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Supplementary Materials 
 
Antibodies Used for Immunoblotting  
The following antibodies were used in the immunoblotting experiments: mouse monoclonal anti-
megalin C-terminal domain antibody C-25 (4.42 μg/ml, final concentration) (12), rabbit polyclonal anti-
cubilin antibody (5.6 μg/ml, final concentration) (Tanuma A et al. Nephron Physiol 2007;107:87-97), 
mouse monoclonal anti-CD9 antibody sc-13118 (1:500; Santa Cruz Biotechnology, Inc.), mouse 
monoclonal anti-CD81 antibody sc-7937 (1:500; Santa Cruz Biotechnology, Inc.), mouse monoclonal 
anti-apoptosis-linked gene 2-interacting protein X (Alix) antibody 611620 (1:1,000; BD Transduction 

Laboratories), rabbit polyclonal anti-Na
+
-Pi cotransporter 2a (NaPi2a) antibody NPT21-A (1:500; Alpha 

Diagnostics, Inc.), rabbit polyclonal anti- Na
+
-Cl

−
- cotransporter (NCC) antibody AB3553 (1:1,000; 

EMD Millipore Corp.), rabbit polyclonal anti-Na
+
-K

+
-2Cl

− 
cotransporter (NKCC) antibody HPA018107 

(1:500; Sigma Life Science), goat polyclonal anti-aquaporin 2 (AQP2) antibody sc-9882 (1:500; Santa 
Cruz Biotechnology, Inc.), mouse monoclonal anti-tumor susceptibility gene 101 (TSG101) antibody sc-
7964 (1:500; Santa Cruz Biotechnology, Inc.), mouse monoclonal anti-β-actin antibody ab6276 
(1:1,000; Abcam), anti-GST antibody 27457701 (1:500; GE Healthcare), anti-lysosomal-associated 
membrane protein 1 (LAMP1) antibody ab24170 (1:1000; Abcam), goat anti-mouse IgG (H+L)-
horseradish peroxidase (HRP) conjugate 1706516 (1:1,000; Bio-Rad Laboratories, Inc.), goat polyclonal 
anti-rabbit immunoglobulin/HRP P0448 (1:500; Dako Denmark A/S), and rabbit polyclonal anti-goat 
immunoglobulin/HRP P0449 (1:500; Dako Denmark A/S).  
 
Real-time RT-PCR of miRNA and mRNA  
PCR of miRNA was performed with pre-designed TaqMan microRNA assays for specific miRNA (for 
miRNA-192: 000491; for miRNA-16: 000491; and for RNU6: 001973) and TaqMan Universal Master 
Mix, No UNG (Applied Biosystems) using a Thermal Cycler Dice Real Time System II PCR machine 
(Takara). The expression of rat KIM-1, PDGF-B, and MCP-1 was analyzed by real-time RT-PCR using 
specific primers (forward: TGGCACTGTGACATCCTCAGA and reverse: 
GCAACGGACATGCCAAC ATA; forward: GTCGAGTCGGAAAGCTCATC and reverse: 
ACACCTCTGTACGCG TTTG; and forward: TCTCTTCCTCCACCACTATGCAG and reverse: 
CTTGTAGTTC TCCAGCCGACTCA, respectively). The expression of GAPDH mRNA as an internal 
control was measured using the following primers (forward: TGTGTCCGTGGATCT and reverse: 
TTGCTGTTGAAGTCGCAGGAG). Quantitation was performed using the Thermal Cycler Dice Real 
Time System (Takara) and a One Step SYBR PrimeScript PLUS RT-PCR Kit (Takara).  
 
Observation of MVBs in Cultured IRPTCs  
IRPTCs were grown on coverslips in 6-well plates and treated with PBS, FAF-BSA, and AGE-BSA for 
48 h as described in the Methods section. After treatment, the cells were washed with PBS and 
immersed in 4% paraformaldehyde overnight. They were dehydrated through a graded ethanol series 
and embedded in 2-hydroxyethyl methacrylate resin with UV polymerizer (DOSAKA EM). After 
polymerization, the coverslip was peeled off from the resin and ultrathin sections (90 nm) were cut by an 
ultramicrotome (Ultracut N; Reichert-Nissei) with a diamond knife (Diatome) and placed on 150-mesh 
nickel grids. The samples were incubated with antiserum against megalin (Hosaka K, et al. Kidney Int, 
75: 1308-1315, 2009) (1:300) for 60 min at room temperature and washed with PBS. The samples were 
incubated with 5 nm-gold-labeled goat anti-rabbit IgG antibody (1:30; Sigma-Aldrich) for 60 min at 
room temperature. After washing with PBS and rinsing with distilled water, the sections were stained 
with 1% uranyl acetate for 10 min, followed by 1% lead citrate for 5 min, and dried before being 
observed by TEM as described in the main text.  
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Supplementary Table 1. Criteria for the selection of normal control subjects  
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Supplementary Table 2. Clinical parameters of NCs and T2DM patients  
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Supplementary Figure 1. 
A differential centrifugation method was used for collecting UEVs, in which the urinary 2nd pellet is 
expected to be UEV-enriched in nature. 
 

 
 
(A) TEM of the urinary 2nd pellet from an NC subject shows vesicles with different sizes, indicated by 
the arrowheads. Bar = 200 nm. (B) Vesicle size distribution and mode size measurement by NTA 
indicated that the urinary 2nd pellet is enriched in exosome-like vesicles, as indicated by the mode size of 
UEVs (113 nm), which is within the size range of exosomes (30–130 nm). (C) Immunogold labeling 
showed positive signals of the exosome membrane protein CD81 in UEVs in the urinary 2nd pellet. Bar 
= 50 nm. (D) Immunoblotting against the indicated exosome markers confirmed the presence of 
exosomes in the urinary 2nd pellet, but they were scarce in the 1st pellet. HKL, human kidney lysates, 
used as a positive control. Five micrograms of total protein were loaded in each lane. 
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Supplementary Figure 2. 
Increased excretion of UEVs and their C-megalin content in NCs and T2DM patients are independent of 
age, BMI, systolic blood pressure, and HbA1c levels. 
 

 
 
(A–D) The number of total UEVs was not correlated with any of the parameters mentioned above. (E–
H) C-megalin content per UEV (arbitrary unit for densitometry analysis of immunoblotting for the ratio 
between C-megalin and CD9, an EV marker) was also not correlated with those parameters. r = 
Spearman’ s rank-correlation coefficient (n = 75). 
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Supplementary Figure 3. 
The UEV contents of EV and exosomal markers and tubular segment markers other than megalin are not 
orrelated with the progression of DN. 
 

 
 
(A–C) Immunoblots against the EV marker CD9 and exosomal markers CD81 and TSG101 followed by 
densitometry analysis revealed that there was no change in their UEV content along with the progression 
of DN. The immunoblotting and following densitometric analysis was carried out using one particular 
sample as a common internal control in different blotting membranes. (D–H) Similarly, densitometry 
analysis of the immunoblots against tubular segment marker proteins such as cubilin, Na+-Pi 
cotransporter 2a (NaPi2a), Na+-K+-2Cl- cotransporter (NKCC), Na+-Cl- cotransporter (NCC), and 
aquaporin 2 (AQP2) via UEVs, standardized with CD9, showed no correlation with the disease 
progression. 
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Supplementary Figure 4. 
Isolation of C-megalin-containing UEVs by the ligand binding-based method. 
 

 
(A) To verify the RAP-megalin-specific interaction, ligand blotting analysis was carried out using an 
equal amount (7.5 μg) of UEV proteins, where the blots were probed with recombinant GST-RAP or 
GST in the presence or absence of Ca2+ and then with a GST-specific primary antibody. Immunoblotting 
of UEVs with an anti-megalin antibody was used as a positive control. The corresponding positive band 
was detected exclusively with GST-RAP in the presence of Ca2+, verifying the specific Ca2+-dependent 
interaction of RAP with megalin. (B) C-megalin-containing UEVs were isolated using glutathione beads 
conjugated with recombinant GST-RAP, only in the presence of Ca2+, but neither in the absence of Ca2+ 

nor using recombinant GST, as detected by TEM. Bar = 100 nm. (C) Purification efficacy was further 
validated by immunoblot analysis of the corresponding beads’ lysates for C-megalin and the EV marker 
CD9. The figures are all shown representatively using UEVs from a NC subject. 
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Supplementary Figure 5. 
Megalin-containing vesicles are recruited to MVBs in IRPTCs . 
 

 
Immunoelectron microscopy against C-megalin in cultured IRPTCs treated with PBS, FAF-BSA, or 
AGE-BSA revealed that megalin-containing vesicles (indicated by arrowheads) were recruited into 
MVBs in the cells. Such vesicles appeared to be more recruited into MVBs in the cells treated with 
AGE-BSA (and with FAF-BSA) than in those treated with PBS. Scale bar = 500 nm. 
 


