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Scientific abstract- "Pregnancy Complications and Hematopoietic Stem Cells Biology Changes in the Umbilical Cord Blood."
During pregnancy, medical complications can increase the risk of morbidity and mortality for both mothers and their offspring. Gestational diabetes mellitus (GDM) and preeclampsia (PE) are among the leading causes of pregnancy complications with increasing prevalence. Such pregnancy complications may affect the umbilical cord blood (UCB) hematopoietic stem cells (HSC); however, despite the importance of HSC biology, the specific consequences are not yet fully understood. Previous studies have indicated that other maternal and baby-related factors may impact HSCs. Nevertheless, these studies have focused only on assessing the number of total mononuclear cells (MNC) in the UCB and were done in women without pregnancy complications. HSC transplantation (HSCT) has been a significant medical advance, and UCB is a rich source of HSCs, offering a potential off-the-shelf solution for patients needing transplantation. However, there are lingering questions about the cost and benefits of UCB banking and factors that may influence transplant success.
In the current study, we aim to investigate how pregnancy complications, specifically GDM and PET, affect the biological characteristics of UCB-derived HSC. We hypothesize that these complications can significantly impact the total number, cell phenotype, and functions of HSCs. Our initial results showed differences in HSC counts and composition when comparing samples from women diagnosed with GDM and PET to healthy controls. Therefore, we will collect UCB samples from women diagnosed with GDM and PET and healthy controls and compare them using in vitro and in vivo approaches. We will characterize the composition of HSC subpopulations and evaluate functional properties, including proliferation, differentiation, and activity state.  We will also perform molecular analysis to uncover potential pathways associated with changes in HSCs and examine their reconstitution capacity in a “humanized” animal model. The proposed project is significant for several reasons. First, we are addressing a critical and poorly understood area in HSC biology. Second, we plan to add and combine clinical data with in vitro and in vivo analysis and integrate an OMICS approach. Third, it incorporates characteristic and mechanistic approaches, and last and most importantly, it holds potentially valuable practical applications in clinical settings. We expect the outcome of our work to provide helpful knowledge that can advance fundamental, translational, and clinical HSC research.  Furthermore, it could significantly impact the collection process of UCB banking practice, ensuring the optimal quality of samples and cost-effectiveness, and help guide improved HSC transplants by better selecting UCB units for appropriate recipients, thereby offering practical benefits to HSC research and transplantation.
a. Scientific background
[bookmark: _Hlk179030069]Hematopoietic stem cells 
Stem cells are present in multicellular organisms and can self-renew or differentiate into various cell types in response to specific signals. This property gives Stem cells the capacity for tissue repair, replacement, and regeneration1 .Stem cells can be found in both embryonic and adult organisms; however, embryonic stem cells have the potential to differentiate into more cell types than adult stem cells 1 . Different types of stem cells depend on their origin and potency. Hematopoietic stem cells (HSCs) are adult multipotent stem cells that can develop into all blood cells.2. Three significant sources of HSCs are bone marrow harvested by aspiration from the cavity of the ilium (hipbone), peripheral blood obtained through leukapheresis, and umbilical cord blood (UCB) collected from the placenta after childbirth. 
During embryogenesis, HSCs arise from hemogenic endothelium within the developing embryo. These cells undergo a process known as endothelial-to-hematopoietic transition, where they transform into hematopoietic cells, including HSCs. The HSC's development during embryogenesis occurs in specific anatomical locations. The first site is the yolk sac3,4, and around embryonic day 10.5 (E10.5), the Aorta gonad Mesonephros (AGM) region becomes the primary site for the emergence of definitive HSCs3–5. Hematopoiesis occurs transiently in the placenta and umbilical cord during embryonic development3–5. These tissues contribute to the production of primitive blood cells and play a role in supporting fetal circulation3. As embryonic development progresses, hematopoiesis transitions from the AGM region to the fetal liver, which becomes the primary site of definitive hematopoiesis. While HSCs initially develop in the fetal liver, they eventually migrate to the bone marrow, which becomes the main hematopoietic organ postnatally and throughout adult life 3–5. HSCs are among the most abundant stem cells in UCB6, and their collection is characterized by relative ease of attainment, absence of risk to the donor, and a small likelihood of transmitting clinically significant infections7. In a hierarchical proliferation and differentiation process, self-renewing HSCs differentiate into multipotent progenitor cells (MPPs). The MPPs further differentiate into lineage-common lymphoid progenitor cells (CLPs) or standard myeloid progenitor cells (CMPs). The lineage-committed progenitors finally differentiate into terminal functional lymphoid cells, megakaryocyte erythroid progenitor cells (MEPs), and granulocyte-macrophage progenitor cells (GMPs)8, and they are typically characterized by the expression CD34+9,10.  
Fig.1. Schematic of the differentiation hierarchy of HSC in normal hematopoiesis11. 







[bookmark: _Hlk160908864]HSCs reside within specialized microenvironments called niches 3,5, which provide signals essential for their maintenance and regulation3–5. The stem cell compartment regulates HSC function during response to stress conditions like infection, inflammation, or hematopoietic injury12, the stem cell compartment changes. Alterations in the production of cytokines, growth factors, and other signaling molecules, as well as changes in the composition and function of the niche, will affect HSC self-renewal, differentiation, and mobilization.3,12
UCB-HSCs therapeutical use  
[bookmark: _Hlk176267770]UCB has been used therapeutically 13,14 since the report in 1989 15. Transplant of UCB-derived HSC has shown promise in treating multiple hematologic, immunologic, malignant, and inherited metabolic disorders 16. The importance of UCB as a source for HSCs has thus created the need for growing storage inventories containing many genetically diverse UCBs. Such UCB units are available when no adult peripheral blood stem cell or bone marrow donor exists. In addition, cord blood banking has been developed to the point that around 800,000 units are being stored in public banks and more than 4 million units in private banks worldwide17,18. The availability of these UCB banks has led to faster attainment of unrelated donor cord blood stem cells, significantly reducing the median search time from 3 to 4 months for bone marrow and peripheral blood stem cells to as early as two weeks for UCB stem cells 17,19. The success of UCB transplant depends on the total mononuclear cells (MNC) dose and the quantity and quality of HSC CD34+ cells infused 20. However, UCB use entails several limitations compared with other stem cell sources, including insufficient cell doses for some recipients, prolonged immune reconstitution, and lack of donor white blood cells (WBC) 21–23. The characterization and enumeration of HSCs and progenitor cells from UCB samples can provide valuable information for clinical research 8. For example, the characterization of HSCs and progenitor cells for hematological disorders can provide insights into disease progression, identify abnormal cell populations, and monitor treatment responses24–26. Transplantations using UCB are still in the research phase, and variables that might affect the quality, proliferation, and differentiation of HSCs are currently the focus of much research 13,27–30. In this respect, UCB quality has been suggested to be affected by several maternal and fetal characteristics. Among these are the birth weight, placental weight, sex of the newborn, maternal age, number of pregnancies, route of delivery, and previous abortion31–37. Despite providing valuable knowledge, information regarding the possible effects of common pregnancy complications on UCB HSCs is still scarce. 
Pregnancy complications 
[bookmark: _Hlk179050077][bookmark: _Hlk160623841]Pregnancy complications are defined as health challenges linked to pregnancy 38,39. These complications may include physical and mental situations that distress the health of the mother or the baby38. Pregnancy complications can lead to premature birth or cesarean delivery, fluid in the lungs, bleeding problems, liver or kidney damage38,40,41, macrosomia, neonatal hypoglycemia, gestational diabetes mellitus (GDM), type 2 diabetes mellitus, and cardiovascular disease in pregnant women 38,42.  There is also a risk of seizures, stroke, fetal respiratory distress during labor, and death of either the mother or the baby. 40,43,44. The most common pregnancy complications are GDM, preeclampsia (PET), anemia, urinary tract infections, and heart disease38,41.  

[image: ]Fig.2. Complications during pregnancy45. 









Gestational Diabetes Mellitus (GDM)
GDM is one of the most common pregnancy complications, affecting 5–10% of all pregnancies 46. It is defined as the onset of glucose intolerance first recognized during pregnancy. GDM has been shown to affect the quantity and quality of UBC stem cells significantly regardless of the treatment regimen 46–51. However, the precise consequence is still contralesionally. A higher amount of HSC and progenitor cells (HSPC) were found in the UCB of neonates born to mothers with GDM on insulin therapy compared to that of neonates born to healthy women52. Other studies have demonstrated that UCB mesenchymal stromal cells are profoundly affected by GDM, displaying premature aging, mitochondrial dysfunction, and alteration in neonatal endothelial colony-forming cells48–50. The precise mechanisms underlying these effects remain unclear and require further investigation47. However, it was suggested that GDM's effect on HSCs could be related to increased oxidative stress, which may lead to decreased HSC proliferation and elevated rates of cellular senescence and cell death47or molecular modification53 
Preeclampsia/Pre-Eclamptic Toxemia (PET) 
PET is a significant and common pregnancy-specific disease that affects 2–5% of all pregnancies54,55. PET leads to substantial morbidity and mortality in both mothers and infants 56. PET is diagnosed during pregnancy, typically after twenty weeks of gestation, by the presentation of maternal hypertension and proteinuria. This severe condition can cause serious complications and may lead to maternal seizures (eclampsia) as well as liver and kidney failure, fluid in the lungs, internal bleeding, and death of either the mother or the baby. 56. Studies have indicated that PET may reduce mono-nucleated cell (MNC) and progenitor stem-cell numbers in UBC obtained at birth 51,57,58. However, to date, it is unclear how preeclampsia affects UCB HSCs. 
[bookmark: _Hlk160962199]Pregnancy complications such as PET and GDM demonstrate significant abnormalities in the placental environment, including abnormal cytotrophoblast differentiation, shallow trophoblast invasion, and decreased maternal blood flow to and from the placenta 50,59 . These changes can alter placental hemodynamics with abnormal umbilical artery blood flow, which can alter the in-utero environment. Erythropoietin (EPO) and insulin lead to fetal hypoxia 50,59,60. EPO regulates fetal erythropoiesis 61 and is significant for cell growth and hematopoiesis, thus affecting HSC 60. Therefore, we hypothesize that these pregnancy complications will likely affect the placental stem cell compartment and its associated population of HSCs, including their subpopulation composition, proliferation, and differentiation potential.

b. Research objectives & expected significance
[bookmark: _Hlk176278926]Stem cells are undifferentiated cells that can produce similar cells, divide indefinitely (self-renewal), and differentiate into specialized cell lineages. UCB is an essential source of HSCs for transplantation in various blood disorders. The success of a UCB transplant depends on the dose of total nucleated and HSC cells infused. Therefore, collecting, banking, and listing high-quality UCB units with abundant HSCs is essential. Previous studies have suggested several maternal and fetal-related factors influencing the quantity of UCB-derived HSC31,34,35,62 . However, these studies were conducted in healthy, non-complicated pregnancies, and most have only addressed the total number of MNCs without focusing on the specific composition of HSC subpopulation, proliferation, differentiation, and activity state. Understanding these factors may help explain different responses to UCB transplants and guide better sample banking beyond current concepts. Our project aims to study the effect of two common pregnancy complications, GDM and PET, on the biological activity of UCB-derived HSC. 
The specific objectives are: (a). Establish a sample bank of HSCs from GDM, PET, and healthy control (HC) donors. (b). Characterize the cell composition of the UCB-derived HSC population and sub-population. (c). Evaluate the functionality of UCB-derived HSC in vitro, focusing on their proliferative capacity, differentiation, and activity state. (d). Identify molecular mechanisms (DNA mutations and RNA gene expression) associated with phenotypic and functional changes in UCB-derived HSC. (e). Detect potential correlation between patients' clinical and demographic factors to changes in UCB-derived HSC. (f). Evaluate the reconstitution capacity of UCB-derived HSC in vivo in a "humanized” mice model. 
The significance of our work lies in several aspects: (a). It focuses on topics for which limited data currently exists. (b). It utilizes a multi-layer OMICS (proteomics, genomics, transcriptomics) strategy. (c). It employs several approaches, complementing combining both in vitro and in vivo techniques. (e). It provides detailed characteristics and mechanical information of UCB-derived HSC.  We expect our work to yield crucial data for advancing basic, transitional, and clinical research on HSCs. This data could potentially impact patient care in cell banking by reducing the time and cost required to evaluate, process, and store UCB-derived HSCs. Additionally, it could improve the success of transplant procedures by enabling better selection of UCB units for suitable recipients.

c. Detailed description of the proposed research 
[bookmark: _Hlk174639829]1. Working hypothesis: Pregnancy complications like GDM and PET affect the total number count, subpopulation composition, and functional properties of UCB-derived HSCs. 
2. Research design and methods
To achieve our study aims, we are performing a multi-layer study on UCB-derived HSCs, studying their cell composition and functionality using multiple techniques. 
Aims1-3 [do pregnancy complications GDM and PET affect UCB-derived HSCs quantity and functionality in vitro] will be run in parallel: 
1. Sample collection - Trained obstetricians will collect UCBs from mothers who have provided informed consent. The collection will be done optimally within 5-10 minutes of placental delivery to produce a higher volume cell count63.  50-100 ml of UCB will be collected from the umbilical vein into a sterile bag containing citrate phosphate dextrose. Samples will then be delivered to the lab for further processing within 2-8 hours. To strengthen the reliability of our study and ensure that the differences are statistically significant, we used G*Power software to calculate the minimum number of samples required 64. Based on a power analysis for a two-tailed test with an alpha error rate of 0.05 and a desired power of 0.95, we determined that we need at least 110 GDM samples and 110 HC samples. However, due to the limited number of patients available for PET analysis, we plan to collect 60 PET samples and increase the HC samples to 150 to achieve statistically significant differences.
2. CBC Analysis -Freshly collected UCB samples (total volume 1ml) will be transferred to the hematology laboratory and processed for complete blood counts (CBC) using a Sysmex XE-2100 Automated Hematology System (Sysmex UK Ltd, Milton Keynes, UK). The following parameters will be recorded: weight, volume, TNC count, percentages of neutrophils, leukocytes, and monocytes, number of nucleated red blood cells, and hematocrit. 
3. MNC isolation from UCB- UCB sample will be diluted and separated by a standard protocol using high-density gradient (Ficoll-Paque) methodology. The MNC pellet will be re-suspended, aliquoted for immediate use, or cryopreserved and stored for future use. The plasma fraction will also be collected, aliquoted, and used fresh or cryopreserved. 
[bookmark: _Hlk160652956]4. Multiparametric phenotyping of UCB CD34+ HSCs by Flow cytometry – Using previously established panels in our lab, we will analyze cell surface phenotypic markers of HSCs and HSPCs populations; multipotent progenitor cells, myeloid, lymphoid, megakaryocyte, erythroid, and granulocyte-macrophage. Samples will be labeled with monoclonal antibodies to detect the following HSCs lineages: MPPs, CMPs, CLPs, MEPs, and GMPs (see Figure 3). The cocktail antibodies will target CD135, CD10, CD34, CD38, CD45, CD45RA, CD90, and a LIVE/DEAD viability marker, 7AAD. Flow cytometry data will be acquired on a BD FACSCanto II analyzer and analyzed by Flowjo software (version 10.10).   
5. UCB CD34+ HSCs proliferative capacity - The first approach to study the functional state of UCB-derived HSCs will be done by colony-forming unit (CFU) assay. The CFU assay is most widely used for HSCs and HSPCs65,66 . CFU assays measure individual cells' proliferation and differentiation ability within a sample. According to the manufacturer's protocol, 5 × 103 MNC cells will be seeded in a 35mm petri dish with differentiation media and incubated at 37◦C in 5% CO2. After 14 days, colonies will be counted, and different morphologies and numbers of CFUs will be recorded using an inverted light microscope. The progenitor-type colonies' characteristic color, morphology, and size distinguish colony types. 
6. UCB CD34+ HSCs Aldehyde Dehydrogenase Assay.  Measuring aldehyde dehydrogenase (ALDH) activity is an advanced method for HSC qualification67. It was suggested that ALDH enzyme expression correlates with better HSC transplantation engraftment. However, there is little information on UCB-derived HSCs and the correlation of ALDH activity with CFU potential.  Therefore, ALDH activity will be analyzed using the ALDEFLUOR assay (StemCell Technologies) to complement our CFU data, categorizing UCB-derived HSCs as ALDH+ and ALDH-. To perform the assay, UCB MNC suspensions will be adjusted to 106 cells/mL, and their supernatants will be stained against ALDH, CD38, CD34, CD45, CD73, and CD90 and analyzed by flow cytometry. 
7. UCB CD34+ HSCs cytokine analysis - To provide additional data on UCB-derived HSCs functionality, isolated plasma from the UCB specimen will be analyzed for critical cytokines, growth factors, and chemokines using fluorescence-encoded beads and a bead-based multiplex assay panel (The LEGENDplex™ Human HSC Panel). These soluble markers are involved in HSC differentiation and lineage-specific cell populations. Target include IL-6, FLT3L, GM-CSF, IL-3, IL-34, IL-11, SCF, LIF, CXCL12 (SDF-1), IL-15, M-CSF, and IL-7. Cytokine levels will be analyzed by flow cytometry. 
[bookmark: _Hlk179108751]Aim 4 [Identification of molecular mechanisms (DNA mutation and RNA gene expression) associated with changes in UCB-derived HSCs]:
8. Isolation of UCB-derived HSCs—To detect potential molecular mechanisms associated with functional changes in UCB-derived HSCs, we will first isolate MNCs by magnetic cell separation technology using the positive selection MACS CD34 Microbead Human Kit (Miltenyi Biotec) according to the manufacturer's protocol. We will use both fresh and thawed MNC pellets. The purity of the CD34+ HSCs will be determined by flow cytometry. Isolated CD34+ HSCs will be used immediately or cryopreserved for molecular analysis and in vivo studies. 
[bookmark: _Hlk179468540]9.  Molecular analysis of Isolated UCB-derived CD34+ HSCs - To understand the complex regulatory mechanisms that drive HSCs function, self-renewal, and differentiation4  We will study the landscape of DNA mutation (single nucleotide variant (SNV)) and RNA gene expression profiling. Per the manufacturer's instructions, we will purify DNA and RNA from UCB-derived CD34+ HSCs collected from GDM, PET, and HCs using the AllPrep DNA/RNA Kit (Qiagen, cat. no. 80204), quantify them using a NanoDrop 2000c Spectrophotometer (ThermoFisher Scientific), and send them for sequencing (Syntezza Bioscience) and RNA expression analyses (The Nancy and Stephen Grand Israel National Center, Weizmann institute of science). DNA analysis will be conducted on 97 selected genes involved in HSC regulation68 , using the xGen™ Custom Hybridization Capture Panels (IDT, Coralville, Iowa, USA). RNA gene expression will be analyzed with NanoString nCounter gene expression code sets targeting 770 genes involved in stem cell biology (nCounter® Stem Cell Characterization Panel). 
Aim 5 [ Detect correlation of donors' clinical and demographic factors to changes in UCB-derived CD34+ HSCs]:
10. Collection of donors' clinical and demographic data - To correlate clinical and demographic information with UCB-derived CD34+ HSCs levels, composition, and functionality, the following data will be collected from all donors: maternal age, gestational age at delivery, gravidity, parity, newborn gender, newborn weight; records of maternal and fetal pregnancy complications; records of neonatal complication, mother disease history, previous treatment, and medication history—additional clinical laboratory information: CBC and chemistry. 
11. Characterization of GDM and PET severity - To better characterize the severity of GDM and PET of our donors, we will also measure the maternal blood plasma levels of two hormones associated with these complications, i.e., insulin (for GDM) and EPO (PTE), by immunochemistry (will be done in the endocrinology laboratory at Soroka Hospital). For GDM donors, we will examine additional cytokine levels in the plasma and markers associated with diabetes, including C-peptide, GLP-1 (active), GLP-1, insulin, and leptin. This work will be done using a magnetic bead-based Luminex multiplex assay69. 
Aim 6 [Evaluate the reconstitution capacity of UCB-derived CD34+ HSCs in vivo using a humanized mouse model ("humanized model")]:
12. Reconstitution of UCB-derived CD34+ HSCs in vivo- To complement our in vitro work and provide “real life” evidence on their functional state, we will test the reconstitution capacity of UCB-derived CD34+ HSCs in vivo using a "humanized" mice model.  Four-week female NSG-SGM3 mice will be used to generate "humanized" mice following transplantation of UCB-derived CD34+ HSCs. Isolated fresh or thaw UCB-derived CD34+ HSCs will be injected at a concentration of at least 3 × 104 into mice via the tail vein. Mice will be monitored, and blood will be drawn from the tail vein every two weeks starting from week 4 post-injection. Humanization success is a 25% or higher ratio of human CD45+ cells to mice PBMCs. Following the generation of the "humanized mice" model, mice will be sacrificed 12-16 weeks following transplant, and thymus, spleen, peripheral blood, femurs, and tibiae will be obtained and analyzed by flow cytometry analysis. 
12. Flow cytometry of human UCB-derived CD34+ HSCs reconstitution in NSG-SGM3 Mice – Collected blood and organ samples from “humanized” mice will be processed to single-cell suspensions using a 70-lm nylon cell strainer (BD Falcon, Franklin Lakes, NJ), suspended in a blocking buffer and stained with the following monoclonal cocktail antibodies70; β2-microglobulin, CD3, CD4, CD8, CD14, CD19, CD22, CD33, CD33, CD34, CD38, CD41, CD42b, CD45, CD56, CD71, CD117, CD133, CD16, CD203c and CD235. The following monoclonal antibodies will stain mouse cells: TER-119, CD45, and H-2Kd. Data will be acquired on the Canto II flow cytometer (BD Biosciences) and analyzed using FlowJo software, version 10.10 (Tree Star, Inc.). 
An overall view of our strategy project is illustrated in Figure. 3
Figure 3: Investigation Strategy. We will collect UCB samples from pregnant women with GDM, PET, and HC during delivery. We will isolate MNCs and plasma fractions from the samples to analyze cell markers and functionality. Additionally, we will isolate CD34+ HSCs and conduct molecular analysis. The plasma fraction will be used to detect markers of disease severity. Finally, we will correlate the results with donor data.

Statistics: The significance of differences between GDM, PET, and healthy control data will be assessed using T-tests and two-way ANOVA followed by post-hoc Fisher's Least Significant Difference (LSD) test. We will use Pearson correlation to measure the similarity or correlation between two data sets by comparing their attributes. All statistical analyses will be done using the Statistics package of Prism software v9.1 (GraphPad Software, Boston, Maryland, USA). A p-value (two-sided) of less than 0.05 indicates a significant difference.
Ethical approval: Sample collection will be carried out according to the regulations set by the Minister of Health of Israel. All participants in our study will provide informed consent. This study has been approved by Soroka Medical Center's institutional review board (IRB) (SOR-0217-22). All animal procedures, treatments, and testing will strictly adhere to ethical principles and guidelines outlined in the NIH Guide for the Care and Use of Laboratory Animals. The Animal Care Ethics Committee of the Ben-Gurion University of the Negev, Israel, will approve these procedures. They will comply with the Ministry of Health of Israel's regulations.
Project Feasibility
The study's experimental design and participating investigators were carefully chosen to ensure feasibility. This includes highly skilled physicians and an experienced team to carry out tasks, including clinical management, sample collection, animal work, OMIC, in vitro studies, and data analysis in well-equipped facilities. Patient recruitment and sample collection will be conducted at Soroka Academic Medical Center. Ethical proposals for patient sample collection have been approved, and the ethical protocol for animal work has been submitted.
Potential pitfalls and ways to overcome them/alternative approaches:
Availability of Patient Samples: To successfully tackle this main challenge, we have established strong collaborative partnership with Soroka hospital and have implemented an innovative long-term sample collection strategy to ensure we capture all eligible cases. Prof. Kessoss, the deputy director of Soroka Medical Center and the head PI of this proposal, has forged a robust research collaboration with the gynecologic obstetric division. Both directors of the maternity ward have agreed to participate in our study, ensuring that we meet the minimum sample size required to detect significant differences (see attached letters). Cell Viability and Functionality: When isolating, freezing, and thawing HSCs, there is a risk of reduced cell viability, especially for functional assays like colony-forming units (CFU). To address this issue, we will minimize the time between collection and processing to improve the cryopreservation and thawing protocols in order to ensure high cell viability after thawing. Additionally, we will compare a subset of fresh and cryopreserved samples to ensure consistent results. If the cryopreserved cells exhibit a significant loss of function, we will prioritize analyzing fresh samples. Challenges in functional assays: We recognize that different assays may yield varying results, so we plan to use multiple tests to complete one another, including CFU, ALDH, and soluble cytokine measurements. Using a "humanized" mice model, we will also assess UCB-derived CD34+ HSCs functionality in vivo. Engraftment failure in humanized mouse models: Engraftment failure may happen when HSCs are transplanted into immunodeficient mice, especially with low numbers of transplanted cells and high levels of T cell (GVHD response). We will employ a magnetic bead separation (MACS) technique to positively select and enrich UCB-derived CD34+ HSCs to improve engraftment success. We will isolate and enrich CD34+ cells through positive selection. However, if the purity threshold is not achieved, we will imply a second separation step to deplete T cells through negative selection. This will help minimize cell loss and the potential for GVHD response in mice.




Preliminary results
	Parameter
	HC (n=25)
	GDM (n=25)
	P value*

	[bookmark: _Hlk179215657]Maternal age (y)
	32.13 ± 5.7
	34.96 ± 4.5
	0.033

	Mother’s weight(kg)
	84.59 ± 15.4
	90.37 ± 17.1
	0.155

	BP (systolic; mm Hg)
	112 ± 10.8
	121 ± 11.3
	0.003

	BP (diastolic; mm Hg)
	68 ± 8.6
	72 ± 10.7
	0.097

	[bookmark: OLE_LINK1]Gestational age(wk)
	37.63 ± 0.12
	38 ± 0.16
	0.095

	Gravity
	5 ± 2
	4 ± 3
	0.624

	Parity
	3± 1
	2 ± 2
	0.417

	Birth weight (gr)
	3155 ± 398
	3281 ± 485
	0.251


The necessary ethical approval for this study was obtained from the institutional Helsinki Committee at Soroka University Medical Center (approval number 0217-22-SOR). Sample collection and all experiments needed for the duration of this study have been approved. Our preliminary results demonstrate that (a) we can collect the necessary samples for the project.  (b) We have obtained training, experience, and capability to carry out and analyze cell phenotyping and functional tests related to HSCs. (c) We have the ability to collect and analyze clinical and demographic data related to study groups. (d) We have the expertise and facilities to perform the in vivo experiment. 
Thus far, we have collected 55 UCB samples from women diagnosed with GDM, PET, and healthy controls (HC) (25, 5, and 25, respectively). The collected volume of the sample is between 50-70 ml. Additionally, for each donor, the following clinical data was collected: age, birth weight, blood pressure, gestational age at delivery, parity, and gravity. Comparison results between GDM and HC are presented in Table 1. The GDM group was found to have a statistically significant higher maternal age (p=0.033) and systolic blood pressure 14-20 hours before birth (p=0.003). No significant differences were found in the mother’s weight and diastolic blood. Pressure, gravidity, parity, or baby weight.






Table 1. A comparison of maternal & fetal characteristics in GDM and control groups. Values presented are mean ± SEM—BP- blood pressure. P value is significant <0.05.


[bookmark: _Hlk160655908]



The complete blood counts (CBC) of the GDM and HC groups were compared to evaluate the impact of GDM on general hematopoiesis (see Figure 4). The analysis showed no significant differences in white blood cell (WBC), monocyte (MONO), lymphocyte (LYMPH), and total mononuclear cell (MNC) levels between the two groups (Figure 5A). 
However, the levels of red blood cells (RBC) were significantly lower in the GDM group compared to the controls (p=0.0065), indicating a potential impact of GDM on erythropoiesis. Further erythropoietin (EPO) level analysis revealed no significant differences between GDM and HC groups.Figure 4: A comparison of complete blood count (CBC) and Erythropoietin analysis in umbilical cord blood (UCB) samples from Gestational diabetes mellitus (GDM) and healthy control (HC) donors.

Next, we focus on quantifying and characterizing HSCs by flow cytometry analysis to target CD34+ HSCs and their lineages in isolated MNC from UCB samples. We developed a panel for the detection of the following subpopulation: multipotent progenitors (MPPs), common lymphoid progenitors (CLPs), common myeloid progenitors (CMPs), granulocyte-monocyte progenitors (GMPs), and megakaryocyte-erythroid progenitors (MEPs). The results of the flow cytometry gating strategy are presented in Figure 5. Successful discrimination and detection of the total population and subpopulation of the HSC were achieved.[bookmark: _Hlk178006794]Fig 5. Flow cytometry gating strategy of HSC and HSPC detection.  Flow cytometry gating strategy for detecting CD34+ HSCs and HSPC in MNC isolated from the UCB sample.  (A) Live cells are gated based on the forward scatter area (FSC-A) and side scatter area (SSC-. (B) Single cells were identified by forward scatter height (FSC-H) versus FSC-A. (C) CD34+CD45+ cells gated to identify HSCs and HSPCs. (D) CD34+CD38+ and CD34+CD38- cells to identify primitive stem cell populations (CD38-) and committed progenitors (CD38+). The CD34+CD45+ population was further divided into common lymphoid progenitors (CLP) based on CD10 expression. (E) CD34+CD38- cells were further analyzed for HSC (CD90+CD45RA-) and multipotent progenitor (MPP; CD90-CD45RA-) populations. (F) CD34+CD38+ cells subdivided into common myeloid progenitors (CMP; CD135+CD45RA-), granulocyte-monocyte progenitors (GMP; CD135+CD45RA+), and megakaryocyte-erythroid progenitors (MEP; CD135-CD45RA-]). 


Initial flow cytometry results (size group n= 25) showed differences in the expression of cell surface markers between the HSC subpopulations of individuals with GDM and the HC (Figure 6). This contrasts the MNC cell count, which failed to show any clear difference. Our analysis revealed a statistically significant reduction in CLP cells in the GDM group compared to the HC group (p=0.0387). Additionally, lower levels of total CD45+CD34+ and MEP cells and slightly elevated levels of CD38- and CD38+ cells were detected in the GDM group. These results highlight the importance of our proposed project.


Fig 6.  Flow cytometry comparison of HSCs and HSPC populations in UCB of GDM and HC. shows the cell percentage of various HSC and HSPC populations in UCB of GDM (n=8) and HC (n=11) samples. Total CD34+CD45+ cells (A), CD38- population (encompassing HSCs and multipotent progenitors) (B), CD38+ progenitor cells (C), CLP cells (D), CMP cells (E), GMP cells (F), and MEP cells (G).  Results are represented as means ± SEM.  

[image: ]In parallel with flow cytometry phenotypic characterization analysis, we also performed our first functional assay to assess the proliferation capacity of UCB-derived HSCs using the CFU assay. CFU results showed we could effectively observe different colonies through visualization with a light microscope. These colonies displayed distinct color, morphology, and size, which depended on the potential for proliferation and differentiation of HSCs. An example is illustrated in Figure 7. The results show various types of colonies derived from a CFU assay. 1. CFU-GEMM colonies have a compact central area and contain erythroid, granulocyte, macrophage, and megakaryocyte cells 2.CFU-G colonies contain small granulocyte cells, 3.CFU-GM colonies contain both small and large cells, and 4. CFU-M colonies contain large macrophage cells. While 5. CFU-B early erythrocyte progenitors consist of 3-8 densely packed clusters. Lastly, 1-2 densely packed clusters characterize 6.CFU-E erythrocyte progenitor cells.Fig 7.  Representative colonies from a CFU assay demonstrating the differentiation potential of hematopoietic stem and progenitor cells. (1) CFU-GEMM, (2) CFU-G, (3) CFU-GM, (4) CFU-M (5) BFU-E (6) CFU-E. Each colony reflects different stages and types of hematopoietic progenitor differentiation.


To advance our in vivo work, we engaged in the process of separating CD34+ HSCs from our MNCs fraction. We successfully isolated and enriched our tested samples using positive CD34+ selection by a magnetic-based separation method with fresh and frozen specimens. Figure 8 shows an example of the results (by flow cytometry analysis) before and after the separation process. The initial population of CD34+ HSCs in the non-separated samples was 0.70% (as identified by CD34+ and CD45+ markers). After the separation process, the CD34+ cell population significantly increased to 97.68%. The total cell yield was approximately 5*10^4. These results demonstrate the feasibility of our process and confirm the separation technique's effectiveness.  Figure 8. CD34+ cell population before and after separation from UCB samples. A flow cytometry analysis of live cells before separation revealed that the CD34+ cell population was 0.70%, identified by gating on the CD34+ PE-A and CD45+ FITC-A markers. After cell separation, the CD34+ cell population was significantly enriched to 97.68%.


 
In addition to our in vitro studies, we also gather evidence in vivo. We have established a colony of immunodeficient mice using the NOD.Cg-Prkdcscid Il2rgtm1Wjl Tg (CMV IL-3, CSF2, KITLG)1Eav/MloySzJ strain, also known as NSG-SGM3 mice. This triple transgenic NSG-SGM3 strain was suggested to have superior performance in HSC transplants and has been reported to support the regeneration of the entire hematopoietic system 71,72 . We have utilized this strain to create a model of peripheral blood mononuclear cells (PBMC) "humanized" model to study graft versus host disease (GVHD) before moving on to our planned HSCs "humanized" model. We examined the clinical and cellular aspects of xeno-GVHD induced by PBMCs of healthy donors. We provided essential evidence on the progression and kinetics of xeno-GVHD in the NSG-SGM3 mice. Figure 9 displays representative results of this work. PBMCs from donors were isolated and injected intravenously into 2-3 NSG-SGM3 mice. Over eight weeks, the mice were monitored for the development of GVHD. Their weight, hemoglobin levels, platelet count, and RBC count were measured during this time. The results showed that the GVHD response, including severe weight loss and a rapid decline in RBC, hemoglobin, and platelet counts (see Figure 9A), were observed. Additionally, a serial analysis of human PBMC in peripheral blood and other organs (bone marrow (BM), spleen, and core blood (CB) collected from mice was conducted to study CD4+ and CD8+ T cell levels and cell composition, i.e., central memory (CM), effector memory (EM), and naïve (see Figure 9B and C). Analysis revealed that the EM subpopulation was the dominant group for CD4+ and CD8+ cells following injection and most likely the primarily responsible for the GVHD response. The PBMC "humanized" model work provided essential information on immune system dynamics and GVHD responses in our mice strain. It contributed to refining and optimizing a more [image: ]reliable HSC "humanized" model.

 


Fig. 9. Clinical and cellular characterization of GVHD responses in PBMCs humanized model. PBMCs were isolated from healthy donors and injected intravenously into 2-3 NSG-SGM3 mice (concentration 1*10^5 cells). Mice were monitored for the development of GVHD throughout a time frame of eight weeks. Peripheral blood was collected once a week for analysis. (A) Weight tracking, hemoglobin levels, platelet count, and RBC count of NSG-SGM3 mice injected with PBMCs from a healthy donor (HD3) and control group (no cells injected). (B) Serial T-cell analysis of PBMCs humanized mice from healthy donors. FACS results of baseline, 4-, 6-, and 8-weeks following injection. Bar charts present mean levels + SEM of total CD4+ percentage from CD3+ cells, CD8+ percentage from CD3+, central memory (CM) percentage from CD4+ cells and CD8+ cells, effector memory (EM) percentage from CD4+ cells and CD8+ cells, and naïve cell percentage from CD4+ cells and CD8+ cells. Statistical significance was detriment p-value > 0.05. * - p-value <0.05, ** - p-value < 0.01, *** - p-value <0.001. (C) Flow analysis of isolated cells from bone marrow (BM), spleen, and cardiac blood (CB) collected from NSG-SGM3 mice injected with PBMCs. Shown are human T cells, CD4+ T cells, CD8+ T subpopulations of CM (colored in green), EM (colored in magenta), and naïve T cells (colored in blue). Sample organs were collected from mice following signs of severe GVHD at weeks 6 and 8 post-PBMC injection.
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