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DESIGN BRIEF

Engineering hematopoietic stem cell niches in vitro via
mRNA-LNP-induced paracrine signaling in a microfluidic
model
Sajani Brown, Kirsten Choi, andTanishka Singh■WestonHigh School,Weston, Massachusetts, United States
Reviewed on 9 May 2026; Accepted on 22 June 2026; Published on 26 October 2026Hematopoietic stem cells (HSCs) comprise less than 0.01 percent of bone marrow, yet they are essential forbone marrow transplantation and lifelong blood production. Currently, HSCs cannot be significantly expanded
in vitro, meaning clinicians can only transplant what a donor provides. As a result, many patients, especiallythose from underrepresented ethnic backgrounds with reduced access to compatible donor matches, die wait-ing for a compatible match. The central barrier is our inability to recreate the functional bone marrow stem cellniche outside the body to keep HSCs in an undifferentiated state. In vivo, endothelial cells regulate HSC quies-cence through localized paracrine signaling. However, existing culture systems rely on externally added growthfactors that degrade rapidly and fail to replicate sustained niche signaling. We propose a programmable mi-crofluidic nichemodel inwhich a basal layer composed of endothelial cells is transfectedwith lipid nanoparticle-encapsulated mRNAs (mRNA LNP) encoding necessary proteins and factors in order to mimic paracrine signal-ing. We hypothesize this approach will preserve CD34-positive stemness in the HSC cells and enable controlled,sustained expansion of HSCs while maintaining their undifferentiated state. By enabling scalable HSC expan-sion in an in vitro system, this platform could help improve the accessibility of bonemarrow transplantation forpatients with limited donor availability.
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production in any medium, provided the original work is properly cited.HSCs are the foundation of bone marrow transplan-tation, a life-saving treatment for leukemia andother blood disorders. These cells reside in a special-ized stem cell niche in the bone marrow, where en-dothelial cells regulate their self-renewal through lo-calized paracrine signaling. While transplantation ishighly effective, it is severely limited by a shortageof human leukocyte antigen (HLA) matched donors.HLAs are specialized proteins found on the surface ofnearly all cells in the human body, allowing the im-mune system to identify whether a cell is foreign ornot. If there are any unknown proteins displayed, theimmune system reacts to remove any potential threats.However, HLAs are encoded by the most polymorphicgenes in the human body, meaning there is a greatnumber of variations from person to person. In thecase of transplantations, when the HLAs do not match,the immune system can get triggered and cause re-jection within the body, leading to illnesses such asgraft-versus-host disease (GVHD) (Park, 2012). An-

other problem that limits bone marrow HSC trans-plantations is that it depends greatly on the quantityof HSCs being transplanted, which is inherently insuf-ficient, as HSCs make up only 0.01 percent of bonemarrow (Mayle et al., 2012). Traditional approachesattempt to alleviate these hurdles by seeking HLA-matched donors or using immunosuppressive strate-gies tomanage immune complications. However, theseapproaches still fail to replicate the natural bone mar-row niche signals required for sustained, large-scaleHSC expansion in vitro (Khaddour et al., 2023).Furthermore, existing in vitro culture systems relyon externally added growth factors that degraderapidly and fail to replicate sustained niche signaling(Sharma et al., 2012). As a result, HSCs often lose stem-ness and differentiate prematurely, preventing theirtherapeutic use. Patients with blood disorders likeleukemia must rely on donor bone marrow, which car-ries risks of painful procedures, immune complica-tions, and limited HSC counts.
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To address this, we propose a synthetic biology-based microfluidic system that models the stem cellniche in vitro by mimicking paracrine signaling, en-abling HSC culture and expansion for transplantation.By utilizing mRNA-LNPs, we would instruct a set offeeder cells to constantly produce the essential pro-teins rather than adding proteins through perfusion.This would provide the sustained signaling required tokeep the stem cells from losing their potency. Devel-oping a reliablemethod to transform somatic cells intofunctional, transplant-readyHSCs could enable autolo-gous transplantation, which utilizes the patient’s owncells to eliminate the risk of immune rejections. En-gineering a niche that maintains HSC multipotency isa critical step toward safer, scalable transplantationtherapies.

Systems levelOur proposed solution relies on repurposing Organ-on-a-Chip (OoC) models, microfluidics devices typi-cally used for disease modeling, to recreate the HSCniche in vitro. The OoC platform investigates the useof mRNA lipid nanoparticles to create a more accu-rate representation of an in vivo bone marrow (BM)HSC niche. OoCs are a form of microtechnology thatultimately mimic the natural environment of cells in
vitro through the use of microfluidics and cell cultur-ing (Emulate, 2023). By utilizing the microtechnologyof the Emulate BM Chip, which is shown in Figure 1,we aim to transformmature somatic cells into healthy,stable HSCs that would be viable for BM transplants inleukemia patients (Emulate, 2018). The main goal ofthe experiment is to compare the efficacy of two dis-tinct approaches to delivering niche signals to HSCs.Specifically, we are evaluating the impact of directlydelivering exogenous differentiation factors via per-fusion against a simulated paracrine approach, whichuses mRNA LNPs to prompt endothelial cells to pro-duce those same factors.
Cellular Source and Microtechnology
AssemblingPrimary Umbilical Vein Endothelial Cells (HUVEC;ATCC PCS-100-013 ™) will be utilized as the founda-tional cell source. HUVECs are selected for their strongresponse to inflammatory signals and their establishedrole as a substitute for thebonemarrowvascular niche.Following the standardized protocols for the EmulateBM-OoC, cells will be recovered from cryopreserva-tion and seeded into adual-channelmicrofluidic device(Chou et al., 2020). There are two channels within theEmulate BM-OoC: the vascular channel (bottom) andthe marrow channel (top) (use Figure 1. as a refer-

Figure 1. Illustrates the general structure of the Emulate
BM OoC which we will be using. The green area repre-
sents the marrow channel while the yellow area repre-
sents the vascular channel.

ence). The bottom channel will be lined with HUVECsto mimic the bone marrow endothelial cells, while thetop channel will be constructed with a secondary layerof HUVECs adjacent to a 3D fibrin gel scaffold, mimick-ing the extravascular hematopoietic space (see Figure2 for a better understanding of the structure). Usingthe perfusion strategy from Chou et al., the system isfed via the microfluidic channels to establish nutrientgradients and physiological shear stress (Chou et al.,2020).
Turning the HUVEC into iPSCTo conduct the “undifferentiation” from HUVECs intoiPSCs, Yamanaka factors (Oct4, Sox2, Klf4, and c-Myc)are introduced to the system via the top perfusionlayer. While iPSC reprogramming generally resets acell’s epigenetic and phenotypic state, it doesn’t cor-rect somatic genetic mutations. Therefore, to derivehealthy HSCs, the backbone of BM transplants, thestarting somatic cells must be sourced from a non-malignant lineage. iPSCs derived directly from acutemyeloid leukemia cells retain any leukemia-based mu-tations and express the leukemic phenotype upon red-ifferentiation (Kotini et al., 2023). Thus the successof this method relies on the utilization of nonmutatedendothelial cells. However, since finding unmodifiedcells is not themain focus of the experiment, the use ofHUVECs is acceptable.
Hematopoietic differentiationOnce the HUVECs are undifferentiated, the iPSCs inthe top layer are re-differentiated into HSCs by de-livering the specific differentiation factors mentionedin the Parts level section. This mimics the transition
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Microfluidic device to model HSC Niches in Vitro

fromhemogenic endothelial cells to HSCswithin a con-trolled environment. Live-cell imaging will be used totrack structural changes as the plate iPSC-derived cellsgroup into round, non-adherent HSCs.
Maintaining HSC multipotencyThe experiment will have one experimental group andone control group. The experimental group (OoC 1)will introduce the necessary proteins and factors viamRNA LNPs into the bottom vascular channel (moredetails aboutwhichproteins/factors in theParts level).Ideally, the bottom HUVECs will uptake the LNPs andwill translate& secrete the stabilizing proteins throughthe gel layer. The control group will be exposed to thesame factors; however, the delivery method will differ,with the proteins being delivereddirectly via perfusioninto the top channel.
Evaluation and data collectionTo evaluate whether the LNP-mediated paracrine ap-proach sustains stemness better than exogenous pro-tein perfusion, the chips will be analyzed using a com-bination of confocal imaging and flow cytometry.First, the total hematopoietic output must be quan-tified without interference from the underlying HU-VEC layer. Because both HUVECs and HSCs areCD34+, standard CD34 screening cannot accuratelydistinguish between the two cell types in this co-culture system. Instead, fluorescently labeled CD45binding antibodies will be perfused into the marrowchannel, as CD45 is exclusively expressed on cells ofthe hematopoietic lineage. Confocal Z-stacking mi-croscopy will then be used to capture 3D images ofthe fibrin gel scaffold, allowing us to count the distinctCD45+ fluorescent rings and calculate total cell yields(Rix et al., 2022).Following imaging, cells will be harvested from themarrow channel to confirm true long-term HSC iden-tity and rule out premature differentiation. To main-tain cost-effectiveness while ensuring high accuracy,the harvested cells will be screened using a stream-lined 6-marker human panel. Successful expansionof undifferentiated HSCs will be verified via positiveselection for CD34+ (the clinical baseline), EPCR+ (amarker for in vitro expansion), andGPRC5C+ (amarkerconfirming a dormant, quiescent state) (Rix et al.,2022). Concurrently, downstream multipotent pro-genitors and mature blood lineages will be excludedvia negative selection for Lin-, CD38-, and CD45RA-.Ultimately, we will compare the total yield ofthis precise Lin-, CD38-, CD45RA-, CD34+, EPCR+,GPRC5C+ population between the experimental LNPgroup (OoC 1) and the protein-perfused control group.A higher yield of these quiescent cells in the LNP group

Figure 2. Breaks down the overall structure of the OoC
model, specifically for the experimental group. The cre-
ated HSCs are on the top channel with a green col-
ored perfusion while the endothelial feeder cells are on
the bottom channel with a yellow perfusion containing
mRNA LNPs.

will demonstrate that continuous paracrine signalingaccurately mimics the native bone marrow niche me-chanics required to preserve stem cell potency.
Device levelTo model the hematopoietic stem cell (HSC) niche in
vitro, we propose a microfluidic organ-on-chip systembased on the Emulate Bone Marrow (BM) Chip. Thisplatformwill be adapted to recreate key structural andbiochemical features of the native bone marrow mi-croenvironment to support HSC maintenance, expan-sion, and controlled differentiation.The proposed device consists of two parallel mi-crochannels separated by a semi-permeable porousmembrane. The upper channel will be seeded withHSCs derived from patient-specific iPSCs, while thelower channel will contain feeder cells. This compart-mentalized architecture is intended to mimic the spa-tial organization of the bone marrow niche, allowingdistinct cell populations to interact through solublesignaling while remaining physically separated.Continuous microfluidic perfusion will establishphysiologically relevant flow conditions within bothchannels. This dynamic flow is expected to supportnutrient delivery, waste removal, and the formationof stable signaling gradients. The porous membranebetween channels will enable paracrine exchange offactors, allowing feeder cells to regulate HSC behaviorthrough the secretion of cytokines, growth factors, andother niche-specific signals.To engineer sustained and tunable paracrine signal-
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ing within the device, we propose the use of mRNA-loaded lipid nanoparticles (mRNA-LNPs) to feedercells. These nanoparticles will deliver synthetic mRNAencoding key niche factors, enabling feeder cells to actas in situ producers of essential proteins. mRNAwill begenerated using plasmid construct #222990 as a tem-plate for in vitro transcription (Chen et al., 2023).By integratingmRNA-LNP-mediated protein expres-sion with a microfluidic co-culture system, the pro-posed device aims to more accurately simulate the dy-namic signaling environment of the bonemarrow. Thedevice is designed to guide iPSC-derived cells towardfunctional HSC states, while preserving their multipo-tency. This proposed microfluidic device representsa modular and scalable approach for engineering syn-thetic stem cell niches, with potential applications inregenerativemedicine, diseasemodeling, and cell ther-apy development.
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Figure 3. This diagram shows the overall chemical processes to give a full visual of the main biological checkpoints
of the experiment.

Parts levelIn our method, there is first the re-programming ofpatient-derived somatic cells (HUVECs) into iPSCs, thedifferentiation of those iPSCs intoHSCs, and finally, sig-naling to maintain those HSCs in a quiescence state (refer to Figure 3 diagram). Our proposed idea utilizesmRNA LNPs and feeder cells tomimic in vivo paracrinesignaling. All of these biological processes and the cre-ation of mentioned factors are addressed in this sec-tion in detail.
mRNA LNP productionA visual of proper transfection is depicted by Figure 4.We utilized Addgene-sourced plasmids shown in Table1 as templates for independent in vitro transcriptionof each mRNA needed. Producing each mRNA speciesin isolation minimized the risk of cross-contaminationand unwantedmolecular interference prior to LNP for-mulation.

Figure 4. This diagram magnifies membrane fusion or
the process in which the mRNA LNP is taken up by the
endothelial cell.

The “gold standard” for constructing an LNP thatis taken in by endothelial cells involves blending fourprimary ingredients: an ionizable lipid, a helper lipid,
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Figure 5. This diagram demonstrates the three differ-
ent methods of introducing each protein or factor to the
cells.

cholesterol, and PEG-functionalized lipids at carefullyoptimized ratios. The LNPs would be made out of SM-102, phosphatidylcholine, cholesterol, and polyethy-lene glycol lipid which would be assembled with aNanoAssemblr Ignite (McKenzie et al., 2023). To en-sure the LNP’s transfection into the HUVECs is suffi-cient, the mRNA LNP would be conjoined to anti-CD31usingmaleimide-thiol chemistry and subsequently pu-rified (Leo et al., 2026). All methods of creating themRNA LNPs (except for the mRNA contents and thementioned plasmid) will follow the process used byLeo et al. (2026).
Stage 1 (Reprogramming into iPSCs)The reprogramming of somatic cells is achieved by theintroduction of four transcription factors, known asthe Yamanaka factors, into the patient-derived somaticcells (Figure 5). These factors, Oct4, Sox2, Klf4, andc-Myc, override the cell’s existing purpose and inducea pluripotent state (Aguirre et al., 2023). Oct4 is themost critical factor, as it activates the genes responsi-ble for pluripotency and suppresses genes that definea specialized cell type (Radzisheuskaya & Silva, 2014).Sox2 works along with Oct4, helping to open regionsof DNA that are typically in mature cells, which allowspluripotency to be activated. Klf4 stabilizes the pro-cess by preventing the cell from undergoing apoptosisduring reprogramming, while also reinforcing the ac-tivity of Oct4 and Sox2 (Narayan et al., 2017). c-Mycacts as an accelerant, increasing overall gene expres-sion and making chromatin more accessible, whichspeeds up reprogramming (Li et al., 2013). The men-tioned Yamanaka factors will be delivered to cells viaperfusion through the upper channel layer.
Stage 2 (Differentiation into HSCs)Once the iPSCs are established, they must go througha series of stages to become HSCs. As shown in Figure5, there would be three forms of delivery: perfusion,paracrine, and coating. Perfusion is when the protein

factors are delivered via the solution in the OoC chan-nel layers. Paracrine delivery refers to the usage ofmRNA LNPs to create the necessary factors in feedercells and deliver them to the targeting cells. Coat-ing occurs before the cells are adhered to the scaffoldand often carries factors that would help in current orlater processes. It’s important to note that while somedeliveries must occur simultaneously, others must bestopped before others start.The first step is to maintain the pluripotency of theiPSCs after establishment. To prevent the differentia-tion of iPSCs, it’s important to add bFGF through thetop perfusion layer (Asbrock et al.). Once ready to initi-ate differentiation, the perfusion should no longer con-sist of bFGF.The next step ismesoderm induction and early spec-ification where BMP4 should be delivered through theperfusion. This is an important step because it is thefirst major “commitment” where the cells it can nowdifferentiate into are narrowed down into tissue likeblood, bone, muscle, or heart rather than brain or guttissue. Mesodermal cells can be characterized by thegene Brachyury (Lim et al., 2013).Afterward, the prior perfusion should be replacedby a “hematopoietic cocktail” medium which wouldinclude the soluble factors SCF, Flt-3 Ligand, TPO,IL-3, and IL-6. This specifies the mesodermal cellsinto the hematopoietic precursors hemangioblast theninto hematopoietic progenitor cells, forcing the cells to“commit” to a blood-forming pathway. At this stage,the cells begin expressing surface markers like CD34(Lim et al., 2013).Lastly, the factors HoxB4 and AGM would be deliv-ered through paracrine signaling to ensure the progen-itors turn into true HSCs. This is the most critical stepfor bone marrow transplants because only HSCs havethe ability to live in an adult host and continuously cre-ate all types of blood cells for the rest of the patient’slife (Lim et al., 2013). Look over Table 2 for more de-tailed information about the chosen factors.
Maintaining HSCsTo maintain the HSCs, both paracrine signaling andperfusion must be used for the most accurate repre-sentation of in vivo settings. The proteins and signalsneeded are listed and described in Table 3. For the ex-perimental group, all proteins and factors that are de-livered through paracrine signaling in vivo would besent into the bottom channel of the OoC via mRNALNPs and under paracrine signaling according to Fig-ure 5 and Figure 6 while TPO would be deliveredthrough the top perfusion channel. The control groupwould not use paracrine delivery and only use perfu-sion through the top channel using a solution of all of
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Microfluidic device to model HSC Niches in Vitro

Table 1This is a list of the proteins delivered into the OoC and their respective plasmid and/or proteinsource
Protein or Signal Addgene Plasmid Protein OrderOct4 R&D Systems (Recombinant Human OCT4/POU5F1,Cat# 9445-OD, Minneapolis, MN)Sox2 Thermo Fisher Scientific (Gibco Human Sox2Recombinant Protein, PeproTech, Cat# 100-03-25UG,Waltham, MA)Klf4 R&D Systems (Recombinant Human KLF4, Cat#10243-K4, Minneapolis, MN)c-Myc R&D Systems (Recombinant Human c-Myc, Cat#10563-MC, Minneapolis, MN)bFGF (Basic Fibroblast GrowthFactor) Thermo Fisher Scientific (Gibco Human FGF-basic 154 aaProtein, PeproTech, Cat# 100-18B-50UG, Waltham, MA)Laminin Sigma-Aldrich (Laminin from human fibroblasts, Cat#L4544, St. Louis, MO)Collagen I Thermo Fisher Scientific (Gibco Collagen I, Rat Tail, Cat#A1048301, Waltham, MA)Entactin R&D Systems (Recombinant Human Nidogen-1/Entactin,Cat# 2570-ND, Minneapolis, MN)Heparan sulfate proteoglycan Sigma-Aldrich (Heparan Sulfate Proteoglycan frombasement membrane, Cat# H4777, St. Louis, MO)BMP4 (Bone MorphogeneticProtein 4) R&D Systems (Recombinant Human BMP-4, Cat# 314-BP,Minneapolis, MN)Collagen IV Sigma-Aldrich (Collagen from human placenta,Bornstein and Sage Type IV, Cat# C7521, St. Louis, MO).Fibronectin Sigma-Aldrich (Fibronectin from human plasma, Cat#F2006, St. Louis, MO)SCF (Stem Cell Factor) pCS2-zfKitlgb was a gift from Petr Bartunek (Addgeneplasmid # 168200 ; http://n2t.net/addgene:168200; RRID:Addgene_168200) R&D Systems (Recombinant Human SCF, Cat# 255-SC,Minneapolis, MN)Flt-3 Ligand (Fms-like tyrosinekinase 3 receptor ligand) R&D Systems (Recombinant Human Flt-3 Ligand, Cat#308-FK, Minneapolis, MN)TPO (Thrombopoietin) pAc-His-zfTpo was a gift from Petr Bartunek (Addgeneplasmid # 64309 ; http://n2t.net/addgene:64309 ;RRID:Addgene_64309) R&D Systems (Recombinant HumanThrombopoietin/THPO, Cat# 288-TP, Minneapolis, MN)Interleukins: IL-3 & IL-6 R&D Systems (Recombinant Human IL-3, Cat# 203-IL,Minneapolis, MN) R&D Systems (Recombinant HumanIL-6, Cat# 206-IL, Minneapolis, MN)HoxB4 HOXB4-WG-SP65 was a gift from Corey Largman(Addgene plasmid # 20986 ;

http://n2t.net/addgene:20986 ;RRID:Addgene_20986)AGM(Aorta-gonad-mesonephros) pscALPS-SIV-AGM-VERAGM3 vpr was a gift from JeremyLuban (Addgene plasmid # 115826 ;
http://n2t.net/addgene:115826 ;RRID:Addgene_115826)CXCL12 pcDNA3-CXCL12-sfGFP was a gift from Erik Procko(Addgene plasmid # 98961 ;
http://n2t.net/addgene:98961 ;RRID:Addgene_98961)CXCL4 PF4-bio-His was a gift from Gavin Wright (Addgeneplasmid # 53411 ; http://n2t.net/addgene:53411 ;RRID:Addgene_53411)TGF-β pMT-TAK1-V5-His was a gift from Cyril Gueydan(Addgene plasmid # 63753 ;
http://n2t.net/addgene:63753 ;RRID:Addgene_63753)
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Table 2Separates the necessary proteins and factors into each step/procedure and delivery type and gives adescription of what each does for the transformation of cell types

Step/Procedure Protein or Signal Purpose Delivery:Perfusion(Soluble) Delivery:Paracrine(Cell-Secreted) Delivery:Coating(Substrate)Maintenance ofPluripotency bFGF (Basic Fibroblast GrowthFactor) Maintains iPSCs in an undifferentiated,self-renewing state before induction YesMesodermInduction Laminin, Collagen I, Entactin, &Heparan sulfate proteoglycan Major matrix components required forinitial differentiation of iPSCs intomesodermal cells Yes
BMP4 (Bone MorphogeneticProtein 4) Recapitulates early embryonicsignaling to help drive mesodermemergence and early erythropoiesis Yes

Specification toPrecursors(HPCs) Collagen IV Directs the generation of Flk1+mesoderm and accelerates transitioninto hemangioblasts and progenitors Yes
Fibronectin Provides physical support for thegeneration of CD34+ hematopoieticprogenitors Yes
SCF (Stem Cell Factor) Critical factor for hematopoieticdevelopment and the proliferation ofimmature hematopoietic cells Yes
Flt-3 Ligand (Fms-like tyrosinekinase 3 receptor ligand) & TPO(Thrombopoietin) Promotes the expansion andproliferation of immaturehematopoietic progenitors Yes
Interleukins: IL-3 & IL-6 Supports early hematopoieticdevelopment and the induction ofmyeloid/erythroid progenitors Yes

Definitive HSCMaturation HoxB4 Transcription factors that providedefinitive engraftment potential andregulate the maturation of HSCs(upregulating CD34)
Yes

AGM(Aorta-gonad-mesonephros) Provides the favorable nichemicroenvironment and secretedfactors required to acquire long-termHSC activity
Yes

Note.—All of the information is from Lim et al. (2013).

the listed proteins and signals in Table 3.
Safety
Main ideaSafety is an important consideration at every stage ofthis proposed design and encompasses ethical stan-dards, laboratory practice, and the responsible dis-posal of materials.
Ethical considerationsThe reprogramming iPSC approach utilized in this de-sign raises two ethical considerations. First, collect-ing somatic cells from a patient requires consent. Alldonors must be fully informed of the intended use oftheir cells, and samplesmust be handled in accordancewith the IRB guidelines. Second, iPSC research doesavoid the ethical concerns usually associated with em-bryonic stemcells, but the use of c-Myc as a reprogram-ming factor does introduce theoretical oncogenic risk,as c-Myc is a proto-oncogene. To mitigate this, it maybe possible to use l-Myc as a substitute, and this shouldbe evaluated. Additionally, the reach of this research is

limited to therapeutic applications anddoesnot extendto germline modification.
Ethical clearanceTo ensure that the experiment remains ethical withderiving and using iPSCs, researchers must undergoan NIH investigation and provide documents alongwith an additional IRB protocol number to then haveIRB Approval. Not only that, but because this experi-ment utilizes iPSCs in vitro, all iPSCs must be reviewedand approved by the Institutional Biosafety Commit-tee. There is also a form that must be completed alongwith restrictions on the use of iPSCs. One restrictionstates that human iPSC should not be introduced tonon-human primate blastocyst (National Institutes ofHealth: Office of Intramural Research, n.d.). Overall, itis very important that researchers get the ethical clear-ance necessary to treat and use derived iPSCs with re-spect.
Laboratory safetyAll mRNA synthesis and LNP formulation proceduresmust be conducted within a certified biosafety restric-tion to prevent the contamination of RNase and to
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Table 3Lists all of the proteins and signals, its purpose, and delivery type necessary for maintaining theHSCs in a quiescence state
Protein or Signal Purpose Delivery TypeSCF (Stem CellFactor) Essential cytokine for the maintenance of HSCs Paracrine (Produced locally by CAR/LepR+ cells andsinusoidal endothelial cells)CXCL12 Essential for HSC maintenance and critical formaintaining stem cell quiescence Paracrine (Produced locally by CAR/LepR+ cells andsinusoidal endothelial cells)TPO(Thrombopoietin) Essential for maintaining HSC numbers and theirpotential Perfusion (Synthesized by hepatocytes in the liver andacts as a systemic hormone)CXCL4 Specifically regulates homeostatic HSC quiescence Paracrine (Secreted by megakaryocytes within thebone marrow)TGF-β Required for maintaining HSC quiescence Paracrine (Produced by non-myelinating Schwanncells in the niche)

Figure 6. Shows the process of protein synthesis and de-
livery from the endothelial cell to the HSC. It helps to
illustrate how the use of mRNA LNP would help model
paracrine signaling.

protect researchers from exposure. Full PPE is re-quired at all timesduringLNPpreparation, as ionizablelipids can be cytotoxic at elevated concentrations. Be-cause this design uses mRNA, a non-viral vector, thereis no risk of generation of replicated particles, whichreduces the biosafety burden overall (Hardee et al.,2017). All cell cultures must be performed under BSL-2 conditions, given the use of human-derived cells.
DisposalAll biological waste must be autoclaved pre-disposal.Any materials that have come in contact with human-derived cells must be treated as biohazardous and dis-

posed of accordingly. Chemical waste generated dur-ing the LNP formulation must be collected and re-moved by a licensed hazardous materials contractor.(Environmental Protection Agency, n.d.) Finally, un-der no circumstances will biological or chemical wasteenter the standard waste stream.
DiscussionsUsing OoC models to culture HSCs in order to prolif-erate them in vitro has many important applicationsin biology. It has the potential to change how we ap-proach transplantation procedures for diseases suchas leukemia, potentially allowing patients a less painfuland far more successful recovery, as the use of theirown somatic cells eliminates, or at least greatly dimin-ishes, the chances of an acute immune response to thenewly transplanted cells.One matter that must be addressed is the use of HU-VECs in the proposed experiment. HUVECs are cellsfound in the umbilical vein of an umbilical cord, whichcan only be derived from newborns, not adults. There-fore, they may not fully reflect the behavior of cells de-rived frompatients as they are a differing cell typewithdiffering properties. They were the chosen cell typedue to their accessibility and because most researchon endothelial cells utilized HUVECs as their main celltype. This means that we will be able to compare ourresults with other research to better understand theresults. Such variations, however, can cause some fun-damental changes to how the cells react in the exper-iment. HUVECs generally adhere to scaffolding dueto their characteristic of responding well to lab coat-ings (Sgarioto et al., 2012). Other types of endothelialcells tend to have trouble adhering to surfaces unlesssuch environments are encoded specifically to mimic
in vivo settings due to the diversity between each type(Chi et al., 2003). Due to these differences, the pro-cedure to adhere to the cells may change dependingon the cell type. Additionally, because HUVECs are
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macrovascular while other endothelial cells (such asthose from bone marrows) are microvascular, they ex-perience high-shear stress and thus require a signifi-cantly higher laminar flow (Garcia-Polite et al., 2016).While these differences may be significant, the maingoal for this experiment is to see if mRNA LNPs canhelp HSCsmaintain “stemness”, therefore, these differ-encesmay be temporarily undermined and looked intolater into development.Someother potential issues to address include unsu-pervised cell signaling from the feeder cells to theHSCsand the complexity of the system which may make ithard to identify the root of problems. In the event thatthese issues arise, they may be addressed by chang-ing certain aspects of the experiment, such as the celltypes, cell environment, protein factors, etc. in orderto work towards achieving the desired results.
Next stepsThis experiment will ideally allow researchers to cul-ture HSCs in vitro, enabling controlled proliferationand retention of a stem-like state. The next steps willinclude further refining the model to more accuratelyreplicate the niche, increase HSC proliferation, and en-sure cost-effectiveness.Refining the model will include making smallchanges to specific components of the device in orderto test whether the changes resulted in the creation ofa more accurate niche environment. One of the fac-tors thatwill be changed is the laminar flowconditions.The microfluidic niche flow conditions will be modi-fied to ensure the device can replicate the shear stressthese cells are exposed to in their natural niche envi-ronment. The flow rate, direction, and pressure can bemodified as needed to ensure maximum HSC prolifer-ation. The composition of the solutions being used inthe channels can also be experimented with in orderto improve the fidelity of the niche and ensure cost-effectiveness.Another avenue that might be explored to im-prove cost-efficacy is experimenting with the combi-nation and concentration of the factors used to mimicparacrine signaling. The proposed model uses the“gold standard” which increases the true positive ratewhen determining the presence of HSCs. This is madepossible by testing for multiple HSC markers (CD34+,EPCR+, CD49f+) and transfecting the feeder layer ofcells with multiple proteins (SCFs, CXCL-12) encodedfor by LNP encapsulated mRNA. This increases thechances of culturing and identifying true HSCs fromother cell types that may be present, however, it alsoincreases the overall cost, which can lead to challengeswith accessibility of this technology.

Lastly, the most pressing issue to address followingthe experiment is determining how to obtain the cellsfrom the OoC model and identifying the optimal trans-plantation method. It is imperative that the methodfor removal and use is precise and intentional sincethe goal is to have as many HSCs as possible to usefor transplantation. Experimenting with varying pro-tein factors, delivered through mRNA LNPs, to achievehigher success rates in iPSC proliferation and differen-tiation represents another promising avenue for futureresearch.
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