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Outline:Outline:

1. Does TGFβ play a role in development?

2.  Describe ECM and mature collagen.

3.  Are Fibroids similar to Keloids?

4.  Why treat fibroids with pirfenidone?



LeiomyomaLeiomyoma::

– Clonal growths 
– Arise from a single uterine cell
– Growth promoted by sex steroids
– Cytogenetic studies
– Genetic syndromes
– Few model systems

Myers ER, Myers ER, ObstetObstet. . GynecolGynecol., July 2002., July 2002



LeiomyomaLeiomyoma Questions:Questions:

– Why so common? 
– If a tumor, why almost never cancerous?
– Why the different locations?
– Do genetic syndromes provide insight?
– Why the racial-ethnic differences in disease?
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Approach:Approach:
Global expression profiling of Global expression profiling of leiomyomaleiomyoma cellscells

““myofibroblastsmyofibroblasts””

•• GenomeGenome--wide screeningwide screening
•• WellWell--suited to comparison: suited to comparison: clonalclonal tumorstumors
•• Use to develop more complex hypothesesUse to develop more complex hypotheses

TsibrisTsibris J, et al. J, et al. FertilFertil. . SterilSteril., July, 2002., July, 2002
CatherinoCatherino, W, et al. , W, et al. FertilFertil. . SterilSteril., August, 2003., August, 2003
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What is a cDNA microarray?



• Samples from 5 hysterectomies

• 15 µg total RNA, dscDNA, Biotin-cRNA

• Affymetrix U133A/B: 30,000 genes

• Hewlett-Packard GeneArray Scanner

• GeneChip software

• >2.0 fold, pixel intensity cutoff 250U

• control=normal myometrium

CatherinoCatherino, et al. , et al. FertilFertil. . SterilSteril., August, 2003., August, 2003



Microarray results were not identical 
between laboratories

Gene            U95A fold change        U133A fold change
Fibroid / Myometrium     Fibroid / Myometrium

Dlk    70.01  0.62 (-1.62)

Frizzled-2 8.59      1.78

CD24ST       8.48    14.98

CatherinoCatherino and Segars. and Segars. FertilFertil. . SterilSteril., August, 2003., August, 2003



Sex Steroid-Associated Genes
F/M (lowF/M (low--high)high)

• Estrogen receptor α 0.75 (-1.33)
• Estrogen receptor β 0.71 (-1.41)
• Progesterone Receptor 0.98 (-1.02)
• CREBBP 0.74 (-1.35)
• Growth Hormone Receptor 0.83 (-1.21)
• Prolactin Receptor 1.02
• SRC-1 1.47
• P300-CBP 1.52



ExtracellularExtracellular--Matrix GenesMatrix Genes

F/M (lowF/M (low--high)high)

•• CaldesmonCaldesmon 0.19 (0.19 (--5.21)5.21)
•• DermatopontinDermatopontin 0.23 (0.23 (--4.26)4.26)
•• Tight Junction ProteinTight Junction Protein--11 0.36 (0.36 (--2.78)2.78)
•• DecorinDecorin, Variant C, Variant C 0.44 (0.44 (--2.25)2.25)
•• DesminDesmin 0.78 (0.78 (--1.29)1.29)
•• Decorin, Variant ADecorin, Variant A 0.85 (0.85 (--1.17)1.17)
•• Decorin, Variant BDecorin, Variant B 1.431.43
•• P311P311 3.683.68
•• VersicanVersican 5.795.79



TGFβ: promoter of connective tissue
role in fibrosis, oncogenesis

Fold F/M

Transforming Growth Factor Transforming Growth Factor ββ33 3.03.0
Transforming Growth Factor Transforming Growth Factor ββ11 0.71 (0.71 (--1.4)1.4)

DecorinDecorin, Variant A, Variant A 0.85 (0.85 (--1.17)1.17)
DecorinDecorin, Variant B, Variant B 1.431.43
DecorinDecorin, Variant C, Variant C 0.44 (0.44 (--2.25)2.25)

InterleukinInterleukin--4 Receptor4 Receptor 0.92 (0.92 (--1.09)1.09)



Reverse Transcriptase-PCR

Catherino, et al. Genes, Chromosomes & Cancer 2004.



Collagen Genes in LeiomyomaCollagen Genes in Leiomyoma

UpUp--regulated regulated F/MF/M
Type I a1Type I a1 2.612.61
Type IV a2 Type IV a2 2.212.21
Type IV a5 Type IV a5 2.192.19
Type V a1 Type V a1 2.142.14
Type VII a1 Type VII a1 3.833.83
Type IX a2 Type IX a2 2.252.25
Type XVIII a1 Type XVIII a1 2.87

DownDown--regulated  F/Mregulated  F/M
Type I a1Type I a1 --1.601.60
Type IV a4 Type IV a4 --7.447.44
Type VIII a2 Type VIII a2 --9.609.60
Type XIV a1 Type XIV a1 --2.172.17

2.87

LeppertLeppert et al., et al., FertilFertil SterilSteril, 2004, 2004



Weigerts iron hematoxylin 
Beibrich Scarlet-acid Fuschin

(40X)

PicrosirusPicrosirus Red stainRed stain
(20X)(20X)

41,000X41,000X
Catherino, et al. Genes, 
Chromosomes & Cancer, 2004.



Collagen Fibril OrientationCollagen Fibril Orientation
MyometriumMyometrium LeiomyomaLeiomyoma

LeppertLeppert, et al. , et al. FertilFertil SterilSteril, 2004, 2004



MyometriumMyometrium LeiomyomaLeiomyoma



Heterotypic FibrilHeterotypic Fibril

LeppertLeppert, et al. , et al. FertilFertil. . SterilSteril., 2004., 2004



Comparison of differentially Comparison of differentially 
expressed genes in fibroidsexpressed genes in fibroids

•• UnderUnder--Expressed GenesExpressed Genes
–– DermatopontinDermatopontin
–– Alcohol Alcohol DehydrogenaseDehydrogenase
–– Prostaglandin E ReceptorProstaglandin E Receptor

•• OverOver--Expressed GenesExpressed Genes
–– CD24CD24
–– CRABP IICRABP II
–– IGF IIIGF II

CatherinoCatherino, et al. , et al. SemSem. . ReprodReprod. Med., 2004.. Med., 2004.



DermatopontinDermatopontin

•• 22 22 kDakDa extracellular proteinextracellular protein
•• Binds the collagenBinds the collagen--binding protein binding protein 

decorindecorin
•• Promotes cell adhesion and collagen Promotes cell adhesion and collagen 

formationformation
•• Influences Influences TGFTGFββ and and integrinintegrin cell cell 

signalingsignaling
•• Reduced in Reduced in HypertrophicHypertrophic ScarScar



DERMATOPONTIN EXPRESSION

B.   RT-PCR

Mean 0.11 (-9.41) [0.09,0.13]

A.   Real-time RT-PCR

Fold change    F/M SEM

Catherino, et al. Genes, Chromosomes & Cancer 2004.



Myometrium

Skin

FibroidKeloid

Liver

Anti-Dermatopontin (100X)
Catherino, et al. Genes, Chromosomes & Cancer, 2004.
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NuerNuer Girl from Sudan with Girl from Sudan with 
KeloidKeloid scarificationscarification

Three Thousand year old Three Thousand year old 
sculpturesculpture



Electron Microscopy Light Microscopy

Keloid

Myometrium

Fibroid



Comparison of Gene ArraysComparison of Gene Arrays
GeneGene LeiomyomaLeiomyoma11 KeloidKeloid22 similar?similar?

VersicanVersican 5.795.79 7.747.74 √√

COL I A2COL I A2 --1.301.30 1.231.23 √√
COL IV A6COL IV A6 --1.731.73 --1.641.64 √√

TGFTGFββ ββ3 3 ββ11

1.1. CatherinoCatherino, et al. Genes Chromo Cancer, 2004, et al. Genes Chromo Cancer, 2004
2.2. Chen, et al. J Surgical Chen, et al. J Surgical ResRes 113:208, 2003113:208, 2003



Leiomyofibroblast:
Increased TGF expression, activation, receptor

TGFβ3

Fibrosis

TGFβ-RII

Abnormal
Collagen

Catherino, et al. Genes, Chromosomes & Cancer, 2004.



Leiomyofibroblast 

1. Leiomyomata dysregulated ECM 
genes:    TGFβ3     Versican    DP

2. Disordered extracellular matrix: 
collagen fibril orientation

3. Not identical to lung, renal fibrosis

4. Similar disorder to Keloids?



Steps in wound healing:Steps in wound healing:

11
inflammationinflammation

protomyofibroblastprotomyofibroblast

22
proliferationproliferation

myofibroblastmyofibroblast

33
remodelingremodeling
apoptosisapoptosis║

leiomyomaleiomyoma and and keloidkeloid cells remain incells remain in
proliferation stageproliferation stage



1.1. CollagenolyticCollagenolytic: : misoprostolmisoprostol

2.2. Signaling: Signaling: rapamycinrapamycin

3.3. AntifibroticAntifibrotic: pirfenidone: pirfenidone

Possible New Strategies for intervention:Possible New Strategies for intervention:



1.1. HermanskyHermansky--PudlakPudlak (pulmonary (pulmonary 
fibrosis)fibrosis)

2.2. Preliminary studies in Preliminary studies in leiomyomaleiomyoma
3.3. Current plans at NIHCurrent plans at NIH

Pirfenidone:Pirfenidone:



Conclusions:Conclusions:

1.  TGFβ plays a key role in development.

2.  The ECM and mature collagen is abnormal.

3.  Fibroids share many features with Keloids.

4.  Pirfenidone holds promise as a nonsurgical, 
non-hormonal treatment for fibroids.
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Uterine  Leiomyomata:
a public health problem

Pain Pain 
bleeding bleeding 
anemiaanemia

= $ 2.3 billion in U.S.= $ 2.3 billion in U.S.

21% Pre21% Pre--term laborterm labor
v.s. 3.9% controlsv.s. 3.9% controls

IncidenceIncidence
2525--50%50%
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