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Abstract

Sterile alpha motif domain-14 (Samd14) protein expression increases the regenerative capacity 

of the erythroid system. In a critical window of acute erythroid regeneration, Samd14 is 

transcriptionally upregulated and promotes cell signaling via the receptor tyrosine kinase Kit. We 

generated a hematopoietic-specific conditional Samd14 knockout mouse model (Samd14-CKO) to 

study the role of Samd14 in hematopoiesis. The Samd14-CKO mouse was viable and exhibited no 

steady-state hematopoietic phenotype. Samd14-CKO mice were hypersensitive to 5-fluorouracil, 

resulting in more severe anemia during recovery and impaired erythroid progenitor colony 

formation. Ex vivo, Samd14-CKO hematopoietic progenitors were defective in their ability to 

form mast cells. Samd14-CKO mast cells exhibited altered Kit/SCF, IL-3/IL-3R signaling, and 

less granularity compared to Samd14-FL/FL cells. Our findings indicate that Samd14 promotes 

both erythroid and mast cell functions. The Samd14-CKO mouse phenotype exhibits striking 

similarities to the KitW/W-v mice, which carry Kit mutations resulting in reduced tyrosine kinase-

dependent signaling, causing mast cell and erythroid abnormalities. The Samd14-CKO mouse 

model is a new tool for studying hematologic pathologies involving Kit signaling.

Keywords

erythropoiesis; regeneration; mast cell; receptor tyrosine kinase signaling

Introduction

Samd14 promotes signal pathway duration and intensity in hematopoietic stem/progenitor 

cells (HSPC) and erythroid progenitors downstream of stem cell factor (SCF) and 

erythropoietin (Epo) stimulation during regenerative erythropoiesis (1,2). Samd14 shares 
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homology with neurabin proteins (PPP1R9A and PPP1R9B) which promote cell signaling 

and survival in neurons (3). Neurabin mechanisms-of-action include signaling complex 

recruitment to actin filaments and controlling specificity of signaling pathway activation 

within certain cell subtypes (4,5). We previously characterized a Samd14-Enhancer deletion 

mouse (Samd14ΔEnh/ΔEnh) that lowered Samd14 levels in erythropoietic progenitors and 

reduced anemia-dependent Kit receptor tyrosine kinase (RTK) signaling (1). In stress 

erythroid precursors isolated from anemic mouse spleens, both the sterile alpha motif (SAM) 

and capping protein binding (CPB) domains of Samd14 are required for maximal Kit 

signaling via MAPK and PI3K/Akt pathways, promoting cell survival and colony forming 

activity of stress-activated erythroid precursors (2,6). These data support an anemia recovery 

model in which anemia-dependent Samd14 transcription increases Kit signaling to promote 

erythroid cell survival and progenitor activity.

The Kit receptor and its ligand, stem cell factor (SCF), control hematopoietic lineage 

development and function (7). Kit activating mutations are found in systemic mastocytosis 

(8), leukemia (9,10), and gastrointestinal stromal tumors (11). Loss-of-function Kit or 

SCF mutations in mice influence the development and/or function of erythroid and mast 

cell populations, as well as hematopoietic progenitors, melanocytes, and germ cells (12–

14). Kit knock-in mutant mouse models have normal physiological hematopoiesis but 

are sensitive to acute anemia stress induced by phenylhydrazine or 5 fluorouracil (5-FU) 

(15). One of the least severe naturally-occurring Kit mutations to be described, a valine 

to methionine mutation at residue 831, causes mild anemia and defective mast cell 

development, as evidenced by ex vivo mast cell differentiation assays (16). Since anemia 

and mast cell defects are still found in mild Kit loss-of-function alleles, these phenotypic 

traits are sensitive to Kit signaling perturbations. Kit mutant mice characterizations provide 

valuable in vivo comparisons to facilitate investigations of structural elements necessary 

for downstream signal transduction, and the role of receptor tyrosine kinase mechanisms in 

cellular differentiation.

Samd14 is a direct target gene of the GATA2 transcription factor expressed in 

megakaryocyte-erythroid progenitors and erythroid precursors (17,18). Gata2 and Samd14 
transcription are both controlled by conserved E-box-spacer-GATA composite element 

enhancers. The study of these and related enhancers established a foundation for defining 

a GATA2 and anemia-activated genetic network as potentially critical nodes (1,19). 

Despite evidence linking Samd14 to hematopoiesis and erythropoiesis, no gene knockout 

mouse has been previously described. We generated a hematopoietic-specific conditional 

knockout mouse model of Samd14 to study its role in hematopoietic cells. Samd14 

conditional knockout (CKO) mice exhibited defective mast cell differentiation, and mice 

were hypersensitive to myelo-ablative 5-FU treatment. Beyond known roles for Samd14 

in promoting Kit signaling – and parallels between this mouse phenotype and Kit loss-of-

function – we found that Samd14 also promoted signaling through the mast cell-promoting 

IL-3 signaling pathway. This new mouse model permits investigations into the requirement 

of Samd14 in hematologic diseases, including systemic mastocytosis, chronic anemias, and 

leukemias, as well as addressing Samd14 expression and cell autonomous vs. non-cell 

autonomous functions in contexts of hematologic malignancy.
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Methods

Mice

Samd14fl/fl mice in C57BL/6 mice were generated using Easi-CRISPR (20), and crossed 

with E2ACre or VaviCre mice (Jackson Labs). All mouse experiments were approved by 

Institutional Animal Care and Use Committee of University of Nebraska Medical Center in 

accordance with National Institutes of Health guidelines.

Flow Cytometry

Total bone marrow and spleen cells from 8–12 week old mice were resuspended in PBS with 

2% FBS and passed through a 25 um cell strainer to obtain singe cell suspensions. Surface 

proteins were detected with pre-conjugated antibodies specific for surface proteins CD71 

(R17217), Ter119 (116212), Kit (clone 2B8) (105814), Fcℇr1α (Clone MAR-1), CD11b 

(Clone M1/70), CD16/32 (Clone 93), Integrin-β7 (Clone FIB504), Mac1, Gr.1 (Clone RB6–

8C5), Thy1.2 (Clone 53–2.1), CD19 (Clone 6D5), Annexin V (640917) for 30 mins at 

4°C (all from Biolegend). Cells were resuspended with either DAPI or Draq7 (Biolegend) 

viability dyes as required and analyzed on LSR Fortessa (BD Biosciences). Fluorescence 

Activated Cell Sorting for GFP+ cells or CD71− and Ter119-fractionation was conducted on 

a FACSAria II (BD Life Sciences). Data was analyzed with FlowJo v10.6.2.

5-Fluorouracil

Myeloablation was induced by a single dose (250 mg/kg) of 5-flourouracil (MilliporeSigma, 

F6627) administered intraperitoneally. Blood samples were collected by retro-orbital 

bleeding (~100 μl per collection), and hematologic parameters were quantified on a 

HemaVet complete blood count (CBC) instrument (Drew Scientific).

RBC Lifespan

Cells in peripheral circulation were biotinylated by retro-orbital injection of 3 mg EZ-Link 

Sulfo-NHS-Biotin (Thermo Scientific) dissolved in PBS. On days 1, 8, 15, 22 and 29 post 

injection, recipients were bled via the pedal vein. Biotinylated RBCs were detected by flow 

cytometry using a combination of APC anti-mouse Ter119 (BioLegend) and PE/Cyanine7 

Streptavidin (BioLegend) antibodies. 5 WT and 5 CKO mice were analyzed.

Mast Cell Differentiation and Culture

Bone marrow flushed from 8–16-week-old Samd14-FL/FL and Samd14-CKO mice was 

resuspended in mast cell differentiation media (DMEM with 10% fetal bovine serum 

(FBS), 0.14 mM β-mercaptoethanol, L-glutamine, and 10 ng/mL IL-3). Cells were cultured 

for 14 days and maintained at 0.1–0.5×106/mL. After 14 days, cells were cultured for 

14 days with conditioned mSCF Chinese Hamster Ovary media (1:1000). Alternatively, 

flushed bone marrow was lineage depleted with biotin-conjugated antibodies and MojoSort 

streptavidin-conjugated magnetic nanobeads (Biolegend): anti-mouse CD3e (clone 145–2 

C11), anti-mouse CD11b (clone M1/70), anti-mouse CD19 (clone 6D5), anti-mouse CD45R 

(B220) (clone RA3–6B2), anti-mouse Gr-1 (clone RB6-C5), anti-mouse Ter119. After 

lineage depletion, cells were stained with PE-Cy7-conjugated anti-Kit antibody and sorted 
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for live (DAPI−), Kit+ cells. After sort, cells were resuspended in mast cell differentiation 

media containing 10ng/mL IL-3 and 1:1000 conditioned mSCF media and cultured for 14 

days.

BMCP Isolation and CFU Assays

Spleens from 8–16-week-old WT or Mut mice were dissociated, resuspended in PBS with 

2% FBS and filtered through a 25 μm cell strainer. Lineage-negative cells were obtained 

through lineage depletion and cells were stained and sorted for Kit+ SCA-1−, CD16/32+ 

Integrin-β7+ BMCPs. 2,000 BMCPs/mL were mixed with Methocult M3234 (STEMCELL 

Technologies) containing 10ng/mL IL-3 and 1:1000 mSCF. Cells were plated in replicate 

12-well plates (1,000 cells in 0.5 mL). BMCPs were counted 7 days after plating.

For erythroid BFU-E and CFU-E assays at 10 days post-5-FU, bone marrow was isolated 

from WT and CKO mice. Cells were lineage depleted by incubating in biotin-conjugated 

anti-CD34ε, anti-CD11b, anti-CD19, anti-CD45R, anti-Gr-1, anti-Ter119 and anti-CD71 

antibodies (1:200 in PBS containing 5% FBS), followed by incubation with Streptavidin-

conjugated magnetic beads (MojoSort - BioLegend). Methylcellulose media (MethoCult 

GF M3434 – STEMCELL Technologies) contained SCF, Epo, IL-3 and IL-6 (1250 cells/

replicate, 3 replicates per mouse). CFU-E colonies were counted 3 days after plating while 

BFU-E colonies were counted after 6 days.

Western blotting

Mast cells were isolated with biotin-conjugated Fcℇr1α (Clone MAR-1) and MojoSort 

streptavidin-conjugated magnetic nanobeads. Proteins were boiled in SDS buffer (25 mM 

Tris, pH 6.8, 2% β-mercaptoethanol, 3% SDS, 5% bromophenol blue, 5% glycerol) for 10 

min, resolved by SDS-PAGE using Pierce ECL (Thermo Scientific). Primary antibodies: 

polyclonal anti-Samd14 (1), anti-β-actin (Cell Signaling Technology). Secondary antibodies: 

goat-anti-mouse-IgG-HRP, goat-anti-rabbit-IgG-HRP (Jackson Labs).

Wright-Giemsa Staining

Cells from 2-week mast cell differentiation cultures were collected, stained, and sorted 

for Kit+ Fcℇr1α+ mast cells. Sorted cells were cytospun onto slides, stained with Wright-

Giemsa stain, and imaged at 40x. The number of granulated versus non-granulated mast 

cells was quantitated by scoring for the presence/absence of granules in 100 cells per slide.

Toluidine Blue Staining

Ears from WT and Mut mice were cut at the base of the ear and fixed at 4°C in 4% 

paraformaldehyde (PFA) overnight. Ears were paraffin-embedded and sectioned at 6μm and 

8μm, dehydrated in ethanol, and stained with toluidine blue (Sigma-Aldrich) for 2 minutes. 

Slides were imaged at 20x. Mast cells were counted on each section for every ear analyzed, 

and ImageJ measure function was used to determine the number of mast cells/mm2.

Phospho-flow Cytometry

Mast cells from 2-week differentiated cultures were labeled with biotin-conjugated anti- 

Fcℇr1α antibody and isolated using streptavidin-conjugated magnetic nanobeads. After 16 
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hours serum starvation in mast cell media without cytokines at 37°C, cells were washed 

and resuspended in Tyrodes buffer (10mM Hepes, 130mM NaCl, 5mM KCl, 1.4 mM 

CaCl2, 1mM MgCl2, 5.6mM glucose, 0.1% BSA). Cells were stimulated with 10ng/mL 

SCF or PBS for 5 minutes, fixed in 2% PFA for 10 min at 37°C, and permeabilized in 

95% methanol overnight at −20°C. Cells were stained with the rabbit anti-phospho (Thr202/

Tyr204) p44/42 ERK1/2 (p-ERK) antibody (9101; Cell Signaling), then incubated with 

APC-conjugated goat anti-rabbit, and anti-Kit, and analyzed using the BD LSR II flow 

cytometer. Gates were drawn based on fluorescence minus one controls. pERK levels were 

calculated by MFI using FlowJo v10.6.2 (BD Life Sciences). Fold change was determined as 

activation of SCF-treated samples relative to vehicle-treated controls.

SCF-Induced Passive Cutaneous Anaphylaxis

Mice were anesthetized, and ear thickness was measured using a dial thickness gauge 

(Peacock). 25 ul of PBS alone was injected into the left ear pinnae, and PBS containing 50 

μg/mL of recombinant mouse SCF (R&D Systems) was injected into the right ear pinnae 

of each mouse with a 30G x ½ needle. Ear thickness was measured again after 2 hours. 

Changes in ear thickness were determined as post-injection ear thickness minus initial ear 

thickness for each ear.

Results and Discussion

Erythropoiesis in Samd14-CKO mice is normal at baseline but defective during 
regeneration.

Human and mouse gene expression databases reveal high mRNA expression of SAMD14 

in hematopoietic stem/progenitor cells (HSPCs), common myeloid progenitors (CMPs), 

megakaryocyte-erythrocyte progenitors (MEPs), and throughout the erythroid lineage, as 

well as in the central nervous system. In red blood cell precursors but not Lin−Sca1+Kit+ or 

brain tissues, an intronic Samd14 enhancer (Samd14-Enh) is required for transcriptional 

activation of Samd14 (1). To understand the role of Samd14 more broadly in the 

hematopoietic system, we generated a transgenic mouse containing LoxP sites flanking 

intron 3 (Figure 1A). Crossing to the hematopoietic-specific Vav-Cre line resulted in exon 3 

excision in bone marrow and peripheral blood (Figure 1B). Western blotting revealed a loss 

of Samd14 protein in bone marrow isolated Samd14fl/fl (WT) mice or Samd14fl/fl;Vavi-Cre 

(Samd14-CKO) (Figure 1C). Heterozygous crosses of Samd14fl/− mice and Samd14CKO/+ 

or heterozygous crosses of germline deletion of Samd14 exon 3, produced offspring of 

normal Mendelian ratios (Figure 1D), indicating that Samd14 expression was not required 

for embryogenesis. In peripheral blood from eight week-old Samd14-FL/FL and Samd14-

CKO mice, complete blood count (CBC) hematological parameters did not differ (Figure 

1E). In skin and spleen, no significant differences were seen in mast cell numbers in 

Samd14-FL/FL vs. Samd14-CKO mice (Figure 1F). The percentages of cells at distinct 

stages of erythroid maturation (CD71+Ter119+ and CD71−Ter119+) (Zhang et al., 2003) 

were unaltered in Samd14-CKO bone marrow and spleen (Figure 1G). B-cell (CD19+) 

percentages were marginally decreased in Samd14-CKO (Figure 1G). Samd14-CKO in the 

steady state hematopoietic system, therefore, has minimal impact on bone marrow, spleen or 

peripheral blood cellular parameters.
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Cell signaling via the Kit proto-oncogene is promoted by Samd14 expression in specific 

contexts of regenerative erythropoiesis (1). Similarly, among the hematologic phenotypes in 

mice carrying mutations in the Kit locus, and particularly in mutant strains that lack baseline 

erythropoietic defects, they exhibit delayed regenerative erythropoiesis (15). Therefore, we 

next tested whether loss of Samd14 is important for hematopoietic regeneration following 

5-fluoruracil (5-FU) myeloablation. After administering 250 mg/kg 5-FU, mice were 

monitored for signs of anemia. At days 8 and 11 post-treatment, RBCs/uL in peripheral 

blood was 1.5-fold and 1.4-fold lower in CKO vs. Samd14FL/FL mice, respectively (Figure 

2A). Hemoglobin (g/dL) was 1.6-fold and 1.3-fold lower in CKO vs. Samd14FL/FL mice 

at the same respective time points (Figure 2B). Percentage of peripheral blood hematocrit 

was also decreased in CKO vs. Samd14FL/FL mice at days 8 and 11 post-treatment, 1.6-

fold (p=0.0005) and 1.3-fold (p=0.016) (Figure 2C). To test whether Samd14 expression 

was promoting RBC lifespan in peripheral blood, possibly contributing to the regeneration-

specific phenotype, we labeled RBCs in Samd14FL/FL and CKO mice with biotin and 

monitored for 29 days. No significant differences were observed in the labeled RBCs at 

8–29 days (Figure 2D). To test whether 5-FU injection altered erythroid progenitor activity 

in Samd14-KO mice, we isolated bone marrow from mice at 10 days post-5-FU injection 

and conducted colony formation assays. These data showed 1.6-fold fewer BFU-E and 

1.78-fold fewer CFU-E colonies in mutant compared to WT mice. Thus, defective stress 

hematopoiesis in Samd14 knockout mice was associated with decreased progenitor activity.

Samd14 promotes mast cell differentiation.

A signal from the Kit receptor is needed for erythroid precursor survival/proliferation and 

in mast cells. The GATA2 transcription factor – which regulates Samd14 expression – is a 

critical driver of mast cell identity (21–24). Given overlapping Samd14 and Kit activities in 

knockout mouse models, and the importance of Kit and GATA2 in mast cell development 

and function (25), we examined the ability of Samd14-CKO hematopoietic progenitors to 

differentiate to mast cells. Ex vivo mast cell differentiation and culture systems provide 

a robust and definitive readout for genetic requirements of Kit and GATA2 in mast cells, 

among others (16,21). To examine if Samd14 is required for mast cell differentiation, total 

bone marrow was isolated from Samd14-FL/FL and S14-CKO mice. Bone marrow cells 

were cultured in IL-3-containing media for 14 days and IL-3- and SCF-containing media 

from days 15–28 (Figure 3A), according to published protocols (26). Western blotting of 

sorted mast cells (FcεR1α+Kit+) after 28 days culture confirmed that Samd14 is highly 

expressed in mast cells and absent in Samd14-CKO cells (Figure 3B). Cell cultures were 

analyzed by flow cytometry at days 7, 14, 21, and 28 of differentiation for the percentage 

of Kit+ FcℇR1α+ cells (Figure 3C). Whereas the mast cell percentages were approximately 

equal after 7 days, day 14 cultures from Samd14-CKO bone marrow had 10.7% fewer 

mast cells than WT (p=0.009). By day 28, 75.2% of WT cultures were mast cells, while 

31.0% of S14−/− cultures were mast cells (p=0.0003). Thus, Samd14 promotes mast cell 

differentiation.

Next, we examined whether Samd14-CKO cells were differentiating to alternative lineages 

instead of mast cells. We established a new method for differentiating mast cells from 

primary bone marrow, which proved to be more efficient and resulted in fewer dead/
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dying cells. Total bone marrow was lineage depleted with magnetic beads, sorted for 

Kit+ cells, and cultured in IL-3- and SCF-containing media for 14 days (Figure 4A). 

Flow cytometry was performed on day 14 to quantitate percentages of mast cells (Kit 

and FcℇR1α), granulocytes (CD11b+Gr1+) and monocytes (CD11b+Gr1−) in cultures. This 

analysis revealed that the 61.7% of the culture that was not mast cells was either monocytes 

(CD11b+, GR-1−) or granulocytes (CD11b+, Gr1+) (Figures 4B and 4C). We observed 

a 1.6-fold increase in the percentage of monocytes in Samd14-CKO cells compared to 

Samd14-FL/FL cells (p=0.012), and a 1.7-fold increase in the percentage of granulocytes 

(p=0.028) (Figure 4C). To test if cellularity differences in Samd14-CKO cultures were 

related to changes in cell survival (which has been observed in the erythroid lineage), 

we stained cells with the apoptotic marker Annexin V. An increase (18.9% to 22.1%) in 

early apoptosis was observed in FcεR1A+Kit+ Samd14-CKO mast cells (p=0.027) but not 

monocytes and granulocytes (Fig 4D and 4E), revealing that loss of Samd14 decreases mast 

cell survival. Since lack of Samd14 resulted in more ex vivo monocyte differentiation at 

the expense of mast cells, Samd14 expression levels may guide cell fate of multipotent 

progenitors. These results are consistent with models of mast cell lineage specification that 

relies on high Kit signaling activity (27).

To determine whether mast cell progenitor numbers in Samd14-CKO mice could explain 

this phenotype, we conducted immunophenotypic and functional profiling of progenitors. A 

bipotent basophil-mast cell progenitor (BMCP) expressing Integrin beta 7 (Itgβ7) and FcγR 

is resident in mouse bone marrow and spleen (28). We isolated spleens from S14-FL/FL 

and S14-CKO mice, lineage depleted, and analyzed the number of BMCPs (Fig 4F). There 

were no significant differences in BMCP percentages between genotypes in spleen (Fig 

4G). FACS-purified spleen BMCPs were isolated and grown in IL-3 and SCF-containing 

semisolid media for 7 days. The number of colonies formed by Samd14-CKO BMCPs was 

1.4-fold (p=0.0002) lower compared to Samd14-FL/FL, indicating that Samd14 promotes 

BMCP colony formation (Fig 4G). Taken together, these results reveal that Samd14 plays a 

role in multiple facets of mast cell differentiation, including lineage commitment, mast cell 

survival, and progenitor activity resulting in defective mast cell differentiation.

Mast cell signaling pathways and activation are Samd14-dependent.

To examine whether Samd14 mediated Kit receptor signaling in mast cells, we bead sorted 

FcℇR1α+ mast cells after 14 days in culture, then serum-starved and stimulated with the 

Kit ligand SCF (Figure 5A). Phosphorylated ERK (pThr202/pTyr204 - pERK) levels were 

monitored by intracellular antibody staining and flow cytometry. This analysis revealed 

a 1.5-fold (p=0.006) decrease in SCF-mediated pERK in Samd14-CKO mast cells versus 

Samd14-FL/FL mast cells (Figure 5B). Among the notable observations from longer term 

mast cell differentiation protocols (Figure 3C), mast cell percentages were lower at day 14 

before adding SCF to the media, suggesting that Samd14 may promote IL-3 signaling. 

While IL-3 is not essential for mast cell lineage development, it enhances mast cell 

production during development and ex vivo differentiation (29,30). When mast cells were 

stimulated with IL-3, pERK levels were 2.3-fold lower in S14-CKO cells compared to WT 

cells (p=0.003) (Figure 5C). These results indicate signaling defects in mast cells lacking 

Samd14. Intriguingly, prior work has linked Samd14 overexpression in mast cells to an 

Schaefer et al. Page 7

Exp Hematol. Author manuscript; available in PMC 2024 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



altered secretory phenotype (31). Samd14 may have a general role in human and mouse 

mast cell signaling.

After observing that Samd14 promoted mast cell differentiation, survival, progenitor activity, 

and cell signaling, we next tested whether Samd14 controlled mast cell function. Both 

human and mouse mast cells can be activated in vivo using a subcutaneous SCF injection 

(32,33). To investigate whether SCF could initiate mast cell activation and degranulation in 

Samd14-CKO mast cells in vivo, we injected the ears of Samd14-CKO and S14-Fl/Fl mice 

with either SCF or PBS-alone and measured changes in ear thickness as an indicator of 

mast cell-induced tissue inflammation. Samd14-FL/FL mice exhibited an expected increased 

inflammation following SCF injection, but no corresponding increase was observed in 

Samd14-CKO mice (Fig 5D). These results indicate that Samd14 is needed for effective 

SCF-mediated mast cell degranulation in vivo. Tissue-resident mast cells are responsible 

for immunologic reactions through the binding of IgE and crosslinking of their FcℇR1 

receptor. Upon stimulation, histamine, prostaglandins, and cytokines are released from mast 

cell granules causing inflammation and immune cell infiltration (34). To examine mast 

cell granularity after differentiation, we sorted mast cells after 14 days in culture, stained 

them with Wright-Giemsa, and quantified the number of granulated mast cells (Figure 5E). 

24.3% of WT mast cells contained granules, while only 7.9% of S14-CKO mast cells were 

granulated (p=0.016) (Figure 5F). Therefore, loss of Samd14 decreased mast cell granule 

formation. We next isolated RNA from sorted mast cells to examine gene expression levels 

of granule-containing proteins. Mast cell protease 4 (Mcpt4), Cathepsin D (Ctsd), and 

Cathepsin G (Ctsg) are common in mast cell granules (26). No significant changes were 

observed in the mRNA levels of Mcpt4 and Ctsg, while a 1.6-fold (p=0.031) increase in Ctsd 
in S14-CKO mast cells was observed vs. Samd14-FL/FL, suggesting that mast cell granule 

content may be changed upon the knockout of Samd14 (Figure 5G).

In summary, Kit loss-of-function and Samd14 loss-of-function mouse models share common 

phenotypes, including deregulated erythropoiesis and mast cell defects (Figure 5H). The 

finding in this report and others that Samd14 expression controls RTK signal strength and 

duration, and opposes apoptotic cell death, may be linked to its role in promoting mast 

cell differentiation (which requires high Kit signaling) at the expense of other granulocyte 

lineages. A Samd14 conditional knockout mouse model enables the investigation of Samd14 

function and Kit signaling in hematologic diseases. Samd14 knockout may attenuate 

oncogenic Kit signaling in hematologic diseases including myeloid leukemias, mast cell 

leukemia, and colorectal / gastric cancers with causative genetic mutations that hyperactivate 

Kit signaling.
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Highlights

• Samd14 deletion caused more severe anemia after 5-fluorouracil-induced 

stress

• Mast cell differentiation was attenuated in Samd14-CKO cells.

• Samd14-CKO mast cells were functionally impaired and less reactive to SCF 

and IL-3

• Samd14-CKO mice were similar to other Kit loss-of-function mouse models
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Figure 1: Conditional knockout of Samd14 does not alter steady-state hematopoiesis.
A) Floxed intron 3 at the Samd14 locus. B) Agarose gel electrophoresis of PCR-amplified 

regions flanking Samd14 exon 3 and the Vav-Cre gene in WT and Samd14Fl/+; Vav-

Cre mice. C) Western blotting analysis of Samd14 protein in total bone marrow cells 

isolated from Samd14fl/fl (WT) or Samd14fl/fl;Vav-Cre (Mut) mice (N=4). D) Percentages 

of offspring genotyped (total numbers above each bar) at 3 weeks old in germline-deleted 

Samd14 and conditionally deleted (Vav-Cre) knockout. E) Complete blood count analysis 

of hematologic parameters in 8-week-old mice WBC=white blood cells, RBC=Red blood 

cells, HCT=Hematocrit, PLT=Platelet. WT (n=9) and Mut (n=4–6). F) Quantitation of mast 

cells/mm2 in ear skin (counted using toluidine blue stain) and percentage of Kit+Fcer1a+ 

cells in spleen (counted by flow cytometry). G) Quantitation of erythroid (CD71+Ter119+ 

and CD71−Ter119+), B cell (CD19+), T cell (thy1+), Monocyte (Mac1+) and granulocyte 

(Gr1+) cells in total bone marrow.
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Figure 2: Erythropoietic regeneration is impaired in Samd14 CKO mice following hematopoietic 
stress in
A) Red blood cells (M/uL) in peripheral blood at indicated time points following 250 

mg/kg 5-FU in Samd14-FL/FL and Samd14-CKO mice. B) Hemoglobin (g/dL) in peripheral 

blood at indicated time points following 250 mg/kg 5-FU treatment of Samd14-FL/FL 

and Samd14-CKO mice. C) Hematocrit (%) in peripheral blood at indicated time points 

following 250 mg/kg 5-FU treatment of Samd14-FL/FL and Samd14-CKO mice. D) 

Biotinylation of red blood cells via retro-orbital injection was monitored by flow cytometry 

and represented as a percentage of total Ter119+ cells in peripheral blood. E) Representative 
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images of colonies formed from total bone marrow isolated 10 days after 5-FU injection. 

F) Quantitation of burst forming unit-erythroid (BFU-E) from Samd14-FL/FL and Samd14-

CKO cells isolated from total bone marrow 10 days after 5-FU injection. G) Quantitation 

of colony forming unit-erythroid (CFU-E) from Samd14-FL/FL and Samd14-CKO cells 

isolated from total bone marrow 10 days after 5-FU injection.
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Figure 3: Samd14 knockout impairs ex vivo mast cell differentiation.
A) Schematic outlining 28-day mast cell differentiation (light purple cells=HSPCs) (yellow 

cells=monocytes/granulocytes) (dark purple cells=mast cells). B) Western blot of Samd14 

and β-actin in sorted mast cells (n=3). C) Representative flow cytometry plot of anti- 

Fcℇr1α APC and anti-Kit Pe-Cy7 at day 7, 14, 21, and 28 of mast cell differentiation. 

Cells were first gated for live cells (DAPI−). D) Quantitation of mast cell (Kit+ Fcℇr1α+) 

numbers at day 7, 14, 21, and 28 of total bone marrow culture as determined by 

flow cytometry (n=9). Error bars represent SD. **p<.01, ***p<.001, (two-tailed unpaired 

Student’s t test).
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Figure 4: Absence of Samd14 results in mast cell defects.
A) Schematic outlining 14-day mast cell differentiation and BMCP isolation. B) 

Representative flow cytometry scatter plot of anti-CD11b PE and anti-GR-1 brilliant violet 

711 at day 14 of mast cell differentiation (Granulo.=granulocytes). Cells were first gated 

for live cells (DAPI−). C) Quantitation of mast cell (Kit+ Fcℇr1α+), monocyte (CD11b+ 

Gr1−), and granulocyte (CD11b+, GR-1+) percentages at day 14 of Kit+ bone marrow 

culture as determined by flow cytometry (n=12). D) Representative flow cytometry scatter 

plot of membrane-impermeable Draq7 and anti-Annexin V (AnnV) Pacific Blue. Cells were 
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first gated for mast cells (Kit+ Fcℇr1α+), monocytes (CD11b+ GR-1−), or granulocytes 

(CD11b+, GR-1+). Live=AnnV− Draq7−; Early apoptotic (EA)=AnnV+ Draq7−; Late 

apoptotic (LA)=AnnV+ Draq7+; Dead=AnnV− Draq7+. E) Quantitation of percent early 

apoptotic mast cells, monocytes, and granulocytes at day 7 of Kit+ bone marrow culture. F) 

Representative flow cytometry scatter plots of BMCP isolation gating strategy anti-Kit Pe-

Cy7, anti-SCA-1 PerCp-Cy5.5 and anti-CD16/32 PE, anti-Integrin-β7 FITC.G) Quantitation 

of percent BMCPs in Lin- spleens (left) (n=6)and BMCPs grown for 7 days and quantitated 

(right) (n=18). Error bars represent SD. *p<.05, ***p<.001 (two-tailed unpaired Student’s t 

test).
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Figure 5: Samd14 knockout causes defects in mast cell function.
A) Schematic outlining the mast cell acute stimulation strategy. B) Quantitation of the fold-

change of pERK median fluorescent intensity in SCF-treated samples over vehicle-treated 

controls at 5 min post-SCF stimulation. C) Quantitation of the fold-change of pERK median 

fluorescent intensity in IL-3-treated samples over vehicle-treated controls at 5 min post-IL-3 

stimulation. D) Change in ear thickness of mice injected with PBS alone (left ear pinnae) 

or PBS containing 50 μg/mL SCF (right ear pinnae). Ear thickness was measured before 

injection and then 2 hours post-injection. The change in ear thickness was determined from 

the post-injection ear measurement minus the initial ear thickness measured for each ear 

(n=6). E) Representative images of Wright-Giemsa stained mast cells at 14 days of Kit+ 

bone marrow culture (40x-magnification).F) Quantitation of granulated and non-granulated 
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mast cell percents as determined from Wright-Giemsa stained mast cells (n=3). G) mRNA 

levels of mast cell protease 4 (Mcpt4) Cathepsin D (Ctsd), and Cathepsin G (Ctsg) in mast 

cells. Normalized to 18S rRNA (n=3). H) Model of Samd14-CKO phenotype. Error bars 

represent SD. *p<.05, **p<.01 (two-tailed unpaired Student’s t test).
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