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Abstract

Slit  homolog 3 protein (SLIT3)/roundabout (ROBO) r eceptor axis plays a  

cr it ica l role in nerve cell induct ion,  vascular  necrosis,  embryonic development,  

bone r emodeling, and tumor microenvironment.  However, the funct ional role of  

this axis in regulat ion of macrophage phenotypes has not been elucidated yet .  

In the current study,  lipopolysacchar ides (LPS)-st imulated enhanced SLIT3

expression in macrophages.  We found that  LPS stimulated SLIT3 express ion in 

bone marrow macrophages (BMMs) and in turn elevated SLIT3 led to 

enhancement of phagocyt ic capacity of these cells in vi tro . On the other  hand,  

SLIT3 defic iency skewed towards macrophage 1 (M1) profi le accompanied b y 

incr ease in the express ion of pro- inf lammatory cytokines.  This phenotype is  

l inked to incr eased NLR family pyr in doma in containing 3 (NLRP3) and adaptor  

molecule apoptos is-associated speck- l ike protein containing a  CARD (ASC) in 

macrophages pr imed with LPS. Moreover, SLIT3-def ic ient  mice displayed 

incr eased M1 population in per itonea l cells compared with that  of wild-type mic

followed by LPS administra t ion in vivo .  These f indings suggest  that  the 

induction of SLIT3 may p lay an important  role in the macrophage-associated 

inf lammat ion,  and ther eby provide the potent ia l t reatment stra tegy for  the 

excessive inf lammation or  susta ined hyper inf lammatory r esponse.  

Keywords : SLIT3,  LPS,  inf lammation,  phagocytosis,  Macrophage
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Introduction

The secr eted s l it  homolog (SLIT) glycoproteins including SLIT1-3,  mediat e 

their  funct ions by binding to the transmembrane r eceptors known as roundabout  

(ROBO) r eceptors1) .  SLIT family was f irst  ident if ied as regulators of axon 

induction and cell migration in Drosophila  and has been suggested to r egulat e

tumor proliferat ion,  apoptos is,  cel l migra tion,  and angiogenes is 2 -9 ) . The 

SLIT/ROBO pathway reduces the detr imental aspects of the host  response t o 

pathogen-induced cytokine pathways10).  SLIT2 in humans inhib its the funct ion 

of lymphocytes and leukocytes by tr igger ing chemokines11) .  SLIT3 has recent ly 

been found to be associated with bone absorption and format ion1 2) .  In addit ion,  

SLIT3 funct ions as an inf lammatory mediator  involved in monocyt e 

migrat ion1 3 , 1 4 ) .  With respect  to inf lammat ion however,  the funct iona l role of  

SLIT3 in the r egulation of macrophage phenotypes has not  been elucidated.

Lipopolysacchar ide (LPS) is a  ma jor  component of the gram-negat ive bacter ia l  

outer  membrane and is a  pathogenic substance that  activates macrophages1 5) .  

LPS binds to Toll- l ike r eceptor  4 (TLR4) expressed on the surface of  

macrophages and induces the secr et ion of inflammatory cytokines and other  

factors that  induce the inf lammatory r esponses needed to protect  against  

infect ion or  t issue injury16 , 17 ) .  In the innate immune system, macrophages ,  

neutrophils,  and dendr it ic cells r ecognize pathogen invas ion or  pattern 

recognit ion r eceptors (PRRs) such as LPSs and tr igger  var ious immune r espons e 

including sept ic inf lammation1 8 , 1 9 ) .  

Macrophages are immune cells of a  hematopoiet ic or igin and are important  

innate immune defense cells that  p lay roles in development,  homeostas is,  and 

in the r epair  mechanisms that  follow the phagocytos is of pathogens20).  

Macrophages are pr esent in a l l organs of the body,  such as the sp leen,  l iver,  

lung,  kidney,  brain and even bone2 1 , 2 2 ) ,  and can differ ent ia te into two 

phenotypes,  M1 (class ically act ivated macrophage,  pro-inf lammatory) and M2 

(alt ernatively act ivated macrophages,  anti- inf lammatory) 2 3) .  LPS molecules  and 
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interferon-γ (IFN-γ) act ivate TLRs on macrophages and induce their  

differ ent ia t ion into the M1 phenotype that  secretes pro- inf lammatory cytokines  

such as inter leukin-1ß (IL-1ß),  inter leukin-6 (IL-6) and tumor necrosis factor-

α (TNF-α)24,25).  Inter leukin-4 ( IL-4) and inter leukin-10 (IL-10) induce M2 

macrophages to secr ete anti- inf lammatory cytokines such as IL-10 and 

immunosuppress ive factors 24) .

In this pr esent study,  we aimed to elucidate the functiona l role of SLIT3 in t he 

regulation of macrophage phenotypes.  We found from our  analys is that  that  LPS 

induces SLIT3 expression in bone marrow-der ived macrophages (BMMs) and 

that  this upregulated SLIT3 enhances the phagocyt ic capacity of these cells.  

Fur thermore,  a  SLIT3 deplet ion skewed the differ ent ia t ion of macrophages to 

an M1 prof i le,  accompanied by an incr ease in the express ion of pro-

inf lammatory cytokines.  Taken together,  our  current  data  suggest  that  SLIT3 

potentia l ly r egulates the polar ization of macrophages and ther eby p lays a  role 

in macrophage-associated inf lammat ion.
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Materials and Methods

Reagents

Lipopolysacchar ide (LPS) from Escher ichia  coli O11:B4,  PD98059,  SB203580,  

SP60025,  ATP, cytochalas in D (Cyto D) and niger ic in were purchased from 

Sigma-Aldr ich (St .  Louis,  MO).  Fluorescein-labeled E.  coli (K-12 core type)  

biopar t ic les were purchased from Molecular  Probes (Eugene,  OR).  Recombinant  

SLIT3 (rSLIT3) was purchased from R&D Systems (Minneapolis,  MN, USA).

Mice 

Slit3 def icient  (SLIT3 - / -) mice (030759-Mu) and WT lit t ermates were purchased 

from the Mutant Mouse Regiona l Resource Center  (MMRRC) at  the Univers it y 

of Missouri (Columbia,  MO).  

Cell cultures 

Six or  8-week-old female C57BL/6J (Wild type;  WT) and TRL4L P S - de l (TLR4 - / -)

mice were purchased from T he Jackson Laboratory (Maine,  USA) and bone 

marrow-der ived macrophages (BMMs) obta ined from those mice were isolated 

from bones of mice as pr evious ly descr ibed (Chang et  a l. ,  2008) and cultur ed in 

α-MEM containing 10% heat - inactivated feta l bovine serum in the pr esence of  

M-CSF (30ng/ml).  BMMs (3 x 10 5 cells) were cu ltur ed overnight on a  6-wells  

pla te and then st imulated with 10 ng/ml LPS from Escher ichia  coli stra in 

O26:B6 (S igma,  St .  Louis, MO).  

Enzyme-linked immunosorbent assay for SLIT3,  IL-1β and IL-18

The levels of secr eted SLIT3 from condit ioned medium, cell  lysates in vitro or  

per itonea l lavages were measured us ing a  mouse SLIT3 ELISA kit  (ant ibody-

online Inc. ;  At lanta ,  GA) in accordance with the manufactur er’s instructions.  
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For IL-1β detect ion,  its  secr eted levels were a lso determined by ELISA. ELIS A 

plates were coated with 5 μg/ml human anti- IL-1β in PBS overnight a t  RT and 

then b locked for  1 h a t  room temperature with PBS containing 1% BSA. All  

supernatants or  lysates from the t ested cell cu ltur es were incubated in tr ip l icat e 

wells for  3 h a t  room temperatur e.  Biot inylated anti-mouse SLIT3 or  IL-1β 

detect ion antibodies a t  a 0.5 μg/ml concentr at ion were then added for  1 h a t  

room temperatur e.  Tetramethyl benzidine substra tes were added for  30 min and 

the OD va lues were determined at  450 nm. The average absorbance of the blank 

wells was subtracted.  The IL-18 levels were then detected us ing a  commercial ly 

available ELISA kit  (R&D Systems,  Minneapolis,  MN, USA).

Western blott ing 

For western b lott ing analysis,  cel ls were lysed in RIPA buffer  T hermo Scient if ic,  

Waltham, MA) in the pr esence of phosphatase and protease inhib itors.  The 

resu lt ing protein lysates were then resolved using SDS–PAGE and transferr ed 

to polyvinylidene dif luor ide (PVDF) membranes.  Each membrane was b locked 

in Tr is buffer ed sa line with Tween 20 (TBST) including 5% bovine seru m 

albumin and incubated overnight a t 4°C with the indicated pr imary ant ibodies  

against  adaptor  molecule apoptos is-associated speck- l ike protein containing a  

CARD (ASC) (Santa  Cruz,  CA),  NLR family pyr in doma in containing 3 (NLRP3) 

(Adipogen,  San Diego,  CA, USA),  and β-act in (S igma-Aldr ich).

Gene s i lencing and transfect ion

A combination of selected sequences of small interfer ing RNA (s iRNA) 

oligonucleot ides,  a  SMARTpool siRNA aga inst  SLIT3,  and a  negat ive control  

non-specif ic s iRNA were purchased from Thermo Scientif ic Dharmacon 

(Lafayette,  CO).  BMMs were transfected with s iRNAs us ing the transfect ion 

reagent RNAiMAX (Invitrogen,  Car lsbad,  CA).



５

Reverse transcript ion–poly merase chain react ion (RT� PCR) and 

quantitat ive PCR (qPCR) analys is

For RT-PCR and qPCR assays,  tota l RNAs were f irst  isolated from the selected 

t issues us ing Qiazol r eagent (Qiagen,  Germany),  and reverse transcr ibed to 

cDNA us ing the Rever t iAid First  strand cDNA Synthes is kit  (Thermo Fisher  

Scientif ic Inc. ,  Waltham, MA, USA).  Quantita t ive r ea l-t ime PCR was then 

performed using a  LightCycler480 SYBR Green I Master  (Roche,  Penzberg,  

Germany) in accordance with the manufactur er’s instruct ions.  The sequences of  

the pr imers used were as follows: GAPDH (forward 5′ � AGC� CAC� ATC�

GCT� CAG� ACA 3� ′ and reverse 5′ � GCC� CAA� TAC� GAC� CAA�

ATC� C 3),  � IL-1β (forward 5′ � AAA� TAC� CTG� TGG� CCT� TG 3� ′

and r everse 5′ � TTA-GGA-AGA-CAC-GGA-TTC 3),  � Slit3 (forward 5′ -

CTA-AAC-CAG-ACC-CTG-AAC-CTG-GTG-GTA-GA-3′ and r everse 5′ -

AAG-GTA-GAG-GGG-GCT-GTT-GCT-GCC-CAC-T-3′ ),  Ym1 (forward 5′ �

CAG-GTC-TGG-CAA-TTC-TTC-TGA-A 3� ′ and r everse 5′ � GTC-TTG-

CTC-ATG-TGT-GTA-AGT-GA 3).  � Primers for  mouse iNOS, IL-12β,  Arg1 and 

Fizz1 were used in this assay,  and these sequences were r etr ieved from the 

Pr imerBank database.  The amplification cycles comprised a  denaturation step  

for  30 s a t  94°C, annea ling for  30 s a t  60–68°C, and extens ion for  45 s a t  72°C.

Phagocytos is Assay

BMMs were cu ltur ed overnight a t  37°C in α-MEM conta ining 10% FBS at  a  

dens ity of 2 x 10 5 cells/well in 6-well p la tes.  If necessary,  control or  SLIT3 

siRNAs were transfected.  The cells were then fur ther  incubated for  24 h and 

assayed.  Brief ly,  FITC-labeled E.  coli b iopa r t ic les were added and al l pla tes  

were incubated for  1 h a t  37°C to a l low their  phagocyt ic uptake into the cells .  

The E.  coli biopar t ic le suspens ion was then asp irated,  and extracellular  

fluorescence was quenched with Trypan blue suspens ion.  The excess Trypan 

blue was removed with three PBS washes,  and the cells were detached from the 
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dish with PBS. The level  of phagocytos is  was assayed by measur ing the 

fluorescence intensity of the b iopar t ic les in the cell lysates.

Fluorescence-act ivated cell sort ing (FACS)

For FACS analys is.  BMMs or  per itonea l cells were f irst  washed with 4% FBS,  

0.1% BSA and 0.01% NaN 3 at  4°C and then incubated with the following pr imary 

antibodies for  2 h (a l l purchased from Biolegend,  San Diego,  CA): CD4-PE,  

CD8-FITC, CD11b-Pacif ic b lue,  Ly6C-APC, CD206-PE-Cy7,  MHCⅡ -APC-Cy7,  

Gr-1-Pacif ic Blue and F4/80-PE.  The cell s were then fur ther  washed and 

eva luated by f low cytometry using a  FACStarPLUS analyzer  (BD Biosciences ,  

San Jose,  CA).  Data  were expressed as the mean f luorescence intens ity.

Statis t ical analys is

All quant ita t ive r esu lts were obtained from least  three independent exper iments  

and the data  were expressed as a  mean with standard deviat ion.  Stat ist ica l  

signif icance was determined by comparing the mean va lues of the groups us ing 

a  paired two-tai led t -t est .  A P va lue of less than 0.05 was cons idered sta t ist ica lly 

signif icant . Values of p<0.05,  p<0.005 and p<0.0005 are designated by *, **and ***,  

r espect i vel y.
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Result

LPS induces SLIT3 express ion in primary macrophages

It  was demonstrated pr evious ly that  SLIT3 regulates the differ ent ia t ion of  

osteoclasts,  which are cells of macrophage or igin27) .  To elucidate in our  current  

study whether  SLIT3 is associated with the macrophage phenotype, the 

funct ionality of these cells,  we f irst  eva luated SLIT3 express ion upon exposure 

to LPS from an inf lammatory E.  Coli pathogen that  is  known to st imulat e 

immune r esponses in BMMs. This LPS treatment augmented the SLIT3 mRN A 

(Fig.  1A) and protein (F ig.  1B) expression levels in BMMs transfected with a  

control siRNA, as revea led by qPCR and enzyme-linked immunosorbent assay 

(ELISA),  respect ively.  However,  this effect  was completely abolished by a  

SLIT3 knockdown us ing a  SLT3-specif ic s iRNA (F ig.  1A and 1B). These r esu lts  

indicated that  LPS induces SLIT3 express ion in macrophages.

SLIT3 augments the phagocytic capacity of macrophages in vi tro.

To next determine whether  LPS-st imulated SLIT3 activat ion is a t tr ibuted t o 

phagocytos is,  we exposed BMMs transfected  with control or  SLIT3 siRNAs to 

the E.  coli biopar t ic les in the presence or  absence of LPS,  and then compared 

the phagocyt ic capacity of these cells.  We observed that  LPS administra t ion 

signif icant ly enhanced the phagocytic act ivity in BMMs transfected with 

control s iRNA but that  this effect  was completely abolished by the SLIT3 

knockdown (F ig.  2A).  Toll- l ike r eceptor  4 (TLR4) is one of the pathogen-

recognit ion r eceptors activated by LPS and is thus l inked to pro- inflammatory 

responses28).  To confirm that  the increased phagocytos is caused by LPS 

st imulation is dependent on TLR4,  we uti l ized TLR4 def ic ient  (TLR4 - / -) pr imary 

macrophages and compared their  phagocyt ic potentia l with the wild type (WT) 

cells.  Indeed,  TLR4 - / - BMMs showed no increase in phagocyt ic activity upon 

LPS st imulation (F ig.  2B).  
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We next examined whether  r ecombinant SLIT3 protein (rSLIT3) augmented the 

phagocytos is index in BMMs and found that  the protein itself incr eased 

phagocyt ic activity in these cells (F ig.  2C).  To confirm this SLIT3-mediated 

induction of phagocytos is,  we t ested whether  SLIT3 - / - primary macrophages  

disp layed a  lower  phagocyt ic activity level  compared to WT macrophages.  

Indeed,  the phagocytos is index in SLIT3 - / - primary macrophages was  

signif icant ly r educed compared to the WT macrophages (F ig.  2D).  Taken 

together,  these r esu lts indicate that  SLIT3 enhances the phagocyt ic capacity of  

macrophages.

SLIT3 augments the phagocytic capacity of macrophages in vivo

To elucidate whether  SLIT3 protein enhances the uptake of bacter ia l par t ic les

in per itoneal cells in vivo ,  SLIT3 - / - mice was administer ed with buffer  (PBS) or  

rSLIT3 (50ug/mouse) by intraper itonea l ( IP) inject ion. After  1hr  IP inject ion of  

rSLIT3, FITC-conjugated E. coli b iopar t ic les (0.1mg/mouse) were injected to

detect the phagocytos is and mice were euthanized 5 hr  la ter.  Important ly,  

rSLIT3 administra t ion incr eased the uptake of FITC-conjugated E. coli

biopar t ic les compared to FITC-conjugated E. coli biopar t ic les alone (F ig. 3A,

Fig.  3B). To specify the cell subpopulation respons ib le for  SLIT3-mediatd 

induction of bacter ia l par t ic les in vivo ,  we determine the counts of neutrophils

(Gr-1+ ) or macrophages (F4/80+ ) posit ive for  FITC-conjugated E. coli

biopar t ic les after  inject ion of bacter ia l par t icle and/or  rSLIT3. rSLIT3 

treatment led to incr ease in the number  of cells pos it ive for  FITC-conjugated E.  

coli biopar t ic les in both neutrophils or macrophages (F ig.  3C, Fig.  3D).

Unclear ed bacter ia l par t ic les c ircu late throughout the mult ip le organs in mice.  

Therefore, we compared these c ircu lat ing E. coli biopar t ic les in spleen and 

observed that  SLIT3 treatment increases the c learance of the E. coli biopar t ic les

(Fig.  3E). Taken together,  SLIT3 may play an important role in the pathogen-

induced phagocyt ic activity in neutrophils and macrophages.
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A SLIT3 defic iency enhances M1 polarizat ion and inflammasome act ivat io n 

under inflammation condit ion

We next examined whether  SLIT3 modulates the M1 or  M2 polar ization of  

macrophages.  Following the differ ent ia t ion of macrophages into M1 (LPS/IFN-

γ st imulation) or  M2 (IL-4 st imulation) populations,  the express ion of M1 

markers including iNOS, IL-1β,  and IL-12β in SLIT3 - / - mice macrophages wer e 

signif icant ly incr eased when compared with those in WT mice 2 4) ,  2 5 ) (Fig.  4A).  

By contrast , the express ions of M2 markers such as Fizz1,  Ym1, and Arg1 wer e 

reduced in SLIT3 - / - mice macrophages 2 4) (Fig.  4A), indicating that  SLIT3 may 

skew BMMs differ ent ia t ion towards a  less inflammatory form of macrophage.

Given the observed SLIT3 def ic iency-mediated incr ease in M1 polar ization,  we 

next evaluated the expression of M1-related proinf lammatory cytokines such as  

IL-1β and IL-18 after  LPS-pr imed WT or  SLIT3 - / - BMMs that  were then 

st imulated with act ivators of the NLRP3 inf lammasome such as ATP, 

monosodium urate (MSU),  and niger ic in.  The SLIT3 - / - s ignif icant ly incr eased 

the secr et ion of IL-1β and IL-18 proteins,  as determined by ELISA3 2) (Fig.  

4B).  ).  In addit ion,  we ana lyzed the express ion levels of inf lammasome complex  

components,  including NLRP3,  ASC, and procaspase-1 protein,  b y 

immunoblott ing.  The express ion of NLRP3 and ASC was found to be incr eased 

after  LPS pr iming in SLIT3 - / - mouse macrophages compared to WT (Fig.  4C).  

These r esu lts indicated that  SLIT3 may induce NALP3 inf lammasome-mediat ed 

IL-1β and IL-18 secr et ion.

A SLIT3 deficiency increases the M1 macrophage populat ion in vivo.

To elucidate whether  a  SLIT3 def ic iency has impacts on dist inct  subsets of  

immune cells,  we analyzed the prof i les of the CD4+ T cell,  CD8+ T cell,  Ly6C+ 

and CD11b+ populat ions in per itonea l lavage preparations aft er  inject ion of the 

mice with LPS.  Although the CD4+ and CD8+ T cell populations in the 

per itonea l lavage f lu ids were not s ignif icant ly differ ent  between WT and SLIT3-

/- mice,  the macrophage population,  pr esent ing as CD11bh i gh Ly6C- cells,  was  
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dramatically incr eased by the suppress ion of SLIT3 (Fig.  5A). We fur ther  

analyzed these cells and found that  M1 but not  M2 populat ion in SLIT3 - / - mice

is s ignif icant ly incr eased compared to that  of WT mice (F ig.  5B).  We fur ther  

observed that  rSLIT3 administra t ion b locked the LPS-mediated incr ease in the 

expression of IL-1β,  an M1-related proinflammatory cytokine (F ig.  5C).  Taken 

together,  these f indings imply that  a  SLIT3 dysfunct ion in vivo may impact the 

immune r esponse through an incr eased M1 macrophage population.
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Discussion

SLIT3 plays cr it ical phys iological roles in mult ip le organs including the

kidneys,  l iver, spleen, bone, and embryogenesis 2 9) , 3 0 ) .  Recent ly reports are 

ma inly suggested that  the effect  of SLIT3 contr ibute to tumor immu ne 

microenvironment,  angiogenes is and bone modeling and r emodeling system3 1 ) .

In addit ion,  SLIT3 has been found to r egulate macrophage mot il ity through 

Rac/Cdc42 GTPase act ivity,  which media tes the funct ions of cytokines  

following LPS st imulation13) .  Notably however,  lit t le has been r eported to date 

on the associat ion of SLIT3 with macrophage polar izat ion.  In our  present study,  

we hypothes ized that  LPS st imulation of immune cells modulates SLIT3 and 

ther eby has funct iona l effects on phagocytos is.

We ident if ied and character ized the interact ions between SLIT3 and 

macrophages as we cons idered that  this would yield important  new biologica l  

ins ights into inf lammat ion.  We demonstrate from our  current  ana lyses that  LPS-

stimulated pr imary macrophages have upregulated SLIT3 express ion (Fig.  1).  

Pr imary macrophages were found to be mediated by LPS st imulation.  In addit ion,  

a  knockdown of SLIT3 in mouse BMMs in vivo caused a  c lear  suppress ion of  

phagocytos is.  We fur ther  found that  the LPS induct ion of SLIT3 in mous e 

macrophages was par t  of the host  defense mechanism against  bacter ia  such as  

E. coli .

We conducted in vitro exper iments to conf irm that  the express ion of SLIT3 in 

BMMs is regulated by LPS and that  this mediates the phagocytic capacity of  

these cells,  a  key component of the innate immune r esponse.  T his phenotyp e 

was validated in vivo,  in which phagocytos is was confirmed to be SILT3 

dependent by expos ing mice to rSLIT3 and E. coli (Fig.  3).  When phagocyt ic  

cells could not c lear  E. Coli part icles,  they circu lated and accumulated in 

var ious mouse organs including the sp leen.  The maintenance of these par t ic le 

levels in the sp leen were a lso markedly r educed by treatment of the mice wit h 

rSLIT3 (Fig.  3E).  These data  suggest  that  SLIT3 promotes inf lammation in vivo .
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Increased levels of phagocytosis suggest  an incr ease in the M1 population,  i. e.  

in the levels of pro- inf lammatory macrophages,  which r epresents the init ia l  

defense mechanism during an inflammatory response.  Over  t ime,  pr incipally to 

avoid t issue damage,  the macrophage polar ization mechanisms increase the M2 

populat ion,  which reduces the inflammatory response level  and induces t issu e 

regeneration23 - 2 5) .  We demonstrated from our  current  analyses however  that  M1 

polar izat ion,  and hence the express ion of pro- inf lammatory cytokines,  was  

incr eased and that  of M2 was decreased in SLIT3 - / - macrophages (Fig.  4A). In 

addit ion,  the populations of CD4+ and CD8+ T cells did not differ  s ignif icant ly 

between SLIT3 - / - and WT mice upon LPS inject ions in vivo,  but  the M1 

populat ion was clear ly incr eased by the suppress ion of SLIT3 (Fig.  5).  It can 

be concluded ther efore that  a  SLIT3 def ic iency inhib its the M1 to M2 transit ion.  

We fur ther  observed in the SLIT3 - / - mice,  where the M2 macrophage population 

is low, that  M1-related cell death accumulates to above norma l levels and 

contr ibutes to post-apoptotic necros is.  It  wil l be necessary in the futur e to study 

the impacts of a  SLIT3 - / - on inf lammation activity in the mouse over  the long 

term.

We addit iona lly show from our  present analyses that  SLIT3 may control  

NLRP3 and ASC in pr imary BMMs (Fig.  4C).  We confirmed in vivo that  the 

secr et ion of IL-1ß incr eases following LPS exposure in SLIT3 - / - mice and 

decreases to the control level  when rSLIT3 is co- injected into these anima ls.  

Through these analyses,  we have observed that  when SLIT3 is def ic ient ,  the 

differ ent ia t ion of macrophages into their  M2 form is disrupted.  Fur ther  r esearch 

is necessary to evaluate whether  SLIT3 affect s the signa ling pathways involved 

in the polar ization to M2.

In summary,  the LPS inf lammat ion response induces SLIT3 upregulation which 

then potent ia l ly r egulates phagocytos is and the polar ization of macrophages .  

Excess ive inf lammat ion is induced by a  loss of SLIT3 through the disrupted 

polar izat ion of macrophages to a  predominant ly M1 form, which will likely lea d 

to a  chronic inf lammatory sta te.
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국문요약

Roundabout (ROBO) 수용체에 작용하는 Slit  homolog 3 (SLIT3)  

단백질은 신경 세포 유도 ,  혈관 괴사 ,  배아 발달 ,  뼈 리모델링 및

종양 미세 환경에서 중요한 역할을 담당하고 있다 .  이러한 SLIT3는

대식세포에서 지질다당류 (LPS)에 의해 증가하는 것으로 보고되어

있으나 어떠한 역할을 담당하는지는 아직 알려져 있지 않다 .

본 연구에서는 대식세포에 작용하는 SLIT3의 역할을 규명하기 위해

대식세포의 식균 작용과 표현형 조절에 관여하는지를 확인하였다 .  

골수 대식세포 (BMM)에서 LPS에 의해 SLIT3 발현이 증가하여

대식세포의 식균 작용을 억제하였다 .  SLIT3 유전자가 결손된

BMM에서는 식균 작용이 촉진되고 전염증성 사이토카인 (pro-

inf lammatory cytokines)의 발현은 증가하였으며 ,  M1 대식세포군으로의

전환이 촉진됨을 관찰하였다 .  이러한 현상은 NLRP3와 ASC 단백질의

발현 증가와 연관이 있음을 확인하였다 .  또한 SLIT3 결핍 마우스에

LPS 투여한 결과 ,  복막에서 M1 대식세포군의 유입이 정상 마우스에

비해 유의하게 증가하는 것을 확인하였다 .  

본 연구 결과를 통해 SLIT3는 염증반응에 의해 유도되어

대식세포의 기능을 음성적으로 조절하는 중요 인자임을 확인할 수

있었다 .  

중심단어 : SLIT3, 지질다당류 ,  염증 ,  식균 작용 ,  대식세포
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FIGURE 1.  SLIT3 is increased in primary macrophages upon LPS 

stimulat ion

(A,  B) T he bone marrow-der ived macrophages (BMMs) were transfected wit h 

control s iRNA (s iCtr l) or  SLIT3 siRNA (s iSLIT3).  After  transfect ion,  these cells  

were incubated with r eceptor  activator  of  nuclear  factor kappa-B l igand 

(RANKL) (100 ng/ml) and LPS (10 ng/ml) for  24hrs and SLIT3 mRNA and 

protein express ion levels were assessed by qPCR (A) and by ELISA (B) ,  

respect ively.  Data are means ± SD of three independent exper iments;  *p < 0.05, 

**p < 0.005,  ***p < 0.001.  vs control.
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FIGURE 2.  SLIT3 regulates phagocytos is act iv ity of macrophages

(A) BMMs were transfected with siCtr l or  siSLIT3 and then incubated wit h 

RANKL (100 ng/ml) and LPS (10 ng/ml) for  4 h.  E.  coli b iopar t ic les were then 

added and the phagocytos is index was evalua ted 40 mins la ter.  (B) BMMs wer e 

isolated from wild type (WT) or  TLR4 def icient  (TLR4 - / -) mice and cultur ed 

with RANKL (100 ng/ml) and LPS (10 ng/ml)  for  4 h.  E.  coli b iopar t ic les wer e 

then added and the phagocytos is index was evaluated 40 mins la ter.  (C) BMMs 

was pretr eated with PBS, LPS (10 ng/ml),  recombinant mouse SLIT3 (rSLIT3) 

protein (100 ng/ml),  or  a  combination of both proteins,  respectively,  and the 

phagocytos is index was determined after  the addit ion of E.  coli biopar t ic les.  (D)  

WT, SLIT3 - / - (KO),  and WT Cyto D-tr eated mouse macrophages were tr eated 

with RANKL (100 ng/ml) and LPS (10 ng/ml ) for 4 h,  followed by the addit ion 

of E.  coli b iopar t ic les.  The phagocytos is index was then measured by f low 

cytometry 40 mins la ter.  The data  shown ar e means ± SD of thr ee independent  

exper iments;  *p < 0.05,  **p < 0.005,  ***p < 0.001.  vs control.
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`

FIGURE 3.  Phagocytic capacity of macrophage is upregulated by exogenous  

SLIT3 in vivo.

(A-B) PBS, rSLIT3 (50 μg/mouse),  or  FITC fluorescent E. coli  b iopar t ic les (0.1  

mg/mouse) were administer ed to SLIT3 - / - mice by intraper itonea l inject ion.  The 

phagocyt ic capacity of the mouse macrophages from a per itonea l lavage was  
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assessed by f low cytometry (A) and the percentage of FITC-pos it ive cells was  

determined (B).  (C,  D) The E. coli  biopar t ic le counts in Gr-1+- neutrophil or  

F4/80+- macrophages (C) and the percentage of FITC-pos it ive cells (D) wer e 

determined by f low cytometry.  (E) The numbers of bacter ia l biopar t ic le-pos it ive 

cells in the mouse spleen were counted by flow cytometry.  All groups,  n=4.  The 

data  shown are the means ± SD of thr ee independent exper iments;  *p < 0.05,  

**p < 0.005,  ***p < 0.001.  vs control.
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FIGURE 4.  SLIT3 attenuates M2 polarization in vivo under inflammatio n 

condit ions

(A) Macrophages isolated from WT and SLIT3 - / - mice (KO) were cu ltur ed wit h 

IFN-γ (25 ng/ml) and LPS (100 ng/ml) (for  M1 polar izat ion) or  IL-4 (10ng/ml )  

(for  M2 polar izat ion).  After  24 h,  the mRNA expression levels of iNOS, IL-1β,  

IL-12β,  Fizz1,  YM1 and Arg1 were assessed  by qPCR. (B) Macrophages from 

WT and SLIT3 - / - mice (KO) were untreated,  treated with buffer  or  LPS (10 ng/ml)  

for  4 h,  LPS for  4 h and ATP (2.5 mM) for  40  mins,  LPS for  4 h and MSU (100 

μM) for  1 h,  or  LPS for  4 h and niger ic in (5  μM) for  1 h.  The secr eted IL-1β 
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and IL-18 protein levels were then measured by ELISA. (C) The protein levels  

of NLRP3,  ASC, and β-act in were eva luated in the indicated mouse macrophages  

by western blott ing.  The data  shown are the means ± SD of thr ee independent  

exper iments;  *p < 0.05,  **p < 0.005,  ***p < 0.001.  vs control.
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FIGURE 5.  Effects of SLIT3 on immune cells populat ion in vivo .

(A-B) LPS was administer ed via  the intraper itonea l inject ion of SLIT3 - / - (KO) 

and wild type (WT) mice.  After  6 h,  the mice were sacr if iced and the per itonea l  

cells were harvested and analyzed for  CD4-,  CD8-,  CD11b-,  and Ly6C-pos it ive 

cells (A) and MHC-Ⅱ - and CD206-pos it ive cells (B) by f low cytometry.  (C)  

The IL-1β protein levels in per itoneal lavages from the mice were assessed b y 

EILSA. The data  shown are the means ± SD of thr ee independent exper iments ;  

*p < 0.05,  **p < 0.005,  ***p < 0.001.  vs control.  
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