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SUMMARY
Hematopoietic stem and progenitor cell (HSPC) mobilization into the blood occurs under normal physiological conditions and is stim-

ulated in the clinic to enable the isolation of HSPCs for transplantation therapies. In the present study, we identify the tetraspanin CD82

as a novel regulator of HSPC mobilization. Using a global CD82 knockout (CD82KO) mouse, we measure enhanced HSPC mobilization

after granulocyte-colony stimulating factor (G-CSF) or AMD3100 treatment, which we find is promoted by increased surface expression

of the sphingosine 1-phosphate receptor 1 (S1PR1) on CD82KOHSPCs. Additionally, we identify a disruption in S1PR1 internalization in

CD82-deficient HSPCs, suggesting that CD82 plays a critical role in S1PR1 surface regulation. Finally, combining AMD3100 and anti-

CD82 treatments, we detect enhancedmobilization ofmouseHSPCs and humanCD34+ cells in animalmodels. Together, these data pro-

vide evidence that CD82 is an important regulator of HSPCmobilization and suggests exploiting theCD82 scaffold as a therapeutic target

to enhance stem cell isolation.
INTRODUCTION

Hematopoietic stem cell transplant is a routine treatment

for malignant and non-malignant hematological diseases.

Successful transplant depends on multiple factors, in-

cluding the number andfitness of transplanted hematopoi-

etic stem and progenitor cells (HSPCs). Under static and

stress conditions, HSPCs aremobilized into the vasculature

from the bone marrow (BM). Transplantation therapies

exploit this mobilization process by using treatments

such as granulocyte-colony stimulating factor (G-CSF) to

enhance the mobilization response, thereby increasing

the number of HSPCs available in the blood for harvest.

However, studies suggest that 5%–25%of patientsmobilize

poorly with G-CSF alone (Jantunen et al., 2012). Thus,

identifying novel molecules andmechanisms that regulate

HSPCmobilization is crucial for the improvement of trans-

plant therapies.

HSPC mobilization is mediated by a variety of key mole-

cules, such as chemokines, cytokines, and proteolytic en-

zymes, that promote egress into the peripheral blood. In

particular, the chemokine receptor, CXCR4, which is high-

ly expressed on the surface of HSPCs, facilitates BM migra-

tion toward the chemoattractant, CXCL12. The clinical

drugs AMD3100 and G-CSF both target the CXCR4 recep-

tor in order to induce mobilization (Broxmeyer et al.,

2005). In addition to the CXCR4/CXCL12 signaling axis,

the lysophospholipid sphingosine-1-phosphate (S1P)

ligand, produced by mature red blood cells, binds to the

sphingosine-1-phosphate receptor family of G protein-
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coupled receptors (GPCRs) (S1PR1-5) (Bendall and Basnett,

2013). In particular, S1PR1, which is expressed on the

surface of HSPCs, mediates mobilization toward a high

S1P gradient within the blood and lymph (Seitz et al.,

2005). Thus, the S1P/S1PR1 signaling axis facilitates

HSPC trafficking and is an essential element of HSPC

mobilization.

The tetraspanin family of scaffold proteins modulates a

variety of cellular processes, including cell adhesion and

signaling via their regulation of surface molecules, such as

GPCRs, adhesion receptors, and receptor tyrosine kinases

(Termini andGillette, 2017). Previouswork fromour labora-

tory identified the tetraspaninCD82as a critical regulator of

HSPC migration and adhesion within the BM (Saito-Reis

et al., 2018). However, the specific contribution of CD82

toHSPCmobilizationhas not been explored. Using a global

CD82KOmouse model, we find that CD82 mediates HSPC

mobilization through the regulation of S1PR1 expression

and internalization. Furthermore, our data indicate that

antibody (Ab) targeting ofCD82promotes themobilization

of HSPCs, suggesting that CD82 may be a novel target to

enhance the release of HSPCs for transplant therapies.
RESULTS

Enhanced mobilization potential of CD82KO HSPCs

To determine how the CD82 scaffold affects HSPC

mobilization, we utilized the CD82KO mouse previously

described (Wei et al., 2014). Wild-type (WT) and CD82KO
he Author(s).
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mice, which have comparable complete blood counts

(Table S1), were injected with vehicle control, G-CSF,

or AMD3100, therapeutics used clinically to mobilize

HSPCs. Following treatment, blood was harvested and

the Lin�Sca1+Kit+ (LSK) HSPC population was identified

by flow cytometry (Figure 1A). Under control treatment, a

minimal number of HSPCs are detected in the blood,

with no difference identified between WT and CD82KO

animals (Figure 1B). As expected, G-CSF increases the quan-

tity of mobilized HSPCs measured in the blood; however,

an even greater increase in HSPC mobilization is detected

in the CD82KOmice compared with WT (Figure 1B). Simi-

larly, AMD3100 treatment increases the number of LSKs

mobilized from CD82KO mice compared with WT (Fig-

ure 1B), further confirming an increased mobilization po-

tential of CD82KO HSPCs.

As this is a globalCD82KOmouse,wenext confirmed that

the enhanced mobilization observed is due to loss of CD82

in the HSPCs rather than an effect of CD82KO within the

BM microenvironment. Total BM cells from WT or

CD82KO HSPCs (CD45.2) were transplanted into lethally

irradiated B6.SJL-Ptprca Pepcb/BoyJ (BoyJ) (CD45.1) recipient

mice, which provide a WT BM niche (Figure 1C). Blood

chimerism analyses indicate equivalent engraftment over

4 months prior to mobilization with AMD3100 (Figure 1D).

Similar to our previous observation, we detect an increased

mobilization of transplanted CD82KO HSPCs compared

with WT cells, indicating a cell-intrinsic defect of the

CD82KO HSPCs (Figure 1E). Finally, to determine if mobi-

lized CD82KO HSPCs engraft with efficiency equal to WT

HSPCs, we completed reconstitution experiments (Fig-

ure 1F). Blood chimerism analyses of animals injected with

equal numbers of AMD3100 mobilized WT and CD82KO

HSPCs demonstrate functional reconstitution out to

4 months, indicating that CD82KO HSPCs engraft with

the same capacity as WT HSPCs (Figure 1G). Collectively,

these data suggest the loss of CD82 enhances HSPCmobili-

zation and implicates the CD82 scaffold as a regulator of

HSPC egress.
Increased S1PR1 expression promotes CD82KO HSPC

mobilization

HSPC mobilization is critically dependent upon S1PR

signaling in response to the S1P ligand gradient. Thus, we

asked whether CD82 regulates HSPC egress by modulating

S1PR surface expression. Using flow cytometry, we charac-

terized the surface expression of the five S1PR family mem-

bers (S1PR1–5). While we detected no difference in the sur-

face expression of S1PR2, S1PR3, or S1PR5 between WTand

CD82KO HSPCs, we measured a significant increase in the

surface expression of S1PR1 and a more modest increase of

S1PR4 on CD82KO HSPCs (Figure 2A).
Since trafficking of HSPCs and their egress from extra-

medullary tissues was shown previously to depend on

S1PR1 expression, we set out to determine if the increased

expression of S1PR1 mediates the increased mobilization

of CD82KO HSPCs. To desensitize S1P receptors, mice

were injected with FTY720, which can stimulate persis-

tent internalization of S1PR1 downstream of activation

(Sykes et al., 2014). As indicated previously, AMD3100

treatment of animals increases the number of mobilized

HSPCs from CD82KO animals compared with WT. How-

ever, upon FTY720 treatment in combination with

AMD3100, the number of mobilized HSPCs is decreased

compared with AMD3100 treatment alone with no differ-

ence in mobilization detected between WT and CD82KO

mice (Figure 2B and 2C). Additionally, we disrupted the

S1P gradient by treating mice with 4-deoxypyridoxine

(DOP), which inhibits S1P lyase, causing a BM increase

in S1P that also results in S1PR1 downregulation (Schwab

et al., 2005). Similarly, we found a significant decrease in

mobilization of HSPCs following DOP treatment with no

difference measured between WT and CD82KO mice (Fig-

ure 2D and 2E). Together, these experiments demonstrate

that S1PR1 expression and signaling significantly

contribute to the enhanced blood mobilization of

CD82KO HSPCs.
CD82 regulates S1PR1 internalization and signaling

Since S1P concentrations within the blood can modulate

HSPC egress as well as S1PR1 surface expression, we also

quantified the S1P ligand within the plasma of WT and

CD82KO mice. Under control and AMD3100 treatment

conditions, we measure no significant difference in S1P

ligand (Figure 3A). We also analyzed the mRNA and total

S1PR1 protein levels by qRT-PCR and flow cytometry.

While we detected a modest increase of S1PR1 mRNA

expression in HSPCs from CD82KO mice, we found no

overall difference in S1PR1 total protein expression be-

tween CD82KO and WT HSPCs (Figures 3B and 3C).

Recognizing that tetraspanins, including CD82, are

known to modulate receptor endocytosis, we next exam-

ined S1PR1 internalization using flow cytometry. Following

activation with the phosphorylated form of FTY720

(FTY720-P), we find that HSPCs from CD82KO animals

have reduced S1PR1 internalization at 15 and 30 min

compared with WT HSPCs (Figures 3D and 3E). To deter-

mine whether the effect of CD82KO affects GPCRs in gen-

eral, we completed the endocytosis assay for CXCR4

following treatment with the ligand SDF-1. In Figures 3F

and 3G, we find equivalent CXCR4 internalization when

comparing HSPCs fromWTand CD82KOmice, which sug-

gests that CD82KO HSPCs do not demonstrate a global

GPCR internalization defect.
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Figure 1. CD82KO HSPCs display enhanced mobilization
(A) WT and CD82KO mice were treated with PBS, G-CSF, or AMD3100 prior to peripheral blood collection.
(B) Flow cytometry analysis of %LSK and total LSK cells in peripheral blood collected from WT and CD82KO mice treated with PBS,
AMD3100, or G-CSF (n = 5–9 mice/group, four independent experiments; ****p < 0.0001, ***p < 0.001, *p < 0.05, two-way ANOVA).
(C) BM cells from WT or CD82KO mice were transplanted into lethally irradiated BoyJ mice and engrafted for 4 months prior to AMD3100
mobilization.
(D) Percentage of donor cells (CD45.2) repopulated in peripheral blood over 4 months measured by flow cytometry.
(E) Flow cytometry analysis of %LSK and total LSK cells in peripheral blood collected after AMD3100-induced HSPC mobilization of WT and
CD82KO transplanted BoyJ mice (n = 4–5 mice/group, three independent experiments,*p < 0.05, unpaired t test).
(F) Mobilized PBMCs from WT or CD82KO mice were transplanted into lethally irradiated BoyJ mice and engrafted for 4 months.
(G) Percentage of donor cells (CD45.2) repopulated in peripheral blood over 4 months measured by flow cytometry (n = 4–5 mice/group,
three independent experiments,*p < 0.05, unpaired t test). Error bars, SD.
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Figure 2. Increased S1PR1 expression on CD82KO HSPCs promotes enhanced mobilization
(A) MFI of S1PR1-5 surface expression on WT and CD82KO LSK cells (n = 4 mice/group **p < 0.01 and *p < 0.05, unpaired t test).
(B) FTY720, which activates and internalizes S1PR1, was injected into WT or CD82KO mice 14 h prior to AMD3100 treatment followed by
peripheral blood collection.
(C) Flow cytometry analysis of %LSK and total LSK cells in peripheral blood collected from WT and CD82KO mice treated with AMD3100 or
AMD3100/FTY720.
(D) The S1P lyase inhibitor, DOP, increases S1P resulting in S1PR1 internalization. Drinking water for WT and CD82KO mice was supple-
mented with DOP for 3 days. AMD3100 treatment occurred 1 h prior to peripheral blood collection.
(E) Flow cytometry analysis of %LSK and total LSK cells in peripheral blood collected from WT and CD82KO mice treated with AMD3100 or
AMD3100/DOP. (B–E) n = 12–16 mice/group, four independent experiments, ****p < 0.0001, **p < 0.01, *p < 0.05, two-way ANOVA. Error
bars, SD.
In addition to measuring S1PR1 internalization, we also

evaluated the downstream signal transduction from ligand

activation. S1PR1 activates multiple intracellular signaling

cascades, including the extracellular signal-regulated ki-

nase (ERK) and the STAT3 pathways (Rosen et al., 2009). Us-

ing phosphoflow, we detect no change in basal or tonic

levels of pERK or pSTAT3 in HSPCs from CD82KO animals
comparedwithWT (Figures 3H and 3I; Figure S1). However,

following FTY720-P stimulation, we detect a significant in-

crease in pERK and pSTAT3 expression in CD82KO HSPCs

at 10min (Figure 3J; Figure S1). Collectively, these data sug-

gest that the increased S1PR1 surface expression on

CD82KO HSPCs results in enhanced signal transduction

downstream of ligand engagement.
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Anti-CD82 treatment enhances HSPC mobilization

The observation that HSPCs are more readily released into

the peripheral circulation of CD82KO mice led us to ask

whether CD82 could be a novel target to promote HSPC

mobilization. Previous studies have used antibodies to

illustrate a critical role for specific integrins in HSPCsmobi-

lization (Craddock et al., 1997). As such, we set out to deter-

mine if pretreatment with anti-CD82 antibodies induces

HSPC mobilization in mice. Quality antibodies specific to

mouse CD82 have been a limitation to the field, but the

anti-CD82 Ab (clone M35) has been well characterized

(Custer et al., 2006). Using this Ab, we measured CD82

expression on HSPCs from CD82KO and WT mice, vali-

dating the loss of CD82 surface expression on CD82KO

HSPCs (Figure 4A). Next, we intravenously injected WT

mice with either 2mg/kg of anti-CD82 or control immuno-

globulinG (IgG) for 2 h and then treated the animals for 1 h

with control saline or AMD3100 (Figure 4B). Blood was iso-

lated and analyzed by flow cytometry to quantify periph-

eral-blood-mobilized HSPCs. While anti-CD82 alone has

no impact on mobilization, mice treated with anti-CD82

in combination with AMD3100 display increased total

and percentage LSK (%LSK) cell mobilization compared

with controls (Figure 4C). However, if AMD3100 was

administered 24 h after anti-CD82 injection, we detected

no enhanced mobilization (Figures 4D and 4E), suggesting

that the timing of the anti-CD82/AMD3100 treatment af-

fects mobilization efficiency. Lastly, we evaluated anti-

CD82 treatment in NSG mice humanized with CD34+

cells. Using a human anti-CD82 Ab, we also detect a similar

increase in CD34+ cell mobilization when anti-CD82 is in-

jected prior to AMD3100 treatment (Figures 4F and 4G).

Therefore, anti-CD82 treatment when used in combina-

tion with AMD3100 stimulates enhanced mobilization of

HSPCs and further suggests that CD82 is a key contributor

to the BM retention of HSPCs.
DISCUSSION

Decreased numbers of HSPCs harvested from the periph-

eral blood limits the success of BM transplants. In fact, stan-

dard methods for peripheral blood mobilization of HSPCs

fail to collect sufficient stem cells in 5%–40% of patients

(Jantunen et al., 2012). Therefore, identifying unique tar-

gets to promote HSPC mobilization and increase HSPC

numbers within the peripheral blood is crucial for treat-

ment of both non-hematological and hematological malig-

nancies. The tetraspanin family of scaffold proteins func-

tion as molecular facilitators interacting with adhesion

and signaling molecules at the plasma membrane to create

tetraspanin-enrichedmicrodomains, which contribute to a

number of cellular functions, including migration, adhe-
2426 Stem Cell Reports j Vol. 16 j 2422–2431 j October 12, 2021
sion, and protein trafficking (Termini and Gillette, 2017;

vanDeventer et al., 2017). Specifically, withinHSPCs, tetra-

spanins are described to affect homing, engraftment,

migration, and quiescence (Larochelle et al., 2012; Saito-

Reis et al., 2018), and, in the current study, we identify a

novel role for the tetraspanin CD82 as a critical regulator

of HSPC mobilization.

Under normal physiological conditions, HSPCs are

found in circulation at very low numbers; however,

increased numbers of HSPCs mobilize into the blood in

response to injury, infection, or stress (Heidt et al., 2014).

Additionally, treatments such as G-CSF and AMD3100,

which target CXCR4, are used to induce peripheral blood

mobilization of HSPCs for stem cell transplant. We identify

an increase in the mobilization capacity of HSPCs from

CD82KO mice following G-CSF and AMD3100 treatment

that is HSPC intrinsic. Previous work from our laboratory

thoroughly evaluated the expression and signaling poten-

tial of the CXCR4 receptor in the context of CD82KO

HSPCs, finding no altered expression or signaling of

CXCR4 (Saito-Reis et al., 2018). Therefore, we went on to

explore S1PR1, which we find upregulated on the surface

of CD82KO HSPCs.

S1P receptors are targets of the lipid signaling molecule

S1P, and facilitate the egress of HSPCs toward the higher

S1P concentration found within the blood upon HSPC

release from the BM (Ratajczak et al., 2010; Seitz et al.,

2005).Within the receptor family, S1PR1 is the most well

characterized as an important mediator of HSPC mobiliza-

tion. For example, treatment of mice with the S1PR1

agonist, FTY720, results in the rapid downregulation and

degradation of the receptor and subsequently prevents

HSPC mobilization (Mullershausen et al., 2009). Similarly,

our data suggest that CD82KO HSPCs have an enhanced

mobilization capacity, due in part to increased surface

S1PR1, since treatment of CD82KOmice with FTY720 abla-

ted the enhanced mobilization. Dynamin-2 and the cla-

thrin-mediated endocytic pathway play a role in S1PR1

internalization, altering receptor surface expression and

function (Reeves et al., 2016; Willinger et al., 2014). Simi-

larly, several tetraspanins have also been described to

modulate receptor internalization. In fact, CD82 was

identified to regulate epidermal growth factor receptor

endocytosis (Danglot et al., 2010) and the internalization

and recycling of the a4 integrin (Termini et al., 2014).

Here, we find that CD82 expression also modulates S1PR1

internalization, although whether CD82 interacts directly

or indirectly with S1PR1 or modulates clathrin-mediated

endocytosis remains unclear.

Improvements inmobilization efficacy continue to occur

through the development and investigation of novelmobi-

lization regimens, which are critical for successful stem cell

transplants and hematopoietic recovery. A host of



Figure 3. CD82 regulates S1PR1 internalization and signaling
(A) S1P plasma levels of WT and CD82KO mice post PBS or AMD3100 treatment (n = 3–4 mice/group).
(B) Quantitative PCR analysis of relative S1PR1 gene expression compared with GAPDH in WT and CD82KO LSK cells (n = 4 mice/group *p <
0.05, unpaired t test).
(C) MFI of total S1PR1 expression of fixed and permeabilized WT and CD82KO LSK cells (n = 4 mice/group *p < 0.05, unpaired t test).
(D) Representative histograms of S1PR1 surface MFI at 0 (basal) and 30 min post 10 mM FTY720-P treatment in WT and CD82KO LSK cells.
Isotype indicated by dotted line.
(E) Percentage internalization of S1PR1 at 15 and 30 min post 10 mM FTY720-P treatment (n = 3 independent experiments; *p < 0.05,
unpaired t test).
(F) Representative histograms of CXCR4 surface MFI at 0 (basal) and 30 min post 100 ng/mL SDF-1 treatment in WT and CD82KO LSK cells.
Isotype indicated by dotted line.

(legend continued on next page)
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mobilization agents that target various signaling pathways

have been identified and can be found in different phases

of clinical trials (Luo et al., 2021). While some of these

agents induce HSPC mobilization alone, many more

enhance G-CSF and AMD3100-induced mobilization,

which promote rapid mobilization, reducing the need for

multiple treatment doses. In this study, we demonstrate

CD82 antibodies to be a novel agent to enhance G-CSF

and AMD3100-induced mobilization in animal models.

We find that CD82 antibodies enhance HSPC egress

when administered with treatments that perturb BM inter-

actions, suggesting an acute impact of Ab treatment that

coincides with other rapid mobilization regimens (Luo

et al., 2021). Future studies will be needed to directly

compare the targeting of CD82 with other rapid mobiliza-

tion agents and to investigate how CD82 Ab treatment af-

fects tetraspanin-enriched microdomain organization and

specifically S1PR1 internalization and signaling. Taken

together, our data provide compelling evidence that the

CD82 scaffold represents a unique target that can be ex-

ploited to enhance HSPC mobilization for clinical

therapies.
EXPERIMENTAL PROCEDURES

Mice
C57BL/6, B6.SJL-Ptprca Pepcb/BoyJ, and NOD.Cg-Prkdcscid

Il2rgtm1Wjl/SzJ (NSG) mice were obtained from Jackson. CD82KO

mice were generated as previously described (Wei et al., 2014).

All procedures were approved by the UNMHSC Institutional

Animal Care and Use Committee. Mice were housed under path-

ogen-free conditions in the UNMHSC Animal Facility. Mice were

sex and age matched for all experiments.
Cell isolation and flow cytometry
Peripheral blood was collected by cardiac puncture. BM cells were

isolated from the front and back limb bones. Red blood cells from

either blood or BM were lysed using ACK lysis buffer. Peripheral

bloodmononuclear cells (PBMCs) were isolated using Lympholyte

Mammal. White blood cells (WBCs) were analyzed using the LSR

Fortessa (BD Bioscience), Accuri C6 Flow Cytometer (BD Biosci-

ence), or Attune NxT (Thermo Fisher Scientific). Mouse antibodies

for LSK (lineage�, sca+, c-kit+) labeling include: allophycocyanin

(APC) lineage cocktail, phycoerythrin (PE) c-kit, and PE-Cy7 Sca-

1. Where indicated, the Lin� population was isolated using a line-

age depletion kit. For cell surface expression, BM cells were labeled

for LSK and S1PR1, S1PR2, S1PR3, S1PR4, S1PR5, or CD82. Histo-

grams were created using FlowJo software.
(G–I) (G) Percentage internalization of CXCR4 at 15 and 30 min po
Phosphoflow cytometry analysis of (H) basal and (I) tonic conditions
(n = 3–4 mice/group; ***p < 0.001, unpaired t test).
(J) Phosphoflow cytometry analysis of LSK pERK and pSTAT3 signaling
experiments; *p < 0.05; ns, non-significant, unpaired t test). Error b
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Mice were subcutaneously (SC) injected with 62.5 mg/kg G-CSF

twice daily for 3 days or 5 mg/kg AMD3100 or PBS for 1 h prior

to blood collection. WBCs were labeled for LSK and %LSK was

calculated from total WBC. For HSPC transplant, either 5 3 106

BM cells or 1 3 106 PBMCs with 5 3 105 BM cells from CD82KO

or WT (CD45.2) mice were intravenously (IV) injected into irradi-

ated (9Gy) recipient BoyJmice (CD45.1). AMD3100 treatmentwas

performed 4 months post transplant. FTY720 was injected intra-

peritoneal (IP) at 1 mg/kg 14 h prior to AMD3100 treatment.

DOP was supplemented in the drinking water for 3 days

at 30 mg/L with both DOP-treated and control mice receiving

10 g/L glucose. For mouse CD82 Ab mobilization, WT mice were

IV injected with 2 mg/kg CD82 Ab or rabbit IgG for either 2 h or

once daily for 2 days prior to AMD3100 treatment. For human

CD82 Ab mobilization, 6 3 105 human CD34+ cells were IV in-

jected into irradiated (0.9 Gy) NSG mice. After 6 weeks, mice

were SC injected with either human CD82 Ab or IgG1 at 1 mg/kg

for 2 h before AMD3100 treatment. Blood was isolated and

WBCs were labeled with hCD45 and percentage/total CD45+ was

calculated from total WBC.

S1P ELISA
Blood was collected 1h post PBS or ADM3100 treatment. Blood

stood for 2 h, then was centrifuged at 2.0 3 g for 20 min to isolate

plasma. S1P ligand protein concentrations fromWTand CD82KO

plasma were determined by enzyme-linked immunosorbent assay

(ELISA) per the manufacturer’s instructions.

qRT-PCR
qRT-PCR was performed as in Saito-Reis et al. (2018). Primer

sequences for S1PR1: F: 5
0-ACTACACAACGGGAGCAACAG-30, R:

50-GATGGAAAGCAGGAGCAGAG-30.

Internalization
Lin� BM cells were labeled with either S1PR1 Alexa 647 or CXCR4

Alexa 647. Cells were suspended in StemSpan serum-free expan-

sion medium (SFEM) and treated with 10 mM FTY720-P or

100 ng/mL SDF-1. Samples were taken at 0 (basal), 15, and

30 min then labeled for the LSK population. Surface expression

was analyzed by flow cytometry. Percentage internalization was

calculated by the following: 100 � ((mean fluorescence intensity

[MFI] at 15 or 30 min/basal MFI) 3 100).

Phosphoflow
Lin� BM cells were analyzed for basal signaling and serum starved

in SFEM for 30 min at 37�C to assess tonic signaling. Cells were

treated for 2 and 10 min with 10 mM FTY720-P at 37�C, then fixed

with 4% paraformaldehyde and permeabilized with acetone. Cells

were labeled with LSK markers, pERK Alexa 488 and pSTAT3
st 100 ng/mL SDF-1 treatment (n = 3 independent experiments).
to assess MFI of pERK and pStat3 signaling in the LSK population

after 10 mM FTY720-P treatment at 2 and 10 min (n = 3 independent
ars, SD.



Figure 4. CD82 Ab treatment enhances HSPC mobilization
(A) MFI of CD82 surface expression on WT and CD82KO LSK cells (n = 4–5 mice/group; ***p < 0.001, unpaired t test).
(B) WT mice were injected with either IgG control or CD82 Ab for 2 h followed by PBS or AMD3100 treatment for 1 h prior to blood
collection.
(C) Flow cytometry analysis of %LSK and total LSK cells in peripheral blood collected from WT mice treated with IgG control or CD82 Ab
(n = 4–5 mice/group, three independent experiments; ****p < 0.0001, ***p < 0.001, **p < 0.01, or *p < 0.05, two-way ANOVA).
(D) WT mice were injected with either IgG control or CD82 Ab once daily for 2 days, then injected with PBS or AMD3100 treatment the
following day 1 h prior to blood collection.
(E) Flow cytometry analysis of %LSK and total LSK cells in peripheral blood collected from WT mice treated with IgG control or CD82 Ab
(n = 5 mice/group).
(F) Lethally irradiated NSG mice were injected with human CD34+ cells and allowed to engraft for 6 weeks prior to IgG or human CD82 Ab
injection and AMD3100 treatment.
(G) Flow cytometry analysis of %CD45+ and total CD45+ cells in peripheral blood collected from NSG mice treated with IgG control or CD82
(n = 5–6 mice/group, three independent experiments; **p < 0.01, unpaired t test). Error bars, SD.
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(Tyr705) and analyzed by flow cytometry. The signaling ratio was

calculated by dividing treated MFI by tonic MFI.

Statistical analysis
Utilizing GraphPad Prism 8 Software, statistical significance was

calculated using a Student’s t test or two-way ANOVA multiple

comparisons corrected by Sidak. All experiments were performed

with three or four independent experiments.

Reagents can be found in Table S2.
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