSCs isolated 

from BM aspirates of AML patients) known as AML-MSCs are a great model for 

BME and have been used in the field to study its AML-associated alterations. 

1.5.2 MSCs derived from AML patients (AML-MSCs) 

Studies that characterize AML-MSCs to investigate their alterations which 

could aid in understanding the role of MSCs in AML pathogenesis, are limited. 

Moreover, similarities and differences between these AML-derived MSCs and MSCs 

from healthy donors were found in these studies (179-190). Impairments and 

alterations at multiple levels of AML-MSCs, phenotypic properties, and molecular 

levels have been reported compared to MSCs from healthy donors (HD-MSCs). For 

instance, while some of these studies found cytogenetic alterations in these MSCs 

(180,185,186), others showed that AML-MSCs exhibited no cytogenetic aberrations 

compared to their control HD cells (187). Moreover, molecular alterations were 

found in some studies to be different from AML blasts cytogenetics aberrations 

(180).  

Functional impairments have also been found in AML-MSCs. For example, an 

increase in adipogenesis potency of these AML-MSCs was found (182,189). 

Delayed and impairment of AML-MSCs osteogenic differentiation potential were also 

reported (181,182). In contrast, another study found that those MSCs exhibit 

decreased adipogenic and induced osteogenic potentials (188,190). AML-MSCs 

also were found with reduced CFU and a slow proliferation rate (181,186, 190) in 
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comparison to their healthy cells. Minor alteration of gene expression was also found 

between AML-MSCs while their cytokines profile was changed. Alteration of 

metabolic-related genes of AML-MSCs was found compared to HD-MSCs (183). 

Interestingly, a recent study found that induction of AML-MSCs adipogenic potential 

correlated with AML cells survival (189). However, considering AML heterogeneity 

and subtypes, although some of these studies have characterized AML-MSCs, the 

exact role of AML-MSCs in impacting the BME and in the disease AML remains 

unclear. Thus, characterization of a large cohort is needed to confirm and provide 

additional insights about MSC's role in AML, especially about AML subtypes, with 

their various molecular and clinical profiles. 

A recent study by our group (Guardia et al., 2017(184)) has characterized a 

large cohort of AML-MSCs. The cohort included 46 AML-MSCs from all AML risk 

groups/subtypes; IR, LR, and HR AML patients. The study found that AML-MSCs 

from HR patients exhibited altered functionalities. They have impairments in their 

differentiation potentials and induction of their immunosuppressive properties. 

Nonetheless, these studies collectively suggest that understanding MSCs alterations 

is essential for understanding BME biology and its role in AML pathogenesis and 

consequently helps prevent its relapse. However, these studies mainly focused on 

phenotypic and functional characterization of these disease-derived MSCs while 

limitedly investigating MSCs molecules that could be behind these impairments and; 

thus provide insights about MSC's role and association with BME alterations. 

Therefore, in-depth systematic investigation and characterization of AML-MSCs are 

critical in understanding MSCs' potential function in altering BME. 
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1.6 Potential role of CD248 in MSCs  

1.6.1 CD248 composition and structure  

CD248 was initially found in tumor endothelial cells and called tumor 

endothelium Marker-1 (TEM-1), also called Endosialin, when it was first identified in 

1992 (191). The human CD248 gene is located at chromosome 11(11q13). It is 

composed of 2,274 bp and has no introns. It encodes a 757 amino acid, type-I 

transmembrane protein. The Endosialin/ CD248 protein is expressed on the cell 

surface (192,193). CD248 protein is composed of an Intracellular domain, a 

transmembrane domain, and an extracellular domain (Figure 1.5). The first 685 

amino acids compose the extracellular domain. Amino acids 1 - 20 compose the 

single peptide (leader peptide). The transmembrane domain is composed of a 

hydrophobic region that includes amino acids 686 to 706. The intracellular domain is 

composed of only 50 amino acids, amino acids 707 to 757, while the C-terminal 

domain is composed of many amino acids 60-757. Amino acids 20- 157 compose 

the lectin-like c-type region. While amino acids 176 -230 compose the sushi domain, 

and amino acids 235-305 consisting three repeats of EGF (EGF 1; 235-271, EGF 2; 

274-311, and the third EGF unit; 316-350) (193). The three EGF repeats are 

followed by a mucin-like unit. The cytoplasmic tail of this C-type lectin-like protein is 

highly conserved between several species. 

 

Figure 1.5: Illustration of CD248 protein. Adapted from Christian et al. 2001(193) 
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CD248 protein is highly glycosylated. The molecular weight of its core protein 

varied between 80.9 and 95kDa (191,193). CD248 has several potential 

glycosylation sites, O-glycosylation, and one N-glycosylation; perhaps because of 

such multiple glycosylation sites, other molecular weights were identified as 95, 120, 

165, and 175kDa in several cells types, such as fibroblasts and endothelial cells, 

and cell lines such as HUVEC, SW872 (191,192). Like the human endosialin, the 

mouse protein is also a type 1 transmembrane protein (765 aa); however, it varies in 

its domains’ components. It is also highly glycosylated with a core protein 92kDa 

(194). 

CD248 belongs to the CTLD-14 protein family. Structurally, in the human, the 

length and sequence of its extracellular N-terminal domain (Figure 1.5) include 

amino acids 30-360, which homologize to other proteins in that same family. It 

homologizes by 39% to CD141/ thrombomodulin (endothelial cell cell-surface 

receptor) and by 33% to C1qRp (193). However, homology of its C-terminal domain 

has not been found with additional proteins. Furthermore, human and mouse End 

are partially homologized to each other. The former homologized to the latter by 

77.5% (195,194). 

1.6.2. CD248 expression and physiological role  

CD248 expression has been demonstrated on the surface of MSCs (196). 

Besides its expression on MSCs, CD248 is expressed on fibroblasts as surface 

glycoprotein, smooth muscle cells, osteoblasts, and especially vascular cells 

pericytes and myofibroblasts (192,193,195,197). In addition, it has been detected in 

varieties of cell lines. Physiologically, this single-pass transmembrane protein is 

temporarily expressed during human development, and its expression decreases 
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gradually between embryonic to adult life. Human CD248 is not highly expressed in 

normal tissues (192,193,195,200), and a similar expression pattern was found in 

mice (197). 

CD248 has been shown to serve an essential role in several physiological cellular 

processes. It has a role in tissue repair, remodeling (198), and cell proliferation. 

Furthermore, CD248 has a role in embryonic development in cells of mesenchymal 

origin; it induces stromal cell proliferation; thus was identified as a mesenchymal 

marker. CD248 is also associated with epithelial structures. Additional to its role in 

fibroblast and myofibroblasts proliferation (196), CD248 plays a role in cellular 

adhesion and migration. The inhibition and overexpression of CD248 affect pericytes 

proliferation (194,197,199), adhesion, and migration through activity of MMP-9, 

proteinase. CD248 is localized on the cell surface, acting as a receptor for several 

ligands. In a recent review, a couple of binding partners for CD248 are illustrated 

(200), although the intracellular mechanisms of CD248 signaling are not precise yet. 

Some of the CD248 binding partners, for instance, were components of the 

extracellular matrix. Mac-2, for example, is a ligand expressed by tumor cells in a 

tumor environment. Such interaction between these two proteins, CD248 and Mac-

2, caused a reduction in tumor cells adhering to myofibroblasts (201). Although the 

exact mechanism behind the resulted reduction has not been fully demonstrated. 

Additionally, CD248 has a role in angiogenesis, vessel formation, and maturation. It 

has been shown that CD248 binds to ColI and ColIV. Such binding promotes cell 

attachment and migration throughout tumor invasion due to MMP-9 release (196). 

Studies have demonstrated regulation of CD248 via TGFβ, while others showed a 
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relation between pro-fibrotic molecules and CD248 in vivo; TGFβ and PDGF BB are 

examples of these molecules (202,203). 

1.6.3 CD248 Pathological role and tumor severity  

CD248 has been found in malignancies and varieties of pathological 

conditions. Furthermore, it was associated with disease and tumor severity. CD248 

is expressed on fibroblasts and pericytes in fibrosis. A significant reduction of 

fibrosis, both renal and hepatic, was observed when CD248 was downregulated 

(204,205). In cancers, it is expressed in several solid tumors in humans, in 

sarcomas and carcinoma (206). Upregulation of CD248 mRNA was found in colon 

cancer. CD248 is found to be highly expressed, specifically in the vascularization of 

several tumors, such as neurological malignancies. in addition, C248 was found to 

be highly expressed in some neuroectodermal tumors (207). Furthermore, due to its 

potential role in cancer and some inflammatory disease, some studies targeted 

CD248 (207-209).  

In murine models, CD248 knockout showed its role in metastasis and 

progression. For instance, a reduction of the tumor was observed in KO mice 

compared to WT when xenograft transplantation was performed. In addition to the 

observed reduced tumor volume, a reduction of metastasis with a higher survival 

rate was found in CD248 KO mice. Furtherly, while CD248 inhibited CD8+ T-cells 

proliferation when a CD248 overexpression was performed on a CD248- T-cell, 

MOLT-4, it induced their proliferation when a knockdown was conducted on naïve T-

cells (210). CD248 lack has also been shown to reduce the severity of many other 

conditions besides hepatic and renal fibrosis, such as inflammatory arthritis and 

atherosclerosis (208,211). Studies that find reduced tumor volume in CD248/TEM1 
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knockout mice suggested that the expression of CD248 on host stroma promotes 

cancer which also suggests the significant role of an increased expression of CD248 

in tumor progression. As mentioned above, CD248 has been mainly investigated 

and demonstrated by its involvement in angiogenesis and near hypoxic 

environments. CD248 expression has been associated with hypoxia. Its induction 

resulted from HIF-2-related mechanisms and the involvement of transcription factors 

ETS-1 and SP1 (212). In MSCs, a recent Investigation of CD248 expression on 

MSCs from systemic sclerosis (SSc-MSCs) also suggested its involvement in 

fibrosis through promoting cell proliferation (213). CD248 role in adipocyte function, 

especially at the metabolic level, was also investigated via multiple in vitro and in 

vivo experimental approaches of CD248 gene modifications reported by Petrus and 

colleagues that showed a negative and unfavorable impact of this transmembrane 

glycoprotein in glucose metabolism (214). It has also been associated with hypoxia-

mediated response in adipocytes and vascularization properties.  
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1.7 Rational  

A physiologically balanced BME is essential to support and regulate HSCs 

growth and differentiation to maintain normal hematopoiesis. Several studies 

suggested the presence of cross-talk between the niche and leukemic cells in AML. 

AML relapse has been associated with alterations in the BME, which suggests the 

potential role of BME in disease pathogenesis. Since multipotent MSCs are a critical 

component of the BME and play a role in the regulation of HSCs, they may have 

several roles in the alteration of the BME towards a more permissive niche; thus, 

leukemogenesis. BM-MSCs can provide an excellent in vitro model for studying 

BME; specifically, MSCs derived from AML patients (AML-MSCs). Since these 

MSCs were harvested from leukemic marrow where they have been exposed to 

AML, they could represent BME alterations and greatly aid in better understanding 

the tumor biology in AML. Therefore, the investigation of AML-MSCs has been the 

objective of some studies (179-190). Nonetheless, these studies have mainly 

focused on phenotypical and functional characterizations of AML-MSCs while have 

limitedly investigated their genetic profiles. Also, most of these studies have 

examined small sample cohorts of AML-MSCs that did not necessarily represent 

such a heterogeneous malignancy; moreover, AML-MSCs' exact role in BME is still 

unclear. Since AML heterogeneity has been a significant challenge in understanding 

the disease pathogenesis, a large cohort that could represent AML heterogeneity is 

needed to better understand the disease. A recently published study by our group 

also has functionally and phenotypically characterized AML-MSCs from 46 AML 

patients (184). Interestingly those AML-MSCs, specifically HR AML-MSCs, display 

an impairment in their differentiation potentials, osteogenic and adipogenic, and 
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exhibit an increased immunosuppressive/anti-inflammatory activity compared to 

healthy donor MSC (HD-MSCs). Collectively, those findings suggest that these 

AML-MSCs exhibit significant genetic alterations. Therefore, in-depth transcriptomic 

characterization of these AML-MSCs was performed in this study to study and 

discover the possible mechanisms and molecular targets behind the observed 

alterations. Moreover, further investigation of the identified altered targets was 

conducted to understand the significance of these discovered effectors in BM-MSCs' 

function in healthy BME and AML contexts.   
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1.8. Hypothesis and Objective and Research aims   

1.8.1 The overall objective  

The overall objective of this study was to determine the potential role of AML-MSCs 

in the alteration of the bone marrow microenvironment, BME, toward a more 

permissive niche, in AML through understanding their alterations at the molecular 

and functional level.  

 

1.8.2 The hypothesis   

"Changes in gene expression within AML-MSCs lead to an altered BME which 

contributes to the pathogenesis of AML.”  

 

1.8.3 Research aims 

 The first aim of this study was to determine differences in gene expression 

levels between MSCs derived from healthy donors (HD-MSCs) and patients 

diagnosed with AML (AML-MSCs) and to perform in-silico analyses using the 

statistically differentially regulated genes (SDRG) dataset to identify critical 

molecular effectors that could play a role in MSCs altered behavior and 

consequently in the pathogenesis of AML.  

 The second aim was to validate the biological significance of the identified 

and selected molecular effectors at the HD-MSCs’ functional level and their 

relevance to the leukemic BME. 
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1.9 Summary of research aims’ results and significance 

In Chapter 3, RNA sequencing was performed to investigate the differences 

between the AML-MSCs group, which included AML-MSCs from all AML subtypes 

IR, LR, and HR (n = 29) and HD-MSCs (n=8). The differences between the two 

groups of MSCs were determined at mRNA levels. The transcriptomic data analysis 

showed that AML-MSCs exhibited an altered gene expression profile compared to 

HD-MSCs. Interestingly, 21 statistically differentially regulated genes (SDRGs) were 

found in AML-MSCs compared to HD-MSCs. When an in-silico analysis was 

performed via Ingenuity pathway analysis, IPA, using the SDRGs dataset, several 

molecular effectors were found to play multiple roles in MSCs processes. No 

common pathway was identified between these genes; however, several genes play 

individual roles in multiple MSCs differentiation pathways. Moreover, these 

dysregulated genes were found to be part of AML signaling. Initially, three molecular 

effectors were identified, GREM1, SCUBE3, and CD248, due to their potential 

relevance to MSCs’ function, to be with potential roles in MSCs differentiation and 

BME. Dysregulation of GREM1 and SCUBE3 was confirmed at the mRNA level but 

could not be confirmed at the protein level. Moreover, dysregulation of CD248 was 

successfully validated at the protein level, and CD248 was selected among these 

targets for further investigation and study. 

In Chapter 4, CD248 was thoroughly studied. CD248 gene was significantly 

upregulated in the AML-MSCs group, including AML-MSCs from all AML risk 

groups. Moreover, its high abundance at the protein level in HR AML-MSCs (n=11) 

was confirmed after the successful establishment of their cultures. This confirmation 

enabled further investigation of CD248 as a potential target in AML-MSCs. An 



36 
 

efficient in vitro knockdown model of CD248 in HD-MSCs using siRNA was 

established, which helped unfold the CD248 role in healthy MSCs. Using AML-

MSCs was limited since they exhibited an altered gene profile, and in vitro, AML-

MSCs culture establishment and maintenance was challenging, which could have 

interfered with understanding CD248 role and significance. An efficient knockdown 

of CD248 total protein and cell-surface receptor was achieved and confirmed by 

Western blot analysis and flow cytometry. Moreover, additional examination of the 

established CD248 KD protocol using HR AML-MSCs revealed a high knockdown 

efficiency. The establishment of such an in vitro model of CD248 in HD-MSCs 

enabled the determination of its significant role at the HD-MSC’s functional level.  

In Chapter 5, the significance of CD248 KD in HD-MSCs at a functional level 

was investigated. The investigation was conducted through three primary functional 

assessments of (siCD248-MSCs): 1) its effect on HD-MSCs differentiation 

potentials, 2) its effect on MSCs protein profile, and 3) its effect on HL60 proliferation 

using co-culture experiments. CD248 KD altered HD-MSCs protein profile, and a 

relative significance was found primarily on TGF-β1 protein. CD248 KD in siCD248-

MSCs did not affect HL60 viability, nor did HD-MSCs. Moreover, while no significant 

alteration was found in their osteogenic differentiation potential, the adipogenic 

differentiation potential of siCD248-MSCs was altered. Microscopic reduction in their 

adipogenesis was observed. Thus, further validation and examination of CD248 

biological involvement in the adipogenesis pathway were performed at the gene 

expression level. Not only master adipogenesis regulators, C/EBPα and PPARγ, 

were tested but also multiple genes within the adipogenesis pathway. The analysis 

revealed that adipogenic-differentiated siCD248-MSCs overexpressed SIRT2, a 
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known adipogenic regulator. In-silico analysis of SIRT2 upregulation enabled the 

Identification of a potential mechanism by which CD248 KD could alter HD-MSCs’ 

function through its reduction and involvement in their adipogenesis.      

The transcriptomic analysis results in chapter 3 will provide significant 

knowledge and insights about AML-MSCs alterations and their potential participation 

in altering the niche, especially since the available AML-MSCs studies are limited. 

Moreover, the analysis could help understand the role of BME in such a 

heterogeneous hematological malignancy, AML. Since BM-MSCs are a significant 

component of BME and an altered AML-MSC's functionality could eventually lead to 

disruption of the balanced HSC niche, these results will provide further knowledge of 

the AML context. Future studies can use the data of this study to help in the 

discovery of new prognostic as well as therapeutic targets that could prevent AML 

relapse. The results of chapters 4 and 5 provide an in vitro CD248 KD model using 

primary cells, HD-MSCs. This model could also be used in future investigations to 

explore the exact mechanism behind the role of CD248 in adipogenesis; thus, it 

would help understand its role in BME. Moreover, the in vitro model of CD248 in this 

study could be used to investigate intracellular mechanisms through which CD248 

signals within MSCs since the intracellular mechanisms are unclear. Thus, the study 

data add to the MSC's/ISCT community since it aids in understanding CD248 

significance on MSC's behavior and functionality. 
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CHAPTER 2 

Materials and Methods 
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2.1 Sample size and heterogeneity  

Twenty-nine AML-MSCs samples were obtained from Dr. Menendez, a 

collaborator from Joseph Carreras Leukemia Research Institute, School of Medicine 

University of Barcelona, Spain. Those 29 samples were among the 46 patients' 

derived MSCs previously used by Guardia et.al (184). MSCs vials were received in 

dry ice and stored in liquid nitrogen till used for RNA sequencing analysis. These 

AML-MSCs were previously fully characterized by the collaborator as bone marrow 

MSCs (BM-MSCs) following ISCT characterization. Samples were obtained from 

patients of both gender; female (n=12) and male (n=17). Those patients belong to 

several age groups infant, youth, and old (8 months to 80 years). These AML-MSCs 

were derived from AML patients cytogenetically varied and clinically characterized in 

three risk groups/AML subtypes; high HR (n= 11), intermediate IR (n=8), and low LR 

(n=10) risk. Each subtype displays designated molecular features according to AML 

characterization systems (LR-AML displaying favorable cytogenetics/ molecular 

features), (IR-AML exhibit normal karyotype and lack FLT3, C/EBPα, and NPM 

mutations), and (HR-AML showing unfavorable cytogenetics/ molecular features). 

For control samples, MSCs from eight healthy donors (HD-MSCs), male (n=7), and 

female (n=1), previously used and described (215, 216), were used. Complete 

demographical information of AML-MSCs and HD-MSCs are shown in Table 3.1 and 

Table 3.2 

2.2 Culturing AML-MSCs and HD-MSCs for RNA sequencing  

HD-MSCs (n=8) and AML-MSCs (n=29) were thawed, suspended, and 

cultured in AML complete media. This complete media consisted of advanced 

DMEM (Cat# 12491-015, Gibco) that contains 20% fetal bovine serum, FBS 
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(Cat#F1051, Sigma). In addition to FBS, the media was supplemented with L-

Glutamine (200Mm) to final concentration of 2mM (Cat#7100, Stem cell), 

Penicillin/streptomycin final concentration of 1% (Cat#15140122, Gibco), 

Amphotericin B (250µg/ml) final concentration of 0.20% (Cat# 15290018, Gibco) and 

plasmocin (2.5 mg/ml) to final concentration of 0.02% (Cat#ant-mmp, InvivoGen). 

Cells suspension was centrifuged at 1200xg for 8 minutes at room temperature. 

Cell's pellet was re-suspended in 1mL of AML complete media and counted using 

Trypan blue stain 0.4 % (Cat#T10282, Invitrogen) and Countess Cell counter. Then 

MSCs were seeded at 2.5-3 ×105 cells/cm2 in T-75 or T-175 cm2 plastic tissue-

culture treated flasks and incubated at 37°C and 5%CO2. Cells were checked for 

growth and confluence every 2-3 days, and media was replaced with fresh AML 

complete media when needed. 

2.3 Harvesting AML-MSCs and HD-MSCs for RNA isolation  

When MSCs (AML-MSCs and HD-MSCs) reached 80%-90% confluence, 

media was removed, and 5mL or 7mL, per T-75,T-175 flask respectively, of 0.25% 

Trypsin/EDTA (Cat#25200072, Gibco) was added, then cells were incubated for 5 

minutes at 37°C, 5% CO2. After five minutes, 5 - 7mL of FBS (Cat#F1051, Sigma) 

was added to neutralize the trypsin activity. MSCs were then harvested and 

centrifuged at 1200xg for 8 minutes at room temperature. 1-2mL of ice-cold D-PBS 

(Cat # 14190-144, Life Technologies) was added to suspend cell pellets. Tubes 

were placed on ice, and cell viability and count were checked using Trypan blue 

stain 0.4 % (Cat#T10282, Invitrogen) and Countess Cell counter. After determining 

their viabilities, cell pellets were stored at -80°C for RNA isolation. 
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2.4 RNA Extraction and isolation  

RNAs from MSCs (AML (n=29) and HD (n=8)) frozen pellets were isolated 

using mirVana miRNA isolation kit (Cat#, AM1560, ThermoFisher). As per the 

manufacturer's protocol, frozen cell pellets were taken from - 80°C and quickly 

placed on ice. Then 600µl of lysis buffer was added to cell pellets, mixed well by 

pipetting up and down, and cell suspensions were transferred to a new labeled tube. 

1:10 volume of miRNA homogenate additive were added to the lysate while on ice, 

mixed, and incubated on ice for 10 minutes. Then, an equal volume of chloroform 

(Cat#CX10541, Millipore) was added to the lysate (600µL of lysate + 600µL of 

chloroform), mixed gently, vortexed for 45 seconds, then centrifuged for 5 minutes at 

10,000xg, room temperature, to separate the aqueous from the organic phase. 

When centrifugation was over, the upper layer was removed carefully (aqueous 

layer: RNA-containing phase) from the tube without touching and disturbing the 

bottom layer, and volume was measured and transferred to a new tube. At room 

temperature, 1.25 volume of 100% ethanol (Cat#P006EAAN, Commercial Alcohols) 

was added to the RNA-containing layer, mixed, and transferred to a collection tube, 

centrifuged for 5-10 seconds at 10,000xg. The filtrate was discarded while the filter 

was washed twice with 500-700µL of washing solutions centrifuged for 5-10 

seconds at 10,000xg. Additional centrifugation was performed to remove any 

remaining liquids bound to the filter and placed into a new collection tube. 100µL of 

preheated (95°C) elution solution was added to the filter's center, and the tube was 

spun for 30 seconds at maximum speed. After spinning, the filter was discarded, and 

elution was collected. Then nucleic acid concentration and purity were measured 

and assessed by Nanodrop using 1-2µL of each sample. 
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2.5 TURBO DNase   

Isolated RNA was treated to ensure purification and removal of DNA 

contaminations using a TURBO DNA-free kit (Cat#AM1907, Life Technologies). 

Samples were placed on ice, 10µL of 10X buffer and 2-3uL of Turbo-DNase were 

added to each sample, vortexed, transferred to PCR tubes, and incubated for 1 hour 

in a thermocycler at 37°C. After incubation, a 0.2 volume of inactivation reagent was 

added to each sample to stop the enzyme activity, and samples were incubated for 

5 minutes at room temperature. The tubes were occasionally mixed up and down 

during incubation, then centrifuged for 1 minute at 10000xg. Supernatants were then 

collected on ice, and RNA concentration was measured and assessed by Nanodrop 

using 1-2µL of each sample. 50µL of each sample was used for further purification 

through ethanol precipitation, while the remaining sample volume was frozen at -

80°C for future use. 

2.6 Ethanol precipitation  

Ethanol precipitation of total RNA samples was carried out overnight to 

ensure samples purification. In brief, 0.1 volume of 3M Sodium Acetate pH 5.2 

(Cat#R1181, Life Technologies) and 2.5-3 volumes of ice-cold 100% ethanol 

(Cat#P006EAAN, Commercial Alcohols) were added to 50µL of each RNA sample. 

Samples were then vortexed, mixed thoroughly, and precipitated overnight at - 

20°C. Samples the next day were centrifuged at 16,435xg for 30 minutes at 4°C. 

RNA pellets were then washed with 0.5 mL of ice-cold 75% ethanol and spun at 

16,435xg for 10 minutes at 4°C. To ensure complete removal of ethanol trace, 

samples were spun for 10 seconds at room temperature. RNAs were then air-dried 

for 5-10 minutes at room temperature. Air-dried RNAs were suspended in 50µL of 



43 
 

Nuclease-free water (Cat # 10977015, Life Technologies) and incubated for 15 

minutes at room temperature for complete solubilisation. Final assessment of RNA 

purity, 260/280 ≥1.8 and 260/230 ≥ 2.0, and measuring RNA concentration were 

performed in Nanodrop using 1-2µL of each RNA sample. All RNA samples were 

kept at -80°C till used for RNA-sequencing. 

2.7 Determination of RNA Integrity Number (RIN) 

 Checking RNAs purity and measuring RNAs concentrations was performed 

three times throughout the isolation process, as seen above. Moreover, prior to RNA 

sequencing, the RNA integrity was assessed using Agilent RNA Screen Tape 

System (Agilent Technologies, Germany) to determine the RNA integrity number of 

each sample. The RNA integrity number (RIN) is an algorithmic-based measurement 

tool that assesses the integrity of RNA based on the electrophoretic ratio of rRNA 

28S and 18S. RIN values should range from 1 to 10; the highest the RIN, the less 

degraded the RNA. Samples for RIN analysis were prepared following the Agilent 

RNA Screen Tape System manufacturer's instructions. Analysis was performed at 

the RNA sequencing facility using Tape Station Analysis Software. High-quality 

RNAs, RIN ≥7.0, were obtained from all samples; therefore, RNAs from all MSCs 

cultures (AML-MSCs (n=29) and HD-MSCs (n=8)) were used for RNA sequencing. 

2.8 RNA-Sequencing  

Total RNA samples were 1:5 diluted in RNAse-free H2O. A volume containing 

75ng of each sample was brought up to 15µL by RNAse-free H2O for NeoPrep PCR 

strips. 1.5µl of the diluted sample was used for analysis in bioanalyzer strips prior to 

RNA sequencing, while 1µg of total RNA was used in 7µl of H2O for small RNA 

testing. However, RNA samples were not analyzed for miRNAs. All RNA samples 
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were transferred on ice to the RNA sequencing facility at Dr.Yolk's laboratory in 

Environmental health Canada, Ottawa, Canada. NeoPrep PCR Illumina RNA-

sequencing was performed with an average of 40 million read alignment and the use 

of a poly-A tail sequencing and 75 base pair, with the reference of human genome 

version 8.6 by Ensemble Sequence Alignment. Significance in gene expression was 

determined by adjusted p-value < 0.05 between the two groups, AML/HD. 

2.9 In silico analysis of statistically differentially regulated genes in AML/HD-

MSCs 

RNA sequencing data of gene expression profiles of average AML/HD-MSCs 

was used to perform an in silico analysis. The analysis was carried out using IPA 

(IPA, Qiagen), which collects and compares the interactions between statistically 

differentially regulated gene, SDRG, with all available and relative molecules in the 

ingenuity database. A similar analysis was performed within each AML subtype and 

HD-MSCs. In brief, Comparison analysis was performed on the dataset to determine 

significant differences using the comparison analysis tool. Statistically expressed 

genes were determined by a fold-change parameter of 1.5 in addition to the applied 

0.05 adjusted p-value. The findings that were only associated with the human 

species, and mesenchymal stem/stromal cells were selected. The pathway tool was 

used to determine the top 5 canonical pathways associated with the SDRGs. The 

disease and function tool was used to identify associated networks and explore 

possible connections and interactions between those significantly altered genes. In 

addition, the bio-profile tool was used to generate and obtain a bio profile of these 

SDRGs. 
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2.10 qRT-PCR Validation of SDRGs 

RNAs from HR AML-MSCs (n=11) were used to validate GREM1 and 

SCUBE3 dysregulated expressions using qRT-PCR. IScript Reverse Transcription 

Supermix (Cat# 1708840, BioRad) was used for cDNA synthesis. As per 

manufacturer protocol, 1µg of each RNA sample, in a total volume of 5-8µL, was 

added to 8µL of nuclease-free H2O. Reaction cycles were set as follows: priming for 

5 minutes at 25°C, then reverse transcription for 20 minutes at 46°C, followed by 1 

minute at 95°C for RT inactivation. After that, SsoAdvanced Universal SYBR Green 

Supermix (Cat# 1725270, BioRad) was used to perform the PCR reaction following 

manufacturer protocol. Primer and template of the reference gene, GAPDH 

(Cat#10025716, Cat#10025636, Bio-Rad), SCUBE3 (Cat#272415539, 

Cat#229760580, BioRad), and GREM1 (Cat#236264692, Cat#229760581, BioRad) 

were used to generate standard curves. Reactions were carried out in PCR 

instrument CFX96 (BioRad), and relative gene expression data were analyzed by 

CFX Maestro version 1.1(BioRad). Details about the used templates and primers 

can be seen in table S2. 

2.11 Culturing MSCs in RoosterBio complete media  

MSCs (AML-MSCs and HD-MSCs) were thawed, and 5-10mL of RoosterBio 

complete media; Rooster Basal MSC media (Cat# SU-022, RoosterBio) 

supplemented with RoosterBio supplement (Cat# SU-003, RoosterBio) was added 

to thawed cells. Cells were centrifuged at 200xg for 8-10 minutes, and pellets were 

suspended in 1mL of RoosterBio complete media and counted. Viability was 

determined by Trypan blue stain 0.4 % (Cat#T10282, Invitrogen) using Countess 
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Cell counter. Cells were then seeded at 2.5 -3×105cells in T-75, or T-175 plastic 

tissue-culture treated flasks. Cultures were incubated and maintained at 37°C and 

5% CO2. 

2.12 Generation of MSCs lysates and determination of protein concentration 

MSCs lysates were generated for western blot analysis. In brief, cells were 

cultured in AML or RoosterBio complete media in 6-well plates or T-75 flasks. Cell 

pellets were washed twice with 5mL of ice-cold D-PBS (Cat # 14190-144, Life 

Technologies). D-PBS was aspirated, 5-10mL/ flask of ice-cold PBS was added, and 

cells in flasks were scraped on ice with cells scrapers. Scraped cells were collected 

and centrifuged for 10 minutes at 800xg and 4°C. After centrifugation, cell pellets 

were washed with 2-10mL of ice-cold PBS for the second time and centrifuged at 

800xg for 8 minutes at 4°C. Then, cells pellets were lysed while on ice in RIPA 

Buffer (1X) (Cat# PI8990, Pierce) supplemented with protease inhibitor, 10µl/mL of 

buffer (Cat#1861281, Pierce). For MSCs cultured in 6-well plates, cells were washed 

twice with ice-cold PBS on ice. RIPA Buffer supplemented with protease inhibiter 

was added directly to each well (120-250µL/well); cells then were scraped gently on 

ice with cell scrapers and collected in LoBind protein tubes. Lysates were incubated 

in a shaker for 30 minutes at 4°C to ensure complete lysing. After incubation, cell 

lysates were sonicated at an amplitude of 30% for 10 seconds three times with 30 

seconds intervals in between using a sonication instrument. Lysates were kept on 

ice between sonication cycles and cleared by centrifugation for 5 minutes at 

14000xg at 4°C. Supernatants were collected in LoBind tubes and kept at -20°C for 

same or next day use while kept at -80°C for long-term storage. Determination of 
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protein concentration of cell lysates was performed using the Bicinchoninic acid 

assay (BCA) kit (Cat#PI23227, Pierce). 

2.13 Western Blot  

MSCs (HR AML-MSCs and HD-MSCs) lysates generated and stored at -20°C 

or -80°C were thawed and used for western blot analysis. To prepare these lysates 

for WB analysis, the required concentration of protein of each Lysate (total volume 

≤26µL) was mixed with 4µL of sample reducing reagent (Cat# B0009, Life 

Technologies) and 10µL of protein loading buffer (Cat#928-40004, Li-Cor) prior to 5 

minutes of boiling. Boiled samples were separated by SDS-PAGE (Bolt 4-12% 

BisTris Plus Gels, 1.00 mm x 12 wells, Invitrogen). The electrophoresis was 

adjusted to 200V for 30-35 minutes for the separation step. For the transferring step, 

protein was transferred to the Immboilin-FL membrane for an hour at 20V. After that, 

the membrane was blocked in iBind Flex solution (Cat# SLF 2019, Invitrogen) for 1 

hour, then incubated overnight with a specific primary antibody diluted in iBind 

solution and fluorochrome-conjugated secondary antibody using the iBind device 

(ThermoFisher). The next day, the membrane was washed and imaged on Odyssey 

infra-red instrument (LI-COR Biosciences). Membranes were stripped using 

stripping buffer (Cat# 928-40032, Li-Cor), washed with PBS, and re-blocked in an 

iBind solution for 1 hour. Similar to initial staining, incubated overnight with primary 

antibody against reference gene. For total protein stain, the membrane was stained 

using revert total protein stain (Cat# 926-11010, Li-Cor). Target band signals were 

detected in Odyssey infra-red instrument at channel 800, while total protein signals 

were detected and quantified at channel 700. Antibodies that were used for western 

blot analysis are listed in table S3.  
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2.14 CD248 siRNA Knockdown 

Healthy MSCs (sample HD2-55RB) were transfected with either CD248 

Silencer Select siRNA (Cat#4392420, Ambion) or with scrambled, negative control 

siRNA (Cat# 4390843, Ambion) to silence the expression of CD248 using TransIT-

X2 transfection reagent (Cat#MIR6000, Mirus). The transfection was optimized and 

carried out in a 6-well plate or T-75 flasks. Cells seeded at 10x105 cells/well, 

3.7x105/flask in RoosterBio complete media and incubated at 37°C, 5%CO2, for two 

days. When cells reached ≤ 80 %, media was removed before transfection, and cells 

were washed twice with 2-5mL of (Cat # 14190-144, Life Technologies). Then low 

serum Opti-MEM media (X1)(Gibco) was added, 16mL/flask and 2.5mL/well. 

Transfection complexes were made in Opti-MEM following TransIT-X2 manufacturer 

protocol. Cells were transfected with siRNA (10µM stock, final concentration of 

25nM) and incubated at 37°C, 5%CO2 for 4 hours. After 4-hour incubation with 

transfection complexes, the media was replaced with RoosterBio complete media, 

and cells were maintained for 72 hours at 37°C, 5% CO2 before conducting any 

downstream analysis. Functional assays were performed after ensuring the high 

efficiency of the established knockdown protocol. 

2.15 Determination of MSCs CD248 expression by Flow Cytometry  

To assess the expression of CD248 on HD-MSCs, and AML-MSCs, and 

validate CD248 knockdown, MSCs, transfected and un-transfected, were harvested 

and suspended in flow buffer, D-PBS (Cat # 14190-144, Life Technologies) + 2% 

FBS (ThermoFisher). Cell counts were determined using trypan blue and Countess 

Cell counter. Prior to staining, cells suspensions were filtered through a 70μm cell 

strainer. 0.2 x106 cells/100µL from each condition were stained with either CD248 
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antibody conjugated to Alexa flour 647 (1μg/μL) (Endosialin/CD248- Mouse  Anti-

Human, Alexa Fluor 647(Cat#564994, BD Pharmingen) or IgG isotype control 

(IgG1k Isotype Control-Mouse- AlexaFluor 647, Cat#557714, BD Biosciences). 1mL 

of Live/dead stain (Cat# L34961) was added to determine live cells. Stained and 

unstained cells were incubated for 30 minutes at 4°C, washed twice with 1mL of flow 

buffer, and centrifuged for 6 minutes at 4°C. Washed cells were re-suspended in 

300-500µL of flow buffer and kept at 4° C till analysis. Samples were assessed by 

the flow cytometry facility at Health Canada using the LSRII instrument (BD 

Bioscience). Then, data were analyzed by FlowJo software version 10 (BD 

Biosciences). 

2.16 MSCs differentiation Assays 

siCD248-Treated, siNegScr-Treated, and UT HD-MSCs (HD2-55RB) were 

assessed for MSCs differentiation potentials, adipogenic and osteogenic 

differentiation. Cells were seeded in 6-well plates at a seeding density of 1x105/well 

and cultured for two days in 3mL/well of RoosterBio complete media; Rooster Basal 

MSC media (Cat#SU-022, RoosterBio) supplemented with RoosterBooster MSC 

(Cat#SU-003). At 80% confluence, cells were transfected with CD248 siRNA or 

negative control siRNA as per the CD248 siRNA knockdown protocol. After 4-hour 

incubation with transfection complexes, RoosterBio complete media was replaced 

with 2.5mL/well of base differentiation media (StemXVivo Osteogenic/Adipogenic 

Base Media, Cat#CCM007, R&D), supplemented with adipogenic supplement 

(StemXVivo Adipogenic Supplement (100X), Cat#CCM011, R&D), to induce MSCs 

adipogenic differentiation. While media was changed to base media supplemented 

with osteogenic supplement (StemXVivo Osteogenic Supplement (20X), Cat # 
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CCM008, R&D) to induce MSCs osteogenesis. After media change, cells were re-

incubated and maintained at 37°C, %5 CO2. Media was replaced with fresh base 

differentiation supplemented media every three days for 14-21 days; throughout the 

differentiation, cultures were maintained at 37°C. Fixation and chemical staining was 

used in order to assess MSCs differentiation qualitatively. Differentiated and 

undifferentiated MSCs were fixed in 1.5-2mL/well of 4% paraformaldehyde 

(Cat#15710, Electron Microscopy Sciences) and stained with Alizarin S 2% 

solution(Cat#26206-01, Electron Microscopy Sciences) for mature osteoblast or Oil 

Red O stain (Cat# 26503-02, Electron Microscopy Sciences ) for adipocytes. 

Fixation and staining were performed following our lab standard staining protocol 

(LOP #04-009 Chemical Staining for Human Bone Marrow MSC Differentiation 

Assays) based on manufacturer protocol for MSC’s functional Identification Kit (Cat# 

SC006, R&D). Lipid vacuoles and mineral deposits were examined and visualized 

by bright field microscopy. 

2.17 RNA isolation for Adipogenesis qRT-PCR Assay  

Differentiated siCD248-Treated, siNegScr-Treated, and differentiated control 

UT HD-MSCs (HD2-55RB), were treated with Trizol reagent (Cat#15596026, 

Invitrogen) 500µL/well to extract their total RNA using phasemaker tubes 

(Cat#A33248, Invitrogen) as per their manufacturer protocol. DNA digestion 

(Cat#M0303S, NEB) and ethanol precipitation were performed in RNA samples to 

ensure high purification of the extracted RNAs. RNA purity and concentration were 

detected by Nanodrop using 1-2µL of each RNA sample. Only RNA with 260/230 ≥ 

1.85 ratios and 260/280 ≥1.8 were used. 1µg of each RNA sample was used for 

reverse transcription, and reactions were carried out using the IScript Reverse 
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Transcription Supermix kit (Cat# 1708840, BioRad). RT-PCR was conducted in a 

96-well plate using Adipogenesis predesigned PrimePCR assay 96-well plate. (Cat# 

14952688, BioRad). Samples for the assay were prepared with SsoAdvanced 

Universal SYBR Green Supermix kit (Cat# 1725270, BioRad), and the thermocycler 

was programmed following the kit’s manufacturer protocol. Relative gene expression 

data were analyzed using CFX Maestro software version 1.1(BioRad). Gene 

expression was calculated by △△Cq. Gene expressions of siNeg-Treated MSCs 

were used as a control to compare the expression of all amplified adipogenesis 

genes in siCD248-treated and UT cells. 

2.18 In silico analysis of adipogenesis pathway  

qRT-PCR results of adipogenic-differentiated siCD248-Treated HD-MSCs, 

HD2-55RB, gene expressions were applied to the adipogenesis pathway through 

IPA, ingenuity pathway analysis(IPA, Qiagen). The classical adipogenesis pathway 

was obtained through the pathway analysis tool. Then, siCD248-treated altered 

gene expression of the SIRT2 gene was added to the pathway through add 

molecule tool, and the SIRT2 gene was upregulated to modulate its expression in 

siCD248-treated MSCs. The prediction was turned on to predict the effect of the 

altered expression of the molecule and explore the relationship between their 

dysregulated levels in adipogenic-differentiated siCD248-treated MSCs with MSCs 

adipogenesis pathway in physiological status.  

2.19 Protein Profiler Array  

Lysates of siCD248-Treated, siNegScr-Treated, and UT MSCs (HD-55RB) 

were generated, and their protein concentration was determined as described 

earlier. Proteome Profiler Array (Human Angiogenesis Array kit, Cat#ARY007, R&D) 
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consisted of 55 specific antibodies against 55 proteins. Each membrane has the 55 

antibodies spotted in duplicate. 300µg of protein from each lysate was used in an 

array membrane. A membrane was used for each sample of the three transfection 

conditions. Following the manufacturer protocol with modifications, samples were 

separately incubated with an antibodies cocktail, and membranes were blocked with 

a blocking buffer. Samples were incubated with antibodies for 30 minutes at room 

temperature. Membranes were blocked for 1 hour. After 1-hour incubation, samples 

were added to the membranes and re-incubated in a shaker overnight at 4°C. Prior 

to staining, membranes were washed three times with washing buffer for 10 minutes 

the next day. Then, a 1:2000 dilution of Streptavidin (IRDye 800CW Streptavidin, 

Cat#92632230, LiCor) was prepared and added to each well where the washed 

membrane was then placed. Membranes were incubated in a rocker for 30 minutes 

at room temperature. After incubation with Streptavidin, membranes were washed 

three times with the washing buffer, and images were taken. Images were collected 

using Odyssey infra-red instrument; a resolution of 84 µm and image quality was set 

to Medium. Proteins signals were detected at both 700 and 800 channels; a grid 

analysis was designed for each membrane and applied, and signals at channel 800 

were calculated, averaged, and normalized to negative signals at channel 700. 

2.20 HL60 co-culture and viability determination  

In order to examine the effects of siCD248-Treated and UT HD-MSCs on 

HL60 proliferation, HL60-MSCs co-culture experiments were conducted. HD-MSCs, 

HD2-55RB, were seeded at 1x105/well in a 6-well plate and cultured in RoosterBio 

complete media for two days. At 80% confluence, MSCs were transfected with either 

siRNA CD248 or negative control siRNA as per established knockdown protocol and 
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incubated at 37°C, 5%CO2. Prior to co-culture experiments, HL60 (Cat#ATCC-

CCL240) were thawed and seeded in T-75 flasks to grow and recover in IMDM 

(Cat#ATCC30-2005) media supplemented with 20% FBS (Cat#16000044). 24 hours 

post-transfection, MSCs were used as a feeder layer, HL60 were collected from the 

flasks, suspended in RoosterBio media, counted, and added to MSCs plates to each 

well 4x104 /well of each condition of the three transfection condition, transfected and 

un-transfected HD-MSCs. Cells on the co-cultured plates were maintained with 

RoosterBio complete media 2.5-3mL/well for five days at 37°C. After 24 hours of co-

culturing, HL60 viabilities were determined daily throughout the 5-day co-culture 

experiment. Each day, HL60 cells were collected from each well, suspended in 1mL 

of RoosterBio complete media, and counted using trypan blue and Countess Cell 

counter. Cells’ morphology was visualized throughout the 5-day co-culture 

experiment using bright field microscopy. MSCs from each corresponding plate/day 

were lysed, and cell lysates were generated.  

2. 21 Flow cytometry determination of CD45+  

On day 5 of the MSCs-HL60 co-culture experiment, HL60 cells were 

collected, counted, and stained for Flow cytometry analysis. In brief, cells were 

washed and suspended in flow buffer (D-PBS + 2% FBS). Prior to staining, 

suspended cells were filtered through a 70μm cell strainer. HL60 cells from each co-

culture condition, and HL60 cultured alone, were stained with either CD45 antibody 

conjugated to FITC, CD45 Mouse Anti-Human FITC (1μg/μL)(Cat#555482, BD 

Pharmingen) or Isotype control, IgG1k Isotype - Mouse – FITC, (Cat# 555748, BD 

Pharmingen). 1mL of Live/dead stain (Cat# L34961, Company) was added to each 

tube to determine live cells. Stained and unstained cells were incubated for 30 
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minutes at 4°C, washed twice with 1mL of flow buffer, and centrifuged at X for 6 

minutes at 4°C. Cell pellets were then re-suspended in 300-500µL of flow buffer and 

kept at 4° C till analysis. Samples were assessed by the Health Canada flow 

cytometry facility using the LSRII instrument (BD Bioscience). Then data were 

analyzed using FlowJo software version 10 (BD Biosciences).  

2. 22 Statistical analysis 

Data obtained from replicates within each independent experiment were 

considered technical replicates of that experiment, and >3 independent experiments 

were performed unless specified. Data obtained from multiple AML-MSCs samples 

or HD-MSCs considered biological replicates. For CD248 knockdown, each 

independent experiment, with 2-3 replicates, was conducted using new cell vials of 

HD-MSCs (HD2-55RB) to establish new culture and transfection each time. To 

perform any given experiment and generation of lysates for an assay, new 

transfection was performed, and lysates were freshly generated and assessed for 

any given experiment. AML-MSCs expression, gene, and protein were normalized to 

their healthy counterparts, HD-MSCs expression. Transfected HD-MSCs, were 

normalized to siRNA negative control-treated HD-MSCs and untreated HD-MSCs. 

Data of < 2 experiments of a given functional assay were not statistically analyzed. 

For statistical analysis, GraphPad Prism 7 software (GraphPad Software, LA Jolla, 

CA, USA) was used, and a p-value of < 0.05 determined the significance of the data. 

An unpaired T-test was used when two groups with one variable were compared. 

Grouped analysis using FDR method of Benjamini and Hochberg (Q = 1%) was 

used for multiple comparisons, for the protein profile analysis of protein microarray 

data (n=3). 
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3.1. RNA sequencing of MSCs derived from patients suffering from various AML 

subtypes (AML-MSC) showed an altered gene expression profile in comparison to 

those derived from healthy donors (HD-MSCs) 

A full transcriptomic analysis was conducted to understand the possible 

mechanisms and genes behind the previously observed functional impairments of 

AML-MSCs. Specifically, RNA sequencing was performed to compare the gene 

expression levels in AML-MSCs against the mean levels of gene expressions from 

HD-MSC controls.  

As AML is a heterogeneous hematological malignancy, its heterogeneity is a 

key challenge in understanding its pathogenesis. A large cohort was used here to 

better represent the disease and cover its subtypes. Twenty-nine clinically and 

cytogenetically varied AML-MSCs samples were used. These samples belonged to 

AML patients of several age groups and both sex, and they were characterized by 

AML subtypes (LR (n=10), IR (n=8), HR (n=11)). In addition to AML-MSCs, HD-

MSCs (n=8) were used as controls. All of these HD-MSCs and AML-MSCs’ samples 

were previously fully characterized and found to meet the standard ISCT criteria 

defining human bone-marrow MSCs (hBMMSCs). AML-MSCs were characterized 

and obtained from Guardia et al. (184), while HD-MSCs were obtained and fully 

characterized by our stem-cell-based therapeutics laboratory as previously 

described (215,216). (Demographical information of AML-MSC and HD-MSCs can 

be found in tables 3.1 and 3.2, respectively).  
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Sample ID Age (y) Sex Diagnostic Cytogenetics Molecular 

Blasts 

(%) Risk 

hBMMSC14004 4 F AML-M2 
46,XX t(8;21) 
AML1-ETO FLT3-ITD 40 H 

hBMMSC-14008 10 M AML 46,XY Ø 92 I 
hBMMSC-14009 20 M AML-M4 46,XY, inv(16) 46,XY, inv(16) 56 L 

hBMMSC-14011 8 mo M AML-M5 
46, XY, inv(16) 
(p13.1q22) Cbfb-MYH11 50 L 

hBMMSC-14012 48 F AML-M5 
46,XX,t(11;19)
(q23;p13) MLL-ENL 77 H 

hBMMSC-14013 44 F AML-M4 46,XX 

FLT3WT, 
NPM1WT, 
MLLWT, 
cEBPaWT 65 I 

hBMMSC-14016 35 M AML 89-92,XY Ø 80 H 

hBMMSC-14018 61 M AML 46,XY 

FLT3WT, 
NPM1WT, 
MLLWT, 
cEBPaWT 1 I 

hBMMSC-14022 20 F AML 46,XX 
NPM1MUT, 
IDH1MUT 92 L 

hBMMSC-14030 18 M AML 46,XY NPM1MUT 32 L 

hBMMSC-14031 52 F AML 46,XX 

FLT3WT, 
NPM1WT, 
MLLWT, 
cEBPaWT 79 I 

hBMMSC-14032 80 M AML 46,XY NPM1MUT 49 L 
hBMMSC-14043 37 F AML-M4 46,XX NPM1MUT 80 L 
hBMMSC-14048 63 F AML-M4 46,XX MLL-AF9 90 H 

hBMMSC-14056 77 M AML-M5 46,XY 
NPM1MUT, 
FLT3del 80 H 

hBMMSC-14057 65 F AML-M5 46,XX 
NPM1MUT, 
FLT3-ITD 90 H 

hBMMSC-14059 81 M AML 46,XY 

FLT3WT, 
NPM1WT, 
MLLWT, 
cEBPaWT 35 I 

hBMMSC-14067 27 M AML-M3 
46,XY,t(15;17)
(q22;q12)[20] 

PML-RARa 
(bcr1) 92 L 

hBMMSC-14070 77 F AML-M1 46,XX MLL-AF9 80 H 

hBMMSC-14074 69 M AML 
46,XY,del(7)(q
22) [13] Ø 22 H 

hBMMSC-14078 53 M AML 46,XY,-7q 

FLT3WT, 
NPM1WT, 
MLLWT, 
cEBPaWT 56 H 

hBMMSC-14085 42 M AML-M4 46,XY 

BAALCMUT, 
WT1MUT, 
NPM1MUT,FL
T3MUT 99 H 

hBMMSC-14086 78 F AML 46,XX NPM1MUT 67 L 

hBMMSC-14088 61 F AML 
47,XX,+8/46,X
X 

FLT3WT, 
NPM1WT, 71 I 
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Table 3.1. Demographics and clinical features of AML patients. AML-MSCs 

(n=29) information according to their source (184). Abbreviation hBMMSC= human 

bone-marrow mesenchymal stromal/stem cells, AML=acute myeloid leukemia. M1-
M5 AML classification system. Molecular/genetic risk group/AML subtype; H= High, 
I= Intermediate, and L= low risk according to the genetics classification.  

 

  

MLLWT, 
cEBPaWT 

hBMMSC-14089 77 M AML 46,XY cEBPaMUT 45 I 
hBMMSC-14096 25 M AML-M3 46,XY,t(15;17) PML-RARa 90 L 
hBMMSC-14097 27 M AML-M3 46,XY,inv(16) Cbfb-MYH11 40 L 
hBMMSC-14101 8 F AML 46,XX FLT3MUT 95 H 

hBMMSC-14113 56 M AML 46,XY 

FLT3WT, 
NPM1WT, 
MLLWT, 
cEBPaWT 40 I 
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Table 3.2. Demographics of healthy donors. HD-MSCs (n=8) information. 

Abbreviation hBMMSC= human bone-marrow mesenchymal stromal/stem cells, 

N/A= not applicable. HD-MSCs were purchased and obtained by stem-cell-based 
therapeutics, Health Canada. When the donor exact age could not be determined, 
age range was used and confirmed by the source. RB=RoosterBio cells. 

 

 

 

 

 

 

 

Sample ID Age (y) Sex Diagnostic 

hBMMSC-10A 24 M N/A 

hBMMSC-18A 34 F N/A 

hBMMSC-19A 34 M N/A 

hBMMSC-37RB 31-45 M N/A 

hBMMSC-49RB 18-30 M N/A 

hBMMSC-55RB 18-30 M N/A 

hBMMSC-81RB 18-30 M N/A 

hBMMSC-84RB 31-45 M N/A 
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Frozen cell vials of these MSCs, from both groups HD and AML, were thawed 

and cultured in AML complete media to ensure consistency and eliminate 

variabilities between culture conditions. Cultures were maintained in AML complete 

media till confluence. Unlike MSCs from healthy donors (HD-MSCs), AML-MSCs 

grew slower and required more days in culture to reach a relatively high confluence. 

Similar morphology of spindle-shaped fibroblast was observed for both groups. 

Then, cultured MSCs were harvested for RNA isolation and total RNA extraction. 

Isolated RNAs’ purity and integrity were assessed prior to RNA sequencing as 

described in sections 2.4-2.7 of chapter 2. Since RNA sequencing requires high-

quality RNAs and high-quality RNAs with RIN ≥ 7.0 were successfully obtained from 

all cultured AML-MSCs (n=29) and HD-MSCs (n=8) (Table 3.3), all samples were 

used in the sequencing. Then, gene profiles of AML-MSCs from all subtypes were 

compared to HD-MSCs (Figure 3.1).  

Results of this unbiased transcriptomic analysis of AML-MSCs and HD-MSCs 

showed that AML-MSCs have an altered gene expression profile. In particular, when 

a cut-off adjusted p-value of ≤ 0.05 was applied, among 7565 common genes 

between the two groups, 30 genes were found to be dysregulated in AML-MSCs 

compared to HD-MSCs. Out of these 30 dysregulated genes, 18 genes were 

upregulated, and 12 genes were downregulated in AML/HD. These 30 genes are 

shown in the heat map (Figure 3.2). This hierarchal cluster was generated to show 

expression values as a raw-scaled log of fragments per kilobase. Additionally, when 

the transcriptomic analysis was performed between AML subtypes HR, IR and LR 

no significant differences were found within AML groups. Moreover, no significant 
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differences within age groups nor between sexes, male versus female were found in 

AML-MSCs /HD-MSCs. As seen above, our transcriptomic analysis showed that the 

AML-MSCs group (including MSCs from all AML subtypes IL, LR, and HR) had an 

altered genetic profile compared to HD-MSCs. Availabilities of healthy donor 

samples derived from other age groups (children and old) was a limitation of the 

transcriptomic analysis between AML-MSCs and HD-MSCs based on age. 
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Figure 3.1. Schematic workflow outline for transcriptomic analysis of AML-
MSCs in comparison to HD-MSCs. Process for sample preparation prior to 

performing the RNA-sequencing. Frozen MSCs from 29 AML patients’ bone marrow 

aspirates ((AML-MSCs (n=29)) were obtained from Guardia et al. (Joseph Carreras 
Leukemia Research Institute, Spain) and kept in liquid nitrogen till used. HD-MSCs 
(n=8) were characterized in the stem cell-based therapeutics laboratory (Health 
Canada). All MSCs then were cultured (passage 2-5) in AML complete media till 

confluent. Cells were then harvested for RNA isolation using the mirVana kit. RNAs 
quality was checked. Samples with RIN ≥ 7 were used for RNA-sequencing analysis 
to identify significant gene differences between AML-MSCs and HD-MSCs. 
Abbreviations: hBM-MSCs: human bone-marrow mesenchymal stromal/stem cells. 

AML: acute myeloid leukemia, HD: healthy donor. A detailed description of the 
procedures of these experiments is available in chapter 2. 
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Table 3.3. RNA integrity number (RIN) for AML-MSCs (n=29) and HD-
MSCs’(n=8) RNAs samples. Assessment of RNA integrity prior to RNA sequencing 

by determining the RNA integrity numbers (RINs) was performed using Agilent RNA 
ScreenTape System (Agilent Technologies, Germany)(RNA assessment details are 

described in chapter 2). All AML-MSCs (n=29) and HD-MSCs (n=8) were used in 
RNA-sequencing.   

 

 
Sample ID RIN  Sample ID RIN 

A
M

L
-M

S
C

s
 

hBMMSC-14004 7.4 

A
M

L
-M

S
C

s
 

hBMMSC-14074 
8.3 

hBMMSC-14008 8.1 hBMMSC-14078 7.7 

hBMMSC-14009 8.2 hBMMSC-14085 7.8 

hBMMSC-14011 7.9 hBMMSC-14086 7.6 

hBMMSC-14012 7.6 hBMMSC-14088 
7.4 

hBMMSC-14013 8 hBMMSC-14089 7.9 

hBMMSC-14016 7.2 hBMMSC-14096 7.6 

hBMMSC-14018 7.9 hBMMSC-14097 7.6 

hBMMSC-14022 8.1 hBMMSC-14101 7.2 

hBMMSC-14030 7.9 hBMMSC-14113 
8 

hBMMSC-14031 7.5 
H

D
-M

S
C

s
 

hBMMSC-10A 8.3 

hBMMSC-14032 8.3 hBMMSC-18A 7.8 

hBMMSC-14043 7.5 hBMMSC-19A 8.3 

hBMMSC-14048 7.9 hBMMSC-37RB 8.1 

hBMMSC-14056 7.8 hBMMSC-49RB 7.4 

hBMMSC-14057 7.6 hBMMSC-55RB 8.3 

hBMMSC-14059 7.9 hBMMSC-81RB 8.2 

hBMMSC-14067 8 hBMMSC-84RB 7.2 

hBMMSC-14070 8   
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Table 3.4. Simplified IDs of the used AML-MSCs and HD-MSCs as appeared in 
figure 3.2. Original information is found in Tables 3.1 and 3.2. AML: MSCs derived 

from AML patients. Risk group; HR, IL. LR. HD: healthy donor. 

 

 

 

 

 

 

Original ID Simplified  ID 

 

Original ID 

 

Simplified  ID 

hBMMSC-14089 AML-IR1 
hBMMSC-14048 HR -AML1 

hBMMSC-14088 AML-IR2 
hBMMSC-14085 HR-AML2 

hBMMSC-14113 AML-IR3 
hBMMSC-14056 HR-AML 3 

hBMMSC-14031 AML-IR4 
hBMMSC-14078 HR -AML4 

hBMMSC-14059 AML-IR5 
hBMMSC-14074 HR-AML5 

hBMMSC-14018 AML-IR6 
hBMMSC-14016 HR-AML 6 

hBMMSC-14013 AML-IR7 
hBMMSC-14057 HR-AML 7 

hBMMSC-14008 AML-IR8 
hBMMSC-14070 HR-AML 8 

hBMMSC-14043 AML-LR1 
hBMMSC-14012 HR -AML9 

hBMMSC-14022 AML-LR2 
hBMMSC-14004 HR-AML 10 

hBMMSC-14030 AML-LR3 
hBMMSC-14101 HR-AML 11 

hBMMSC-14097 AML-LR4 hBMMSC-84RB HD1-84RB 

hBMMSC-14096 AML-LR5 hBMMSC-55RB HD2-55RB 

hBMMSC-14086 AML-LR6 hBMMSC-49RB HD3-49RB 

hBMMSC-14009 AML-LR7 hBMMSC-81RB HD4-81RB 

hBMMSC-14067 AML-LR8 hBMMSC-37RB HD5-37RB 

hBMMSC-14032 AML-LR9 hBMMSC-19A HD6-19A 

hBMMSC-14011 AML-LR10 hBMMSC-10A HD7-10A 

  hBMMSC-18A HD8-18A 
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Figure 3.2. Hierarchal cluster analysis of all 30 dysregulated genes in AML-

MSCs/HD-MSCs. The heat map shows RNA-seq gene profile data of the 30 (adj.p-

value of ≤ 0.05) altered genes between AML-MSCs (group 2 in pink) and HD-MSCs 

(group 1, in blue). From top to bottom, 18 upregulated genes and 12 downregulated 

genes. The increase in color intensity represents the degree of 

upregulation/downregulation on gene expression levels. Sample abbreviation, 

AML=AML-MSCs, LR=Low risk (n=10), HR=High Risk (n=11), IR=Intermediate risk 

(n=8), HD=HD-MSCs= control sample (n=8). RB and A represent the hBMMSCs 

sample suppliers. Original details about samples are found in Table 3.1 and 3.2. 
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3.2. Twenty-one statistically differentially regulated genes (SDRGs) between AML-

MSCs and HD-MSCs  

As seen above in section 3.1, the primary analysis of the RNA-seq data that 

compares the genetic profile of AML-MSCs with HD-MSCs, showed that 30 genes 

were dysregulated in AML-MSCs (adj p-value < 0.05). An additional restriction was 

applied using a fold-change (FC) difference to investigate the significance of these 

30 genes that were dysregulated in AML-MSCs compared to HD-MSCs. When a 

cut-off value for a FC difference in gene expression level in AML/HD MSCs of (≤ -

1.50 or ≥ 1.50) was applied, a total of 21 genes of the 30 genes (adj p-value of < 

0.05) met these cutoff values, and were significantly dysregulated in AML/HD. 

Therefore, 21 genes were identified as statistically differentially regulated genes 

(SDRGs) between AML and HD-MSCs (Figure 3.3A). Of the 21 SDRGs, 13 genes 

were up-regulated in AML-MSCs, while eight were down-regulated in AML/HD-

MSCs. 

Upregulated genes included TNS1, SCUBE3, ATP1B1, MEIS2, CXCL-12, 

DSP, TNFAIP2, LGR4, TUSC1, CD248, C14orf132, TCF7L1, and RUNX1 (Figure 

3.3B). The change in expression of these 13 upregulated genes ranged from 1.5 to 

3.9 FC. RUNX1 was the gene with the lowest significantly upregulated expression 

level in AML-MSCs with a 1.54 FC which is equal to 0.62 Log2FC with an adj. p-

value of 0.002, while SCUBE3 was the gene with the most upregulated expression 

level in AML-MSCs, it was up-regulated by 3.9 FC which is equal to 1.96 Log2FC 

with an adj p-value of 0.0007. The expression value of each upregulated gene is 

shown and described in (Table 3.5/Top). 
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The downregulated genes included SPCS3, DDX60L, PVRL3, SLIT2, 

TRNP1, ARHGEF28, FBLN5, and GREM1 (Figure 3.3C). The change in expression 

of these eight downregulated genes ranged from -1.6 to -4.8 FC. SPCS3 was the 

gene with the lowest significantly downregulated expression level in AML-MSCs. It 

was downregulated by 1.6 FC, which is equal to 0.69 Log2FC with an adj. p-value of 

0.042, while GREM1 was the gene with the most significant downregulated 

expression in AML-MSCs; it was down-regulated by 4.89 FC (2.29 Log2FC) with an 

adj p-value of 0.043. The downregulated expression values of all eight statistically 

differentially regulated genes in AML-MSCs are shown in (Table 3.5/bottom) (Figure 

3.3C).  

3.3 In-silico analysis of the SDRGs in AML-MSCs versus HD-MSCs 

An in-silico analysis was performed using several analysis tools of the 

ingenuity pathway analysis system (IPA) on the dataset to gain a better knowledge 

and understanding of the identified 21-SDRGs in AML/HD. First, a bio-profile for all 

21 genes was generated (Table 3.6). The analysis showed that these genes were 

located in various intracellular and extracellular locations (nucleus, cytoplasm, 

plasma membrane, and extracellular space), and they were functionally varied and 

included transcription regulator, transporter, transmembrane receptors, and 

cytokines (Table 3.6) and (Figure 3.3D).  

Secondly, to determine whether these dysregulated genes in AML/HD play a 

part in a physiological signaling pathway or play a part in a pathological signaling 

pathway, IPA canonical pathway tool was explicitly used to analyze the dataset. The 

analysis predicted that those 21 SDRGs were involved in several canonical signaling 
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pathways. Interestingly, the AML signaling pathway was among the top five 

canonical pathways (Figure 3.3E); these genes were associated with AML signaling.  

Then, the network analysis tool was used to perform network analysis on the 

transcriptomic dataset to assess the relationship and interactions between the 21 

genes that were found and identified as SDRGs in AML/HD-MSCs and to explore 

any possible link between these 21 genes. The analysis showed that several genes 

of these 21 SDRGs in AML-MSCs were involved in two main networks of 

interactions where they indirectly interact with each other (Figure 3.4A and B). 

Further analysis of these genes using the function tool showed that these genes 

were involved in many critical cellular processes. Some genes of the 21 SDRGs play 

a significant role in cellular movement, cell-mediated immune response, 

hematological system development and function, cell-to-cell signaling, cell 

interaction, and cellular assembly and organization. Moreover, although some genes 

were associated separately with differentiation pathways, performing additional 

analysis using IPA pathway and overlay tools revealed no common MSCs 

differentiation or metabolic pathway between these altered genes within MSCs. 

In addition, The IPA analysis predicted three common miRNA to be possibly 

associated with many of the dysregulated genes. However, the type/ direction of 

effect or association is not known. Findings in sections 3.1 and 3.2 of this chapter 

suggest that the designated alterations in AML-MSCs genetic profiles may be 

behind the altered AML-MSCs' previously observed functionalities. Furthermore, 

these genetic alterations could lead to an altered MSCs role and function in BME 

and consequently result in alterations of BME through which they could contribute to 
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AML relapse. Additionally, these findings confirmed the available knowledge that 

AML-MSCs exhibit their unique alterations rather than retaining AML blast 

mutations. 
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Upregulated Genes 
 

Gene Symbol Fold-Change (FC) Adjusted p-value Log2 FC 

SCUBE3 3.912063 0.0007801 1.967929604 

CXCL12 3.004718 0.0068605 1.587229597 

C14orf132 2.271148 0.043066485 1.183421723 

TNS1 2.253484 0.000231268 1.172157207 

DSP 2.032755 0.009806922 1.023436343 

TNFAIP2 2.006981 0.023066416 1.005026959 

TCF7L1 1.911159 0.047018994 0.934447809 

TUSC1 1.899027 0.036972087 0.925260418 

CD248 1.897716 0.037827945 0.924264104 

ATP1B1 1.784947 0.001234213 0.835881237 

LGR4 1.741113 0.028777353 0.800009838 

MEIS2 1.724862 0.005445646 0.786480942 

RUNX1 1.544966 0.002581002 0.627575679 

Downregulated Genes 

SPCS3 -1.61851 0.042066328 0.694666279 

DDX60L -1.67605 0.02810287 0.745065188 

PVRL3 -1.69976 0.043591937 0.765331057 

SLIT2 -1.73748 0.03972451 0.796996371 

TRNP1 -1.78222 0.043591937 0.833675436 

ARHGEF28 -2.19495 0.005611879 1.134188076 

FBLN5 -2.70416 2.24E-06 1.435180516 

GREM1 -4.89815 0.043591937 2.29223 

    

 

Table 3.5. Gene expression values of the 21 SDRGs in AML-MSCs/HD-MSCs. 

Transcriptomic data of the 21 dysregulated genes in AML/HD. Top: 13 significantly 

upregulated genes in AML/HD-MSCs (adjusted p-value <0.05) and (≥ 1.5 fold-
change, FC). Bottom: 8 significantly down-regulated genes in AML/HD-MSCs 
(adjusted p-value <0.05) and (FC ≤ -1.5). 
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Figure 3.3. Twenty-one statistically differentially regulated genes (SDRGs) in 
AML/HD. A) Volcano plot showing the significantly dysregulated 21 genes between 

AML-MSCs and HD-MSCs out of the 7565 common genes. The blue lines indicate 
the statistical significance of 1.5 fold-change (=0.584 Log2 FC), and the red line 

indicates the significant adjusted p-value. Blue dots represent genes with p < 0.05 
and significant FC < -1.5 or > 1.5 AML/HD. Red dots represent statistically 
insignificant genes. B) Demonstration of the13 upregulated genes out of the 21 
SDRGs in AML/HD by FC (> 1.5 FC) (red). C) Demonstration of the 8 

downregulated genes out of the 21 SDRGs in AML/HD (< -1.5 FC) (green). D) Pie 
charts show the location and distribution of the 21 SDRG within MSCs cellular level. 
E) Involvement of the 21 SDRGs AML/HD in canonical pathways using the ingenuity 
pathway analysis (IPA) tool for top canonical pathways. 
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Symbol Gene Name Location Type 
ARHGEF2

8 Rho guanine nucleotide exchange factor 28 Cytoplasm other 

ATP1B1 ATPase Na+/K+ transporting subunit beta 1 Plasma Membrane transporter 

C14orf132 Chromosome 14 open reading frame 132 Other other 

CD248 CD248 molecule Plasma Membrane other 

CXCL12 C-X-C motif chemokine ligand 12 
Extracellular 

Space cytokine 

DDX60L DExD/H-box 60 like Other other 

DSP Desmoplakin Plasma Membrane other 

FBLN5 Fibulin 5 
Extracellular 

Space other 

GREM1 Gremlin 1, DAN family BMP antagonist 
Extracellular 

Space other 

LGR4 
Leucine rich repeat containing G protein-

coupled receptor 4 Plasma Membrane 

transmembr
ane 

receptor 

MEIS2 Meis homeobox 2 Nucleus 
transcription 

regulator 

NECTIN3/P
VRL3 Nectin cell adhesion molecule 3 Plasma Membrane other 

RUNX1 Runt related transcription factor 1 Nucleus 
transcription 

regulator 

SCUBE3 
Signal peptide, CUB domain and EGF like 

domain containing 3 Plasma Membrane other 

SLIT2 Slit guidance ligand 2 
Extracellular 

Space other 

SPCS3 Signal peptidase complex subunit 3 Cytoplasm peptidase 

TCF7L1 Transcription factor 7 like 1 Nucleus 
transcription 

regulator 

TNFAIP2 TNF alpha induced protein 2 
Extracellular 

Space other 

TNS1 Tensin 1 Plasma Membrane other 

TRNP1 TMF1-regulated nuclear protein 1 Nucleus other 

TUSC1 Tumor suppressor candidate 1 Other other 

 

Table 3.6. Bio-profile of the 21 SDRGs in AML-MSCs/HD-MSCs. IPA bio-profile 

tool was used on the 21 SDRGs in AML/HD-MSCs to analyze the gene dataset and 

obtain detailed information about the function and location of these 21 dysregulated 

genes in AML/HD. 
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Figure 3.4. IPA Network analysis of the 21 SDRGs in AML-MSCs/HD-MSCs. The 

possible link and interactions between the 21 SDRGs in AML/HD-MSCs were 
explored and analyzed by Ingenuity pathway analysis (IPA) using the network tool 

and the dataset of AML/HD-MSCs. Two networks (A and B) were predicted for the 
interactions, association, and link between some downregulated and overexpressed 
genes in AML/HD-MSCs. Green represents downregulated genes, while a red 
represents upregulated genes. The gray/purple dotted lines represent indirect 

relations between molecules. The gray/purple solid lines represent a direct 
association between the molecules, while the effect was not predicted or unknown. 

 

 



76 
 

3.4. Evaluation of GREM1 and SCUBE3 as potential targets in MSCs 

SCUBE-3 and GREM-1 were among the 21 SDRG-list. Both GREM1 and 

SCUBE3 have critical roles in proliferation, angiogenesis, and MSCs differentiation 

potentials. Specifically, GREM1 plays a role in osteogenic differentiation as BMP-

antagonist, as introduced earlier in section 1.4 of chapter 1. However, their potential 

roles in AML-MSCs’ alterations and HR AML-MSCs observed functional 

impairments are still to be cleared. In particular, the impact of GREM-1 

downregulation and SCUBE3 upregulation on AML-MSC remains elusive. 

Therefore, due to their role in MSCs and thus their potential relevance in the 

alterations of AML-MSCs’ function, which could consequently alter MSC’s 

physiological role in BME, SCUBE3, and GREM1 were initially identified and 

selected for further study as potential molecules that might be correlated with the 

reported alteration in HR AML-MSCs. 

 3.4.1. Downregulation of GREM1 gene in all AML subtypes, AML/HD  

The transcriptomic data analysis, as shown in section 3.2 (Table 3.3), showed 

that in the AML-MSCs group, GREM1 gene expression is significantly 

downregulated by approximately 5 FC (2.29 Log2FC) (adj p-value = 0.04). 

Moreover, among other AML subtypes, HR AML-MSCs showed impairment in their 

osteogenic differentiation (184). Considering that GREM1 is involved in 

osteogenesis as a BMP-antagonist, further analysis of these HR samples was 

performed. Precisely, to determine if GREM-1 downregulation mainly was attributed 

to its downregulation in a specific AML risk group particularly the HR group, the 

transcriptomic dataset of each subtype of AML, HR (n=11), LR (n= 10), and IR (n=8) 
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was analyzed and compared separately to HD-MSCs. The results showed that 

GREM1 was downregulated in AML-MSCs of all three AML risk groups. In LR, its 

expression was reduced by 4.22FC; in IR, it was downregulated by 4.08FC; in HR, 

GREM1 expression was downregulated by 7.3FC (Table 3.7). 
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Table 3.7. GREM-1 gene expression in AML risk groups. RNA-seq data of 

GREM1 expression values represented by fold-change, log2FC and P-adjusted in 
MSCs from all AML groups (AML-MSCs/HD-MSCs). The high-risk group (HR) 
demonstrated the most downregulated expression among other AML-MSCs groups 
with a Log2FC of -2.88. *AML-MSCs= (IL+LR+HR). The cut-off value of 1.5 FC in 

comparison to HD-MSCs. 

  

AML Risk Group Fold-Change ((FC) Log2 FC P-adjusted 

*AML-MSCs - 4.89 - 2.29 0.043 

HR AML-MSCs - 7.3 - 2.88 0.08 

LR AML-MSCs - 4.22 - 2.08 0.16 

IR AML-MSCs - 4.08 - 2.03 0.673 
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3.4.2 qRT-PCR Validation of GREM1 dysregulation in HR AML-MSCs  

As mentioned earlier, the initial study of these AML-MSCs samples by 

Guardia et al. and our group found that HR AML-MSCs had an impairment in their 

differentiation. In section 4.1.1. GREM1 downregulated expression was slightly 

higher in HR-AML-MSCs compared to its expression in the IR and LR samples. 

Before the investigation of GREM1 potential role in the alteration of MSC’s 

functionalities, confirmation of its dysregulation in HR AML-MSCs (n=11) was 

performed using HD-MSCs (n=8) as controls and qRT-PCR. Similar to RNA-seq, 

qRT-PCR results showed a significant decrease in GREM1 (P* = 0.0374) 

expression in these HR samples compared to their normal counterparts (Figure 3.5). 

These results validated its dysregulation in HR AML-MSCs/HD-MSCs. 

3.4.3 Detection of GREM1 protein in HD-MSCs. 

Prior to performing any gene modification studies on HD-MSCs to modulate 

its downregulation, GREM1 protein was verified in HD-MSCs using Western blot 

analysis. Both previously and freshly prepared cell lysates of 5 HD-MSCs (five 

biological replicates) were tested for GREM1 protein. Moreover, those HD-MSCs 

differed from the primary controls used in RNA-seq. The western blot results 

confirmed the presence of GREM1 bands at ~28kDa in all 5 used HD-MSCs 

samples (Figure 3.6). GREM1 protein was successfully detected on HD-MSCs, 

which validated and enabled the use of these HD-MSCs for GREM1 gene 

modification. Furthermore, no investigation of GREM1 protein was conducted using 

AML-MSCs. 
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Figure 3.5. qRT-PCR Validation of GREM1 significant downregulation in HR 
AML-MSCs. qRTPCR analysis of mRNA expression of GREM1 using the extracted 

RNA samples used for RNA sequencing. cDNAs were synthesized from each RNA 

sample, and qRTPCR was performed. Results showed that GREM1 was 
significantly downregulated in HR AML-MSCs (n=11) in comparison to HD-MSCs 
(n=8) (p* = 0.0374). GAPDH served as a control. Black dots represent HD-MSCs, 
and red symbols represent HR AML-MSCs. Every single symbol represents the 

mean of >3 independent experiments. An unpaired T-test was used to compare the 
expression between the two groups, and (P < 0.05) was used to calculate the 
significance through graph prism software.  

 

Figure 3.6. Validation of GREM1 protein in HD-MSCs (n=5). Western blot 

confirmation of physiological level of GREM1 protein in 20µg of cell lysates from five 
biological samples of HD-MSCs different than the HD samples used in RNA 
sequencing. (Details about the donors can be found in the appendix). Left: MSCs 
lysates from 4 biological donors 10C, 11C, 12 and 13C. Right: MSCs lysates from 

the same donor (TC7078-2) lysed with several concentration of RIPA lysing buffer. 
GREM-1 protein was detected at 28kDa using GREM1 primary antibody; Rabbit pAb 
Anti-GREM1 (1:500) and a secondary pAb, IRDye800CW Goat Anti-rabbit IgG 
(1/2000). Odyssey Li Core imaging system was used for imaging. 
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3.4.4 SCUBE3 upregulation in all AML subtypes  

The RNA-seq data showed that in AML-MSCs SCUBE3 gene expression was 

significantly upregulated by 3.9 FC (adj.P-value < 0.001) as shown in section 3.2 

and 3.4. To determine whether SCUBE3 gene increased expression was specifically 

attributed to AML-subtype, the transcriptomic dataset of each subtype of AML, HR, 

LR, and IR MSCs compared to HD-MSCs were analyzed for SCUBE3 expression. 

Interestingly, transcriptomic data analysis revealed that SCUBE3 gene expression 

was upregulated in AML-MSCs of all three AML risk groups. In LR it was increased 

significantly by 2.04 Log2FC (P-value of 3.3E-06, P-adj of 0.0038), in IR it was 

significantly upregulated by 2.0 log2FC (P-value of 4.03E-5, P-adj 0.06), and by 1.75 

Log2FC (P-value of 0.0007 and adj.p-value of 0.144) in HR-AML-MSCs (Table 3.8). 

Suggesting that the upregulation of SCUBE3 in AML-MSCs is not accounted for its 

upregulation in HR AML-MSCs rather, it is significant in all AML-MSCs and could be 

used as a potential target in BME of all AML subtypes.  

3.4.5 qRT-PCR Validation of SCUBE3 dysregulation in HR AML-MSCs  

To validate SCUBE3 upregulation in HR AML-MSCs and confirm the primary 

transcriptomic data, SCUBE3 upregulation in HR samples (n=11) was examined by 

qRT-PCR using HD-MSCs (n=8) as controls. qRT-PCR results did not confirm the 

upregulation of SCUBE3 gene expression in these HR samples compared to its 

expression in their normal counterparts (P =0.209) (Figure 3.7). 
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AML Risk Group Fold-Change (FC) Log2 FC P-adjusted 

*AML-MSCs + 3.91 1.96 0.0007 

HR AML-MSCs + 3.0 1.75 0.144 

LR AML-MSCs + 4.1 2.04 0.0038 

IR AML-MSCs + 4 2 0.06 

 

Table 3.8. SCUBE3 gene expression in AML risk groups. RNA-seq data of 

SCUBE3 expression in AML-MSCs/HD-MSCs. The high-risk group (HR) 
demonstrated the least upregulated expression among the other AML groups with a 
Log2FC of 1.75. 
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Figure 3.7. qRT-PCR Validation of SCUBE3 expression in HR AML-MSCs. 

qRTPCR analysis results of mRNA expression of SCUBE3 using the extracted 
RNAs samples that were used for RNA sequencing to synthesize cDNAs. SCUBE3 

dysregulation was not confirmed in HR AML-MSCs (n=11) in comparison to HD-
MSCs (n=8) (ns. p = 0.209). GAPDH served as a control. Black dots represent HD-
MSCs, Green symbols represent HR AML-MSCs. Each single symbol represents 
the mean of >3 independent experiments. (P < 0.05) used to calculate the 

significance.  
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3.4.6. In vitro gene-modification approach for GREM-1 silencing and SCUBE-3 
overexpression in HD-MSCs  

To validate the significance of GREM-1 dysregulation and to understand its 

potential role in altering MSC’s functionality, HD-MSCs (hBMMSC-TC7078-2) were 

used as in-vitro model to perform GREM1 knockdown since their physiological level 

of GREM1 protein was successfully confirmed (Figure 3.5). Using four targeted 

siRNAs, against GREM-1.siGREM-1(1), siGREM-1(2), siGREM-1(3), and siGREM-

1(4), GREM1 KD was conducted on HD-MSCs. Negative scramble siRNA and 

untreated HD-MSCs were used as controls. Following the KD, high viabilities of 

transfected cells were observed and then cells, transfected and un-transfected, were 

collected and lysed. Western blot analysis was used to assess the KD efficiency 

using 20µg of protein from each cell lysate. Results showed no KD effect on GREM-

1 protein abundance level on all transfection conditions compared to siRNA-

Negative scrambled, and untreated cells. Although, initially, siGREM-1(1) showed 

some KD effect compared to the other three utilized siRNAs, when tested separately 

(n=2) and compared to negative siRNA control, similar bands were found; no 

significant difference was found between all conditions. Moreover, the both tested 24 

and 72 hours post transfection assessment showed similar effect; no KD effect was 

observed. Even when siRNA cocktail was generated using these 4 siRNAs 

combined, no KD was seen. Furthermore, SCUBE3 protein detection in HD-MSCs 

was unsuccessful which limited the completion of several initial optimization 

approaches to modify its expression using overexpression plasmids. Therefore, no 

further investigation of GREM1 and SCUBE3 was performed. 
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CHAPTER 4 

Evaluating CD248 as a Potential Target in AML-MSCs 
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4.1 CD248 Expression in AML subtypes 

The transcriptomic analysis showed that the CD248 gene is among the 21 

SDRG in AML-MSCs/HD-MSCs. Specifically, its expression level was significantly 

upregulated by 1.89 FC (0.924 Log2FC) (adj.p-value = 0.036) in AML-MSCs (n=29) 

in comparison to HD-MSCs (n=8) as shown in chapter 3. To determine CD248 

expression profiles in AML-MSCs from each AML risk group, CD248 expression 

values in IR (n=8), LR (n=10), and HR (n= 11) were compared using the raw 

transcriptomic dataset of each subtype. In comparison to HD-MSCs, CD248 gene 

expression level was increased in IR AML-MSCs by 1.66 FC (adj.p-value = 0.7), and 

in LR AML-MSCs by 1.9FC (adj.p-value = 0.064). Moreover, it was significantly 

upregulated in HR AML-MSCs by approximately 2.4 FC (1.249 Log2FC) with a p-

value of 0.000006 (adj. p-value of 0.034) (Figure 4.1 and Table 4.1). These results 

showed that HR AML-MSCs exhibited the most upregulated profile of CD248 at the 

gene level among the other two subtypes, IR and LR, which suggested that CD248 

could be involved in the previously observed functional alterations in these HR 

samples that have been investigated by Guardia and colleagues (184).  
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Figure 4.1. CD248 gene Expression was significantly higher in HR AML-MSCs. 

RNA-seq data of CD248 expression in AML-MSCs/HD-MSCs from all AML risk 
groups graphed using the Log2Fold-change (FC) values. CD248 gene expression 
was higher in HR than its expression in the other AML risk groups. (Details of the 
expression values are shown in the corresponding table below). 

 

 

 

Table 4.1. CD248 gene expression in AML subtypes. The HR AML-MSCs 

demonstrated the highest upregulated expression of CD248 among other AML-
MSCs groups with a Log2FC of 1.249 (equal to 2.37FC).The cut off value is >1.5FC 
in comparison to HD-MSCs. (Log2 (1.5FC = 0.58). *AML-MSCs=AML-MSCs from all 

AML subtypes (IR+LR+HR). 

AML Risk Group 

 

Fold-Change  Log2 FC P-value Adjusted P-value 

*AML-MSCs 1.89 0.9242 0.00011 0.0369 

HR AML-MSCs 2.37 1.249 6.1E-06 0.034 

IR AML-MSCs 1.66 0.739 0.01115 0.738 

LR AML-MSCs 1.9 0.928 0.00042 0.064 
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Table 4.2. Significantly upregulated genes in HR AML-MSCs/HD-MSCs. RNA-

seq data of significantly upregulated genes in HR AML-MSCs/HD-MSCs. 

  

HR AML-MSCs Upregulated Genes 

Gene Symbol Fold-Change (FC) Log2 FC Adjusted p-value 

NOTCH3 3.0674 1.617004119 0.004153792 

COL5A3 6.984 2.804066291 0.013449111 

CXCL12 3.863 1.949777767 0.026598805 

CD248 2.378 1.249712737 0.034465283 

TNFAIP2 2.424 1.277444988 0.041398807 
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4.2 Culturing HR AML-MSCs (n=11) for CD248 validation  

As shown above, in section 4.1, transcriptomic data showed a significant 

increase in CD248 gene expression in HR AML-MSCs compared to HD-MSCs. 

Furthermore, as mentioned in chapter 1, those MSCs samples from HR patients 

exhibited impairment in their differentiation potentials. To determine whether or not 

upregulated CD248 gene expression was involved in their reported altered 

functionality, HR samples, in particular, were selected and used for further 

investigation and understanding of CD248 dysregulation. 

Cell cultures of these 11 HR samples were prepared from frozen MSCs vials 

and maintained until confluence. In addition, 4 HD-MSCs frozen samples were 

thawed, cultured, and used as controls (Table.4.3). HD-MSCs (RoosterBio cells) 

manufacturer document recommends using RoosterBio media, which contains 

special supplements without adding FBS. However, to minimize variations and 

ensure similar culturing conditions for HD and AML-MSCs cultures, HD-MSCs were 

cultured in AML complete media that contains 20%FBS after conditions were tested 

and validated. Especially that AML complete media was used for cell culture and 

generation of RNAs for the RNA sequencing (section 3.1) from all of these MSCs. 

MSCs from both groups grew well in AML complete media despite the variation of 

the required days to achieve the highest possible confluences. In contrast to MSCs 

from healthy donors, which grew faster, the AML-MSCs from HR patients needed 

more days in culture to reach ≥ 75 % confluence (Table. 4.4). Performing 

microscopic evaluation of cells morphology using bright field microscopy, similar 

morphology of fibroblast-like / spindle-shaped was observed in both MSCs from HD 

and HR AML patients (Figure 4.2). 
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HR 

AML-MSCs 

Diagnostic Cytogenetics Molecular Age (y) Sex 

HR -AML1 

 
 

M4 46,XX MLL-AF9 63 F 

HR-AML2 

 
 

M4 46,XY 

BAALCMUT, 
WT1MUT, 

NPM1MUT,FLT3MUT 42 M 

HR-AML 3 

 
 

M5 46,XY NPM1MUT, FLT3del 77 M 

HR -AML4 

 
 

AML 46,XY,-7q 
FLT3WT, NPM1WT, 
MLLWT, cEBPaWT 53 M 

HR-AML5 

 
 

AML 46,XY,del(7)(q22) [13] Ø 69 M 

HR-AML 6 

 
 

AML 89-92,XY Ø 35 M 

HR-AML 7 

 
 

M5 46,XX 
NPM1MUT, FLT3-

ITD 65 F 

HR-AML 8 

 
 

M1 46,XX MLL-AF9 77 F 

HR -AML9 

 
 

M5 46,XX,t(11;19)(q23;p13) MLL-ENL 48 F 

HR-AML 10 

 
 

M2 
46,XX t(8;21) AML1-

ETO FLT3-ITD 4 F 

HR-AML 11 

 
 

AML 46,XX FLT3MUT 8 F 

 
HD-MSCs 
 

 
 
  Age (Y) Gender 

 

HD1-84RB 31-45 
M 

HD2-55RB 18-30 
M 

HD3-49RB 18-30 
M 

HD4-81RB 18-30 
M 

 

Table 4.3. Demography of HR AML-MSCs (n=11) and control HD-MSCs (n=4) 

that were used for CD248 evaluation. Adapted from Table 3.1. 
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Table 4.4. Successful culturing of HR AML-MSCs and HD-MSCs for CD248 

protein assessment. (Details about AML-MSCs and HD-MSCs culture conditions 

were described in chapter 2). 

 

 
High-Risk (HR) 

AML-MSCs 
% Confluence when 

harvested 

 
Culture 

establishment 

HR -AML1 65%   

HR-AML2 60%   

HR-AML 3 85%   

HR -AML4 95%   

HR-AML5 55%   

HR-AML 6 80%   

HR-AML 7 80%   

HR-AML 8 75%   

HR -AML9 80%   

HR-AML 10 75%   

HR-AML 11 80%   

HD-MSCs 
 

 
 

% Confluence when 
harvested 

Culture 
establishment 

HD1-84RB 
95%   

HD2-55RB 
95%   

HD3-49RB 
95%   

HD4-81RB 
95%   
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Figure.4.2. HR AML-MSCs and HD-MSCs cultures. HR AML-MSCs, and HD-

MSCs, MSCs were cultured in AML complete media (20% FBS, in advanced DMEM 

media) for 4-10 days. Representative images of HR AML-MSCs (left and middle 
panel) and HD-MSCs (right panel). Images were taken using bright-field microscopy. 
Magnification X10, Scale bar 100µm. 

 

 

   

   

  
 

 

HR-AML 11 HR-AML 6 

HR-AML 4 HR-AML 1 

HR-AML 2 HR-AML 3 

HD1-RB84  

HD2-RB55  

HD4-RB81 
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4.3. Determination of CD248 protein abundance level in both HD and HR AML-

MSCs 

As introduced in chapter 1, section 1.6, the CD248 gene encodes a 

transmembrane protein normally expressed in human MSCs. As shown in chapter 3 

and section 4.1, the CD248 gene was upregulated in MSCs from all AML risk 

groups, AML-MSCs/HD-MSCs. To be able to determine the CD248 protein 

abundance level in HR AML-MSCs and to investigate if upregulated CD248 gene 

expression was also translated to a higher level of CD248 protein, cell lysates were 

generated from the HR AML-MSCs cultures (n=11), and HD-MSCs (n=4) as 

described in section 4.2. 

After lysing MSCs to generate lysates from these 15 MSCs samples (11 AML 

and 4 HD), western blot analysis was performed using 20µg of protein from each 

lysate. The 11 HR AML-MSCs’ lysates were randomly divided into two sets, and 

each set was run separately. This dividing approach was carried out after 

determining several limitations that prevented the run of 15 lysates on the same gel. 

These limitations were identified through initial optimization experiments. They 

included the minimum required protein concentration to detect CD248 on these HR 

lysates, which was ≥ 20µg with the utilized CD248 pAb (TEM1 rabbit polyclonal 

Antibody). In addition to the required protein concentration, other technical factors, 

such as the total volume of the sample per well and the number of samples per gel. 

Thus samples were run in two sets separately to ensure accuracy. Set 1 included 

HR-AML1-6, while set 2 included HR-AML7-11 (Table 4.3). Moreover, the same HD-

MSCs (n=4) lysates were used with each set of HR samples to minimize variations 

between technical and biological replicates. 
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Western blot analysis showed that the CD248 protein abundance level was 

upregulated in HR AML-MSCs compared to its level in HD-MSCs (Figure 4.3 and 

Figure 4.4). Among several primary mAbs and pAbs tested to detect CD248 

(Supplementary Table), only one pAb showed reactivity to CD248 protein in both 

AML-MSCs and HD-MSCs. It detected CD248 bands at ~90kDa at both healthy and 

AML groups, while other antibodies did not react to either group. To accurately 

normalize the CD248 signals of these HR samples, two normalization 

measurements were used; normalization to housekeeping genes GAPDH and β-

actin and normalization using total protein stain (TPS). The β-actin bands were 

smeared and not consistent between the samples and, therefore, could not be used 

to normalize CD248 signals. Furthermore, GAPDH signals showed slight variations 

within HR samples (Figure 4.3A) (Figure 4.4A). When GAPDH was used to 

normalize CD248 signals, the protein abundance level of CD248 was upregulated 

with a p-value of 0.14 (Figure 4.3 B and C) in set 1 of HR samples (HR-AML1-6), 

while when these CD248 signals were normalized to TPS, the protein abundance 

level of CD248 was significantly higher in HR AML-MSCs (HR-AML1 - 6) with a p-

value of 0.0065 (Figure 4.3D and E) compared to HD-MSCs (n=4). CD248 protein 

was also significantly highly abundant in set 2 of HR AML-MSCs (HR-AML7 - HR-

AML11) with a p-value of 0.039 (Figure 4.4B and C) relative to GAPDH and a p-

value of 0.027 (Figure. 4.4D and E) when normalized to TPS compared to HD-MSCs 

(n=4). 

GAPDH showed some variation, not as TPS, between these 15 biological 

samples within each group, HR AML-MSCs group and HD-MSCs group. GAPDH 

(37kDa) high abundance in 20µg of protein from cell lysates possibly overlaid the 



95 
 

low detected level of CD248 (90kDa). Additionally, proteins with lower molecular 

weight could transfer and provide better signals. Therefore, although normalization 

of CD248 to GAPDH showed upregulated results in HR AML-MSCs, using TPS to 

normalize was more reliable to ensure the accuracy of western blot results. 

Particularly since TPS would not be affected by biological conditions, it reflected the 

actual protein transferred to the membrane during the transferring step as reported. 

Technical replicates of each set were performed to ensure the reproducibility of 

data. Figure 4.3 and Figure 4.4 demonstrate and represent the average of 2 

technical replicates for each set. Moreover, although there was some variation in 

CD248 expression level between HR AML-MSCs samples, all samples exhibited a 

relatively higher level than their healthy counterparts and showed a trend toward an 

increased abundance of CD248 protein. An increase of >2 FC was observed in the 

HR AML-MSCs group compared to the HD-MSCs group (Figure 4.5). Additionally, 

HD-MSCs, HD2-55RB, showed a higher level of CD248 than the other three control 

samples.   
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Figure 4.3. CD248 Protein abundance level was significantly higher in HR 
AML-MSCs (n=6) in comparison to HD-MSCs (n=4). Western blot was used to 

detect CD248 in HR AML (1-6) cell lysates. 20ug of each MSCs lysates HR (n=5) 
vs. HD-MSCs (n=4) were used for WB. First, blots were incubated with pAb-CD248 

(1:500), then was stripped and incubated with GAPDH and βactin separately. 
Secondary conjugated antibodies were used to detect the signals. Total protein stain 
was performed on each blot. Images were taken by the Li core Odyssey instrument 
at channel 800 for CD248 and channel 700 for total protein signals. A) 

Representative blot showing CD248, GAPDH bands, and TPS for the same blot. B) 
CD248 signals from each sample were normalized to GAPDH and graphed 
individually (average of 2 replicates). C) CD248/GAPDH signals from (B) were 
grouped and averaged for statistical significance. Then total protein was used to 

normalize CD248 signals. D) CD248/TPS signals of each sample individually. E) 
CD248/TPS signals from (D) were grouped and averaged. Results were graphed by 
graphprism.7. SEM and unpaired T-test were used for comparison of the two 
groups. 
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Figure 4.4. CD248 Protein abundance level was significantly higher in HR 
AML-MSCs (n=5) in comparison to HD-MSCs (n=4). Western blot was used to 

detect CD248 in HR AML (7-11) cell lysates. 20ug of each MSCs lysates HR (n=5) 
vs. HD-MSCs (n=4) were used for WB. First blots were incubated with pAb-CD248 
(1:500), then was stripped and incubated with GAPDH and βactin separately. 
Secondary conjugated antibodies were used to detect the signals. Total protein stain 

was performed on each blot. Images were taken by the Li core Odyssey instrument 
at channel 800 for CD248 and channel 700 for total protein signals. A) 
Representative blot showing the CD248, GAPDH, and TPS for the same blot. B) 
CD248 signals from each sample were normalized to GAPDH and graphed 

individually (average of 2 replicates). C) CD248/GAPDH signals from (B) were 
grouped and averaged for statistical significance. Then total protein was used to 
normalize CD248 signals. D) CD248/TPS signals of each sample individually. E) 
CD248/TPS signals from (D) were grouped and averaged. Results were graphed by 

graphprism.7. SEM and unpaired T-test was used for comparison of the two groups. 
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Collectively, the upregulated gene expression of CD248 in HR AML-MSCs 

(n=11) in comparison to HD-MSCs (n=4) was validated at protein abundance level 

by western blot analysis using cell lysates from all 15 samples. A significant 

upregulation in CD248 protein abundance level was found in HR AML-MSCs (HR-

AML1 – HR-AML11) with p-values of 0.053 and 0.0038, relative to GAPDH and 

TPS, respectively, in comparison to their healthy counterparts (4.5A and B)(Figure 

4.5C and D). Additionally, a similar pattern of upregulation between transcriptomic 

and protein data of CD248 level among HR AML-MSCs was found (Figure 4.6). 

CD248 was upregulated at the gene level and also at the protein abundance level. 

These results suggest that dysregulation of CD248 at both gene and protein levels is 

associated with AML-MSC and supports further investigation of the potential role of 

this molecule in the altered functional properties previously attributed to these cells.  
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Figure 4.5. CD248 protein abundance level was significantly higher in HR AML-
MSCs (n=11) than its level in HD-MSCs (n=4). The western blot analysis and 

results in Figure 4.3 and Figure 4.4 of AML-MSCs HR were grouped and averaged. 
A) and B) CD248/GAPDH signals of all HR and HD AML-MSCs. Each symbol 
represents a mean of 2 replicates of each sample. C) and D) CD248/TPS of all 11 
HR samples compared to HD-MSCs (n=4). Error bar represents SEM. An unpaired 

T-test was used for the comparison of the two groups. Graph prism 7 was used to 
perform the analysis. 
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Figure 4.6. Similar increase pattern of CD248 among HR AML-MSCs at gene 

expression level and protein abundance level. HR AML-MSCs samples 

demonstrated similar CD248 upregulated pattern at A)mRNA and protein level B) 
(CD248/TPS) and C) CD248/GAPDH.  
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4.4 Cell surface expression level of CD248 is altered in HR AML-MSCs         

Western blot results in section 4.3 showed that CD248 is significantly 

upregulated at the protein level in HR AML-MSCs. To identify whether it was also 

overexpressed at the cell-surface level of HR AML-MSCs, CD248 surface protein 

was investigated using flow cytometry analysis. Mainly, its level was determined on 

HD-MSCs (HD2-55RB) and HR AML-MSCs (HR-AML8), respectively, by utilizing a 

different clone of CD248-pAb (Endosialin/CD248 - Mouse Anti-Human conjugated to 

Alexa Fluor 647) than the pAb used for Western blot analysis in the previous 

sections to determine total CD248 protein. 

 Interestingly, using IgG isotype as a negative control (IgG1k Isotype - Mouse 

- Alexa Fluor 647), CD248 was found to be expressed at the cell-surface level on 

both HD-MSCs and HR AML-MSCs (Figure 4.7A). CD248 MFI results showed that 

cell surface CD248 was significantly higher on HR AML-MSCs with a > 2-fold 

increase compared to HD-MSCs, and a higher percentage of CD248+ cells was 

found in HR AML-MSCs than HD-MSCs (Figure 4.7B). Around 40% of HR AML-

MSCs were CD248+ while only 20% of MSCs were CD248+ within the HD sample. 

Furthermore, the antibody’s titration of 10µl was the optimal concentration (Figure 

4.7C). These findings confirmed that overexpression of CD248 in HR AML-MSCs 

was not only limited to gene and total protein levels, but also cell-surface CD248 

was upregulated on the tested HR sample. Suggesting that overexpression of 

surface CD248 on HR AML-MSCs might play a part in AML-MSCs altered 

functionality and potentially impact MSCs-to-cell interactions with other cellular 

components of the HSCs niche compared to healthy MSCs. 
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Antibody Titration 
(10µL) Ab Type 

%CD248+ 
Cells %Live MFI 

S
a

m
p

le
 

HR AML-MSCs 
(HD2-55RB) 

 

CD248 20.7 ND 328 

IgG 0.26 ND 173 

HR AML-MSCs 
(HR-AML8) 

 

CD248 37.5 99.9 578 

IgG 0.094 99.9 225 
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Figure 4.7. AML-MSCs sample (HR-AML8) from the HR group showed a higher 
level of surface marker CD248 in comparison to HD-MSCs sample (HD2-55RB). 

CD248 was determined by flow cytometry analysis on a) HD-MSCs (hBM55RB) 
(left), and AML-MSCs (AML8=14070) (right). Cells were incubated with anti-CD248 

antibody conjugated with Alexa Fluor 647 (pink) or negative IgG isotype (blue). Data 
for antibody titration 10µl is graphed (b). Three titrations of the antibodies were 
performed, as shown in the table (1µl=1µg/µl) for both CD248 and isotype 
control(C). Data were analyzed by FlowJo software. MFI of HD-MSCs and AML-

MSCs were determined. The figures above represent a single experiment of each 
sample. Negative Isotype control was used to set experiments bars. 
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4.5. HD-MSCs as an in-vitro model to study CD248 effect on MSCs functionality 

As shown in section 3.2 of chapter 3 and sections 4.3 and 4.4 of this chapter, 

CD248 was identified as a novel potential target in AML-MSCs (MSCs from all AML 

risk groups) and HR AML-MSCs by RNA sequencing and selected for further 

investigation. Its high abundance level was validated and confirmed at total protein 

and cell-surface levels using HR AML-MSCs. In the following sections of this 

chapter, gene modification studies were conducted using HD-MSCs, rather than HR 

AML-MSCs, as an in-vitro model to precisely investigate CD248's novel potentiality 

and understand its role in MSC's functional level.  

HR AML-MSCs were harvested from unhealthy BME, exposed to a leukemic 

environment, and exhibited several defects at both gene and functional levels as 

seen. These defects might interfere with the modification-resulted alteration in 

MSCs' function, and thus, it would be difficult to distinguish between the modification 

effect and the primary alterations of these HR samples. Additionally, several 

technical limitations limited the use of AML-MSCs in the optimization protocols that 

were essential for establishing a stable in-vitro model for CD248 gene modification 

studies. Therefore, HD-MSCs, not AML-MSCs, were used as a model to study 

CD248 dysregulation's impact on healthy-derived MSCs and enabled the 

understanding of their altered function when dysregulated. Nonetheless, further 

verification of the efficiency of the established KD protocol, after the successful 

confirmation in HD-MSCs as seen above, was performed in HR AML-MSCs (n=1), 

which could serve future AML-MSCs studies. 
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4.6 CD248 Gene modification studies  

Although CD248 is well-known to be expressed on BM-MSCs, little is known 

about its functional role in these therapeutically relevant cells. Therefore, to 

understand the potential role of CD248 in MSC’s functionality, both knockdown and 

overexpression protocols had to be established since no validated protocols were 

available. Initial in-vitro optimization experiments were conducted simultaneously to 

establish these protocols. Several overexpression plasmids were tested for the 

overexpression study, while single silencing siRNA was utilized for the CD248 

knockdown study. These CD248 gene modification studies were performed on 

primary cells, HD-MSCs, specifically (HD2-55RB), due to their relatively higher 

abundance of CD248 compared to the other 3 HD-MSCs as shown in sections 4.3 

and 4.4.  

Unfortunately, initial attempts of CD248 overexpression in HD-MSCs using 

three purchased various plasmids were unsuccessful. Results showed that 

increased CD248 expression levels could not be achieved. The high level of toxic ity 

could explain such observation for the plasmids in MSC. Thus, further 

overexpression experiments could not be pursued. 
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4.7. siRNA Knockdown of CD248 
 
4.7.1 Efficient siRNA CD248 knockdown in HD-MSCs confirmed by Western blot 
analysis  

As seen in previous sections of this chapter, determination and validation of 

CD248 at total protein and cell-surface levels were conducted using Western blot 

and Flow cytometry analyses. Similarly, these two analytical methods were used in 

the following sections to determine and confirm the efficiency of CD248 siRNA 

knockdown (KD) in HD-MSCs.  

When MSCs were > 80% confluent, they were transfected with either CD248 

siRNA (siCD248-Treated) or a negative scramble siRNA (NegScr-Treated). 

Untreated HD-MSCs (UT-Cells) were used as an additional control. After 4 hours of 

transfection, the cells were rescued by changing the media to complete RoosterBio 

media. 72-hour post-transfection (P-TF)), cells were collected and assessed for KD 

efficiency by Western blot analysis (Figure 4.8A).  

Microscopic evaluation of MSCs' morphology under all transfection 

conditions; siCD248-Treated, siNegScr-Treated, and UT-cells showed normal 

fibroblast-like/ spindle-shaped morphology and high viabilities (Figure 4.8B). 

Western blot analysis was performed using 40µg of protein from each lysate, and 

blots were incubated with CD248 pAb (TEM1 Rabbit Polyclonal Antibody). 

Interestingly, results showed that siCD248-Treated, siNegScr-Treated, and UT-cells 

showed an absence of CD248 protein at 90kDa on siCD248-Treated compared to 

siNegScr-Treated and UT-cells. GAPDH was used as a reference gene, and 

additionally, a total protein stain was used to validate the accuracy of the visualized 

KD band (Figure 4.8C). CD248 was knocked down efficiently in siCD248-Treated 
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HD2-55RB compared to siNegScr-Treated and un-transfected MSCs, UT-cells (by 

>70%)(Figure S). Interestingly, it efficiently knocked down the 90kDa form of CD248 

protein, possibly the core protein (Figure 4.8C and D left panel). The KD was mainly 

shown in the 90kDa band when the pAb was used. Further, the analysis showed 

that a partial KD was seen at ~55-60 kDa bands (Figure 4.8D). Discontinuing the 

above-used pAb from the manufacturer prevented additional assessment with the 

same CD248-pAb to obtain sufficient technical replicates for statistical significance 

and enforce the need to optimize and use new CD248 Ab. Out of three additional 

antibodies tested (one pAb, and two mAb), only one mAb showed reactivity to 

CD248 (antibodies used can be found in the appendix section).  

Additional confirmation of the KD efficiency was seen with the used CD248-

mAb. Using the CD248-mAb, Western blot analysis of KD lysates showed partial 

knockdown of CD248 at 150kDa and an additional knockdown at 55-60kDa in 

siCD248-Treated lysate in comparison to siNegScr-Treated and UT-Cells (Figure 

4.8E) (Figure 4.8F). While the pAb-CD248 showed the most reactivity to CD248 at 

90kDa, in transfected and untransfected MSCs, the mAb-CD248 showed no 

reactivity to CD248 at 90kDa neither in UT-cells nor in siNegScr-Treated (Figure 

4.8E). Moreover, the 90kDa band of CD248 was the band of interest since it was 

initially observed to be the overexpressed band in HR AML-MSCs (Figure 4.3A, 

4.4A)(Figure 4.8D, right panel). Following these Western blot initial confirmation of 

efficient CD248 KD, Flow cytometry was used with a varied clone of CD248-pAb to 

furtherly assess and determine the KD efficiency. 
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Figure.4.8. Efficient siRNA CD248 knockdown in HD-MSCs confirmed by 
Western blot analysis. siCD248-Treated MSCs have a significant decrease in 

CD248 protein level compared with siNegScr-Treated and untreated UT-cells. A) 

Transfection (TF) timeline: HD-MSCs seeded at 3.7x10 in T75 flasks. After 2 days 
(80% confluence), media was changed to Opti-MEM low serum media, and 
transfection complexes were added to each condition. After 4 hours of TF, media 
was replaced by complete media, and cells were incubated for three days at 37OC. 

Then cells were harvested, lysed, and cell lysates were used for Western blot 
analysis to confirm KD using protein concentration of 40ug of siCD248-Treated, 
siNegScr-Treated, and un-transfected cells lysates. B) Microscopic images were 
taken 72-hours post-TF and before analysis, showing normal morphology and high 

viability of transfected and un-transfected cells. c) A representative blot of western 
blot analyses was performed using pAb-CD248 and a secondary conjugated Ab. 
GAPDH was used as a control. The KD was initially observed at 90kDa; then, the 
blot was stripped and stained with TPS. Images were taken by Li core Odyssey 

instrument at channel 800 for CD248, GAPDH, and channel 700 for total protein 
signals. D) Western blot analysis shows additional bands of CD248 using the pAb as 
in (B) and representative bands of HR AML-MSCs. E and F) Western blots 
incubated with CD248-mAb showing most reactivity to CD248 at ~55-60kDa bands. 
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4.7.2 Efficient siRNA CD248 Knockdown on HD-MSCs confirmed by Flow cytometry 

Prior to Flow cytometry staining, the viability of transfected and un-transfected 

MSCs 72-hour P-TF was determined. MSCs were harvested and counted in Trypan 

blue using a cell counter to determine the percentage of viable cells in each 

condition. Normal fibroblast-like morphology was observed for transfected and un-

transfected MSCs (Figure 4.9B). Interestingly, all transfected; siCD248-Treated, 

siNegScr-Treated, and un-transfected MSCs exhibited high viabilities. The viability 

of these CD248 KD MSCs was comparable to the viabilities of un-transfected control 

cells, UT-cells, and siNeg-transfected cells. Specifically, viabilities results showed 

that an average of 91.5% of siCD248-Treated cells were viable, 92.6% of siNegScr-

Treated cells were viable, and 94% UT-cells were viable (Figure 4.9C) (n=5). 

Utilizing a varied clone of CD248-pAB (CD248 Ab-conjugated to Alexa flour 

647), consistent with the western blot results, Flow cytometry results of five 

independent experiments with ≥ 2 technical replicates of each experiment showed a 

significant KD of CD248 on siCD248-Treated HD-MSCs. CD248 was significantly 

KD with a p-value of (0.0007) and a p-value of (0.0008) in comparison to siNegScr-

Treated and UT-Cells, respectively (Figure 4.9D and E). A consistent and similar 

pattern of KD was observed in each experiment individually between the three 

conditions, transfected (siCD248-Treated, siNegScr-Treated) and un-transfected 

UT-Cells. (Figure 4.9D). These results collectively confirmed a successful siRNA KD 

of CD248 in HD2-55RB. Therefore, the established siRNA CD248 KD protocol was 

used to perform additional verification of CD248 KD in HR AML-MSCs (n=1). 
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Figure.4.9. Efficient siRNA CD248 knockdown on HD-MSCs validated by Flow 
cytometry. siCD248 treated MSCs have a significant decrease in CD248 protein 

level compared with siNeg-Scr and untreated UT-cells. A) Transfection (TF) outline: 
HD-MSCs seeded at 3.7x10 in T75 flasks. After 2 days (80% confluence), media 

was changed to Opti-MEM low serum media, and transfection complexes were 
added to each condition. After 4 hours of TF, media was replaced by complete 
media, and cells were incubated for three days at 37OC. Then cells were harvested, 
stained, and analyzed by Flow cytometry B) Normal morphology and C) High 

viability of transfected and un-transfected cells were observed. C)  Flow cytometry 
results of CD248 MFI normalized to IgG isotype 72-hrs pot-transfection. Five 
independent experiments were performed. Each colored symbol in the figure 
represents the mean of >2 technical replicates of each experiment. CD248 was KD 

with a *** p = 0.0007 in comparison to siNeg-Scr-treated cells, and *** p = 0.0008 
compared to UT-cells. 
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4.7.3 Efficient siRNA KD of CD248 on HR AML-MSCs (HR-AML4) 

CD248 was upregulated in HR AML-MSCs at the gene and protein levels, as 

determined by the transcriptomic analysis and western blot validation in sections 

and X, respectively. CD248 KD was efficient on HD-MSCs (HD2-55RB), as seen in 

sections 4.7.1 and 4.7.2 of this chapter. To validate and confirm the KD protocol 

efficiency on HR AML-MSCs, siRNA KD of CD248 was performed on HR AML-

MSCs (HR AML-4). HR-AML4 were cultured in RoosterBio complete media. 

Following the establishment and maintenance of their culture, transfection was 

performed using the established protocol in section 4.7.1. Then, the cell-surface 

CD248 level was determined by Flow cytometry (Figure 4.10A). (Three technical 

replicates were performed).  

Similar to HD-MSCs, both transfected and un-transfected HR AML-MSCs 

exhibited high viability (Figure 4.10B). Interestingly, an efficient KD of CD248 in 

siCD248- Treated HR AML-MSCs was found compared to siNegScr-Treated, and 

UT-cells HR AML-MSCs. CD248 was KD by 73.0% in siCD248-Treated HR AML-

MSCs compared to siNegScr and by 78.9% compared to UT-MSCs.The knockdown 

was significant, with a p-value of 0.0075 compared to siNegScr-Treated cells and a 

p-value of <0.0001 compared to untreated AML-MSCs (Figure 4.10C). 

As seen, the efficiency of the established KD protocol using TransIT-X2 was 

validated and confirmed by the consistent results of Western blot and flow cytometry 

analyses using three various Abs clones against CD248 in both HD-MSCs and HR 

AML-MSCs. Both efficient KD and high and comparable viabilities of transfected 

(siCD248-Treated and siNegScr-Treated) and UT-MSCs were obtained.  
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These results collectively validated the efficiency of CD248 KD and confirmed the 

establishment of siCD248-MSCs as an in vitro KD model using (HD2-55RB) which 

enabled the further investigation of CD248 significance at MSC’s functional level. 

Furthermore, as seen in sections 4.7.1, 4.7.2, and 4.7.2, only western blot and flow 

cytometry analyses were used to determine the KD efficiency, and no additional 

technique was used to estimate the KD efficiency further. 
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Figure.4.10. Successful Knockdown of CD248 on HR AML-MSCs (HR-AML4) 
validated by Flow cytometry. siCD248 treated MSCs have a significant decrease 

in CD248 protein level compared with siNeg-Scr and untreated cells (UT-cells). A) 

Transfection (TF) outline: HR AML-MSCs (HR-AML4) seeded at 3.7x105 in T75 
flasks. After 2 days (80% confluence), media was changed to Opti-MEM low serum 
media, and transfection complexes were added to each condition. After 4 hours of 
TF, media was replaced by complete media, and cells were incubated for 3 days at 

37OC. Then cells were analyzed by Flow cytometry. B) HR AML-4 viabilities 27hrs 
Post-TF (n=3) were determined by trypan blue and a cell counter. C) Flow cytometry 
results of CD248 MFI normalized to IgG isotype 72-hrs pot-transfection. Results of 
one experiment with three technical replicates are shown. CD248 was KD efficiently 

with a ** p = 0.0075 in comparison to siNeg-Scr-treated cells, and *** p = 0.0001 
compared to UT-cells. An unpaired t-test was used for determining the significant p-
value. 
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CHAPTER 5 

Potential role of CD248 in HD-MSCs Function  

(siCD248-MSCs Functional Assessments) 
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5.1. CD248 Knockdown effect on HD-MSCs Differentiation  

As introduced in chapter 1, section 1.4, one of MSC's characteristic features 

is the ability to differentiate into adipocytes and osteocytes, two cell types that are 

essential components of BME, in vivo as well as in vitro. As observed previously by 

Guardia and colleagues (184), HR AML MSCs exhibited an impairment of their 

differentiation potentials, particularly reduction in both adipogenesis and 

osteogenesis. Interestingly, significant upregulation of CD248 at both gene and 

protein levels on these HR samples was found (as seen in chapters 3 and 4). 

Considering these observations, to understand the potential involvement of CD248 

in HD-MSCs' function, an investigation of the impact of CD248 KD in HD-MSCs was 

conducted through in vitro differentiation assays, including adipogenesis and 

osteogenesis. 

5.1.1 siCD248-MSCs osteogenic differentiation  

The osteogenic potential of healthy untreated MSCs and siCD248-MSCs was 

tested using a well-accepted in vitro MSCs osteogenic differentiation assay. Using 

the previously described CD248 KD protocol (chapter 4), HD-MSCs (HD2-55RB) 

were transfected for 4 hours, and then MSC's osteogenic differentiation was 

induced. The normal and siRNA-treated cells, KD MSCs, were treated and 

maintained in differentiation media supplemented with an osteogenic supplement 

that contains essential growth factors to drive MSC osteogenesis, which was driven 

over a 2-week culture period. Following the first osteogenic induction, media was 

changed to fresh base differentiation media supplemented with osteogenic 

supplement every three days for 13-14 days. Following the entire induction/ culture 
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period, osteocyte formation was detected using Alizarin Red staining, which binds 

directly to calcium deposits produced by mature osteoblasts. All MSCs, transfected; 

siCD248-Treated and siNegScr-Treated, and un-transfected control MSCs, UT-

Cells, were stained with Alizarin Red stain to assess their osteogenic differentiation 

qualitatively. Also, undifferentiated cells of each transfection condition were stained 

and used as negative controls (Figure 5.1A and B). 

Microscopic evaluation was performed using bright field microscopy. Results 

showed that all stained undifferentiated transfected and untransfected cells, 

siCD248-Treated, siNegScr-Treated, and UT-MSCs, UT-Cells, (Figure 5.1B Right 

panel) were confluent and exhibited normal morphology. Furthermore, all 

differentiated siCD248-Treated, siNegScr-Treated, and un-transfected MSCs, UT-

Cells, could differentiate to osteogenic lineage. Mature osteoblasts were observed 

under all transfection conditions. (Figure 5.1B, Left and middle panel). Moreover, no 

significant difference in HD-MSCs' ability to form calcium deposits between 

siCD248-Treated, siNegScr-Treated, and control un-transfected HD-MSCs, UT-

Cells, was observed (n=4). As seen above, osteogenic differentiation results showed 

no effect of CD248 KD on siCD248-Treated HD-MSCs when differentiated toward 

osteogenic lineage compared to un-transfected control cells UT-Cells, and 

siNegSCr-Treated HD-MSCs (four independent experiments were performed, n=4). 

These results suggested that a reduced level of CD248 protein in HD-MSCs had no 

significant effect on their osteogenic differentiation potency. 
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Figure.5.1. siCD248-MSCs Osteogenic differentiation. siCD248 transfected, and 

un-transfected cells were induced after 4 hours of transfection. Representative 

images of transfected and un-transfected MSCs following three-four rounds of 
induction with osteogenic-supplemented media throughout 14 days of culture. 
Alizarin red staining (left and middle panel) showed no significant difference 
between transfected and un-transfected cells. (n = 4). A) Transfection and 

differentiation timeline. B) Differentiated and undifferentiated cells HD-MSCs (HD2-
55RB). All cells have the same osteogenic differentiation ability. Top panel: UT-cells, 
middle panel: siNeg-Scr treated, and bottom: siCD248 treated cell. Undifferentiated 
cells of each condition (right panel) were stained and used as negative controls for 

differentiation. Images were taken using bright field microscopy. Magnification X10, 
Scale bar 100µm. 
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5.1.2. siCD248-MSCs exhibited a reduced adipogenic differentiation potential  

The adipogenic potential of healthy untreated MSCs and siCD248-MSCs was 

tested using a well-accepted in vitro MSCs adipogenic differentiation assay. HD-

MSCs (HD2-55RB) were transfected for 4 hours per the established KD protocol. 

Then the normal (un-transfected control cells, UT-Cells) and KD MSCs (siCD248-

Treated and siNegScr-Treated) were treated with base differentiation media 

supplemented with the adipogenic supplement that contains essential growth factors 

to drive MSC's adipogenesis. Cells were maintained under differentiation conditions 

for 14 days. Following the entire induction period, formed lipid vacuoles were 

detected using Oil Red O staining to assess MSCs adipogenic differentiation. All 

MSCs, transfected (siCD248-Treated and siNegScr-Treated) and un-transfected 

control MSCs, were stained with Oil Red O (Figure 5.2A). 

Microscopic evaluation was performed to examine the stained cells using 

bright field microscopy. siCD248-Treated, siNegScr-Treated, and un-transfected UT-

Cells, HD-MSCs were all able to differentiate to adipocytes (Figure 5.2B left and 

middle). Moreover, although transfected (siCD248-Treated, siNegScr-Treated) and 

un-transfected cells all differentiated toward adipocytes (represented by the 

formation of lipid vacuoles), a reduced amount of Oil Red O stained lipid vacuoles 

was consistently observed in siCD248-treated MSCs compared to the control cells 

Four independent experiments were performed however, no image software was 

used to quantify the adipocytes which could limit the current analysis. Moreover, 

these observations suggested that decreased level of CD248 negatively impacted 

HD-MSCs adipogenic differentiation capacity.  
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Figure.5.2. CD248 knocked down HD-MSCs (siCD248-HD-MSCs) have reduced 
adipogenic differentiation potential. siCD248 transfected, and un-transfected 

cells were induced after 4 hours of transfection. Representative images of 

transfected and untransfected MSCs following three-four rounds of induction with 
adipogenic-supplemented media throughout 14 days of culture. A) Transfection and 
differentiation outline. B) Oil red staining (left and middle panel) showed a reduced 
capacity for forming lipid vacuoles between siCD248-transfected (bottom, and 

control cells (top and middle) (n = 4). Undifferentiated cells of each condition (right 
panel) were stained and used as negative controls for differentiation. Images were 
taken using bright field microscopy. Magnification X10, Scale bar 100µm. 
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5.1.3 qRT-PCR Validation of siCD248-MSCs reduced adipogenesis 

In section 5.1.2, microscopic evaluation of the effect of CD248 KD in HD-

MSCs adipogenic differentiation using adipocytes staining, Oil Red O Stain, showed 

that although positive staining was observed in all transfection conditions, siCD248-

Treated HD-MSCs showed a reduced adipogenic potential. They formed fewer 

adipocytes and lipid vacuoles than the controls; NegScr-Treated and UT-Cells. 

A targeted quantitative gene expression analysis was conducted using qRT-

PCR (n=1) to evaluate expression levels of genes involved in adipogenesis to 

confirm and quantify the observed reduced adipogenic potential of CD248 KD HD-

MSCs. The pathway analysis included key adipogenesis markers and multiple 

adipogenesis-associated genes (Table 5.1). HD-MSCs were transfected using the 

established CD248 KD protocol. Transfected and untransfected HD-MSCs were 

then differentiated with adipogenic supplemented media as described in section 

5.1.2. After that, total RNA was extracted and isolated from these transfected and 

un-transfected differentiated cells and then used in the predesigned prime PCR 

assay (Figure 5.3A).  

A heat map was generated using qRT-PCR results (n=1) of gene 

expressions. Expressions of all amplified adipogenesis-associated genes were 

included and graphed. The results demonstrated dysregulation in some genes' 

expressions between the KD conditions (Figure 5.3B). Although no significant 

change in the gene expression levels of adipogenesis key markers, CEBP ( CEBPβ, 

CEBPδ) and PPARγ (PPARα, PPARδ) was found between siCD248-Treated and 

untreated MSCs; interestingly, CEBPα expression was slightly increased in 
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siCD248-MSCs compared to its level in siNegScr-Treated and UT-MSCs (Figure 

5.3C) (Figure 3.5D). Additionally, the assay showed some alteration in other 

adipogenesis-associated genes. While some genes were upregulated, others were 

downregulated in siCD248-Treated MSCs (Figure 3.5E). Interestingly, among some 

slightly altered adipogenesis genes, ADIPOQ and SIRT2 were highly dysregulated 

in siCD248-Treated MSCs. The expression levels of these genes were increased in 

siCD248-MSCs by approximately 13 FC compared to their levels in siNegScr-

Treated and UT-Cells. Due to the limitation of regenerating high-quality RNAs from 

these differentiated KD cells, obtaining the gene expression data using the exact 

qRT-PCR approach from two additional independent experiments was unsuccessful. 

Therefore, additional validation of these primary qRTPCR results (n=1) could be 

required in future studies to confirm the expression of adipogenesis master genes 

and the SIRT2 gene.  
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Table 5.1. List of the adipogenesis genes tested in the prime PCR assay. 

PrimePCR adipogenesis (predesigned 96-well) assay was used to validate the 
significance of siCD248-MSCs adipogenesis reduction 

 

 

Gene Gene Gene Gene 

ADIG BMP4 LRP5 SLC2A4 

ADIPOQ BMP7 MAPK14 SRC 

ADRB2 CCND1 NCOA2 SREBF1 

AGT CDK4 NCOR2 TAZ 

ANGPT2 CDKN1A NR0B2 TCF7L2 

AXIN1 CDKN1B NR1H3 TSC22D3 

B2M CEBPA NRF1 TWIST1 

BMP2 CEBPB PPARA UCP1 

CEBPD ACTB PPARG WNT1 

CFD EGR2 PPARGC1A WNT10B 

CREB1 FABP4 PPARGC1B WNT3A 

DDIT3 FASN PRDM16 WNT5A 

DIO2 FGF1 RB1 WNT5B 

DKK1 FGF10 RETN TBP 

DLK1 FGF2 RPLP0 GAPDH 

E2F1 FOXC2 RUNX1T1 IRS2 

GATA2 FOXO1 RXRA JUN 

GATA3 KLF15 SFRP1 LIPE 

GUSB KLF2 SFRP5 LMNA 

HES1 KLF3 SHH LPL 

HPRT1 CACB PPARD VDR 

INSR KLF4 SIRT1 SIRT3 

IRS1 LEP SIRT2  
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Figure 5.3. qRT-PCR confirmation of CD248 knockdown effect on 
adipogenesis genes. A) Transfection and differentiation outline to generate RNAs 

from transfected differentiated MSCs. Isolated RNAs were then used to synthesize 
cDNAs and used in the Adipogenesis prime PCR assay. B) Heat map generated 
from PCR gene expressions results (n=1) of amplified and expressed genes in at 
least one of the three transfection conditions, siCD248-treated, siNeg-Scr-treated, 

and UT-cells. C and D) Adipogenesis master markers expressions were graphed 
from the heat map. siNegScr-treated MSCs expressions were set as a control in 
CFX maestro Bio-Rad PCR software to normalize the values of both UT- and 
siCD248-treated in the graphed expressions. E) Adipogenesis genes with relatively 

increased expression or decreased expression compared to the two controls. SIRT2 
showed an upregulated expression in siCD248-MSCs. 
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5.1.4. Reduction of siCD248-MSCs adipogenesis potentially attributed to SIRT2 

To further explore the possible mechanism by which CD248 KD-resulted 

gene alterations were involved in adipogenesis reduction, an in-silico analysis using 

the above findings (section 5.1.3) (Figure 5.4 E) was performed. When an 

upregulation of SIRT2 was applied to the canonical adipogenesis pathway using IPA 

overlay and prediction tools, the analysis predicted inhibition of MSCs adipogenesis 

pathway (Figure 5.5). It showed that upregulation of SIRT2 gene directly affects 

FoxO1 gene and leads to its inhibition. Inhibition of FoxO1 directly inhibited MSCs 

differentiation toward mature adipocytes. Particularly, it inhibited both adipogenesis 

key markers CEBPα and PPARγ and consequently inhibited the expression of their 

downstream targets. These initial results showed that CD248 KD on HD-MSCs 

impacted their adipogenesis gene profile toward a reduction of adipogenesis and 

validated the microscopic observation of siCD248-MSCs' reduced ability to form 

adipocytes. Although, slight increase was observed in CEBPα while no change was 

seen in FoxO1 (Figure 3.5), the predicted mechanism validated the observed 

microscopic reduction. Considering the limitation of PCR predesigned assay, 

additional validation of SIRT2, CEBPα genes using specific primers could be 

required to ensure the effect of CD248 KD on MSCs and the validity of the predicted 

mechanism. Taken together, the reduced potential was predicted to be attributed to 

SIRT2 upregulation in CD248 KD cells. These in silico predictions suggest that loss 

of CD248 in HD-MSC results in increased SIRT2 gene expression, which in turn 

could lead to inhibition of mature adipocyte formation through inhibiting the FoxO1 

gene. 
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Figure 5.4. IPA analysis of SIRT2 upregulation in siCD248-MSCs showed 
inhibition of MSCs adipogenesis pathway. Red=applying SIRT2 upregulation, 
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blue predicted inhibition. The solid line represents the direct effect, while the dotted 
line represents the indirect effect. 

5.2 Profiling of siCD248-MSCs proteins using protein microarray (MA) 

As introduced in chapter 1, MSCs are significant players in BME, providing 

cellular components through differentiation and producing multiple proteins with 

critical autocrine and paracrine activities. These proteins define several functions of 

MSCs, such as their role in HSCs regulation, immunomodulation, and angiogenesis. 

In section 5.1, knocking down CD248 negatively impacted HD-MSCs adipogenic 

differentiation. Differentiated siCD248-MSCs showed a reduced adipogenic 

differentiation potential. To gain more insights into the CD248 KD effect on HD-

MSCs from a proteomic aspect, the effect of CD248 KD was examined on HD-MSCs 

protein profile using protein microarray (human angiogenesis array). This 

membrane-based specific-antibody microarray was used to simultaneously compare 

the relative expression level of 55 proteins (Table 5.2) in siCD248-Treated MSCs 

with control MSCs. This approach could identify potential correlations between 

CD248 and other MSCs proteins. Mostly MSCs proteins with angiogenic roles such 

as VEGF, Ang-1, and TGF-β, mainly since CD248 role in angiogenesis is thoroughly 

investigated. 

As per the transfection protocol in chapter 4, HD-MSCs (HD2-55RB) were 

transfected. 72 hours post-transfection, cells were harvested, and lysates were 

generated from all transfection conditions. Then, using a protein concentration of 

300µg from each lysate, protein microarray (MA) was performed (Figure 5.5A). A 

lysate of each transfection condition was incubated in a single microarray 

membrane. 
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Confirmation of KD on siCD248-Treated MSCs lysate in comparison to 

lysates from the two controls, siNegScr-Treated and UT- cells, was assessed by 

Western blot analysis (Figure 5.5B). Positive and negative control signals were 

detected on the three MA membranes. Signals of all 55 proteins were observed in 

each membrane (n=3); fluorescent signals were detected in all three conditions 

(Figure 5.5C). The average signal intensity of two signals for each protein was 

determined and calculated in each membrane. Signals were then normalized to the 

average signal of five negative controls in that same membrane, and intensities 

were analyzed.  

A heat map was generated using the mean of the normalized signals of each 

protein in each condition from three independent experiments (Figure 5.5D). As 

shown in the heat map, alterations in signals of multiple proteins were found 

between siCD248-Treated MSCs, siNegScr-Treated MSCs, and UT-Cells. Some 

proteins were highly abundant in siCD248-Treated MSCs, while others showed 

lower abundance levels in siCD248-MSCs. Furthermore, as expected, levels of 

several proteins were not changed between conditions. Their abundance level was 

comparable between the two conditions, siCD248-Treated and siNegScr-Treated 

MSCs, such as Endoglin/CD105 protein, a phenotypic marker of MSCs. It was 

among the unchanged proteins. 

Moreover, grouped analysis using multiple t-tests through the FDR approach 

(Benjamini and Hochberg Q = 1%) was performed on these normalized signals 

(n=3) to precisely determine the significant difference in protein abundance levels 

between the two conditions; siCD248-Treated and siNegScr-Treated MSCs. Results 
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showed that among all of these proteins (p-value > 0.05) (Tables 5.3 and 5.4) 

growth factors HB-EGF (heparin-binding EGF-like) and EG-VEGF (endocrine-gland-

derived vascular endothelial factor) were abundant in siCD248-MSCs ( p-values of 

0.012 and 0.006, respectively) in comparison to their levels in siNegScr-Treated 

MSCs. Further, when the grouped analysis was performed using UT-Cells as 

control, HB-EGF and EG-VEGF were also increased in siCD248-MSCs with a 

significant raw p-value (0.004 and 0.003), respectively. At the same time, PLGF 

increase was not significant in siCD248/UT-Cells (0.850, data not shown). However, 

the differences in these proteins' expression levels between the KD MSCs and 

siNegScr-Treated were with q-value > 0.05 (Table 5.3 and Table 5.4). Therefore, 

further validation of the increased levels of these two proteins using Western blot 

might be required to provide a definitive result. These results showed that knocking 

down CD248 insignificantly altered the MSC's protein profile; nonetheless, 

considering the complexity and nature of proteins, the results here provided an initial 

proteomic and signaling aspects of in vitro CD248 KD effect concerning HD-MSCs 

proteins. Further validation of the protein abundance levels of these two proteins 

(HB-EGF and EG-VEGF) in siCD248-MSCs using ELISA could confirm these 

findings and add additional insights into MSC's proteomic aspects.   
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Table 5.2. Protein-list of all tested proteins in the protein profiler array. (Details 

about the assay can be found in chapter 2).  

Protein symbol Protein  symbol Protein symbol 

Activin A FGF-7/KGF PD-ECGF 

ADAMTS-1 GDNF PDGF-AA 

Angiogenin GM-CSF PDGF-AB/PDGF-BB 

Angiopoietin-1 HB-EGF Persephin 

Angiopoietin-2 HGF CXCL4/PF4 

Angiostatin/Plasminogen IGFBP-1 PlGF 

Amphiregulin IGFBP-2 Prolactin 

Artemin IGFBP-3 Serpin B5/Maspin 

Tissue Factor/Factor III IL-1 beta Serpin E1/PAI-1 

CXCL16 CXCL8/IL-8 Serpin F1/PEDF 

DPPIV/CD26 LAP (TGF-beta 1) TIMP-1 

EGF Leptin TIMP-4 

EG-VEGF CCL2/MCP-1 Thrombospondin-1 

Endoglin/CD105 CCL3/MIP-1 alpha Thrombospondin-2 

Endostatin/Collagen XVIII MMP-8 uPA 

Endothelin-1 MMP-9 Vasohibin 

FGF acidic NRG1-beta 1 VEGF 

FGF basic Pentraxin 3 VEGF-C 

FGF-4   
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Figure 5.5. Profiling of siCD248-MSCs’ proteins using protein microarray (MA). 

A) Transfection outline to generate lysates. B) KD confirmation on 55-60kDa CD248 
protein band using cell lysates and mAb-CD248. C) Microarray membranes were 
activated, incubated with cell lysates, then stained with streptavidin-800-conjugated 

infrared secondary Ab and imaged. Images were taken by Li-Core system using 800 
(green) and 700 (red) channels. The signal of each spot for the 55 proteins in 
replicates (110 spots) was detected. Then, an average signal was calculated for 
each protein and normalized to signals of negative controls (spots at the lower right 

corner of each membrane indicate negative control). D) A heat map of all proteins 
tested and expressed in all three transfection conditions, siCD248-treated, siNeg-
Scr-treated, and UT-cells, using the mean signals (n=3). Color scaling represents 
the normalized and averaged signals against the background and negative controls 

signals. For statistical significance, grouped analysis using multiple t-tests through 
the FDR approach (Benjamini and Hochberg Q = 1%) was performed using the 
normalized signals of three MA independent experiments (n=3). 
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Proteins in siCD248-MSCs/siNegScr-MSCs 

Target Protein Discovery? 

Raw  

P-value 

Mean 

(siNeg-T) 

Mean 

(siCD248-T) q-value 

Coagulation Factor III No 0.561586 3723795 4242994 >0.99 

CXCL16 No 0.947626 132891 74160 >0.99 

GDNF No 0.788744 328865 89286 >0.99 

GM-CSF No 0.963766 27516 68132 >0.99 

MIP-1a No 0.666973 414244 29437 >0.99 

MMP-8 No 0.987721 11033 24792 >0.99 

Serpin B5 No 0.909058 187924 85795 >0.99 

Serpin E1 No 0.815184 2445080 2654077 >0.99 

Activin A No 0.40836 1065728 325945 >0.99 

ADAMTS-1 No 0.957177 62875 110883 >0.99 

DPPIV No 0.955929 439689 390280 >0.99 

EGF No 0.945964 60597 0 >0.99 

HB-EGF No 0.012076 249987 2510242 0.33 

HGF No 0.8051 281917 61286 >0.99 

MMP-9 No 0.848173 176968 5790 >0.99 

NRG1-ß1 No 0.939521 67836 0 >0.99 

Serpin F1 No 0.841076 3046869 2867583 >0.99 

TIMP-1 No 0.915814 5330780 5425293 >0.99 

Angiogenin No 0.982085 18430 38506 >0.99 

Angiopoietin-1 No 0.864554 148774 301290 >0.99 

EG-VEGF No 0.006584 40912 2490852 0.332 

Endoglin No 0.689157 1780869 2138564 >0.99 

IGFBP-1 No 0.766753 0 265232 >0.99 

IGFBP-2 No 0.61579 195528 644327 >0.99 

Pentraxin 3 (PTX3) No 0.168827 3032600 1799712 >0.99 

PD-ECGF No 0.97402 2090 31207 >0.99 

TIMP-4 No 0.861828 161386 5768 >0.99 

 

Table 5.3.Proteins in siCD248/siNegScr-MSCs. Results of the protein profiler 

microarray (n=3) of siCD248-MSCs/siNegScr-MSCs proteins signals using grouped 
analysis: multiple t-tests through the FDR approach (Benjamini and Hochberg Q = 
1%).Statistical analysis was performed using Graphprism. 
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Proteins in siCD248-MSCs/siNegScr-MSCs (Continued) 

Target Protein Discovery? 

Raw  

P-value 

Mean 

(siNeg-T) 

Mean 

(siCD248-T) q-value 

Thrombospondin-1 No 0.890711 3907336 4030189 >0.99 

Angiopoietin-2 No 0.98632 39089 54419 >0.99 

Angiostatin/Plasminogen No 0.653829 408907 7867 >0.99 

Endostatin/Collagen XVIII No 0.781496 36413 284425 >0.99 

Endothelin-1 No 0.733588 91243 395588 >0.99 

IGFBP-3 No 0.801856 475758 700138 >0.99 

IL-1ß No 0.96782 24033 60102 >0.99 

PDGF-AA No 0.970333 0 33251 >0.99 

PDGF-AB/PDGF-BB No >0.9999 0 0 >0.99 

Thrombospondin-2 No 0.996299 4148 0 >0.99 

uPA No 0.544657 6198252 5656407 >0.99 

Amphiregulin No 0.80017 200930 427261 >0.99 

Artemin No 0.89385 0 119303 >0.99 

FGF acidic No 0.990342 86728 75905 >0.99 

FGF basic No 0.865021 1019793 867808 >0.99 

IL-8 No 0.797967 118392 347274 >0.99 

LAP (TGF-ß1) No 0.83165 0 190078 >0.99 

Persephin No 0.985949 361.9 16107 >0.99 

Platelet Factor 4 (PF4) No 0.93869 12774 81544 >0.99 

Vasohibin No >0.9999 0 0 >0.99 

VEGF No 0.798951 1160533 932791 >0.99 

FGF-4 No 0.963895 16715 57186 >0.99 

FGF-7 No 0.908 143482 40159 >0.99 

Leptin No 0.822153 120520 321499 >0.99 

MCP-1 No 0.928191 39500 120075 >0.99 

PlGF No 0.021183 2454525 381414 0.388 

Prolactin No 0.74191 640230 345753 >0.99 

VEGF-C No 0.91975 11539 101617 >0.99 

 

Table 5.4.Proteins in siCD248/siNegScr-MSCs. Results of the protein profiler 

microarray (n=3) of siCD248-MSCs/siNegScr-MSCs protein signals using grouped 
analysis: multiple t-tests through the FDR approach (Benjamini and Hochberg Q = 

1%). Statistical analysis was performed using Graphprism. 
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5.3. Investigating the effect of reduced CD248 level on the ability of MSCs to support 

leukemic cells viability 

One of the mechanisms through which MSCs participate in hematopoiesis 

and regulate HSCs is via cell-to-cell interactions and receptor-ligand interaction 

through several molecules. However, MSCs' exact role in leukemic cell viability, 

whether they increase or decrease leukemic cells' viability, is not well-understood 

since contradicting results were reported and suggested to be influenced and 

dependable on experimental conditions. Focusing on the effect of MSCs-surface 

CD248 and its potential in altering MSCs' function in AML-context, the role of MSCs 

and siCD248-MSCs in the leukemic cell line HL60 viability was investigated in this 

study. Such investigation was performed to gain insights into CD248 role in HD-

MSCs' possible communication with the leukemic blast in vitro. 

After 24 hours of knocking down CD248 on HD-MSCs, HL60 co-culture 

experiments were conducted using siCD248-Treated MSCs, siNegScr-Treated, and 

UT MSCs as feeder layers. These co-culture experiments (n=3) were carried on for 

five days. Performing microscopic evaluation using bright-field microscopy 

throughout the five-day experiment, normal morphology and high confluence of HD-

MSCs and HL60 were observed. HL6O showed rounded-shaped cells, and MSCs 

showed a spindle-fibroblast shape (Figure 5.6). siCD248-treated, siNegScr-Treated, 

and UT MSCs were collected and lysed on a daily basis from each co-culture plate 

to assess the lasting of CD248 KD throughout the five days (D1-D5) of the co-

culture experiments using Western blot analysis(Figure 5.7A).  
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Western blot analysis showed that CD248 KD persisted for four days (D1-D4) 

of the co-culture experiment. Compared to its expression in siNegScr-Treated 

MSCs, a partial KD of CD248 was seen in siCD248-Treated MSCs at ~150kDa, and 

a higher KD effect was observed at ~55-60kDa, bands of perhaps the incompletely 

modified CD248 protein, while at D5, both siCD248-Treated and siNegScr-Treated 

cells showed similar CD248 abundance pattern (Figure 5.7B). GAPDH and total 

protein stain were both used to ensure proper analysis. 

Further, to determine HL60 viability in each co-culture condition, HL60 cell 

counts were performed using a trypan blue viability test every day for five days. 

Viability results showed no difference in HL60 viabilities between the three co-

culture conditions from D1-D4 (Figure 5.7C). Although viability was observed to be 

slightly higher at D5, between HL60 co-cultured with siCD248 and siNegScr-Treated 

MSCs, the difference was insignificant (Figure 5.7 D). Additionally, an apoptosis 

assay was performed to test if HD-MSCs or siCD249-MSCs induce HL60 apoptosis 

at D5. Results of apoptosis assay (n=1) showed that all transfected, siCD248-

Treated, siNegScr-Treated, and un-transfected HD-MSCs exhibited no observable 

apoptotic effect on HL60. Additionally, to investigate whether the presence of HD-

MSC impacted HL60 expression of CD45, flow cytometry analysis was performed in 

the co-cultured HL60 cells at D5 to determine the CD45+ population (n=2). Flow 

cytometry results showed a comparable level of CD45+ between all co-cultured 

conditioned and HL60 cultured alone (Figure 5.7 E and F). These results showed 

that under the co-culture conditions of this study, HD-MSCs and siCD248-MSCs did 
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not affect HL60 viability. Furthermore, CD248 had no significant effect on MSC's 

interactions with HL60; it neither affected HL60 viability nor their apoptosis. 
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Figure 5.6. HL60 co-cultured with HD-MSCs and siCD248-MSCs. HL-60 cells 

were added to transfected and un-transfected MSCs plates after 24 hours of 

siCD248 transfection. Throughout the five days of co-culture (D1-D5), images were 
taken before collecting HL60 and lysing the feeder layer, HD-MSCs from all 
conditions. Bright-field microscopy images (magnification X10) representing each of 
the co-culture conditions in each co-culture plate. 
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Figure.5.7. HL60 co-culture with HD-MSCs and siCD248-MSCs. A) Co-culture 

outline. HL-60 cells were added to transfected and un-transfected MSCs plates after 
24 hours of siCD248 transfection. HL60 viabilities and cell counts were determined 
every day after 24 hours of co-culturing for five days. B) After each day count, MSCs 

from the same co-cultured plates were harvested and lysed for CD248 expression 
assessment to ensure the KD throughout the 5- day co-culturing experiment 
(n=3).CD248 KD lasted from 4 days (55kDa) in siCD248-treated vs. siNeg-treated 
MSCs lysates from the co-culture plates. GAPDH and total protein were used to 

ensure KD results.mAb-CD248 was used in this Western blot. C and D) No 
significant difference was found in viabilities between co-culturing conditions. E) On 
day 5, after HL60 cell counts, the level of HL60 marker, CD45, was measured by 
flow cytometry. HL60 were stained with either CD45-FITC Ab or IgG-isotype. 

Unstained cells were used to set the histograms. Results (n=2) showed no 
significant difference between the percentage of CD45+ cells in each condition, 
HL60 co-cultured conditions, F) HL60 alone. 
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CHAPTER 6 

Discussion 
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Balanced physiological cellular and molecular compositions of the niche are 

critical in maintaining normal hematopoiesis. Multiple experimental studies suggest a 

negative impact of an altered BME in hematopoiesis. Although the exact role of an 

altered BME in the hematological malignancy AML is not fully understood, 

pathogenesis and relapse of AML, where abnormal hematopoiesis is the case, have 

been associated with BME alterations (23,47,73,159,160,170). This association 

emphasizes that an altered niche plays a critical role in AML progression. 

Simultaneously, such association stresses the importance of the niche and its 

components in maintaining normal hematopoiesis, subsequently preventing AML 

relapse. Therefore, an in-depth investigation and understanding of possible 

mechanisms and molecules that could contribute to alterations in the BME and 

consequently aid AML relapse is needed.  

Playing a significant role in regulating hematopoiesis (67,72-79-82) and 

composing the niche, human bone marrow MSCs (hBM-MSCs) may provide an 

excellent in vitro model for studying BME alterations which could aid in the 

understanding of leukemogenesis, especially since a comprehensive and a well-

established in vitro model investigating possible BME alterations and effects on the 

HSC niche is limited. Moreover, MSCs exhibit several characteristics that enable 

their use as a model; 1) being able to differentiate into several lineages, multipotent, 

2) they can be successfully expanded in vitro, 3) expressing several receptors and 

producing pro and anti-inflammatory factors that modulate the immune response. 

Thus, AML-derived MSCs (AML-MSCs) have been objective for investigations. 

Some studies have investigated and characterized AML-MSCs (179-190). These 

AML-derived MSCs displayed impairments of their phenotypic, genetic 
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characteristics, or/and differentiation potentials compared to their healthy 

counterparts (HD-MSCs).  

Nonetheless, since AML heterogeneity is still a significant challenge that 

limits the complete understanding of its pathogenesis, additional investigations of 

AML-MSCs are still required to gain more insights into the disease biology. 

Therefore, a recently published study by our group has characterized AML-MSCs 

from a large cohort of 46 AML patients (184). The cohort included AML-MSCs from 

all AML subtypes HR, IR, and LR. Interestingly the study found that in comparison to 

HD-MSCs, AML-MSCs, particularly HR AML-MSCs, displayed a defect in their 

differentiation potentials and exhibited increased immunosuppressive properties.  

In this thesis, an in-depth characterization of 29 AML-MSCs, previously fully 

characterized as BM-MSCs by Guardia et al. (184), was performed to understand 

the possible mechanisms and molecules behind the observed alterations in HR 

AML-MSCs. Moreover, these identified novel molecules could also play a significant 

role and provide new insights into the normal biological functions of HD-MSCs. 

Although previous studies have investigated AML-MSCs, only a few studies have 

performed genome-wide sequencing (182,183,188,190). Moreover, the majority of 

these studies have investigated small cohorts (such as n=3 and n=5) of AML-MSCs 

samples (182,183,188), while only a few studies of these conducted have 

investigated large sample cohorts (190). Here, a high throughput analysis: RNA 

sequencing was used to ensure high sensitivity and reliability while assessing and 

investigating a large and heterogeneous cohort of AML-MSCs samples (n=29) to 

represent AML heterogeneity competently. The large cohort of AML-MSCs samples 

used here covered both sexes, male and female, several age groups, and the three 
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AML subtypes. In particular, RNA sequencing was performed to directly compare 

the transcriptomic profiles of these 29 AML-MSCs to HD-MSCs (n=8). 

In vitro, AML-MSCs culture establishment and maintenance are challenging. 

The initial study by Guardia et al. reported that 40 of the 46 AML-MSCs used 

samples were successfully expanded, and cultures were established. These 

reported findings were also confirmed by other investigations (179,187) that the 

establishment and maintenance of AML-MSCs in vitro is challenging. AML-MSCs 

cultured in this study exhibited slow growth and low confluences. In particular, AML-

MSCs grew slower than HD-MSCs and thus required more days to achieve 

confluences. These observations were similar to some previous studies (181).  

Even though low confluences were observed, cultures of all 29 AML-MSCs samples 

were successfully maintained. Importantly, sufficient confluences were achieved for 

RNA isolation, and the RNA content of all cultured 29 AML-MSC was efficiently 

isolated and purified. However, some samples required additional isolation 

experiments to achieve high-quality RNAs. For AML-MSCs morphology, some 

studies found that AML-MSCs have similar morphology to HD-MSCs (182,187,189), 

while others reported large/irregular-shaped cells (181). Here, confirming previous 

findings, AML-MSCs displayed a normal morphological appearance compared to 

HD-MSCs. MSCs from both groups, AML and HD, showed spindle-shaped 

fibroblast-like; slight to no irregularity was observed in AML-MSCs cultures. 

Interestingly, our transcriptomic analysis of the AML-MSCs group, which 

included AML-MSCs from all three risk groups, showed an altered gene expression 

profile compared to HD-MSCs. There were 30 dysregulated genes in AML-

MSCs/HD-MSCs. Additional analysis showed no significant differences within AML 
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groups LR, IR, HR, age groups nor between sexes in AML-MSCs /HD-MSCs. 

Studies that included samples from AML patients of both sexes (such as 

(181,182,187)) have not mentioned whether a sex-based analysis was performed, 

but their findings showed no specification based on sex.  

Moreover, applying a cut-off value (FC of 1.5)to determine genes with 

statistical significance in the AML-MSCs group compared to the HD-MSCs group, 

out of the 30 genes, 21 genes were identified as SDRGs in AML/HD. These 21 in 

AML/HD were disseminated at several cellular and nuclear levels, variously located 

between the nucleus, cytoplasm, extracellular space, and plasma membrane, and 

with various functions; transcription factors, transmembrane receptors, cytokines, 

and peptidases. However, further in silico analysis revealed no common pathway 

through which those altered genes could exhibit an effect on MSCs-altered 

functions. However, some of these molecules were individually part of MSCs 

differentiation signaling pathways.  

Whereas 13 genes of the 21 SDRGs (TNS1, SCUBE3, ATP1B1, MEIS2, 

CXCL-12, DSP, TNFAIP2, LGR4, TUSC1, CD248, C14orf132, TCF7L1, and 

RUNX1) were upregulated, eight genes (SPCS3, DDX60L, PVRL3, SLIT2, TRNP1, 

ARHGEF28, FBLN5, and GREM1) were downregulated in AML-MSCs compared to 

their expression levels in HD-MSCs. The 13 significantly overexpressed genes play 

several physiological and pathological roles. Specifically, some are associated with 

cancer. ATP1B1, which is involved in the cellular metabolic and ATP-binding 

processes, has been associated with AML. Interestingly, it has been previously 

found to be upregulated in MSCs after co-cultured with murine AML cells (217). 

TCF7L1, a transcription factor that regulates cell viability and survival, DNA-binding 
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proteins, and β-catenin, was upregulated in our AML/HD and has also been 

associated with AML. DSP and TNS1, involved in cellular adhesion, migration, and 

structural protein signaling pathways, were upregulated in our SDRG dataset. 

TNFAIP2, tumor necrosis factor-α induced protein-2, which plays an essential role in 

MSCs modifications, immunomodulatory functions, and angiogenesis, was 

overexpressed in AML-MSCs/HD-MSCs. In addition, LGR4, which is critical in 

MSCs' activation of Wnt signaling and required in MSCs functional role within BME, 

was upregulated in our AML/HD-MSCs dataset. Interestingly, LGR4 was previously 

found to impact MSCs' proliferation when downregulated (218). The second group of 

the 21 SDRGs in average AML/HD is the group of 8 downregulated genes (SPCS3, 

DDX60L, PVRL3, SLIT2, TRNP1, ARHGEF28, FBLN5, and GREM1). The 

significant downregulation ranged from 1.6 to 4.8 FC, where GREM1 was the gene 

with the lowest expression in AML-MSCs compared to HD-MSCs. SPCS3, DDX60L, 

and ARHGEF28 are involved in protein binding, ATP-binding, and cell differentiation 

processes. ARHGEF28 is also involved in cellular migration and development, along 

with SLT2 and FBLN5, while TRNP1 is involved in cell proliferation and self-renewal 

and altered levels of these genes were associated with cancers. 

Few genes from the 21-gene list were previously found and reported to be 

dysregulated in AML-MSCs (183,188,190). The dysregulated expressions of these 

genes were mainly similar to the dysregulation found in this study. Specifically, 

similar to our finding, a study that investigated AML-MSCs (n=5) compared to HD-

MSCs (n=6) also found that CD248 is significantly overexpressed in the AML-MSCs 

group (183). CD248 was among their differentially regulated genes. However, no 

further investigation of CD248 upregulation was conducted in that study. C14orf132 
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and ARGHGEF28 were among the 13 upregulated genes in our 21-SDRG list in 

AML/HD, MSCs from all AML subtypes. A significant upregulation of other isoforms 

of these two genes, C14orf28 and ARHGEF26, was previously found in AML/HD-

MSCs (183). Another study that investigated AML-MSCs (n=3) compared to HD-

MSCs (n=3) also found a significant upregulation of another isoform of ARHGEF, 

ARHGEF40, (188). Other studies investigated and reported dysregulation of 

adipogenic and osteogenic specific genes within a small AML-MSCs sample cohort 

(n≤11) (182,189). Furthermore, SCUBE3, LGR4, and GREM1 were all previously 

reported to be dysregulated in AML/HD-MSCs (188). While similar dysregulation 

was previously reported for SCUBE3 and LGR4 expression, both were upregulated 

in AML/HD-MSCs; unlike the current study's finding, GREM1 was previously found 

to be upregulated in AML/HD-MSCs (188).  

Interestingly, in the current AML-MSCs investigation, CXCL12 was among the 

21 SDRGs in AML/HD. It was significantly overexpressed in AML-MSCs by 3 FC. 

CXCL12, also known as SDF1, is remarkably reported to be associated with AML 

and has been investigated in the disease context. MSCs, osteoblasts, and 

osteoprogenitors are all producers of this cross-talk molecule in BME. Specifically, 

CXCL12 attaches to its receptor (CXCR-4) and helps leukemic blasts survive in the 

BM niche, similar to its role in HSC homing in the niche. (60,150,219). Moreover, 

this cross-talk molecule has also been shown to bind to Jagged-1, suppress normal 

hematopoiesis, and favor the leukemic environment. Therefore, overexpression of 

SDF-1/CXCl12 by AML-MSCs could aid in LSCs homing to the niche and relapse. 

Similar to the finding of this study, CXCl12 was also reported in a previous in vivo 

investigation of AML-MSCs (190). The study transplanted AML cells in a murine 
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model and then investigated the effect of AML on MSCs gene expression through 

gene microarray and found that CXCL12 was significantly overexpressed in these 

AML-derived cells. Another critical gene is RUNX-1, which was upregulated in AML-

MSCs/HD-MSCs. RUNX-1 is a critical transcription factor in hematopoiesis and 

physiological tissue development. It is also essential for proper MSCs proliferation 

and differentiation (220). Additionally, MEIS2 was found to be upregulated in 

AML/HD-MSCs. This gene belongs to the MEIS family genes, which are essential in 

HSCs activity, and HSCs’ proteins were found in BME and have been associated 

with AML (221, 222). Suggesting that those altered AML-MSCs could negatively 

alter the balanced BME, thus could impact hematopoiesis.  

Although few genes from our 21-list of SDRGs were previously reported to be 

dysregulated in AML-MSCs/HD-MSCs, limited knowledge was available about their 

role in altering MSC's functions. Upregulation of SCUBE3, CD248, and 

downregulation of GREM1 gene expression could be involved in AML-MSC's altered 

functionality (184) in the AML context, mainly since they are physiologically 

expressed in HD-MSCs and significant in MSCs function. GREM1 plays a critical 

role in osteogenesis as a BMP antagonist (116-118). BMP signaling regulates 

MSCs' osteogenesis differentiation. When BMPs 2, 4, or 7 bind to their receptors on 

MSCs surface, type I and type II, they heterodimerize, forming an active complex. 

Triggering signal transduction through SMADs that phosphorylates SMAD proteins. 

Then, the phosphorylated SMADs translate the signals and regulate the transcription 

of osteoblastic genes. As a BMP antagonist, GREM1 has been suggested to impact 

MSC osteogenesis differentiation when overexpressed negatively. For instance, the 

Lack of GREM1 in mice led to skeletal deformities (223). On the contrary, GREM1 
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overexpression on MSCs has been shown to have an advantageous effect on 

ischemia treatment (224-225). When dysregulated, GREM1 has also been found to 

affect tissue homeostasis and promote intestinal tumorigenesis and was implicated 

in lung, ovary, and other cancers. SCUBE3 encodes a secreted glycoprotein. When 

cleaved, SCUBE3 releases its N-terminal, EGF-like repeats, and C-terminal, CUB 

domain (124,226,227). These two fragments participate in protein-to-protein 

interactions. It signals through SMAD canonical pathway, the TGFβ pathway. 

SCUBE3 binds to TGFβR-II through the C-terminal of the CUB domain and, 

subsequently, activates the canonical TGFβ pathway. When SCUBE3 triggers the 

single transduction through SMAD, the transcriptional activity of SMADs regulates 

the transcriptions of downstream targets such as VEGF, tumor angiogenic factor, 

and TGFβ-1. SCUBE3 is involved in cardiac hypertrophy in mice and tissue 

development. SCUBE3 upregulated expression was found in metastatic lung 

cancers. Moreover, these two signaling pathways, BMP and TGFβ, are critical in 

MSCs' function within the BME and their differentiation potentials (104). 

Since SCUBE3 and GREM1 are implicated in MSCs differentiation, their 

dysregulated levels in AML/HD-MSCs could impact MSC's physiological function 

and differentiation. Thus, these two genes might serve as potential targets in AML 

BME. In this study, an initial validation of SCUBE3 and GREM1 dysregulated levels 

was performed using HR AML-MSCs since those MSCs exhibited differentiation 

impairments (184). Although GREM1 and SCUBE3 could not be genetically modified 

in the current investigation due to multiple limitations, SCUBE3 and GREM1's 

potential relevance to AML-MSCs alterations and MSC's differentiation nominates 

them as potential targets for future investigations primarily since their dysregulation 
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was also reported in previous AML-MSCs investigations (183,188,190) irrespective 

to AML subtype, cohort size or gender. 

This study generated a list of 21 SDRG from the transcriptome analysis of 

AML-MSCs compared to HD-MSCs. The current findings showed that compared to 

HD-MSCs, AML-MSCs were altered at the genetic level. The genetic alterations of 

AML-MSCs suggest an altered behavior and function at both internal, MSCs, and 

external levels, at BME compared to healthy MSCs' role in the niche. Possibly, these 

alterations impact MSCs' critical role in hematopoiesis maintenance and niche 

composition. The consistency of some of these findings with previous findings of 

other AML-MSCs investigations (183,188,190) validates and strengthens the 

currently presented data. Furthermore, the data of this study adds new insights to 

the accumulative knowledge of the critical role of AML-MSCs alteration with the 

altered genetic profile in understanding the biology of BME and its alteration in AML 

pathogenesis. Moreover, the transcriptomic analysis enabled identifying a potential 

novel target at the MSC's functional level: CD248, which could play a part in the 

altered AML-MSCs observed functionality and exhibits a critical role in MSC's 

functionality. 

MSC marker CD248 (196) has been suggested with an essential role in 

several physiological cellular processes, such as tissue repair and remodeling, and 

stromal cell proliferation, with a role in human tumors, mainly through its involvement 

in tumor vascularization and angiogenesis (191-192,196,197). Furthermore, CD248 

was among the 13 upregulated genes in the SDRG list in AML-MSCs/HD-MSCs. 

CD248 was significantly overexpressed in MSCs from all AML subtypes (HR, IL, and 

LR). Furthermore, the most overexpression of the CD248 gene was found in AML-
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MSCs samples from HR patients (as shown in chapters 3 and 4). Because HR AML-

MSCs showed impairments in their differentiation potentials in the initial study by 

Guardia et al. (184), a CD248 investigation at the protein level was conducted using 

these HR AML-MSCs. Interestingly, consistent with the transcriptomic data, CD248 

protein level was also significantly abundant in HR AML-MSCs/HD-MSCs. 

Specifically, HR AML-MSCs showed a tend-toward increase pattern in their CD248 

protein abundance level compared to HD-MSCs. These protein results validated the 

significant upregulation in CD248 gene expression found earlier by RNA-

Sequencing.  

Interestingly, investigating CD248 protein in HR AML-MSCs revealed that the 

overexpression of the CD248 gene was also translated to higher protein levels in 

these HR samples. These results validated and confirmed the overexpression of 

CD248 at both mRNA and protein levels in HR samples and suggested CD248's 

possible critical role in MSC's function and that CD248 contributed to the previously 

observed altered functionality in AML-MSCs (184). Investigation of CD248 

expression on the cell surface of HR AML-MSCs (HR-AML8) revealed a higher 

abundance level of surface marker CD248 on these HR AML-MSCs compared to 

HD-MSCs. More than a 2-fold increase in expression was found. Before staining 

MSCs for flow cytometry determination of CD248 protein on MSCs surface, Trypsin 

was used to detach MSCs from the culture vessels and harvest them for flow 

cytometry analysis. Although the proteolytic activity of Trypsin, when used to harvest 

primary cells, could induce alteration of protein levels (228), and thus, CD248 

protein level could be affected by the trypsinization step, in this study MSCs from 

both group HD and AML were treated and processed similarly; therefore, the 
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comparison between CD248 protein abundance levels between HD and AML-MSCs 

is still valid. Together, CD248 increased level was not limited to gene expression 

and intracellular protein levels. Nonetheless, the exact role and effect of 

dysregulated CD248 in healthy MSC's function have not been investigated, and the 

molecular mechanisms, interactions, and intracellular signaling behind CD248 

regulation and expression are still limited. 

Given the importance of MSCs in hematopoiesis and their role in composing 

the HSCs niche BME, understanding the molecules and mechanisms behind their 

altered functionality is critical to gaining more insights into their possible contribution 

to AML. Since CD248 is an MSC marker and is also expressed on the MSC surface 

(196), it could play a critical role in their functionality and interactions with cellular 

components within the niche. Therefore, when dysregulated. CD248 overexpression 

on HR AML-MSCs at both gene and protein levels suggests that MSCs' 

physiological role and interactions within the BME level could be affected. Similar 

findings of an increased level of CD248 were found in several tumors and have been 

suggested and associated with impacting tumor severity when increased (204-207) 

and decreased (208,211). A high level of CD248 was also found in MSCs from 

systemic sclerosis (SSc-MSCs) (213). The overexpression of CD248 protein in other 

tumors was explicitly associated with the induction of vascularization (196,199,201) 

in the tumor microenvironment via its binding and interaction with angiogenic 

receptors. The perivascular niche is a critical compartment of the HSC niche. 

Expressing a high level of CD248 in BME through AML-MSCs could impact the 

niche physiological balanced and hemostasis by affecting BME vascularization, 

similar to CD248's reported effect on other tumor vascularization. 
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Furthermore, CD248 protein properties, belonging to the CTLD-14 family 

(200), and its homology to thrombomodulin, its three EGFs repeats on its 

extracellular domain, have been suggested to play a role in protein-protein 

interactions. Since CD248 is a cell-surface receptor, its overexpression on HR AML-

MSCs could impact their interactions within BME, suggesting that CD248 could be 

part of MSCs interactions with other cellular components in the HSCs niche. In 

addition, based on the current analysis and findings, CD248 overexpression on HR 

AML-MSCs was unrelated to a specific HR mutation. It was overexpressed on MSCs 

samples from 11 patients with various mutations and normal and abnormal 

karyotypes. These results confirmed and add to the available knowledge that AML-

MSCs exhibit alterations in their genetic profiles (182,183,188,190). Thus, 

understanding AML-MSCs alterations and perhaps normalization of these alterations 

could aid in the limitation of BME alterations' role in AML pathogenesis and 

consequently aid in AML subtypes and relapse prevention. 

Identification of CD248 gene dysregulation in AML-MSCs, and HR AML-

MSCs through RNA sequencing and then the determination of CD248 protein 

overexpression levels in HR samples enabled exploring its potential role in HD-

MSC’s functionality through gene modification studies, siRNA knockdown. Up to 

date, a well-established in vitro model to study CD248 in HD-MSCs is limited (213). 

Here, HD-MSCs were used as a competent and adequate in vitro model to establish 

CD248 KD. As observed in this study and previous studies, AML-MSCs culture 

maintenance is challenging. Moreover, their altered genetic profile could interfere 

with the assessment and investigation of CD248 dysregulation in MSC’s 

functionality. Confirmation of the physiological expression of CD248 endogenous 
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protein in MSCs at several forms was achieved; perhaps these were unmodified and 

highly glycosylated forms as previously observed in MSCs (90kDa in human MSCs 

(213) and other cell types (191,192,193,213). 

Following extensive optimization of the optimal conditions for in vitro 

approach to knockdown CD248, this study provides an efficient and well-established 

siRNA KD protocol of total and cell-surface CD248 in primary cells HD-MSCs. 

Moreover, the KD efficiency was reproducible when tested on the cell-surface level 

of HR AML-MSCs, resulting in an efficient cell-surface CD248 KD under the same 

culture conditions between the two groups AML-MSCs and HD-MSCs. The high 

efficiency of this transit siRNA KD (~70%), partial KD with high viabilities of the 

siCD248-treated HD-MSCs enabled further investigation of its role in MSCs at a 

functional level. 

Within BME, MSCs contribute to HSCs regulation, and their niche through 

multiple proteins with autocrine, paracrine, and endocrine activates, some with pro-

angiogenic properties and others with immunomodulation properties. These 

properties collectively define MSCs and enable their use in regenerative medic ine 

(139-143), such as paracrine factors (141). Protein profiling of HD-MSCs using 55 

essential cellular proteins with a known role in angiogenesis was performed to gain 

a proteomic perspective of its KD effect on HD-MSCs profile. Expression of 

previously known MSCs angiogenic proteins TGF-β, Angiopoietin-1, Ang-1, FGF, 

and MCP-1 were all detected and confirmed in control untreated HD-MSCs. Profiling 

of siCD248-treated HD-MSCs provided insights into the CD248 KD effect on HD-

MSCs, including the angiogenic factors. Knocking down CD248 insignificantly 

altered HD-MSCs protein profile. While interestingly, several protein levels were 
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unchanged in siCD248-MSCs compared to UT-Cells, such as uPA and MMP-9. 

These two protein levels were directly correlated in MSCs (229). In silico analysis 

showed that some of these proteins participate in other processes besides 

angiogenesis. For instance, CXCL8, EGF, PROK1, and HGF proteins which were 

slightly dysregulated in CD248 KD cells, were associated with tumor 

microenvironments. While EGF, CXCL-8, and PROK1 proteins were shown to 

participate in IL-8 signaling and participants in PRAR (adipogenesis key marker) 

activation. LEP, leptin, is also a downstream target of PPAR in the MSCs 

adipogenesis pathway.  

While the abundance levels of most of the 55 proteins in the CD248 KD 

model were insignificantly altered, HB-EGF and EG-VEGF were proteins with a 

significantly increased level (raw p-value <0.05) in siCD248-Treated HD-MSCs 

compared to their levels siNegScr-treated cells (p-value of 0.012, and 0.009, FDR 

>0.05). Their level was also increased in siCD248-MSCs/UT-Cells with a significant 

raw p-value. EG-VEGF and HB-EGF have critical roles in MSC's functionality, 

especially their interactions with endothelium cells for angiogenesis, cell-cell 

communication within the BME, and extracellular matrix formation. Herein, 

downregulation of CD248 by siRNA knockdown induced endogenous HB-EGF and 

EG-VEGF proteins in HD-MSCs. Notably, in our transcriptomic data where the 

CD248 gene was highly overexpressed on HR AML-MSCs, the HB-EGF gene was 

limitedly expressed (0.3 Log2F) on these HR MSCs with no statistical significance 

relative to our cut-off values, and no expression data for EG-VEGF was found. 

Although a correlation between mRNA expression and protein level is not strongly 

supported, these transcriptomic and proteomic findings suggest a potential reverse 
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correlation between these two angiogenic proteins, HB-EGF, EG-VEGF, and 

CD248, perhaps through a common signaling pathway within MSCs. A primary in 

silico analysis using the IPA connection tool showed that STAT5, a transcription 

factor, and KLF10, a protein-coding gene, could be associated with CD248 and 

some alterations. However, the possible intracellular signaling mechanisms behind 

CD248 through STAT are yet to be understood. Further validation could be required 

to examine whether the increased level of these two proteins affects MSCs 

differentiation, and could help unfold a common signaling differentiation pathway 

primarily since exogenous HB-EGF protein was found to impact MSCs adipogenesis 

(230) negatively. These initial proteomic findings support the knowledge about the 

known role of CD248 in angiogenesis as an angiogenic protein. Furthermore, it 

could aid in normalizing the alterations of these proteins since MSC's physiological 

protein levels are required for proper MSCs function, which nominates them initially 

and is critical to their use in therapeutic approaches. 

HSCs require direct contact with stromal cells, MSCs, to proliferate and 

differentiate similarly; direct contact between AML cells and MSCs is essential for 

AML cell maintenance. MSCs participate in the HSCs regulation and niche 

composition both in vitro and in vivo ,67,72,74), demonstrating a critical role for 

MSCs in the niche within the BME. Nevertheless, currently no definitive in vitro co-

culture effect of MSCs on leukemic blast proliferation. Studies showed contradicting 

results (187) and suggested that the effect depends on each experimental approach 

and in vitro culture conditions. For instance, AML-MSCs were found to have a 

limited ability to support HSPCs compared to HD-MSCs (179). 
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Since AML-MSCs exhibited slow growth and low confluences could inhibit the 

precise observations of CD248 role in such cellular interaction. HD-MSCs provided a 

better understanding of the MSC's cell-surface CD248 significance in cellular 

communication with AML cells. Through co-culture experiments, the investigation in 

this study examined the direct effect of untreated HD-MSCs and CD248 KD HD-

MSCs, siCD248-Treated, on HL60 viability. This approach was used to 1) exclude 

any effect of exogenous treatments, growth factors, or drug-induced inhibition from 

cultural conditions, which helped to observe the role of untreated MSCs, and 2) to 

identify whether MSCs CD248 play a part in MSCs-leukemic cells interaction. 

Neither untreated HD-MSCs nor CD248 KD MSCs exhibited an effect on HL60 

viability. Both HL60 co-cultured with HD-MSCs and HL60 cultured alone showed 

comparable viabilities. Moreover, there was no significant impact of CD248 KD 

MSCs on HL60 compared to healthy counterparts, UT-Cells.  

These results suggested that CD248 expressed by MSCs plays no significant 

part in MSCs cell-cell interaction under the experimental designs of this study. 

However, examining the CD248 KD effect on alternative leukemic cell lines before 

defining the exact role of its protein in the cross-talk between AML cells and MSCs 

in vitro and in vivo is needed. Moreover, the no proliferative /anti-proliferative effect 

also suggested that the indirect effect of MSCs soluble factor/ secreted proteins of 

both HD-MSCs and siCD248-MSCs (such as increased HB-EGF) in cell culture had 

no impact on HL60 proliferation and thus, testing conditioned media was not 

conducted. The limitation of the HL60 cell line could describe the insignificance. For 

instance, since HL60 express and produce HB-EGF (231), perhaps the increased 

level of siCD248-MSCs' HB-EGF has no additional effect on their proliferation. Also, 
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although TGF-β has been found to play a critical role in inhibiting leukemic blasts 

proliferation (232,233), HD-MSCs and siCD248-MSCs showed TGF-β1 in their 

protein profile, but no significant effect on HL60 proliferation was found. The 

insignificant effect could also be due to the low expression of TGFB receptors since 

HL60 expression of TGFBR was reported to be limited (234).  

Collectively, these results suggested that CD248 expressed by MSCs plays 

no significant part in MSC-cell interaction under the in vitro conditions of this study. 

Although KD CD248 did not affect HL60 viability and suggested that CD248 cell 

surface plays no role in HD-MSCs communication with the used promyelocytic 

leukemic cell line HL60, it remains unclear the effect of these KD cells on HSCs. The 

effect of HD-MSCs on HSCs was not investigated in this study. However, in a 

previous investigation of the direct effect of HD-MSCs on HSCs, HD-MSCs (grown 

and cultured under similar culture conditions to the currently used HD-MSCs) were 

found to support the expansion and differentiation of CD34+ cells in an in-vitro co-

culture system (179). Therefore, an investigation of the CD248 KD effect (siCD248-

MSCs) on HSCs could provide insights into CD248 role in MSC-HSC potential 

communication and interaction. Considering that as an MSC marker, CD248 could 

participate in MSC-HSC receptor-ligand interactions. However, multiple factors 

should be considered when examining the effect of siCD248-MSCs on HSCs in co-

culture experiments since the age of these hematopoietic cells could impact their 

interaction with other cells (235). 

Several studies have emphasized BME compartments' roles in HSCs pool 

maintenance (56, 59,60,63). The HSCs' location in the niche, close to the 

perivascular or endosteal niche, is essential for their proliferation status and, thus, 
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maintaining normal hematopoiesis. This evidence stresses the importance of a well-

maintained and balanced niche, cellular and molecular compositions of both main 

compartments; the endosteal and perivascular parts. As a critical component and 

regulator of the niche, MSCs differentiation to mature adipocytes and osteocytes is 

one of the fundamental features that define their role in BME and hematopoiesis 

regulation. Unbalanced niche, MSC's differentiation toward one lineage more than 

the other could disturb the niche physiological environment. Alteration of osteogenic 

niche components has been associated with AML pathogenesis (73). The 

involvement of adipogenic niche was also reported in several tumors. Specifically, 

within BME, adipocytes promote tumor colonization and growth. Similarly, in AML, 

the adipogenic niche was found to aid blast survival by providing them with fatty 

acids via induction of lipolysis and preventing their apoptosis (161-163). 

Herein, knocking down of CD248 on HD-MSCs diminished their adipogenesis 

differentiation. Differentiated siCD248-treated HD-MSCs showed a reduced ability 

toward adipogenesis and mature adipocyte formation. In vitro examination of the 

effect of CD248 KD on adipogenesis pathway genes using qRT-PCR enabled 

confirmation and identification of possible mechanisms behind the observed 

reduction. It revealed dysregulation in the expression levels of multiple adipogenesis 

genes. Although knocking down CD248 on HD-MSCs did not result in significant 

dysregulation of master adipogenic regulators, only a slight increase in C/EBP was 

found; interestingly, it resulted in upregulation of the expression level SIRT2 and 

ADIPQ genes. When further in-silico analysis was performed to investigate the effect 

of SIRT2 upregulation on the adipogenesis pathway, it identified a mechanism by 

which upregulation of SIRT2 could lead to adipogenesis reduction and inhibition of 
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formation of mature adipocytes. It predicted that upregulation of SIRT2 expression 

inhibits the adipogenesis pathway through upregulation of the FoXO1 gene, which 

inhibits MSCs adipogenesis pathway via inhibiting both C/EBP and PPAR. A similar 

correlation between SIRT2 and FoXO1 was found previously in mouse fibroblast cell 

line 3TL3I. In particular, the study found a reversed effect between these two genes, 

the downregulated expression level of SIRT2 was found to enhance adipogenesis 

through its effect on the FoXO1 gene (236), which could add additional validation to 

the predicted mechanism in CD248 KD HD-MSCs. Under physiological conditions, 

both C/EBP and SIRT2 expressions are downregulated in adipogenesis. SIRT2 can 

inhibit FOXo1 by inhibiting its phosphorylation and acetylation, leading to its 

accumulation in the nucleus. Consequently, accumulated FOXo1 can suppress 

PPARγ. Such inhibition of adipogenesis, key regulator, PPARγ, causes inhibition of 

several downstream targets and thus inhibits the pathway. SIRT2 caused 

deacetylation of FoxO1 found to inhibit MSCs adipogenesis and adipocytes 

formation through PPARγ gene repressing (236,237). 

An AML study showed a correlation between SIRT2, AML mutations, and 

overall survival by examining BM samples. The study suggested that upregulated 

expression level of SIRT2 has a negative impact on AML prognosis (238). CD248 

could also be used as a prognostic tool to indicate AML prognosis. Mainly since 

AML cells were found to benefit from adipocytes metabolites (161-163) for their 

proliferation and survival, and CD248 KD on adipocytes affected their metabolic 

activity (214). CD248 has no direct effect on key regulators of adipogenesis since 

their expression levels were not changing in siCD248-treated differentiated HD-

MSCs. Instead, CD248 is potentially involved in the MSCs adipogenesis pathway 
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through its direct effect on SRT2 expression, which directly impacts the FoXO1 

gene. The mechanisms and interaction between CD248 and SIRT2 are unclear; 

therefore, further validation of SIRT2 upregulation is needed for a definitive 

conclusion. CD248 is essential in HD-MSCs adipogenesis differentiation. When 

knocked down, it reduced their in-vitro differentiation. The effect of MSCs 

dysregulated CD248 at the BME level could be similar. Overexpression of CD248 on 

AML-MSCs might lead to an altered cellular composition of the BME and 

unbalanced adipocytes composition. Thus, the dysregulated level of CD248 in AML-

MSCs could affect MSC's ability to provide a healthy niche for maintaining normal 

hematopoiesis and contribute to AML progression.  

Additional to the limitation of some of the used assays (as seen in the results 

sections), the validation of only three potential targets (GREM-1, SCUBE3, and 

CD248) out of the 21-gene list could also be considered a limitation of this 

investigation, and further validation of other targets in the future could add to the 

understanding of the AML-MSCs in AML biology. In addition, the use of HR AML-

MSCs to validate the CD248 significance, which was the focus of this study due to 

the previously observed functional impairments of these MSCs, could also limit the 

presented work. Furthermore, future confirmation of the predicted mechanism by 

which KD CD248 leads to reduced MSCs adipogenesis potential through validation 

of the SIRT2 level at both gene and protein validation would be required to ensure 

these findings. 
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Conclusion  

 Data in this study provided an extensive systematic analysis of a large cohort 

of MSCs derived from AML patients (AML-MSCs) and compared them to their 

healthy counterparts (HD-MSCs). Based on the transcriptomic analysis of their gene 

expression profile, AML-MSCs have a unique transcriptomic signature, an altered 

gene profile with 21 SDRGs (Figure 6.1). These altered genes were found to be 

critical in several cellular and molecular processes; hence their dysregulation could 

provide new insights into MSC's role in BME alterations and their contribution to a 

more permissive BME and thus contribute to AML pathogenesis. Furthermore, the 

21-gene list helped in the identification of novel potential targets. Investigation of 

CD248 specifically in HR AML-MSCs enabled the selection of CD248 as a potential 

target in MSCs’ function.  

An in-vitro knockdown model of CD248 was successfully established in HD-

MSCs. CD248 knockdown (KD) had no significant effect on HD-MSCs osteogenesis, 

HL60 proliferation, or MSCs protein profile. Interestingly, CD248 KD on HD-MSCs 

affected their adipogenesis differentiation. Knocking down CD248 increased their 

SIRT2 expression, which was predicted to cause inhibition of the adipogenesis 

pathway. Results collectively suggest that the physiological level of CD248 at both 

gene and protein levels is necessary and required to maintain MSCs' function, 

especially their adipogenesis differentiation. Both overexpression and down-

regulation of CD248 on HR AML-MSCs and HD-MSCs correlated with MSCs altered 

differentiation. The impairments on HR AML-MSCs adipogenesis could have 

resulted from MSCs compensation mechanism since several genes were 
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dysregulated on these AML-MSCs. Since CD248 overexpression in AML-MSCs was 

not related to a specific mutation or AML risk group (CD248 was overexpressed in 

hMSCs samples from 11 AML patients with various mutations and normal and 

abnormal karyotypes), it would be interesting to investigate its potential as a 

prognostic or diagnostic marker for AML. Moreover, the investigation of CD248 

using HD-MSCs provided a significant role of CD248 in MSCs differentiation; their 

adipogenic differentiation, which is critical in their physiological role and function in 

BME, HSC niche, composition, and hematopoiesis regulation. 
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Figure 6.1. Summary of main study findings and future direction. 
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Supplementary Table S1. Primers and templates utilized in qRT-PCR validation 

of two genes of the SDRGs, GRE1M and SCUBE3. 

 

 

 

 

  

 

Target Gene 

 

Type 

 

Application 

 

Cat# 

 

Manufacturer 

GAPDH Template qRT-PCR 

 

10025716 

 

Bio Rad 

GAPDH Primer qRT-PCR 

 

232183854 

 

Bio Rad 

β-actin Primer qRT-PCR 

 

10025636 

 

Bio rad 

GREM1 Primer qRT-PCR 

 

229760581 

 

Bio Rad 

GREM1 Template qRT-PCR 

 

236264692 

 

Bio Rad 

SCUBE3 Template qRT-PCR 

 

 

272415539 

 

 

Bio Rad 

SCUBE3 Primer qRT-PCR 

 

 

229760580 

 

 

Bio Rad 
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Supplementary Table S2. Genes in the 21-SDRGs that were previously 

reported in AML-MSCs/HD-MSCs 

 

 

 

 

 

 

 

 

 

 

 

  

Gene name Current study Previous studies Reference 

LGR4 Upregulated Upregulated 188 

GREM1 Downregulated Upregulated 188 

SCUBE3 Upregulated Upregulated 188 

CD248 Upregulated Upregulated 183 

CXCL12 Upregulated Upregulated 190 
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Supplementary Table S3. Recombinant proteins used in Western blot 

validation. 

 

Recombinant Proteins Cat# 
 
Manufacturer  

GREM1 Recombinant Protein MBS691636 

 
 

 
myBioSource 

 

Recombinant Human SCUBE3 7730-SC 

 
 

R&D Systems 

 

Recombinant Human End/CD248 7855-CD 

 
 

R&D Systems 
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Supplementary Table S4. Antibodies utilized in Western Blot analysis 

 

 

 

 

 

 

 

 

 

 

 

 Western Blot Antibody Target Cat# Manufacturer 

CD248 Mouse mAb CD248 MyBioSource MBS6183207 

CD248 Mouse anti Human 

mAb CD248 MyBioSource MBS2542325 

Endosialin-Human CD248 BD Biosciences 564994 

TEM1 (CD248) mAb CD248 Invitrogen MA-526838 

TEM1/CD248 Antibody CD248 LS Bio LS-C170323 

TEM1 Mouse mAb CD248 Proteintech 60170-1-Ig 

TEM1 Rabbit anti-human pAb CD248 Proteintech 18160-1-AP 

Rabbit pAb  Anti-GREM1 GREM1 Csb pa168659 CusaBio 

Anti-SCUBE3 pAB SCUBE3 NBP2-41122 Novus 

GAPDH  (GT239) mAb GAPDH GTX627408 GeneTex 

Anti-SCUBE3 mAb SCUBE3 H00222663-M07 Novus 

IRDye 800CW Goat anti-

Mouse IgG 2° 926-32210 LI-COR 

IRDye 800CW Goat anti-

Rabbit IgG 2° 925-32211 LI-COR 
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Supplementary Table S5. Antibodies utilized in Flow cytometry analysis 

 

Antibody Target  Cat# Manufacturer 

Endosialin (CD248) - 
Mouse  Anti-Human, 
Alexa Fluor 647 CD248 564994 BD Pharmingen 

IgG1k Isotype 
Control - Mouse - 

Alexa Fluor 647 Isotype Control  557714 BD Biosciences 

CD45 Mouse Anti-
Human FITC CD45 555482 BD Pharmingen 

IgG1k Isotype - 
Mouse - FITC Isotype Control  555748 BD Biosciences 
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Supplementary Table S6. siRNA and overexpression plasmids for in vitro gene 

modifications in HD-MSCs. Top Tested, validated and utilized in this study. 

Bottom, initially tested and invalidated ( no further optimization was performed). 

 

Validated Target 

 

Type Cat# Manufacturer 

Silencer Select 

CD248 siRNA CD248 

siRNA 

4392420 Ambion 
siRNA Negative 

Control Negative 

siRNA 

4390843 Ambion 
 

Tested/not validated 

GREM1 siRNA GREM1 
siRNA 

1027416 Qiagen 
pCMV6-XL5-

SCUBE3 

SCUBE3 Overexpression 

plasmid 

SC126481 

OriGene 

pCMV6-XL5-EV Empty 
Vector 

Overexpression 
plasmid  

OriGene 

pCMV6-XL4-CD248 

(untagged) 

CD248 Overexpression 
plasmid SC113126 

NM-
020404 

OriGene 

pCMV6-XL4-EV Empty 
Vector 

Overexpression 
plasmid 

pCMV6-
XL4 

OriGene 

CD248-GFP tagged CD248 
Overexpression 

plasmid RG208576 Origene 

CD248-GFPSpark CD248 
Overexpression 

plasmid 
HG13403-

ACG Sino Biological 

pCMV3-C-
GFPSpark Control 

Vector 

Empty 

vector 

Overexpression 
plasmid 

CV026 Sino Biological 
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Supplementary Table S7. 91 Genes in Adiogenesis PrimePCR assay. 

 

Gene Gene Gene Gene  

ADIG BMP4 LRP5 SLC2A4 

ADIPOQ BMP7 MAPK14 SRC 

ADRB2 CCND1 NCOA2 SREBF1 

AGT CDK4 NCOR2 TAZ 

ANGPT2 CDKN1A NR0B2 TCF7L2 

AXIN1 CDKN1B NR1H3 TSC22D3 

B2M CEBPA NRF1 TWIST1 

BMP2 CEBPB PPARA UCP1 

CEBPD ACTB PPARG WNT1 

CFD EGR2 PPARGC1A WNT10B 

CREB1 FABP4 PPARGC1B WNT3A 

DDIT3 FASN PRDM16 WNT5A 

DIO2 FGF1 RB1 WNT5B 

DKK1 FGF10 RETN TBP 

DLK1 FGF2 RPLP0 GAPDH 

E2F1 FOXC2 RUNX1T1 IRS2 

GATA2 FOXO1 RXRA JUN 

GATA3 KLF15 SFRP1 LIPE 

GUSB KLF2 SFRP5 LMNA 

HES1 KLF3 SHH LPL 

HPRT1 CACB PPARD VDR 

INSR KLF4 SIRT1 SIRT3 

IRS1 LEP SIRT2   
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Supplementary figure S1. Heat map of the 21-SDRGs in AML/HD-MSCs. RNA-

sequencing results.  
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Supplementary Table S8. Participation of the 21 SDRGs in two networks. The 

table shows the genes of each predicted IPA two common networks. 

 

Symbol Entrez Gene Name 

Expr Log 

Ratio p-value Networks 

GREM1 
gremlin 1, DAN family BMP 

antagonist -2.292 0.0436 1,2 
FBLN5 fibulin 5 -1.435 0.00000224 1 

ARHGEF28 
Rho guanine nucleotide 

exchange factor 28 -1.134 0.00561 1 

TRNP1 
TMF1-regulated nuclear 

protein 1 -0.834 0.0436 2 

SLIT2 slit guidance ligand 2 -0.797 0.0397 1 

NECTIN3 
nectin cell adhesion 

molecule 3 -0.765 0.0436 2 
DDX60L DExD/H-box 60 like -0.745 0.0281 2 

SPCS3 
signal peptidase complex 

subunit 3 -0.695 0.0421 2 

RUNX1 
runt related transcription 

factor 1 0.628 0.00258 1 

MEIS2 Meis homeobox 2 0.786 0.00545 1 

LGR4 

leucine rich repeat 
containing G protein-coupled 

receptor 4 0.8 0.0288 1 

ATP1B1 
ATPase Na+/K+ transporting 

subunit beta 1 0.836 0.00123 1 
CD248 CD248 molecule 0.924 0.0378 2 

TUSC1 

tumor suppressor candidate 

1 0.925 0.037 2 
TCF7L1 transcription factor 7 like 1 0.934 0.047 1 
TNFAIP2 TNF alpha induced protein 2 1.005 0.0231 1 

DSP desmoplakin 1.023 0.00981 1 

TNS1 tensin 1 1.172 0.000231 1 

C14orf132 
chromosome 14 open 

reading frame 132 1.183 0.0431 2 

CXCL12 

C-X-C motif chemokine 

ligand 12 1.587 0.00686 1 

SCUBE3 

signal peptide, CUB domain 
and EGF like domain 

containing 3 1.968 0.00078 1 
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 Supplementary Figure S2. Main miRNA control the most dysregulated genes 

using upstream analysis tool in IPA. IPA analysis predicted three common 

miRNA to be possibly associated with many of the dysregulated genes, however, 

the type/ direction of effect or association is not known.miR-3072 target genes in 

data set are CD248, CXCL12, NECTIN3. 
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Supplementary Table S9: Information of healthy donor samples that were used 
to generate the used lysates in GREM1 protein validation. 

 

 

hBM Aspirate Sample ID Donor Sex Age 

10C Healthy Male 24 

11C Healthy Female 23 

12C Healthy Male 21 

13C Healthy Male 41 
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Supplementary Figure S3. GREM1 siRNA knockdown using four siRNAs. 
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Supplementary Figure S4.  Ingenuity Pathway Analysis. Common regulators 

connected to CD248 using common pathway tool. Using the disease and 

function tool to determine major pathway network of the some dysregulated proteins.  
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Supplementary Figure S5. Ingenuity Pathway Analysis of microarray protein 

profile of siCD248-treated HD-MSCs. Using the disease and function tool to 

determine major common pathway of the some dysregulated proteins.  
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Supplementary Figure S6. Analysis of protein microarray data. Ingenuity 

Pathway Analysis of microarray protein profile of siCD248-treated HD-MSCs. 

Using the disease and function tool to determine major pathway network of 

the some dysregulated proteins.   
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Supplementary Figure S7. Analysis of Microarray data. Ingenuity Pathway 

Analysis of microarray protein profile of siCD248-treated HD-MSCs. Using the 

disease and function tool to determine major pathway network of the some 

dysregulated proteins.   
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Supplementary Table S10. RT-PCR Expression data of all amplified Adipogenesis 

genes. Normalized expression ▲▲Cq (Relative to zero). CFX maestro data. 

 

Expression of Adipogenesis genes   

Target UT-Control siNeg-MSCs siCD248-MSCs 

ADIG 0.98575 1.14361 1.15972 

ADIPOQ 1.14311 0.6256 9.06578 

ADRB2 1.14311 N/A N/A 

AGT 1.1264 1.14361 2.35601 

ANGPT2 1.14311 1.07279 2.93463 

AXIN1 1.14311 1.03679 1.17827 

BMP2 0.57813 1.14361 1.57608 

BMP7 1.14311 N/A N/A 

CDK4 1.14311 1.0098 0.86041 

CDKN1B 1.14311 0.86083 0.53551 

CEBPA 1.08614 1.14361 2.08099 

CEBPB 1.14311 0.94714 0.84541 

CEBPD 1.14311 1.05396 0.52264 

CFD 1.14311 0.50259 0.44957 

CREB1 1.14311 1.11308 0.30854 

DDIT3 1.14311 N/A N/A 

DIO2 1.14311 0.61024 1.34775 

DKK1 1.14311 1.00718 0.48185 

DLK1 1.14311 1.00885 0.58102 

EGR2 N/A 1.14361 8.78922 

FABP4 1.14311 0.68877 0.15148 

FASN 1.11225 1.14361 1.14462 

FGF1 1.14311 0.75307 0.56899 

FGF10 1.14311 1.03672 1.40439 

   FGF2 1.11867 1.14361 N/A 
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Supplementary Table S11. RT-PCR Expression data of all amplified Adipogenesis 

genes. Normalized expression ▲▲Cq (Relative to zero). CFX maestro data. 

 

Expression of Adipogenesis genes (Continue) 

Target UT-Control siNeg-MSCs siCD248-MSCs 

FOXO1 1.14311 0.62978 1.04047 

GATA2 1.14311 0.8484 0.68977 

GATA3 0.86468 1.14361 0.61874 

gDNA 0.67819 1.14361 N/A 

HES1 1.14311 1.05904 1.14181 

INSR 1.14311 0.87207 1.30773 

IRS1 1.14311 0.96425 0.83036 

IRS2 1.14311 0.85985 1.15175 

KLF15 1.14311 1.03266 0.61441 

KLF2 1.14311 1.05829 0.66599 

KLF3 1.14311 1.12992 0.54416 

KLF4 0.96837 1.14361 0.76894 

LEP 1.14311 0.41074 0.20514 

LIPE 1.14311 0.9903 0.81507 

LMNA 1.14311 0.48969 0.30132 

LPL 0.40054 1.14361 1.3957 

LRP5 0.75017 1.14361 0.7429 

MAPK14 1.14311 0.74463 0.38289 

NCOA2 1.14311 0.62836 0.73064 

NCOR2 1.14311 0.56838 N/A 

NR0B2 1.14311 1.08095 0.5774 

NR1H3 1.14311 1.00702 3.73428 

NRF1 1.14311 1.0367 1.01086 

PCR 1.14311 0.58833 0.05307 

PPARA 1.1151 1.14361 0.45516 

PPARD 1.14311 0.61391 2.01384 
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Supplementary Table S12. RT-PCR Expression data of all amplified Adipogenesis 

genes. Normalized expression ▲▲Cq (Relative to zero). CFX maestro data. 

 

Expression of Adipogenesis genes (Continue) 

Target UT-Control siNeg-MSCs siCD248-MSCs 

PRDM16 1.14311 0.89693 0.47548 

RB1 1.14311 0.90625 2.58742 

RETN 1.09373 1.14361 3.09865 

RQ2 1.14311 1.10172 0.73217 

RT 1.14311 0.56733 0.54557 

RUNX1T1 1.07198 1.14361 2.59949 

RXRA 1.14311 0.76681 0.39161 

SFRP1 1.14311 0.47076 0.49579 

SFRP5 1.14311 0.89961 3.23047 

SHH 1.14311 0.82869 0.54056 

SIRT1 1.14311 0.25711 N/A 

SIRT2 0.50473 0.80941 11.25715 

SIRT3 0.95129 1.14361 0.28376 

SLC2A4 1.14311 1.0816 2.45337 

SRC 1.14311 1.09267 1.32899 

SREBF1 1.14311 0.58321 0.07937 

TAZ 1.14311 1.0473 2.67943 

TCF7L2 1.14311 1.12879 3.2126 

TSC22D3 1.14311 0.52625 0.20306 

TWIST1 1.14311 0.80792 0.5653 

UCP1 1.01843 1.14361 0.98026 

VDR 1.14311 1.04566 1.39089 

WNT1 0.72099 1.14361 1.46474 

WNT3A 1.14311 0.4856 0.39683 

WNT5A 1.14311 1.12491 0.73958 

WNT5B 1.14311 1.05393 1.83592 
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Supplementary Figure S8. β-actin smeared bands in CD248 protein 

determination (HR AML 1-6) by Western Blot analysis. 
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Supplementary Figure S9. β-actin smeared bands in CD248 protein 

determination (HR AML 7-11) 
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Supplementary Figure S10. CD248 knockdown 48-hour post transfection 

efficiency (n=3). A) and B) Incubation with TF complexes for 4 hours. C) and D) 

incubation with TF complexes for 24 hours. MFI and CD248+Cells. 
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Supplementary Figure S11. CD248 Overexpression in HD-MSCs. 

 

 

 

 

 

 

 

 

 

 

 

 

 



215 
 

Supplementary Figure S12. CD248 predicted intracellular interactions with 

some of MSCs proteins through transcription factors. 
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Supplementary Table S13. Antibodies titrations tested for CD248 used in flow 

cytometry analysis. 

 

 

 

 

 

 

 

 

 

  

Antibody Titration 
(2µL) Ab Type %CD248+ Cells %Live MFI 

S
a

m
p

le
 HD-MSCs 

(HD2-55RB) 
 

CD248 12.1 ND 213 

IgG 0.2 ND 136 

HR AML-MSCs 
(HR-AML8) 

 

CD248 51.3 99.9 516 

IgG 0.14 99.9 170 

 

Antibody Titration 
(5µL) Ab Type %CD248+ Cells %Live  MFI 

S
a

m
p

le
 HD-MSCs 

(HD2-55RB) 
 

CD248 10.5 ND 279 

IgG 0.44 ND 198 

HR AML-MSCs 
(HR-AML8) 

 

CD248 40.2 99.9 529 

IgG 0.07 99.9 210 

 

Antibody Titration 
(10µL) Ab Type %CD248+ Cells %Live MFI 

S
a

m
p

le
 

HR AML-MSCs 
(HD2-55RB) 

 

CD248 20.7 ND 328 

IgG 0.26 ND 173 

HR AML-MSCs 
(HR-AML8) 

 

CD248 37.5 99.9 578 

IgG 0.094 99.9 225 
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Supplementary Figure S13. Western Blot analysis of CD248 KD in HD-MSCs 

(n=1). 
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Supplementary Figure S14. CD248 gene expression and protein abundance 

levels in HR AML-MSCs (n=11) versus HD-MSCs (n=4). 
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