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Supplementary Materials and Methods 
 
Cell proliferation assays 
Cell proliferation was monitored using Cell Counting Kit (Wako Biochemicals).  Cells were 
seeded in 96-well flat-bottomed microplates.  Absorbance was measured at a wavelength of 450 
nm using a microplate reader and expressed as a percentage of the value of the corresponding 
untreated cells. 
 
Flow cytometric analysis 
To analyze cell surface antigens, cells were stained with specific monoclonal antibodies against 
CD180 (Miltenyi Biotech, Gladbach, Germany), CD180, TLR4 and CD19 (Becton Dickinson, 
San Jose, CA), and analyzed using the GUAVA flow cytometer (Merk Millipore, Darmstadt, 
Germany). 
 
Semi-quantitative reverse transcription-polymerase chain reaction (RT-PCR) and 
Real-time quantitative RT-PCR 

Total cellular RNA was isolated from 10 × 104 cells using an RNeasy Kit (Qiagen, Valencia, CA, 
USA), reverse-transcribed into complementary DNA using ReverTra Ace and oligo(dT) primers 
(Toyobo, Tokyo, Japan), and subjected to subsequent semi-quantitative RT-PCR and real-time 
quantitative RT-PCR (Q-PCR). Detailed information on primers, including sequences, 
corresponding nucleotide positions, and PCR product sizes, is shown in Supplementary Table S5.  
We used the Expression Assays (Hs00194403 for CD180, Hs00958474 for Ikaros, Hs00232635 
for Aiolos, Hs00544830 for EZH2, and Hs01922876 for GAPDH) and TaqMan Fast Universal 
PCR Master Mix. 
 
Immunoblotting 
Whole cell lysates were prepared using RIPA buffer supplemented with the inhibitor cocktails of 
phosphatases and proteases (Sigma-Aldrich).  Immunoblotting was carried out according to the 
standard method using the antibodies against histone H3, histone H3 trimethylated at lysine 27 
(H3K27me3), Ikaros, Aiolos, EZH2 (Cell Signaling Technology, Beverly, MA) and GAPDH 
(Santa Cruz Biotechnology).  We run the samples in duplicate to use one membrane for target 
molecules and the other for loading controls when target and control molecules are similar in 
size. 
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Immunofluorescence staining 
Cells were mounted onto glass slides using the Cytospin centrifuge (Shandon Scientific, Cheshire, 
England). Immunostaining was carried out according to the standard method using 
anti-phosphorylated JNK (GeneTex, Inc., Irvine CA), anti-phosphorylated ERK, anti-p50, 
anti-p65 (Cell Signaling Technology), FITC or PE-conjugated anti-CD138 (Becton Dickinson), 
FITC-conjugated anti-CD180 (Miltenyi Biotech), anti-MD-1 (ProSci, Inc., Poway, CA) 
antibodies at a 1:1000 dilution, and Alexa Fluor 488-conjugated anti-rabbit IgG and Alexa Fluor 
594-conjugated anti-mouse IgG (Invitrogen) at a 1:2000 dilution.  Nuclei were counterstained 
with DAPI. 
 
Retrospective analysis of MM patients 
A retrospective cohort study includes 36 patients with newly diagnosed MM at Hiroshima 
University Hospital between January 1, 2008 and September 30, 2016, excluding individuals with 
solitary plasmacytoma, smoldering myeloma, and monoclonal gammopathy of undetermined 
significance.  The patient details are shown in Supplementary Table S4.  The study was 
approved by the Institutional Review Boards of Hiroshima University Hospital and Jichi Medical 
University Hospital. 
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Supplementary Table S1.  Oligonucleotides containing shRNA target sequences 
-------------------------------------------------------------------------------------------------------------------------------------------- 

Gene       Sequence (sequences corresponding to shRNA are lowercased) 

-------------------------------------------------------------------------------------------------------------------------------------------- 

CD180 #1   Forward: 5’- T ggtttccagagaaagcaaa TTCAAGAGA  

                       tttgctttctctggaaacc TTTTTTC -3’   

           Reverse: 5’- TCGAGAAAAAA ggtttccagagaaagcaaa TCTCTTGAA 

                       tttgctttctctggaaacc A -3’  

CD180 #2    Forward: 5’- T gagtcccagagctaaagaa TTCAAGAGA  

                         ttctttagctctgggactc TTTTTTC -3’     

            Reverse: 5’- TCGAGAAAAAA gagtcccagagctaaagaa TCTCTTGAA  

                       ttctttagctctgggactc A -3’ 

 Ikaros       Forward: 5’- T gacctgtgcaagataggat TTCAAGAGA  

                        atcctatcttgcacaggtc TTTTTTC -3’ 

              Reverse: 5’- TCGAGAAAAAA gacctgtgcaagataggat TCTCTTGAA  

                                      atcctatcttgcacaggtc A -3’ 

-------------------------------------------------------------------------------------------------------------------------------------------- 

 
Supplementary Table S2.  Primers to generate CD180 promoter fragments and 

mutagenesis 
-------------------------------------------------------------------------------------------------------------------------------------------- 

Gene       Sequence (corresponding nucleotide positions)   position 

-------------------------------------------------------------------------------------------------------------------------------------------- 

−1955F     5'- GGCTAGC acacatgtaaatcatatgcaaatg -3'  −1955 to −1931          

−1547F     5'- GGCTAGC cagctcttcctaatatacactgatgg -3' −1547 to −1521 

−1254F      5'- GGCTAGC cctttcttaaactgtgaagagtagc -3'           −1254 to −1229 

−1040F     5'- GGCTAGC aaaactgcattaaacctgacccagt -3' −1040 to −1015 

−384F      5'- GGCTAGC ctgaagggctcagttcttcagtctg -3'  −384 to −359 

+18R     5'- GAAGCTT ttgactgctcagcattctgtggctct -3'    −7 to +18 

Muta#1  forward: 5’- agaatatatg ctagctattcg aggataggaa aa -3’ −1083 to −1052 

  reverse: 5’- ttttcctatcctcgaatagctagcatatattct -3’  

Muta#2  forward: 5’- cga ggatagctag catgcagcaa aaaactgcat -3’ −1065 to −1034 

  reverse: 5’- atgcagttttttgctgcatgctagctatcctcg -3’ 

-------------------------------------------------------------------------------------------------------------------------------------------- 
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Supplementary Table S3.  Primers for ChIP assays 
--------------------------------------------------------------------------------------------------------------------- 
Gene              Sequence (corresponding nucleotide positions)  Product size 

--------------------------------------------------------------------------------------------------------------------- 
CD180 promoter      forward: 5'- aacattcttcgccccatcta -3' (–1301 to –1282)           391 bp 

  reverse: 5'- accaccaccaccacctctac -3' (–929 to –910) 

-------------------------------------------------------------------------------------------------------------------------------------------- 

 
 

Supplementary Table S5.  Primers for semi-quantitative RT-PCR 
-------------------------------------------------------------------------------------------------------------------------------------------- 

Gene       Sequence (corresponding nucleotide positions)*  Product size 

-------------------------------------------------------------------------------------------------------------------------------------------- 

TLR4  forward: 5'- ctctcctgcgtgagaccag -3' (350-368)   199 bp 

  reverse: 5'- tcagctccatgcattgataagt -3' (527-548) 

CD180   forward: 5'- catcagaggcaacgtgaaga-3' (1053-1072)  192 bp  

  reverse: 5'- gcctgactctggagaccaag-3' (1225-1244) 

MD-1   forward: 5'- gccactctcttcctctggact -3' (50-70)     141 bp 

  reverse: 5'- gccaaaatcttgtaatggatcg -3' (169-190) 

GAPDH  forward: 5’-ccacccatggcaaattccatggca-3’ (211-234)  600 bp 

  reverse: 5’-tctagacggcaggtcaggtccacc-3’ (788-811) 

-------------------------------------------------------------------------------------------------------------------------------------------- 
*The validity of each primer pair was verified using appropriate cell lines. 
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Supplementary Table S4.  Patients complicated with bacterial infection 
 

Case Age Sex M protein type Treatment* 
(Response**) 

Bacterial 
infection CRP Serum M 

protein 

A 71 M BJP-κ None (after 
VGPR) Bronchitis Up Up 

B 66 F IgA-λ Pretreatment Bacteriogenic 
enteritis Up Up 

C 90 M IgG-κ After stop of Rd 
maintenance 

Focus 
unidentified Up Up 

D 70 M IgG-κ Bd maintenance Focus 
unidentified Up Up 

E 91 M IgG-κ After stop of R 
maintenance Cholangitis Up Up 

F 69 F IgG-λ Pretreatment Bacteriogenic 
enteritis Up Up 

G 73 F IgG-κ Pd maintenance Bronchitis Up Down 

H 80 F IgG-λ R maintenance Pharyngeal 
abscess Up Down 

I 69 M IgG-κ None (after PR) Bronchitis Up Up 

J 83 M IgA-κ Bd Pleurisy Up Down 

*Rd: lenalidomide plus low-dose dexamethasone; Bd: bortezomib plus low-dose dexamethasone; R: maintenance 

therapy with lenalidomide alone; Pd: pomalidomide plus low-dose dexamethasone. 

**VGPR: very good partial response; PR: partial response according to the International Myeloma Working Group 

consensus criteria for response. 
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Supplementary Figure S1.  Genomic profile of the CD180 gene in various types of plasma cell dyscrasia.  [A] 

Messenger RNA expression and DNA copy number of the CD180 gene in primary samples according to the 

Oncomine database (http://www.oncomine.org).  Left panel: CD180 mRNA expression in CD138-positive cells 

derived from patients with multiple myeloma (MM) (n=15), plasma cell leukemia (PCL) (n=5), plasmacytoma (PC) 

(n=2), and refractory multiple myeloma (R-MM) (n=1).  Right panel: DNA copy numbers in CD138-positive cells 

from normal healthy volunteers (n=84) and multiple myeloma patients (MM) (n=84), respectively.  [B] Top panel: 

CD180 mRNA expression in CD138-positive mature and CD138-negative stem-like fractions of eight myeloma cell 

lines according to the GEO database (http://www.ncbi.nlm.nih.gov/geoprofiles).  Bottom panel: The y-axis shows the 

relative values of CD180 expression setting those of CD138-positive fractions at 1.0.  *P <0.05 determined by 

one-way ANOVA with the Bonferroni post-hoc test.  [C] Top panel: CD180 mRNA expression in plasma cells 

derived from patients with MM (n=54) and PCL (n=21) (extracted from the data GSE39925).  Middle panel: CD180 

mRNA expression in plasma cells derived from patients at diagnosis and after relapse (n=33) (extracted from the data 

GSE82307).  Bottom panel: The y-axis shows the means ± S.D. (bars) of the data shown in the two panels for 

statistical analysis using one-way ANOVA with the Student-Newman-Keuls multiple comparison test (*P <0.05). 
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Supplementary Figure S2.  [A] Representative bivariate dot-plots of CD180 and MD-1 expression on purified 

CD138-positive cells from BM mononuclear cells of patients #16, #17, #19 and #20.  Over 80% purity was yielded 

in each sample (data not shown).  [B] Representative bivariate dot-plots of CD180 and TLR4 expression on 

KMS12-BM, RPMI8226, KMS-21, KMS-26, KMS-34 and KMS-28BM cells by flow cytometry. 
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Supplementary Figure S3.  [A] CD180 mRNA expression was examined in primary myeloma cells after immediate 

RNA fixation or after delayed fixation (up to 660 min) of bone marrow aspirates.  [B] CD180 mRNA expression in 

monocyte-derived dendritic cells under chronic hypoxia (1% O2) and normoxic conditions (pairwise comparison). 
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Supplementary Figure S4.  [A] Total cellular RNA was isolated from the indicated cells after culture with or 

without adhesion to UBE6T-7 and stroma-NK cells under normoxic (Normo) or hypoxic (Hypo) conditions for 48 

hours. Q-PCR was performed to measure the expression of MD-1. Data were quantified by the 2−∆∆Ct method using 

simultaneously amplified GAPDH as a reference and are shown as fold increases against the values of cells cultured 

without adhesion under normoxic conditions (Normo).  [B] Top panel: Total cellular RNA was isolated at the 

indicated time points from MM cell lines with adhesion to stroma NK cells under hypoxic conditions. Q-PCR was 

performed to measure the expression of CD180. Data were quantified by the 2−∆∆Ct method using simultaneously 

amplified GAPDH as a reference and are shown as fold increases against the values of pre-culture cells (Day 0).  

Bottom panel: Flow cytometric analysis of CD180 expression of the corresponding cells in the top panel.  [C] Total 
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cellular RNA was isolated from RPMI8226 cells after culture with or without adhesion to UBE6T-7 and subjected to 

microarray analyses after 24 hours. The y-axis shows the relative expression levels of the indicated genes with those 

of RPMI8226 cells cultured without adhesion as a reference. Microarray data have been deposited in the 

MIAME-compliant GEO database under accession number GSE66466.  [D] KMS12-BM and RPMI8226 cells were 

cultured in the absence or presence of Pam3Csk, flagellin, or poke weed mitogen (PWM) with or without adhesion to 

UBE6T-7 and stroma-NK cells under normoxic (Normo) or hypoxic (Hypo) conditions. Cell proliferation was 

assessed by the MTT assay after 72 hours and is shown as relative values of corresponding cells cultured without 

adhesion under normoxic conditions (Normo). The means ± S.D. (bars) of 4 independent experiments are shown. *P 

<0.05 against the value of Normo determined by one-way ANOVA with the Tukey’s post-hoc test.  [E] The 

correlation between CD180 expression and proliferative responses to LPS was determined by Pearson’s correlation 

coefficient using the data shown in Figure 2A/B.  [F] RPMI8226 cells were cultured with either anti-CD180 antibody 

(clone N2C1; GeneTex, Irvine, CA) or the isotype-matched control (IgG) (BioLegend, San Diego, CA) at the 

indicated concentrations under adherent and hypoxic conditions. Cell proliferation was assessed by the MTT assay 

after 72 hours and is shown as relative values with those of untreated cells set at 1.0. The means ± S.D. (bars) of 4 

independent experiments are shown.  [G] Representative histograms of flow cytometric analyses of CD19 and TLR4 

expression on KMS12-BM and RPMI8226 cells cultured with or without adhesion to UBE6T-7 cells under hypoxic 

conditions for 24 hours. 
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Supplementary Figure S5.  [A] Top panel: RPMI8226 cells transduced with sh-RNA against CD180 (sh-CD180 #1 

and #2) and ineffective control (sh-control) were cultured with adhesion to UBE6T-7 cells under hypoxic conditions. 

Total cellular RNA was subjected to Q-PCR to determine the expression of CD180. Data were quantified by the 2−∆∆Ct 

method using simultaneously amplified GAPDH as a reference and are shown as fold increases against the sh-control.  

Bottom panel: Flow cytometric analysis for CD180 expression of the corresponding cells in the top panel. Asterisks 

indicate P <0.05 against sh-control determined by one-way ANOVA with the Student-Newman-Keuls multiple 

comparisons test (n=3).  [B] The expression of TLR4 and CD180 mRNAs in BMSCs. Q-PCR data were quantified by 

the 2−∆∆Ct method using simultaneously amplified GAPDH as a reference and shown as the relative expression levels 

using the RPMI8226 cell line as a positive control. 
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Supplementary Figure S6.  The putative promoter region of the CD180 gene according to the UCSC Genome 

Browser (http://www.genome.ucsc.edu). The genomic region between 67,196,600 and 67,198,300 in human 

chromosome 5 is shown, which includes Exon 1 of the CD180 gene (+1~) and a putative promoter region (up to 

-1500) defined by the presence of DNase-hypersensitive site and histone H3K27 acetylation. 
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Supplementary Figure S7.  [A] KMS-12BM cells were cultured with the indicated concentrations of SN-50 peptide 

(H-AAVALLPAVLLALLAPVQRKRQKLMP-OH), a cell membrane-permeable peptide that inactivates NF-kB 

activity by inhibiting nuclear translocation of p50 (Santa Cruz Biotechnology), under adherent and hypoxic conditions 

for 24 hours. CD180 mRNA expression was determined by Q-PCR and are shown as fold increases against the value 

of cells cultured in the absence of SN-50. The means ± S.D. (bars) of 3 independent experiments are shown.  [B] The 

signal intensities of each band in Figure 4F were quantified, normalized to those of the corresponding GAPDH or 

histone H3, and shown as relative values with those of adhesion (–) setting at 1.0.  [C] The same set of samples in 

Figure 4F were used to determine the abundance of phosphorylated EZH2, H3K4me3 and H3K9me3.  [D] 

RPMI8226 cells were transduced with either the CSII-VENUS (mock) or CSII-VENUS-Aiolos (Aiolos) lentiviral 

vector. The expression of Aiolos and CD180 mRNAs was determined by Q-PCR and quantified by the 2–∆∆Ct method 

using simultaneously amplified GAPDH as a reference.  [E] Ikaros protein expression was determined by 

immunoblotting in KMS12-BM and RPMI8226 cells cultured with pomalidomide at the indicated concentrations 

under adherent and hypoxic conditions.  [F] KMS12-BM and RPMI8226 cells were cultured in the absence (DMSO) 

or presence of 5 µM pomalidomide (Pomalidomide) under adherent and hypoxic conditions. CD180 mRNA 

expression was determined by Q-PCR and quantified by the 2–∆∆Ct method using simultaneously amplified GAPDH as 

a reference. 
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Supplementary Figure S8.  We performed a retrospective surveillance of 36 patients admitted to a single institute 

between 2008 and 2016 (Supplementary Materials and Methods). During this period, a definitive diagnosis of 

bacterial infection was made on the basis of laboratory data and physicians’ discretion in 10 patients under various 

clinical stages of MM (Supplementary Table S1). In 7 of the 10 cases, serum M-protein (BJP-κ in Case A, IgA-λ in 

Case B, IgG-λ in Case F and IgG-κ in other 4 patients) was coincidently elevated with an increase in serum CRP 

concentration. Cases A and B represent typical cases of post-infectious MM progression, because BJP and IgA are not 

usually elevated in association with bacterial infection. This phenomenon was observed under treatment with the 

proteasome inhibitor bortezomib and dexamethasone in Case D. Two patients suffered from little or no exacerbation 

during and after infectious complications, both of whom received maintenance therapy with IMiDs (pomalidomide in 

Case G and lenalidomide in Case H).  The κ/λ ratio indicates the ratio of immunoglobulin light chain subclasses.  

Rd: lenalidomide plus low-dose dexamethasone therapy; Bd: maintenance therapy with bortezomib plus low-dose 

dexamethasone; R: maintenance therapy with lenalidomide alone; Pd: maintenance therapy with pomalidomide plus 

low-dose dexamethasone. 
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Supplementary Figure S9.  The genomic architecture of multiple myeloma. There are multiple clones with variable 

abilities to propagate descendants at each step of disease progression, including myeloma stem cells carrying initiating 

genetic abnormalities (14q translocations and/or trisomy), ancestor clones and reservoir clones. The entire process is 

strongly influenced by the interaction of each clone with the BM microenvironment. 




