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Supplemental Figure S1. Ogawa et al.  

FL-Y       56221 CCTGCCTTTCCCCTCAGTACTTGTCAGGCTTGATGATGGATGGTGGTTGATTCAGCTACG 56280 
IL-34 KO#1       CCTGCCTTTCCCCTCAGTACTTGTCAGGCTTGATG------------------------- 
IL-34 KO#2       CCTGCCTTTCCCCTCAGTACTTGTCAGGCTTGATGATGGATGGTGGTTGATTCAGCTACG 
 
 
FL-Y       56281 CACACCAGGTAGTGCGCAGACACAGTGCCCAGCGCTCATCCGCTCTTGTTGGGTGTGTCC 56340 
IL-34 KO#1       ------------------------------------------------------------ 
IL-34 KO#2       CACACCAGGTAGTGCGCAGACACAGTGCCCAGCGCTCATCCGCTCTTGTTGGGTGTGTCC 
 
 
FL-Y       56341 CACAGGTCTTGGGATCCTACTTGACGTGGCTTTGGGAAACGAGAATTTGGAGATATGGAC 56400 
IL-34 KO#1       ------------------------------------------------------------ 
IL-34 KO#2       CAC--------------------------------------------------------- 
 
 
FL-Y       56401 TCTGACCCAAGATAAGGAGTGTGACCTTACAGGCTACCTTCGGGGCAAGCTGCAGTACAA 56460 
IL-34 KO#1       ----------------------------------------------------CAGTACAA 
IL-34 KO#2       TCTGACCCAAGATAAGGAGTGTGACCTTACAGGCTACCTTCGGGGCAAGCTGCAGTACAA 
 
 
FL-Y       56461 GAACCGGCTTCAGTACATGGTAACCTGGAGAGCGTCTGCCTCCCCGTGCTAGGGTTGCAA 56520 
IL-34 KO#1       GAACCGGCTTCAGTACATGGTAACCTGGAGAGCGTCTGCCTCCCCGTGCTAGGGTTGCAA 
IL-34 KO#2       GAACCGGCTTCAGTACATGGTAACCTGGAGAGCGTCTGCCTCCCCGTGCTAGGGTTGCAA 

Exon 3	

             1 M  P  W  G  L  A  W  L  Y  C  L  G  I  L  L  D  V  A  L  G   20 
FL-Y       584 ATGCCCTGGGGACTCGCCTGGCTATACTGTCTTGGGATCCTACTTGACGTGGCTTTGGGA 
IL-34 KO       ATGCCCTGGGGACTCGCCTGGCTATACTAAACATTACTTCCCCATCAACTACAGGATTGC  
#1#2#3       1 M  P  W  G  L  A  W  L  Y  *  10 
 
 
           21  N  E  N      P  G  S  P  S  S  S  H  G  S  L  P  *   235 
FL-Y       644 AACGAGAAT    CCCGGATCCCCAAGCTCAAGCCATGGCTCGTTGCCCTGA 1291 

B	

A	

Supplemental Figure S1.  Generation of IL-34 KO FL-Y	
(A) Genomic DNA extracted from IL-34 KO FL-Y (#1 and #2) clones was subjected to PCR amplification of 
the Il34 gene. DNA Sequence of the Il34 gene in IL-34 KO FL-Y cells was compared with that in the original 
FL-Y line. (B) Sequence of Il34 mRNA extracted from IL-34 KO FL-Y cells as shown in Fig. 1C (top panel). 	

1	



A	

C	

B	

0	   10	  2	   10	  3	   10	  4	   10	  5	  

0	  

10	  2	  

10	  3	  

10	  4	  

10	  5	  

CD3/B220	  

C
D

11
c/

I-A
d	  

0	   10	  2	   10	  3	   10	  4	   10	  5	  

0	  

10	  2	  

10	  3	  

10	  4	  

10	  5	  

CD115	  

C
D

11
b	  

FSC-A	  

S
S

C
-A
	  

0	   50K	   100K	   150K	   200K	   250K	  

 50K	  

100K	  

150K	  

200K	  

250K	  

   0	  

20	

15	

10	

5	

0	C
D

11
b+

 C
D

11
5+

 c
el

ls
 (%

)	

IL-34 KO	WT	

Supplemental Figure S2. Antibody responses are significantly suppressed in IL-34 KO mice.	
(A, B) Reduced number of FDMC-like cells in the spleen of IL-34 KO mice after immunization. Wild-type 
(WT) and IL-34 KO mice were immunized with 50 µg of 4-hydroxy-3-nitrophenylacetyl-conjugated chicken γ 
globulin (NP-CGG) plus 2 mg alum intraperitoneally. After 12 days, splenocytes were prepared from 
immunized mice and used for analyses of FDMC-like cells. IL-34 KO mice were kindly provided by Prof. 
Burkhard Becher at the University of Zürich. (A) T cell and adherent cell-depleted splenocytes were treated 
with 10 µg/mL rat IgG at 4 °C for 15 min, and subsequently stained with fluorescence‐labeled antibodies at 4 
°C for 30 min. The following antibodies were used: APC‐anti‐CD11b, PE-anti‐CD115, Pacific blue‐anti‐
B220, Pacific blue‐anti‐CD3, FITC‐anti‐I‐Ad, and FITC‐anti‐CD11c. The frequency of FDMC‐like cells was 
estimated by measuring the percentage of CD11b+CD115+ cells in a B220−CD3−I‐Ad−CD11c−‐gated population 
using a FACSAria flow cytometer. (B) The frequency of FDMC-like cells was estimated by detecting CD11b
+CD115+ cells in CD3-B220-I-Ad-CD11c--gated population in the spleen cells from each mouse. Statistical 
differences are marked: *, p < 0.05 versus WT mice. (C) Antigen-specific antibody responses in IL-34 KO mice 
after immunization. WT (open circles) and IL-34 KO (closed circles) mice were immunized with 5 µg of NP-
CGG plus 2 mg alum intraperitoneally, and serum was collected on day 12 after immunization. Anti-NP IgG1 
Ab levels in sera were assayed by ELISA using microplates coated with NP25-BSA. Anti-NP IgM and IgG1 Abs 
bound to the plates were detected with peroxidase-conjugated goat anti-mouse IgM (Invitrogen) or peroxidase-
conjugated goat anti-mouse IgG1 Ab (SouthernBiotech, Birmingham, AL, USA), respectively. Statistical 
differences are marked: n.s., not significant, **, p < 0.01 versus WT mice. 	
	

Supplemental Figure S2. Ogawa et al.  
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Supplemental Figure S3. Ogawa et al.  
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Supplemental Figure S3.  Soluble IL-34 secreted from FL-Y is not involved in FDMC differentiation.	
(A) M-NFS-60 (1 × 104 cells/mL) were cultured the medium containing none (−), 10 ng/mL recombinant mouse 
IL-34 (rIL-34) (BioLegend), or 5% of culture supernatants of FL-Y cells. Culture supernatants were collected 
after 3-day culture of FL-Y cells that were untreated (−) or treated (PFA) with 0.1% paraformaldehyde (PFA). 
After 3 days, number of M-NFS-60 cells was determined by hemocytometer. Data are presented as the means ± 
S.D. of triplicate cultures. Statistical differences are marked: *, p < 0.05 versus the culture in the presence of 
supernatants from PFA-untreated FL-Y cells. (B) The supernatants (20 mL) collected from FL-Y-IL-34-Nst 
culture were reacted with 60 µL of Strep-Tactin sepharose (IBA) overnight at 4 °C. Then, the Strep-Tactin 
sepharose was centrifuged at 390 × g at 4 ºC for 2 min and washed five times with 1 mL of NP buffer (50 mM 
Na2PO4/300 mM NaCl pH 8.0). Finally, IL-34-Nst protein bound to sepharose was eluted with elution buffer 
(MEM contaning 25 mM desthiobiotin). Purified IL-34-Nst was added to medium of FDMC-inducing culture 
every 3 days. After 8 days, cultured cells were analyzed by flow cytometry after staining with an anti-CD11b 
mAb as shown in Figs. 1D and E. Data are presented as the means ± S.D. of triplicate cultures. Statistical 
differences are marked: n.s., not significant. 	
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Supplemental Figure S4. Ogawa et al.  

Supplemental Figure S4.  IL-34-Nst is capable of stimulating CSF-1R.	
(A) IL-34-Nst was purified from FL-Y-IL-34-Nst cell-cultured medium (20 mL) by using a Strep-Tactin 
sepharose according to the manufacturer’s instruction. Briefly, the culture medium was reacted with the Strep-
Tactin sepharose resin overnight, and the resin was washed with NP buffer. IL-34-Nst bound to the resin was 
eluted with the elution buffer (MEM containing 25 mM desthiobiotin). The eluate was separated by SDS-
PAGE and subjected to western blotting with an anti-IL-34 Ab. (B) M-NFS-60 (1 × 104 cells/mL) were 
cultured in the medium containing none (−), recombinant IL-34 (rIL-34: 10 ng/mL), or purified IL-34-Nst. 
After 3 days, the number of M-NFS-60 cells was determined by hemocytometer. Data are represented as the 
means ± S.D. of triplicate cultures. (C) rIL-34 and purified IL-34-Nst were untreated (−) or treated (+) with 
PNGase (N-Zyme Scientifics) according to the manufacturer’s instruction. Samples were separated by SDS-
PAGE and subjected to western blotting with an anti-IL-34 Ab. (D) IL-34-Nst proteins prepared from the 
culture medium (CM), whole cell lysate (WC), and plasma membrane fraction (PM) of FL-Y-IL-34-Nst, and 
recombinant IL-34 expressed in E. coli were	  separated by SDS-PAGE and subjected to western blotting using 
an anti-IL-34 Ab. Data are presented as the means ± S.D. of triplicate cultures. Statistical differences are 
marked: *, p < 0.05 versus unstimulated culture (−).	
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Monoisotopic mass of neutral peptide Mr(calc): 1676.8006 
Ions Score: 74  Expect: 1.7e-005 
Matches : 22/158 fragment ions using 30 most intense peaks	

GRP78: 83 NQLTSNPENTVFDAK 97	

Supplemental Figure S5. Ogawa et al.  
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Supplemental Figure S5.  LC-MS/MS analysis for identification of GRP78 as an IL-34-binding molecule	
IL-34-Nst proteins in the plasma membrane fraction prepared from FL-Y-IL-34-Nst (IL-34-Nst) cells were pull-
downed by using Strep-Tactin sepharose and eluted by 2.5 mM desthiobiotin. Eluate was separated by SDS-
PAGE and subjected to mass spectrometry analysis. All of the identified GRP78 peptides are listed in Table 1. 
Data show the profile of identified peptides whose ions score was ≥ 50.	



GRP78: 187 DAGTIAGLNVMR 198	

Monoisotopic mass of neutral peptide Mr(calc): 1216.6234  
Ions Score: 51 Expect: 0.0057  
Matches : 12/100 fragment ions using 16 most intense peaks 	
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Supplemental Figure S5. Ogawa et al.  



GRP78: 449 SQIFSTASDNQPTVTIK 465	

Monoisotopic mass of neutral peptide Mr(calc): 1835.9265  
Ions Score: 50 Expect: 0.0045  
Matches : 15/186 fragment ions using 20 most intense peaks	
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Supplemental Figure S5. Ogawa et al.  



GRP78: 525 ITITNDQNR 533	

Monoisotopic mass of neutral peptide Mr(calc): 1073.5465  
Ions Score: 60 Expect: 0.0009  
Matches : 14/80 fragment ions using 21 most intense peaks	
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Supplemental Figure S5. Ogawa et al.  



GRP78: 564 NELESYAYSLK 574	

Monoisotopic mass of neutral peptide Mr(calc): 1315.6295  
Ions Score: 71 Expect: 3.7e-005  
Matches : 13/114 fragment ions using 15 most intense peaks	

8	

Supplemental Figure S5. Ogawa et al.  
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Supplemental Figure S6. Ogawa et al.  

Supplemental Figure S6.  GRP78 regulates IL-34 expression on cell surface of FL-Y-IL-34-Nst cells.	
(A) Genomic PCR analysis of GRP78-heterozygous (+/-) FL-Y-IL-34-Nst cells. PCR primers used are 
shown in Fig. 5A. (B) RT-PCR analysis of Grp78 and Il34 mRNA expression in GRP78 (+/-) FL-Y-IL-34-
Nst cells. (C) Western blot analysis of GRP78 expressed in GRP78 (+/-) FL-Y-IL-34-Nst cells. Whole cell 
lysates were separated by SDS-PAGE and subjected to western blotting. (D) IL-34 expression on the cell 
surface of the GRP78 (+/-) FL-Y-IL-34-Nst cell line was determined by flow cytometry after staining 
with an anti-IL-34 Ab. The level of IL-34 cell-surface expression is indicated as described in Fig. 2C 
(delta MFI). Data are representative of at least three independent experiments.	
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Table S1. Primers used for PCR and RT-PCR in this study 
Primer Sequence (5’-3’) 
Construction of IL-34 KO vector 
  IL-34-3’-F TGCGGCCGCCCAGTGCTGTGTTAGGTGATC 
  IL-34-3’-R AGTAGGATCCCAAGACCTGTGGGACACACC 
  IL-34-5’-F CTGCAGTACAGGATCCGGCTTCAGTACATG 
  IL-34-5’-R AGCAATCGATTAGTTGATGGGGAAGTAATG 
 
Construction of IL-34 gRNA vector 
  IL-34-guide2 (sense) AACACCGGCTTTGGGAAACGAGAATTGT  
  IL-34-guide2 (antisense) TAAAACAATTCTCGTTTCCCAAAGCCGG 
  IL-34-guide3 (sense) AACACCGACCTTACAGGCTACCTTCGGT 
  IL-34-guide3 (antisense) TAAAACCGAAGGTAGCCTGTAAGGTCGG 
  IL-34-guide4 (sense) AACACCGCGAGAGCTTCGGTACCTGTGT 
  IL-34-guide4 (antisense) TAAAACACAGGTACCGAAGCTCTCGCGG 
 
Targeting check for IL-34 KO allele 
  IL-34-F CCAAGATGCTATGACCTGGCTAGGTGATGAGTG 
  IL-34-R CGAAGCTCTCGCTCACTCACGTGAGCCTTC 
  Puro CAGCGCCCGACCGAAAGGAGCGCACGACC 
  BSR2 GTGATGATGAGGCTACTGCTGACTCTCAACATTCTACTCCTCC 
  r-plox TCGAGGATCTGGGCTAGCCCTGATCAATAAC 
 
Construction of IL-34 expression vector 
  mIL-34-F-Kozak-EcoRI GGGGAATTCAGTGCGCCACCATGCCCTG 
  IL-34-R2-BglII CCAGATCTACTAGGGCAACGAGCC 
 
Construction of IL-34-Nst expression vector 
  IL-34-Strep-1st CGCAGTTCGAGAAAGGTGGAGGTTCCGGAGGTGGATCGGGAGGTTC

GGCCTGGAGCCACCCGCAGTTCGAAAAAAACGAGAATTTG 
  IL-34-Strep-2nd GGAATTCAGTGCGCCACCATGCCCTGGGGACTCGCCTGGCTATACTG

TCTTGGGATCCTACTTGACGTGGCTTTGGGATGGAGCCACCCGCAGT
TCGAG 

  IL-34-R2-BglII CCAGATCTACTAGGGCAACGAGCC 
 
Construction of GRP78 KO vector 
  GRP78-5’-F GAATTCCATCTCATGGTGGAAAGTGCTCG 
  GRP78-5’-R GGATCCAGCAGTCAGGCAGGAGTCTTAG 
  GRP78-3’-F GGATCCGGCGGCGTTGCTGCTGCTG 
  GRP78-3’-R GCGGCCGCTCAAACACTCAACACTG 
 
Construction of GRP78 gRNA vector 
  GRP78-guide 1 (sense) AACACCGGAGCGACTGGTCCTCAGCGCGT 
  GRP78-guide 1 (antisense) TAAAACGCGCTGAGGACCAGTCGCTCCGG 
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Targeting check for GRP78 KO allele 
  GRP78-F TATCAGCCCTATTCCAAGAGTCGAATAGGGTGGTG 
  GRP78-R GTGAGATGGCTCGGCAGGTAAGGGC 
 
il34 mRNA 
   F GACACACTTCTGGGGACAGTGCCTC 
   ex3F GAGATATGGACTCTGACCCAAGATAAGGAGTGTG 
   R GCTCAGGGCAACGAGCCATGGCTTG 
 
csf1 mRNA 
   F GCCGGGAATTCGCTGCCACCATGAC 
   R CATAGAATTCTTTCTATACTGGCAGTTCCACCTGTCTG 
 
grp78 mRNA 
   F CTCGAGGAGGAGGAGGACAAGAAGG 
   R GGATCCCTACAACTCATCTTTTTCTGATGTATC 
 
βactin mRNA 
   F AGTGTGACGTTGACATCCGTA 
   R GCCAGAGCAGTAATCTCCTTCT 

 


