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Supplementary Table 1. Significant Histologic findings in non-limb organs of three female miR-
204-/-; miR-211-/- mice by the Mouse Metabolic Phenotyping Center.   
 

 

Age 15 months 10 months 7.5 months 
Spleen White pulp 

disorganization with 
fusion of follicles, 
absent mantle zone 
and possible 
hyperplastic marginal 
zone 

Extramedullary 
hematopoiesis; 
Marked marginal zone 
hyperplasia 

Mild white pulp 
disorganization with 
possible absent mantle 
zone 

Kidneys Minimal chronic 
lymphoplasmacytic 
pyelitis 

Minimal chronic 
lymphoplasmacytic 
pyelitis 

Mild intrapelvic mineral 

Heart Valvular endocardiosis Valvular endocardiosis Valvular endocardiosis 

Skin / 
Connective 

tissue 

Moderate follicular 
dysplasia with regional 
follicular atrophy; 
Atrophy of fat 

Moderate follicular 
dysplasia with regional 
follicular atrophy 

Moderate follicular 
dysplasia with regional 
follicular atrophy 

Eyes Hypermature cataracts 
with rupture, retinal 
dysplasia and uveal 
melanosis 

Hypermature cataracts 
with rupture, posterior 
synechiae, retinal 
dysplasia, detachment 
and uveal melanosis 

No significant 
histologic changes 
were observed 



 

 

Supplementary Fig. 1 Genotyping and phenotyping of miR-204 and miR-211 floxed and deleted alleles. a PCR 

analysis was performed to confirm genotypes of floxed miR-204 (left) and miR-211 alleles (right). The PCR products 

for different alleles are labeled and their sizes are denoted. b PCR analysis of the deleted alleles of miR-204. The 

PCR products for different alleles are labeled and their sizes are denoted.  c PCR analysis of the deleted alleles of 

miR-211. The PCR products for different alleles are labeled and their sizes are denoted. Note that the floxed miR-211 

allele can also generate a 1076-bp band by theory, which is difficult to be produced by regular PCR due to its rich GC 

content. d, e  Representative histology images of knee joints of 9-week-old (d) and 15-week-old (e) miR-204/-211 

floxed mice and global double KO (miR-204-/-; miR-211-/-) mice stained by Alcian blue/Orange G. Yellow arrowhead, 

loss of articular cartilage. n = 5. Scale bar, 200 μm. f, h  Measurement of tibial growth plate length in 9-week-old (f) 
and 15-week-old (h) miR-204/-211 floxed mice (control) and miR-204-/-; miR-211-/- mice (mutant).  n = 3. Unpaired 

Student’s t-test. Error bars, s.d. g Measurement of articular cartilage thickness at the highest point in the tibial plateau 

of 9-week-old control and mutant mice.  n = 3. Unpaired Student’s t-test. Error bars, s.d. i Representative histology 

images of knee joints of the mice that received the OA-inducing surgery 6 months ago, to show histologic features of 

the OA model. Yellow arrowheads, loss of articular cartilage; red arrowheads, osteochondrophytes; green 

arrowheads, synovial hyperplasia; black arrowheads, subchondral sclerosis. n = 5. Scale bar, 200 μm. 
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Supplementary Fig. 2 
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Supplementary Fig. 2. Deficiency of miR-204/-211 in mesenchymal stem/progenitor cells recapitulates OA 

pathogenesis. a, b Representative histology (left) and μCT (right) images of knee joints of 42-week-old single miRNA 

conditional knockout mice (miR-204f/f; Prx1-Cre or miR-211f/f; Prx1-Cre). Scale bar in histology images, 300 μm. 

Scale bar in μCT images, 1 mm. c PCR analysis of the Prx1-Cre transgene-inserted locus on Chromosome 7. The 

PCR products for different alleles are labeled and their sizes are denoted. Three primers used in the PCR reaction 

are ACACCTCCCCCTGAACCTGA, GACACTCCCCACCCCTTCTA, and TGTTTGCATTTGTTGCTTTT, generating 

402 bp for Prx1-Cre and 634 bp for wide type DNA. d Longitudinal analysis of knee joint of miR-204/-211 dKO mice 

by histology. Analysis using Osteoarthritis Research Society International (OARSI) scoring system was performed to 

evaluate knee joint articular cartilage (AC) destruction in different ages of control and dKO mice. Both medial femoral 

condyle and medial tibial plateau were analyzed through three-level sections of the joints and the severity of OA is 

expressed as the summed scores for the entire joint. The results of these data were analyzed by two-way ANOVA. n 

= 4. e ,f Representative confocal microscopy images of in situ hybridization using LNA-enhanced miR-204 (e) or miR-

211 (f) probe (green) on knee joint sections of 7-month-old WT mice. The right panels are the enlargements of the 

images on the left side as indicated by the box. DAPI staining marks nuclei (blue). n = 5. Scale bar, 50 μm. g IHC 

analysis of Cre expression in miR-204/-211 dKO mice. IHC results demonstrate Cre expression in the synovium, AC, 

and meniscus of knee joints of dKO mice (right panel). Prx1-Cre negative mice were used as the control. Red 

arrowheads, Cre-positive cells. n = 5. Scale bar, 200 μm. h, i Quantitative RT-PCR analysis of miR-204 and miR-211 

expression in AC (h) and synovium (i) of joint tissues from control or dKO mice. Unpaired Student’s t-test. n = 3. Error 

bars, s.d. j, k Quantitative RT-PCR analysis of Trpm3 and Trpm1 expression in AC from control (Ctrl) or dKO mice. n 

= 3. Error bars, s.d. * P < 0.05, ** P < 0.01, *** P < 0.001, **** P < 0.0001. 
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Supplementary Fig. 3 Identification of CD45- BMSCs as MPCs. Representative flow cytometry profile of CD45, 

CD105 and Sca-1 expression in purified WT CD45- BMSCs. The data show that 95.4% of purified CD45- BMSCs do 

not express CD45 and most of them express markers like CD105 and Sca-1. n = 3.  
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Supplementary Fig. 4. miR-204 and miR-211 bind to Runx2 mRNA and their deficiency upregulates Runx2 and 

cartilage-catabolic enzymes. a Two miR-204/-211-binding sites were identified in the 3’-UTR of Runx2 mRNA. b qRT-

PCR was performed to measure miR-204/-211-Runx2 chimeras in control or dKO cells after cross-linking and 

immunoprecipitation (CLIP) assays. ** P < 0.01, unpaired Student’s t-test. n = 3. Error bars, s.d. c, d, e, g 
Quantification of positive immunohistochemistry signals per mm2 of knee joints for detection of Runx2 (c), MMP13 

(d), Adamts5 (e), and Adamts4 (g). n = 3. * P < 0.05, ** P < 0.01, *** P < 0.001, unpaired Student’s t-test. f IHC 

results of Adamts4 in control and dKO mice. Red arrowheads, Adamts4-positive cells. Scale bar, 100 μm.  
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Supplementary Fig. 5 Proliferation of mesenchymal stem/progenitor cells are enhanced in miR-204/-211 dKO mice. 
a Quantification of cells with positive immunohistochemistry signals per mm2 of knee joints for detection of PCNA. n = 

3. *** P < 0.001, unpaired Student’s t-test. b Representative confocal microscopy images of immunostaining of Ki-67 

(green) on knee joint sections of control and dKO mice. n = 5. Scale bar, 50 μm. c, d Representative flow cytometry 

profile (c) and quantification (d) of CD45, CD29, CD105 and Sca-1 expression in bone marrow cells freshly isolated 

from Control and dKO mice. ** P < 0.01, unpaired Student’s t-test. n = 3.  
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Supplementary Fig. 6 The miR-204/-211-Runx2 axis in regulation of nerve growth factor (NGF)-Akt signaling and 

mesenchymal progenitor cell proliferation. a, b Quantification of cells with positive immunohistochemistry signals per 

mm2 of knee joints for detection of p-Akt (a) and NGF (b). n = 3. * P < 0.05, *** P < 0.001, unpaired Student’s t-test. c 

Quantitative RT-PCR analysis of Runx2 expression in mouse CD45- BMSCs transfected with miR-204 or Runx2 

siRNA. *** P < 0.001, one-way ANOVA followed by the Tukey-Kramer test. n = 3. Error bars, s.d.  d NGF knockdown 

reduced cell proliferation in dKO CD45- BMSCs determined by cell number counts. * P < 0.05, ** P < 0.01, one-way 

ANOVA followed by the Tukey-Kramer test. n = 3. 
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Supplementary Fig. 7 Immunofluorescence (IF) of GFP expression in joint tissue after AAV5-miR-204 

administration. IF data showed GFP expression in the synovium, articular cartilage, and meniscus of knee joints of 6-

month-old C57BL/6 mice that received AAV5-GFP or AAV5-miR-204 injections at the age of 3 months. Both AAV5-

GFP and AAV5-miR-204 express GFP as a reporter of AAV5 infection efficiency. n = 5. Red arrowheads, GFP-

positive cells. 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Fig. 8 Heterozygous deletion of Runx2 mitigates the OA phenotype of the dKO Mice. a 

Measurement of articular cartilage area (mm2) of control, dKO and triple KO (tKO) (miR-204flox/flox; miR-211flox/flox; 

Runx2+/f; Prx1-Cre) knee joints. n = 3 or 4. b Histomorphometric quantification of calcified meniscus area (mm2) of 

knee joints from control, dKO and tKO mice, which are used to denote osteophyte formation around meniscus. n = 3 

or 4. c Analysis using OARSI scoring system was performed to evaluate knee joint AC destruction in the dKO or tKO 

mice as indicated. Mann-Whitney test between two groups. n = 4. d-f IHC results of Runx2, Adamts5, and MMP13 

expression in the dKO or tKO mice . n = 3. * P < 0.05, ** P < 0.01, *** P < 0.001, **** P < 0.0001, one-way ANOVA 

followed by the Tukey-Kramer test. Error bars, s.d. 

ba

A
C

 a
re

a 
(m

m
2 )

S
um

m
ed

 O
A

R
S

I s
co

re

control dKO tKOcontrol dKO tKO A
re

a 
of

 c
al

ci
fie

d 
m

en
is

cu
s 

(m
m

2 )
control dKO tKO

c

R
un

x2
-p

os
iti

ve
 c

el
ls

/m
m

2

control dKO tKO

****
***

control dKO tKO

**
*

A
da

m
ts

5-
po

si
tiv

e 
si

gn
al

s/
m

m
2

control dKO tKOM
M

P
13

-p
os

iti
ve

 s
ig

na
ls

/m
m

2

**
*

ed f

*
*

0.0

0.1

0.2

0.3

0.4

0.5

***

0.0

0.5

1.0

1.5

2.0 ***

0

10

20

30

40

0

100

200

300

0

100

200

300

400

0

50

100

150

200

250



<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /sRGB

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



