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Comprehensive analysis of glycative stress-inducible miRNASs in exosomes
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Abstract: Advanced glycation end products (AGEs) are formed by proteins or lipids and carbohydrates or the
degradation products of carbohydrates under the non-enzymatic reactions. Accumulation of AGEs in the body is
implicated in the development of various diseases, one of which is an increased risk of bone fractures. Bone remodeling
by osteoclasts, which remove mature bone tissue, and osteoblasts, which form new bone tissue, is important for the
maintenance of bone mass and quality. In our previous study, we demonstrated that AGEs inhibited osteoclast
differentiation. In this study, we hypothesized that microRNAs (miRNASs) contained in exosomes by which
extracellularly secreted from cells are involved in that mechanisms. Mouse macrophage cell line, RAW264.7 were
cultured in the presence of receptor activator of nuclear factor kappa-B ligand (RANKL) with AGEs or heated proteins.
The culture medium were collected and purified exosome were used for miRNA extraction. Comprehensive analysis
using the miRNA Oligo Chip revealed that the miRNAs contained in exosomes were compared between AGEs and
heated protein. One hundred and twelve miRNAs were upregulated more than 10-fold by AGEs, while 103 miRNAs

were downregulated by less than one-tenth.
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~ 7 A RANKL #i#t% > %7 B X, R&D systems
(Minneapolis, MN, USA) 5 AFL7. b BT LT
2> (HSA) i Sigma-Aldrich (St. Louis, MO, USA) 75
BEA U7 ERCLISMT Wako (Osaka, Japan) L0 AF L7z,

22 MpEsss

YURw a7y —UHlaTHD RAW264.7 HIRLIE,
American Type Culture Collection (Manassas, VA, USA) 7>5
HEA L7z il 10%v iRl mTE (FBS, Sigma-Aldrich)
LHAME (Wako) #&iem 2/ /L a—A (DMEM, Wako)
% & te Dulbecco's Modified Eagle 3531, 37°CCT 5% CO2
DFMETTHE L.

2.3 FEfb% v <7 E(AGEs)DFHHL

FEbE AL v MILJE 7 L7 2 > (human serum albumin,
HSA) & glyceraldehyde (2 &L D FH# L 7. 50 mmol/L Y >
Feim@Erg (PB,pH 7.4) T 8mg/mLHSA & 33 mmol/L
glyceraldehyde % 60°CC 40 BFEIS SH 7=, £7-, R
& LT glyceraldehyde Z#siNE3 60°CC 40 REfE]A % =
~N— h L72IEV HSA BAERR LT, UG, RSO
WERET DRI, BT 40— (10K, Merck
Millipore Burlington, MS, USA) % fE ] L CIRAMEME L, 7%
BEKEAER LC 3 [mIged Lz,

24 T2V — 1@ R OHEE O S

RAW?264.7 a4 96well plate (Z#EFE L, 24 BERI%ICHE
Hi% 100 ng/mL RANKL % Y 500 pg/mL AGEs & % VM3
B HSA 5 Tra-MEM |, 10% FBS |ZiE & #a %, WIC 24 I
Mh# L. EJEA2BIILL, MagCapture™ Exosome
Isolation Kit PS (wako)Z W THHED 7 1 b a— Lz fign
TV —LEHEEL. SOy Y Y — A&

15

ORI 728137/ ¥ b (NanoSight LM10, Quantum Design
Japan, Tokyo, Japan)iZ L W fiidT L7z, Z0%=r VYV — A
725 MIRNA Z A8 L, Z O IZ-Dv T 2100Bioanalyzer
(Agilent Technologies Japan, Tokyo, Japan) % 7= & <K E)
IR BRI A T~ 7.

2.5 miRNA DBRHIENT

HoiTo/r T RNA % Cys R et CIERR L 72
%, mouse microRNA Oligo Chip (3D-Gene, ¥ L, Tokyo,
Japan) & 32°C, 16 B[l NA TV XA B —v 3 v E{TH T,
Chip Z¥¥8#, A%+ — (3D-Gene Scanner 3000) %
WO PMT i (L—%—100%) 1Z CHEif A B, %
fEfbY 7 b CHEUEL L7z, fi#ATIE, &5 v T ORMET — &

(EF7—%) moRyr 77 KME (BG i) #HE
Lict, 7a—rS\v ) —< 74 X (F vy TRV 7 FVRE
DR RAEA 25 IZHRE)  IC KV IEH kL.

3. R

3.1 AGEs 23T 2 YV Y — L DEE K ORI RT3 58

RAW?264.7 #ilialZ RANKL & [RIERZ AGEs & 2 WM sl
HSA % SN L 24 I OB O HBE L 7-—=r vV YV —
L OMEE K ORI % Fig. 1 KO Table 1 (2R, =27 Y Y
— L DRI FEDDATRAT WL AGEs 12 & 0 &L L72am
S>7-.

A)

a5

Concentration (E6 particles/mi)

= em o w
Size (nm)

Concentration (E6 partiches/ml)

®  se e

Size (nm)

Fig. 1 B4&MRITBT 7 Y V) —AORFEDH
A). N HSA #SINIEE, B). AGEs #MNIR
Table 1 Z&BITRITDTY VY —ADRFR BT

L

#IF 5 (10° particles/sample)
478 £ 0.20
3.93 £ 0.28

#FFE (hm)
MEHSA 127 £ 1.5
AGEs 133 £ 3.3




Vol .31,

3.2 AGEs M 7V vV — L84 miRNA OR5El

A TR L7-m 2 Y VY —Ah 6 miRNA AR L7,
HhH L7= RNA % 2100Bioanalyzer & W CEXIKEI L, /)
237 RNA B3 Z R L7z (Fig.2). AGEs 12X 5/h5 T
RNA MR EE~OEBIIRD Do Tz. ElMEIC D
ML <, WHOMBHITZITH 2L & L.

?-.
NG >

o &

‘@t *:~

o E— 4=
25 -

Fig2 =27 YY—A&H/IIT RNA OBETIKEIFEAT

3.3 AGEsZFHEMT 7V vV — A48 miRNA OHERRIET

M ic SNy VY —AHIZEEND %
mMiRNA DORBIEIZOWT, AGEs HINKF & R TH 5N
B HSA TINREIZ DWW CHEFRMIRENT 21T o 7. AGES 12 &
D FEBIA 10 LA LT L2 miRNA 1% 112 fiff(Table 2),
104y D 1 BL R L 7= miRNA 1% 10358 T d - 7= (Table

3).

Table 2 AGEs (2 X » 38878 10 fi£2L 7T L7z miRNA
HIRE &&=

Name HNEAHSA AGEs [AGEs/fn#HSA]

mmu-miR-292a-3p 39.492296 41.51815417

mmu-miR-712-3p 29.081131 30.57292329
mmu-miR-361-3p 23.600051 24.81067877
mmu-miR-466h-5p 22.533356 23.68926612
mmu-miR-423-3p 20.787896 21.85426571
mmu-miR-106a-3p 20.391398 21.43742918
mmu-miR-7070-3p 20.076053 21.10590519
mmu-miR-675-3p 19.914825 20.93640743
mmu-miR-466f-3p 19.842275 20.86014094
mmu-miR-92b-3p 19.120099 20.10091542

Table 2 (continued)
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Name SEHSA AGEs [AGEs/m#hHSA]

mmu-miR-6931-3p 19.115834 20.09643092
mmu-miR-18b-3p 18.222713 19.15749468
mmu-miR-467f 18.10263 19.03125768
mmu-miR-7655-5p 18.041165 18.96663713
mmu-miR-6384 17.384017 18.27577524
mmu-miR-411-3p 17.339562 18.22903897
mmu-miR-210-3p 17.320952 18.20947471
mmu-miR-758-5p 17.157979 18.03814403
mmu-miR-20a-3p 16.950928 17.82046404
mmu-miR-7094-1-5p 15.815643 16.62694719
mmu-miR-669h-3p 15.660049 16.46337484
mmu-miR-6996-3p 15.430159 16.2216841
mmu-miR-6362 15.102142 15.87684668
mmu-miR-695 14.831918 15.59275881
mmu-miR-92a-1-5p 14.809636 15.56933802
mmu-miR-1306-3p 14.688923 15.44243122
mmu-miR-6897-3p 14.381298 15.11902499
mmu-miR-881-3p 14.018726 14.73785337
mmu-miR-1247-5p 13.822943 14.53202653
mmu-miR-487b-5p 13.515643 14.20896337
mmu-miR-879-5p 13.454178 14.14434633
mmu-miR-6930-3p 13.425779 14.11449298
mmu-miR-5133 13.368579 14.05435753
mmu-miR-380-5p 13.304291 13.98677067
mmu-miR-7021-3p 13.290054 13.97180202
mmu-miR-6973b-3p 13.261509 13.94179486
mmu-miR-32-3p 13.115076 13.78784901
mmu-miR-7055-3p 13.053828 13.72345944
mmu-miR-6950-3p 12.979532 13.645351
mmu-miR-181a-2-3p 12.901384 13.56319631
mmu-miR-7024-3p 12.898937 13.5606206
mmu-miR-7664-5p 12.822787 13.48056445
mmu-miR-7673-3p 12.818826 13.47639953
mmu-miR-669f-3p 12.816523 13.47398133
mmu-miR-466f 12.542411 13.18580732
mmu-miR-6904-3p 12.535662 13.17871316
mmu-miR-325-3p 12.49351 13.13440007
mmu-miR-6924-3p 12.398714 13.03473818
mmu-miR-881-5p 12.336099 12.96891157
mmu-miR-329-3p 12.26425 12.89337722
mmu-miR-7015-3p 12.142133 12.76499529
mmu-miR-6940-3p 12.080147 12.69983018
mmu-miR-134-3p 12.075918 12.69538551
mmu-miR-138-5p 12.043593 12.66140149
mmu-miR-3074-5p 11.968631 12.58259251
mmu-miR-300-3p 11.904792 12.51548071
mmu-miR-452-5p 11.753535 12.3564636
mmu-miR-344c-3p 11.74612 12.34866691
mmu-miR-669p-3p 11.740037 12.34227466
mmu-miR-6237 11.6884 12.28798879
mmu-miR-465a-5p 11.620222 12.21631108
mmu-miR-130a-3p 11.59616 12.19101718
mmu-miR-8118 11.58986 12.18439067
mmu-miR-3110-5p 11.488351 12.07767624
mmu-miR-7a-2-3p 11.280076 11.85871677

Table 2 (continued)
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Name HNEAHSA AGEs [AGEs/M#HSA] Name SnEHSA AGEs [AGEs/m#hHSA]
mmu-miR-5615-3p 11.275739 11.85415811 mmu-miR-208a-5p 50.570947 0.020788571
mmu-miR-7225-5p 11.271959 11.85018601 mmu-miR-7215-3p 35.126566 0.029928841
mmu-miR-7214-3p 11.18888 11.76284148 mmu-miR-6383 35.092304 0.029958066
mmu-miR-467c-3p 11.184578 11.75831967 mmu-miR-3060-5p 25.304302 0.041546205
mmu-miR-7660-5p 11.10202 11.67152847 mmu-miR-7006-5p 24.343775 0.043185476
mmu-miR-3093-5p 11.055082 11.62218162 mmu-miR-7679-3p 22.7012 0.046310219
mmu-miR-409-3p 11.033322 11.59930452 mmu-miR-6896-5p 22.58435 0.04654983
mmu-miR-7029-3p 11.012228 11.57712964 mmu-miR-6941-3p 21.593324 0.048686243
mmu-miR-6897-5p 10.95584 11.51784973 mmu-miR-466i-5p 20.532266 0.051202228
mmu-miR-331-5p 10.892594 11.45135966 mmu-miR-6935-3p 20.205391 0.052030548
mmu-miR-6420 10.682647 11.23064125 mmu-miR-93-5p 19.576879 0.053700972
mmu-miR-3475-3p 10.678831 11.2266314 mmu-miR-5621-3p 19.536152 0.053812931
mmu-miR-7031-3p 10.621291 11.16613965 mmu-miR-7651-3p 19.252632 0.054605383
mmu-miR-7077-3p 10.566163 11.10818189 mmu-miR-2183 19.010981 0.05529951
mmu-miR-6963-3p 10.454574 10.99086783 mmu-miR-412-3p 18.948306 0.0554824
mmu-miR-485-3p 10.437709 10.97313991 mmu-miR-181b-1-3p 18.654383 0.056356604
mmu-miR-6419 10.40004 10.93353561 mmu-let-7c-5p 18.330136 0.057353514
mmu-miR-1930-5p 10.33602 10.86623313 mmu-miR-5046 17.802094 0.059054713
mmu-miR-7029-5p 10.325006 10.85465524 mmu-miR-7678-5p 17.380073 0.06048868
mmu-miR-6948-3p 10.309509 10.83836325 mmu-miR-5622-5p 17.04016 0.061695283
mmu-miR-466I-3p 10.225097 10.74961958 mmu-miR-7074-3p 16.898613 0.062212056
mmu-miR-6951-3p 10.217052 10.74116222 mmu-miR-467a-5p 16.713347 0.062901686
mmu-miR-6945-3p 10.109244 10.6278252 mmu-miR-138-2-3p 16.688406 0.062995693
mmu-miR-191-5p 10.061458 10.57758666 mmu-miR-216a-3p 16.63698 0.063190417
mmu-miR-202-3p 10.042399 10.55755238 mmu-miR-196b-3p 16.054693 0.065482259
mmu-miR-467a-3p 10.004693 10.51791108 mmu-miR-764-3p 15.967801 0.065838592
mmu-miR-30b-3p 9.93144 10.44089876 mmu-miR-3473d 15.787378 0.066591018
mmu-miR-15a-3p 9.928957 10.43828939 mmu-miR-466m-5p, mmu- 15.69786 0.066970772
mmu-miR-1904 9.898 10.40574389 mmu-miR-448-3p 15.691043 0.066999851
mmu-miR-196a-2-3p 9.873756 10.38025514 mmu-miR-200a-5p 15.129387 0.069487125
mmu-miR-6979-3p 9.827303 10.33142105 mmu-miR-6936-5p 15.020007 0.069993157
mmu-miR-6345 9.790713 10.29295415 mmu-miR-497b 14.831809 0.070881277
mmu-miR-539-5p 9.7777 10.27927351 mmu-miR-1951 14.612646 0.07194437
mmu-miR-339-5p 9.754788 10.25518704 mmu-miR-6977-3p 14.603789 0.071988003
mmu-miR-3569-3p 9.724462 10.22330527 mmu-miR-291b-3p 14.495734 0.072524633
mmu-miR-6962-3p 9.715679 10.21407109 mmu-miR-6980-3p 14.442983 0.072789512
mmu-miR-6937-3p 9.710783 10.20892462 mmu-miR-7051-3p 14.397054 0.073021717
mmu-miR-3106-3p 9.703998 10.20178997 mmu-miR-6360 14.079036 0.074671142
mmu-miR-466] 9.680906 10.17751329 mmu-miR-130c 14.07299 0.074703218
mmu-miR-7041-3p 9.67664 10.17302831 mmu-miR-3068-3p 14.032689 0.074917756
mmu-miR-3068-5p 9.648834 10.14379788 mmu-miR-6954-3p 13.861237 0.075844428
mmu-miR-466n-5p 9.647016 10.14188138 mmu-miR-873b 13.833547 0.075996237
mmu-miR-125b-2-3p 9.618956 10.11238646 mmu-miR-96-5p 13.801197 0.076174382
mmu-miR-664-3p 9.616994 10.11032171 mmu-miR-7227-3p 13.713765 0.076660031
mmu-miR-133a-3p 9.599825 10.09227557 mmu-miR-3103-3p 13.482753 0.077973516
mmu-miR-615-3p 9.586848 10.07863182 mmu-miR-20b-3p 13.468459 0.078056263
mmu-miR-3073a-5p 9.584995 10.07668362 mmu-miR-6932-3p 13.213107 0.079564766
mmu-miR-1963 13.189012 0.079710114
mmu-miR-6933-3p 13.179737 0.079766213
mmu-miR-297¢-5p 13.107261 0.080207275
mmu-miR-551b-3p 13.052423 0.080544261
mmu-miR-7060-3p 13.044891 0.08059078
mmu-let-7b-5p 13.000753 0.080864371
mmu-miR-1941-3p 12.919063 0.081375697
mmu-miR-7068-3p 12.671487 0.082965612

Table 3 AGEs IZ & » 38328 10 f# 2L B4 L7z miRNA

Table 3 (continued)
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Name PNEAHSA AGEs [AGEs/m#HSA]

mmu-miR-669a-3-3p 12.609536 0.083373222
mmu-miR-5099 12.492145 0.084156697
mmu-miR-700-5p 12.484012 0.084211507
mmu-miR-5104 12.464813 0.084341238
mmu-miR-195a-5p 12.443406 0.084486328
mmu-miR-7043-3p 12.434611 0.084546093
mmu-miR-24-2-5p 12.323746 0.085306661
mmu-miR-6956-3p 12.293665 0.085515408
mmu-miR-1843b-5p 12.273987 0.085652502
mmu-miR-342-3p 12.271596 0.085669192
mmu-miR-6928-3p 12.252398 0.085803422
mmu-miR-6974-3p 12.235895 0.085919154
mmu-miR-669a-5p, mmu-r  12.219507 0.086034374
mmu-miR-184-5p 12.216575 0.086055034
mmu-miR-6949-5p 12.188886 0.086250516
mmu-miR-7228-5p 12.187157 0.086262761
mmu-miR-466f-5p 12.135068 0.086633031
mmu-miR-7002-3p 12.124543 0.086708227
mmu-miR-8091 12.089322 0.086960835
mmu-miR-103-1-5p 12.083999 0.086999155
mmu-miR-1955-5p 12.053378 0.087220157
mmu-miR-302b-3p 11.923314 0.088171597
mmu-let-7a-5p 11.91458 0.088236232
mmu-miR-1298-3p 11.767649 0.089337946
mmu-miR-3089-5p 11.737324 0.089568782
mmu-miR-10b-5p 11.699773 0.08985624
mmu-miR-6537-3p 11.686499 0.089958324
mmu-miR-7657-3p 11.634349 0.090361542
mmu-miR-7243-5p 11.604931 0.090590608
mmu-miR-23a-3p 11.46541 0.091692987
mmu-miR-871-3p 11.416793 0.092083457
mmu-miR-7048-3p 11.32649 0.092817587
mmu-let-7d-5p 11.294262 0.093082457
mmu-miR-1954 11.29187 0.093102183
mmu-miR-193b-3p 11.283615 0.093170277
mmu-miR-9769-3p 11.248333 0.093462536
mmu-miR-1961 11.245401 0.093486885
mmu-miR-1839-3p 11.136684 0.094399531
mmu-miR-204-5p 11.054515 0.095101196
mmu-miR-6929-3p 11.049191 0.095147021
mmu-miR-23b-3p 10.907523 0.096382812
mmu-miR-106a-5p 10.897242 0.096473733
mmu-miR-466¢-5p 10.855434 0.09684529
mmu-miR-20a-5p 10.735652 0.097925833
mmu-miR-154-3p 10.708982 0.098169712
mmu-miR-669d-2-3p 10.663176 0.098591426
mmu-miR-669i 10.646795 0.098743117
mmu-miR-7243-3p 10.592193 0.099252125
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