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Regulation of microRNA expression in vascular smooth muscle by MRTFA and 
actin polymerization 
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Loss of vascular myogenic tone in miR-143/145 knockout mice is associated with 
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lipid-loaded foam cells 





). * p <0.05, **p < 0.0

GATA6 promotes migration of human coronary artery smooth muscle cells 

in vitro

MYH11, ACTA2, CNN1, SYNPO2

ACTA2 



CNN1 SYNPO2 
ACTA2 MYH11

 superfamily 
 superfamily is well

 superfamily plays a role in GATA6
 and BMP 

 superfamily in 
 is thought to protect against atherosclerosis, accumulating evidence 

 

 

 superfamily of proteins could be used to promote atherosclerotic plaque 
in vitro



in vivo

in vitro

6). * p <0.05, ***p < 0.001. 



 superfamily



giving me the opportunity to stay and do a PhD in his lab. I couldn’t have asked 
for a better mentor. I’m grateful for your guidance, your patience and your broad 
knowledge. Most of all, I’m grateful to you for believing in me and giving me the 

I’m so grate





Heart Disease and Stroke Statistics-2016 
Update: A Report From the American Heart Association.

European 
Cardiovascular Disease Statistics 2017.

William Harvey and the discovery of the circulation of the 
blood.

Structure, composition, and assembly of 
basement membrane.

Supramolecular assembly of basement 
membranes.

The extracellular matrix can regulate vascular cell 
migration, proliferation, and survival: relationships to vascular disease.

Vascular wall extracellular matrix proteins and 
vascular diseases.

The vascular system. An overview of 
structure and function.

 Medical gallery of Blausen Medical 2014.

The crosstalk between autonomic nervous system 
and blood vessels.

On the local reactions of the arterial wall to changes of 
internal pressure.

Stretch-activation of angiotensin II type 1a 
receptors contributes to the myogenic response of mouse mesenteric and 
renal arteries.

Smooth muscle contraction and relaxation.

Mechanisms of smooth muscle contraction.



The cytoskeleton of the vertebrate smooth 
muscle cell.

The actin gene family: function follows 
isoform.

Actin dynamics control SRF activity by regulation of its 
coactivator MAL.

Rho effectors and 
reorganization of actin cytoskeleton.

Signaling from Rho to the actin cytoskeleton through 
protein kinases ROCK and LIM-kinase.

Rho GTPases and their effector proteins.

Latrunculins: novel marine toxins that disrupt 
microfilament organization in cultured cells.

New anti-actin drugs in the study of the organization 
and function of the actin cytoskeleton.

Molecular regulation of 
vascular smooth muscle cell differentiation in development and disease.

Regulation of differentiation of vascular smooth muscle 
cells.

Myocardin and ternary complex factors compete for SRF 
to control smooth muscle gene expression.

Defining the mammalian CArGome.

Serum response factor: toggling between disparate 
programs of gene expression.

Potentiation of serum response factor activity by a 
family of myocardin-related transcription factors.

Activation of cardiac gene expression by myocardin, a 
transcriptional cofactor for serum response factor.

Nuclear actin regulates dynamic subcellular 
localization and activity of the SRF cofactor MAL.

Signal-regulated activation of serum response 
factor is mediated by changes in actin dynamics.



Reciprocal expression of MRTF-A and myocardin is 
crucial for pathological vascular remodelling in mice.

The gene for transcription factor GATA-6 resides on 
mouse chromosome 18 and is expressed in myocardium and vascular 
smooth muscle.

GATA-6: a zinc finger transcription factor that is 
expressed in multiple cell lineages derived from lateral mesoderm.

Calcineurin-GATA-6 pathway is involved in smooth 
muscle-specific transcription.

GATA-6 mediates 
human bladder smooth muscle differentiation: involvement of a novel 
enhancer element in regulating alpha-smooth muscle actin gene 
expression.

GATA-6 induces p21(Cip1) expression and G1 cell 
cycle arrest.

Reversal of GATA-6 downregulation promotes smooth 
muscle differentiation and inhibits intimal hyperplasia in balloon-injured 
rat carotid artery.

Cell-Specific Effects of GATA (GATA Zinc Finger 
Transcription Factor Family)-6 in Vascular Smooth Muscle and 
Endothelial Cells on Vascular Injury Neointimal Formation.

GATA-6 regulates genes promoting synthetic functions 
in vascular smooth muscle cells.

GATA-6 can act as a positive or negative 
regulator of smooth muscle-specific gene expression.

Target gene-specific modulation of myocardin activity by 
GATA transcription factors.

Posttranscriptional regulation of the 
heterochronic gene lin-14 by lin-4 mediates temporal pattern formation in 
C. elegans.

The C. elegans heterochronic 
gene lin-4 encodes small RNAs with antisense complementarity to lin-14.

An extensive class of small RNAs in 
Caenorhabditis elegans.

An abundant class of tiny RNAs with probable regulatory 
roles in Caenorhabditis elegans.

Identification of novel genes coding for small 
expressed RNAs.



Genomic organization of microRNAs.

Structure and activity of putative intronic miRNA 
promoters.

MicroRNA genes are transcribed by RNA polymerase II.

The nuclear RNase III Drosha initiates microRNA 
processing.

Exportin-5 mediates the nuclear export of pre-microRNAs 
and short hairpin RNAs.

Nuclear export of microRNA precursors.

Exportin 5 is a RanGTP-
dependent dsRNA-binding protein that mediates nuclear export of pre-
miRNAs.

Role for a bidentate ribonuclease in the initiation step 
of RNA interference.

A cellular function for the RNA-interference enzyme 
Dicer in the maturation of the let-7 small temporal RNA.

Making RISC.

Alternative processing of primary microRNA transcripts by 
Drosha generates 5' end variation of mature microRNA.

The regulatory activity of microRNA* species has 
substantial influence on microRNA and 3' UTR evolution.

Regulation of microRNA biogenesis.

Regulation by let-7 and lin-4 miRNAs results in target 
mRNA degradation.

Zebrafish MiR-430 promotes deadenylation and 
clearance of maternal mRNAs.

Microarray analysis shows that some microRNAs 
downregulate large numbers of target mRNAs.

How do microRNAs regulate gene 
expression?

The Functions of MicroRNAs: mRNA 
Decay and Translational Repression.

Conserved seed pairing, often 
flanked by adenosines, indicates that thousands of human genes are 
microRNA targets.



Can microRNAs control vascular smooth 
muscle phenotypic modulation and the response to injury?

Smooth muscle miRNAs are critical for post-natal 
regulation of blood pressure and vascular function.

MicroRNAs are essential for stretch-induced 
vascular smooth muscle contractile differentiation via microRNA (miR)-
145-dependent expression of L-type calcium channels.

MicroRNAs miR-143 and miR-145 modulate cytoskeletal 
dynamics and responsiveness of smooth muscle cells to injury.

Acquisition of the contractile phenotype by murine 
arterial smooth muscle cells depends on the Mir143/145 gene cluster.

miR-145 and miR-143 regulate smooth muscle cell 
fate and plasticity.

MicroRNA-145, a novel smooth muscle cell phenotypic 
marker and modulator, controls vascular neointimal lesion formation.

MicroRNA expression signature and antisense-mediated 
depletion reveal an essential role of MicroRNA in vascular neointimal 
lesion formation.

MicroRNA-145 targeted therapy reduces 
atherosclerosis.

The knockout of miR-143 and -145 alters smooth muscle 
cell maintenance and vascular homeostasis in mice: correlates with 
human disease.

The miR-143/145 cluster reverses the regulation effect of 
KLF5 in smooth muscle cells with proliferation and contractility in 
intracranial aneurysm.

MicroRNA-31 controls phenotypic modulation of human 
vascular smooth muscle cells by regulating its target gene cellular 
repressor of E1A-stimulated genes.

miR-21, miR-210, miR-34a, and miR-146a/b are up-
regulated in human atherosclerotic plaques in the Tampere Vascular 
Study.

MicroRNA-21 blocks abdominal aortic aneurysm 
development and nicotine-augmented expansion.

miR-146a and Kruppel-like factor 4 form a feedback loop 
to participate in vascular smooth muscle cell proliferation.



Induction of microRNA-221 by platelet-derived growth 
factor signaling is critical for modulation of vascular smooth muscle 
phenotype.

A necessary role of miR-221 and miR-222 in vascular 
smooth muscle cell proliferation and neointimal hyperplasia.

Toward microRNA-based 
therapeutics for heart disease: the sense in antisense.

miR-34: from bench to bedside.

Treatment of HCV infection by targeting microRNA.

MicroRNAs as Clinical 
Biomarkers and Therapeutic Tools in Perioperative Medicine.

The top 10 causes of death
Progress and challenges in 

translating the biology of atherosclerosis.

Transdifferentiation of mouse aortic smooth muscle 
cells to a macrophage-like state after cholesterol loading.

KLF4-dependent phenotypic modulation of smooth 
muscle cells has a key role in atherosclerotic plaque pathogenesis.

Smooth Muscle Cells Contribute the Majority of Foam 
Cells in ApoE (Apolipoprotein E)-Deficient Mouse Atherosclerosis.

Vital signs: awareness and 
treatment of uncontrolled hypertension among adults--United States, 
2003-2010.

Small artery remodelling in hypertension.

Small artery remodeling and significance in the 
development of hypertension.

Vascular remodeling.

Vascular Smooth Muscle Remodeling in Conductive 
and Resistance Arteries in Hypertension.

Vascular hypertrophy and remodeling in secondary 
hypertension.

Signal transduction mechanisms 
mediating the physiological and pathophysiological actions of angiotensin 



II in vascular smooth muscle cells.

Global and regional patterns in cardiovascular 
mortality from 1990 to 2013.

Phenotypic switching of vascular smooth muscle cells in 
animal model of rat thoracic aortic aneurysm.

Phenotypic and Functional Changes of 
Endothelial and Smooth Muscle Cells in Thoracic Aortic Aneurysms.

Mutations in smooth muscle alpha-actin (ACTA2) lead 
to thoracic aortic aneurysms and dissections.

Mutations in myosin heavy chain 11 cause a syndrome 
associating thoracic aortic aneurysm/aortic dissection and patent ductus 
arteriosus.

Molecular Regulation of 
Arterial Aneurysms: Role of Actin Dynamics and microRNAs in Vascular 
Smooth Muscle.

Mir-29 repression in bladder outlet obstruction 
contributes to matrix remodeling and altered stiffness.

MicroRNA-29b regulation of 
abdominal aortic aneurysm development.

MicroRNA-29 in aortic dilation: implications for 
aneurysm formation.

Inhibition of microRNA-29b reduces murine 
abdominal aortic aneurysm development.

MicroRNA and gene expression changes in unruptured 
human cerebral aneurysms.

MicroRNA-145 Mediates the Formation of Angiotensin II-
Induced Murine Abdominal Aortic Aneurysm.

MicroRNA-134-5p Regulates Media Degeneration 
through Inhibiting VSMC Phenotypic Switch and Migration in Thoracic 
Aortic Dissection.

Understanding and managing in-stent restenosis: a 
review of clinical data, from pathogenesis to treatment.

Long-term safety and efficacy of microRNA-
targeted therapy in chronic hepatitis C patients.



Regulation of microRNA expression in vascular 
smooth muscle by MRTF-A and actin polymerization.

Expression of microRNAs is essential for arterial 
myogenic tone and pressure-induced activation of the PI3-kinase/Akt 
pathway.

Galectin-3 is expressed in vascular smooth muscle 
cells and promotes pulmonary hypertension through changes in 
proliferation, apoptosis, and fibrosis.

Lipid nanoparticle delivery of a microRNA-145 
inhibitor improves experimental pulmonary hypertension.

A role for miR-145 in pulmonary arterial hypertension: 
evidence from mouse models and patient samples.

Loss of Vascular Myogenic Tone in miR-143/145 
Knockout Mice Is Associated With Hypertension-Induced Vascular 
Lesions in Small Mesenteric Arteries.

Force activates smooth muscle alpha-actin promoter 
activity through the Rho signaling pathway.

Mechanical stress increases RhoA activation in airway 
smooth muscle cells.

The small GTP-binding protein rac regulates growth 
factor-induced membrane ruffling.

Insulin affects vascular smooth 
muscle cell phenotype and migration via distinct signaling pathways.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /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 false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /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 false
  /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 false
  /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 <<

  >>
  /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 true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        14.173230
        14.173230
        14.173230
        14.173230
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




