BE 440. Analysis of Biological Networks

Signaling Hierarchy

Mammary Epithelial Cells

Part | & Il

Mammary Epithelial Cell
Signaling Hierarchy

 Stages oi[_a.erational during pregnancy ([]ust
before the onset of lactation to completion
of lactation)

« Epithelial cells - ECM are the tissue level
players

e Construction and destruction of steps with
various ‘go’ checkpoints to the next step
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Signaling Hierarchy

Flow of information between cells and tissues
are integrated into a signaling hierarchy that is :

a) constructed and then b) dismantled in a
cyclical manner

First tier of hierarchy involves mechanical
signals : cell rounding that trigger lactoferrin
gene expression

Rounded cells deposit ECM and initiate a laminin
mediated hierarchy leading to biochemical
signal transduction and activation of a wide
range of genes

Signaling Hierarchy

« The third tier of hierarchy signaling relies on
the ECM morphogenesis, wherein presence
of ECM directs cell polarity, formation of
central lumen and expression of WAP.

« WAP is expressed late in pregnancy and just
before the onset of lactation.

e Dismantling of this hierarchy begins at
weaning is mediated by ECM-degrading
enzymes, which act in a development stage
manner to induce programmed cell death.
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Architecture

Composition of ECM is important: e.g.

myoblast proliferate (Fn) or form tubles (In)

mechanical in nature
Increased cell rounding

Decreased adhesion to rigid substratum:

Reorganization of cytoskeleton (markers)

Nature Reviews | Molecular Cell Biclogy

» Integrin link

very important
signaling:
inside-out and
outside-in

Laminin-
specific
integrin
clustering and
activation -
laminin based
cytoskeleton
reorganization
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Integrin Family & Signaling
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Integrin chains
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Headpiscs

Tailpiecs
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P 7r
Integrin Signaling -
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Vinculin
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B. Conformational regulation of vinculin
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E

Vinculin

Actin/Vinculin Complex

Merged

Mature Reviews | Molecular Cell Biology

Cytoskeleton

* Microfilaments [actin
monomers]

e Microtubules [ oo and 3 -
tubulin]

« Intermediate filaments
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Properties of the actin subunit

Actin Polymerization

10
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Actin/Vinculin Complex

Mature Reviews | Molecular Cell Biology

Cytoskeleton & Integrin signaling

NATURE CELL BIOLOGY VOL 4 APRIL 2002
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Cell-ECM contact

Cell shape is a set point for proliferation versus
differentiation

Integrin signaling - Cross talk to make sure that
differentiation signaling is different from
proliferation

Cessation of proliferation - exit cell cycle
Decreased AP1 transcription factor activity

Receptor fransadivation Receptor pathway modulation

Signaling ol o="

o °
] v e I S] ty Recaptor coodination Receptor compartmentalization
T

MATURE CELL BIOLOGY [VOL 4 IAPRIL 2002 [http: i cellbio.natuse com
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Integrin Signaling Il

e Cross talk to make sure that differentiation
signaling is different from proliferation

e Modulation of insulin signal transduction
pathway MAP kinase pathway

« coupled with growth factor signaling: kinetic
activation of transcription factors is

modulated

Integrin Coupled with growth factor
Signaling: Cell Cycle in or out

THE CELL CYCLE
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Receptor Mediated Signaling

Horizontal receptors Vertical receptors
Typical ligand Protein Small molecule
Signaling induced by Change in oligomeric state Structural change in pre-associated receptor;

na change in quaternary state

Response time Slow Fast

Typical cellular response Change in transcription, Reversible metabolic change

translation, replication or apoptosis

Evolutionary origin Eukaryoles (recent) All species (old)

Example Cylokine receplors G protein—coupled, ligand-gated ion channels

Growth Factor Signaling

ligand
(i.e., EGF)

"activated”
receptor

other “adapters”
Crk (GRB3)
Mck (GRB4)

SH-PTP2
(Syp)

14
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Substrate e
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Signaling
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Sa
fransduction

Allcsteric § |
ectivalars | ]
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Growth Factor Signaling
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Hormone Binding

Differentiation Specific Effects

e STAT-5 interacts with
activated prolactin
receptor: gets P, and
becomes a
transcription factor

e BCE-1 contains STAT-5
binding sites

« beta-casein
expression is on

ISRE  transcription

18
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STAT pathway
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Laminin Signaling

 Differentiation specific elements are
activated (BEC-1 which contains C/EBP
binding: ECM responsive elements)

« Right ECM for the proper loading of the
transcription factors: appropriate histone
organization

« BEC-1 leads to prolactin based activation of
STAT-5 leading to beta-casein expression

Diverse signaling pathways
activated by growth factor
receptors induce broadly
overlapping, rather than
independent, sets of genes.

20
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Micro array

Prolactin putative target
genes

Table 1. Putative Prokctin Target Genes

Genes Related to Milk Secretion

pcicry M. muscukis mANA for WDNM1 protein

W18308 Muussiemun heavy chain gene

X04ETS

X6143 ACVL-COAFBINDING PROTEIN

w201 Sim. to PROTEIN TRANSPORT PROTEIN SEC23

YOOS16 Mouse mRNA for aldolase A:FRUCTOSE- BISPHOSPHATE ALDOLASE A
M32589 Mouse glyceraldehyde-3-phosphate dehydrogenaze

AANTATTE Sim. to GLUCOSE-E-PHOSPHATE ISOMERASE [PHOSPHOGLUOOSE ISOMERASE)
JosziT Mouse hexokinase mRNA

X04450 Casein beta

Logt0d M. musculss lucose phesghate somarase mANA, ¥ and

M21285 Mouse stearoyl-Cof desaturase gens

AA1T004 Sim. to ER LUMEN PFJOTE\N F!ETNNINE‘ RECEPTOR (KDEL REGEPTOR) (P23)
X02520 Lactate dehydrogenase 1

W09s05 i e FATIY AEIECBINGiNG PROTE

Calcium Metabolism

Xerem Calcitonin

MZ7TBAL Parvalbumin

‘w20837 Sim. to CALCIUM-TRANSPORTING ATPASE SARCOPLASMIC RETICULUM TYPE
Cytoskeleton

x51438 Vimentin

A 68855 Sim. to ACTIN 1 (FRAGMENT)

X12297 ACTIN, AORTIG SMOOTH MUSCLE

Jo4gsa Mouse gelsolin gans

X1dazs Mouse mANA for profilin:PROFILIN |

20365 M. musculis smooth muscle gamma actin mRNA

Growth Factors

AADDZE0S Mouse insulin-like groveth factor Il (IGF-Il) gens, 5' flank

Extracallular Matrix

04017 Mouse mRNA for cysteine-rich glycoprotsin SPARC

4194 Nidogen

xA7060 Mouse COLYAZ mANA fo pro-slpha- ) collagen

X589 Procollagen, typs VI, alph:

Uos020 M. musciss apha 1 type wuagsn gene, partial cds and 3 flanking region
ETE1 027 Lectin, galactose binding, soluble 1

XT2852 M. musculus gene for beta--adranergic receptor:Adrensrgic receptor, bsta 3
X757 mRNA for matrix Gla protsin (MGP)

Wrs07T2 Procollagen, typs DX, alpha 2

Signal Transduction

x15258 Sim. o INSULIN-LIKE GROWTH FACTOR BINDING PROTEIN 4 PRECURSOR |GFBP-4)
WE5800 Sim. to GUANINE NUCLEOTIDE- BINDING PROTEIN G(IVG(S)/G(T) BETA SUBUNIT 2
10024 Mouse mRNA for pratein-tyrosine kinase substrate p36 (calpactin | heavy chain)
X58251 M. muscukis mANA for E-selectin ligand-1
L23108 M. musculs mANA for GTP-binding protein
Xa57RA M. musculs mANA for DG tumour suppressor
Logtoz Cathepsin D
h16358 RABA, membsr RAS oncogens family
Heat Shack
AA163843 Sim. to HEAT SHOGK GOGNATE T1 KD PROTEIN
uraT4d . musculus heat shock 70 protein (Hsc70) ger
An 05022 St FT SHOCK DT e 0. 5P ag) pep o0y
Miscellansous
wats17 M. musculus cytachrome ¢ axidase subunit VIIl precursor (CoxB1) mANA
M. musculus RPS3a gene
M1 24 Mouse slongation factor 2 jef-2) mANA, 2 end
A 54007 Sim. to POL POLYFROTEIN; REVERSE TRANSCRIPTASE
08021 Murine mANA with homology to yeast L23 ribesamsl protein gens
x5460 Cytochrome G oxidase, subunit IV
WBB176 Sim. to THIOL-SPECIFIC ANTICXIDANT PROTEIN (PFF)
Zani50 M. muscukis mANA for Suil
24263 Mouse testosterons 16-alpha-hydroxylass (CE) g
AM 3EH07 Motian GOXTe1 A for cyroshrome & xidass e (EG 1.83.4)
00456 Mouse apolipoprotein E mRNA
XB206T musculus thioredaxin-dependent peraxide redustase (tpx) mANA
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Ready for Third tier

» Reciprocal cell-mediated changes in ECM
composition

e rigid substratum results in flattening, de-
differentiation and beta-casein production off

« The next signal is for the cells to migrate and
this requires a change in the FAK based
signaling as well as ECM-integrin-cell
interactions

e Cell spreading on ECM - actin stress fibers
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----- L
— D —
[Contraction Contraction
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L1 i
— a— — . ..-I-H"L —
Actin network  ZARSSEE LT Clutch? ;‘-:‘-;g"*ﬁ
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Focal complaxes ,.-""
Microtubules -
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FONCES 0N SUDGITED  s— alaxaton
Forces on coll Cortex = m e MLC
/ Crhirs
Some regulators of fihe —s Rno — Wyosin ‘,a-" )
focal adhesion turnower Kir@ge phasphale MLCEK == y" N almadu
FAK PAK "\ ) P BAK
Grc Microtububas ML \\.
Ziial o Contraction Rac Cdod?
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Steps in migration

polarization

MNuclau
A. Cell Polarization i
Regulators of Polarity T f .
Side/Rear Front ." | //
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Myosin Cded2/PARE aPKC i
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MTOC/Golgl .'I i > B
Microtubules | . Galgi
|
/J IlI
Actin hlamanis II o d
! “~Microtubules
MTOC

G-protein
coupled
receptor

activation

effector
activator

Ar GRE RAMPa L-sH2 effector activation
(e.g., adenylyl cyclase)
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HH;
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Steps in

Rear Ratraction

° °
m ] g ratl O n Adhesion Disassembly
and Retraction
FAK/SreERK

Myosin ||

Rea r Re tra C t ion Microtubules

Ca2+
Calpain
Calcingurin

.,

.,

Steps in migration

PIP; Leading-edge localization of a green fluorescent protein (GFP)

<

Phosphorylated a4 intagrin:

e

RhoA, RhoC
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Key
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Citron Kinase
B Actin

B Microtubules b e
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B Endosomes

[@ Focal Adhesions
PTEN: Localization of a GFP fusion _

O Nucleus
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direction of migration

RhoA+Raock
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Migrating

Filopodia

Ce l IS : 3 e Stress fibre

Entire
complex
FA and
migration
Migration

Nature Reviews Molecular Cell Biology 3, 957-964 (2002)
Nature Reviews | Molecular Cell Biology

alphab integrin clustering,
diffusion and interactions in the cell

« Image Correlation Microscopy (ICM) allows the detection of
submicroscopic alpha5b integrin clusters with 3-4 proteins.

« Two color ICM shows that alpha5 integrin and alpha-actinin
localize and move together even in regions of the cell with no
discernable adhesions.

« A temporal ICM analysis reveals heterogenity in both alpha5
integrin and alpha-actinin dynamics across the cell with the
proteins being more dynamic in regions of the cell that are
ruffling and protruding.

. ¥Vhen adhesions disassemble three proteins have very different

ates:
- alpha5 integrin diffuses away slowly,
- alpha-actinin moves away with a directed motion and
- paxillin diffuses away rapidly into the cytosol.
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Migration, proliferation
& differentiation

e Growth factors in the ECM become key for
sending proliferative signals: FGF

« Polarization of the cells leads to self-
assembly and the formation of alveoli like
structures: morphogenesis (HGF)

e Production and deposition of new ECM
e Down regulation of TGF-f3

G lycosami noglycans
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0 I'-; E‘D [ 3 EF.
con®
Of; H OH H
HHGGH NHCGH
= C]un;_u] r_rnu. acid NeAcelyl D-Culactuasmunl_ L-Lduronic acid  N-Acetyl-I)- f‘a]ncto.ﬂmme
(GalN Ac) {[doA) {GalNAc)
Chﬂnd roitin Sultatu Dermatan Sulfate
H EHE-:-E_..
H O
coo®
G\EJ H OH H U\E,I H
H NHEY H O‘Ii, H NHE)
D-Glucuronic arld -G lucosamine L-Iduronic acid D-Glucosamine
{GleA) (Gle™Hz) ([cloA) _[CIL‘NH:?
Heparan Sulfate Heparin GiveoWord
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Core: ECM CS

Aggrecan GilyeoWord
—— core protein
N c weews chondroitin sulfate chain
1 keratan sulfate chain
T N-linked oligosaccharide
HABR GAG LECC
EGF
PG-M/Versican

T. n [ ] T L ] [ ]
N-fleg 0 I I ] M5t C

HABR GAG LEALECC
EGF

Core: Cell Surface HSGAG

GilyeoYvord |
GAG Extracellular
attachmant ; space GAG
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- site
[ITITTITIIIE . Call Membrans| i I i II i II i 1T i [0
—
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Prolein :  Syndesan-1 Syndecan-2 Syndecan-1  Syndecan-d Glypican-1 Glypican-2 Glypican-1 Glypican-d Glypican-5
Alternate . {Ryudocan B {Cerabro- .
names : {Zyndecan] (Fibroglysan) (M-Syndecan) Amphiglycan) {Glypican} glycan) [OCI-E) (K-Glypican) [GCPE)
MW : 33kD 23KD 43D 22kD B4kD STkD BakD STkD BakD
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Found virtually on all cells or
cell-ECM interface

Act as a reservoir, binding and
storing signaling molecules

GAGs influence Q
diffusion of signaling

molecules - morphogen
movements [gradient?]

pefitication sites - 48 units

Modulating of signaling mol€ Minimal bindi
surface via sequence specific interactions -Minimal binding sequence
-l conformation modulate helix [kink] to make

-Platform for ligand-receptor interactions . . .
maximum contact with protein surface

Specificity for ligand-receptor complex -Specificity may arise from spacing of binding
[FGF-FGFRs] sites

ECM and Growth Factor
)

Proteoglycan in matrix
/ Heparan sulfate

Syndecan
Free FGF

) @

FGF receptor

Extracellular @/\.,//

Cytosol %
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FGF-FGFR
complex

31
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FGF-FGFR-H mediated signaling

FGF-2 + FGF -2 +» FGF-2:FGF-2

FGF.2 + HLGAG +» FOF. 2 HLGAG
FGF-2: FGF- 2 + HLGAG < FGF-2: FGF - 2:HI
FGF«2: HLGAG » FGF .2 «FGF.} :FGF-1: H

FGF-2 4+ FGFR +* FGF-1:FGFR
iF-2:FGF:2 » FGFR «* FGF = 2:FGF «2: FGIR

= 1:HLGAG + FGFR + FGF
FGF-2: FGF- 1 :FGFR + HLGAG + FGF -2 1
FGF-2: HLGAG : FGFR + FGF-2 +«+ FGF -2:FGF -2: HLGAG :FGFR

FGF-2: FGFR
FGF-2: FGF

—+ SIGNAL

FGFR — SIGNAL
AG:FGFR = SIGNAL
FGF-2: FGF- 2 HLGAG : FGFR = SIGNAL

F + R e

FR — "3, SIGNAL (Equation 1)

F+H+R4k—)FHR

SIGNAL (Equation 2)

Tube
formation

p-catenin
L

Protrusion MTs APC
Membrane expansion <— Exocys!
Invasion +——  MT1-MMP?
Motility +——————— Carin

Partial EMT

Adhesion «— E-cadherin

Mature Reviews | Molecular Cell Biology
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HGF

Nature Reviews Molecular Cell Biology 1, 169-178 (2000
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Morphogenesis

Tight junction
» Down regulation of ECM " Ecamern
component gene expression Desmosomas
. . . . Baszement mambrans
» Secretion of milk protein into Interstital ECM
central lumen
° Expression of Whey protein Mature Reviews | Molecular Cell Biology
Heparanase

over expression
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Destruction & Involution

« Inhibition of milk protein expression
« Increased Matrix Metalloprotease production
e Decreased production of MM inhibitors

« Basement membrane destruction and
Enactin fragmentation and increase tenascin
production

« Loss of cell function
« ICE dependent apotosis

MMPs
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cl-2/Bcl-XL

\ cFLIP
procaspase-8 dA v CytC
procaspase-9 EE;B&
l Apaf-1

8 procaspase-3 Akt
caspase- 1) caspase-9

r
P;—?:K

caspaie.y @

Growth factors
Cell shrinkage, membrane blebbing, and DNA fragmentation

Key Points: |

e Flow of information between cells and tissues are
integrated into a signaling hierarchy that is :

a) constructed and then b) dismantled in a cyclical
manner

» First tier of hierarchy involves mechanical signals :
cell rounding that trigger lactoferrin gene expression

» Second tier: Rounded cells deposit ECM and initiate a
laminin mediated hierarchy leading to biochemical
signal transduction and activation of a wide range of
genes

37



BE 440. Analysis of Biological Networks

Key Points: |l

« The third tier of hierarchy signaling relies on the ECM
morphogenesis, wherein presence of ECM directs cell
polarity, formation of central lumen and expression
of WAP.

WAP is expressed late in pregnancy and just before
the onset of lactation.

e Fourth tier: Dismantling of this hierarchy begins at
weaning is mediated by ECM-degrading enzymes,
which act in a development stage manner to induce
programmed cell death.

Summary

« Signaling hierarchy emerges as a universal
integrator of function for a given physiology

« Fundamental cellular processes modulated by
biochemical signals- cycles of growth,
differentiation, morphogenesis and apoptosis

e Molecular (biochemical, mechanical, physical
interactions) - cellular - tissue - organ system

38




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


