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A theory of induced
regeneration in adults.
Note: [C, S, R] data only cited;
no kinetics




Outline

Irreversible injury

Regenerative and nonregenerative
tissues

Antagonistic relation between
contraction and regeneration

Present theory: Selective inhibition of
contraction necessary but not sufficient
for regeneration

Mechanism



1. Irreversible injury



Reversible injury

Image removed due to copyright considerations.
See Figure 1.1 in Yannas, I. V. Tissue and Organ
Regeneration in Adults. New York: Springer-Verlag, 2001.

Spontaneous regeneration of amputated limb in the

newt occurs independently of severity of injury
Goss, 1992



Irreversible injury

Image removed due to copyright considerations.

Burn victim suffering
from severe contraction
and scar formation Tomasek et al., 2000



2. Regenerative and
nonregenerative tissues
In adult mammals



The tissue triad In skin and
nerves

Nerve

e

dermis




The epidermis is aregenerative tissue. After
excision, it regenerates spontaneously.
Reversible injury. No contraction.



N

The dermis is a nonregenerative tissue in the
adult. After excision, it does not regenerate
spontaneously. Irreversible injury.
Contraction occurs with scar formation.



Peripheral nerve

Compressive force
crushed nerve

heals

spontaneously healing
by
regeneration =

J%

The myelin sheath is a regenerative tissue.
Following nerve crushing with myelin
disruption, the myelin regenerates
spontaneously. Reversible injury. No
contraction.



Peripheral nerve

A—

distal

proximal

transected
nerve heals
spontaneously
by contraction
and neuroma
(neural scar)
formation

The endoneurial stromais a nonregenerative
tissue.Following transection, it forms neural
scar (neuroma). lrreversible injury.
Contraction occurs.



SUMMARY SO FAR

Regenerative Nonregenerative
tissues. tissues. Irrever-
Reversible injury. |sible injury.

No contraction. |Contraction

+scar.
SKIN epidermis dermis
BM
NERVE |myelin endoneurial
stroma

BM




Conclusion: Inverse relation
between contraction and
regeneration

 During adult healing, no contraction

IS observed following injury to
epithelia or basement membrane.

 Contraction is only observed
following injury to stroma.

e Contraction only observed following
irreversible injury.



3. Antagonistic relation
between contraction and
regeneration

a. Data from spontaneously healing
wounds

Blocking of contraction using scaffolds

Isolation of contraction during “island”
grafting

d. Scar formation vs inhibition of
contraction

e. Contraction during impaired healing



Quantitative description of
healing processes

Initial wound area is A,

Wound eventually closes up
spontaneously. Final area is A;.

Final wound area is distributed among
fractions that closed by contraction (%C),
scar formation (%S) or regeneration (%R).

This Is the configuration of the final state.
Wound closure rule:

C+S+R =100



Spontaneously

Configuration of

healing defect final state
general case C, S, R]
ideal fetal healing 0, 0, ]
dermis-free skin-- 96, 4, 0]
adult rodents

dermis-free skin-- [37, 63, 0]
adult human

peripheral nerve— [96, 4, 0]
adult rat

conjunctiva-- [45, 55, 0]
adult rabbit




a. Data from spontaneously
healing wounds



Tadpole — Frog

Developmental changes in configuration
of final state [C, S, R] following healing:

(early stages) — (late stages)
[41, 0, 59] — [62, 0, 38] — [66, 0, 34] — [90, 10, 0]
tadpole — frog



b. Blocking of contraction using
scaffolds



Organ/ Treatment |Spontan- |Treated
species used eous
skin-guinea | scaffold A [91, 9, 0] |[89, 0,
pig
skin-guinea | scaffold [92, 8, 0] |[28, 0,
pIg DRT+ KC
nerve-rat |silicone [95, 5, 0] |[53, 0,
tube+scaf-
fold DRT
nerve-rat collagen [95, 5, 0] |[O, 0,
tube+scaf-
fold NRT
conjunctiva |scaffold DRT |[45, 55, 0] ([13, O,

-rabbit




Skin



Skin

Burn patient
has closed
severe skin
wounds In
neck partly
by
contraction

Image removed due to copyright considerations.




Skin

Wound area closure using three protocols

[91, 9,? 0]

Image removed due to copyright considerations.
See Figure 8.1 in [Yannas].

89, o; 11]

[28, o; 77]



Dermis regeneration template (DRT)

Image removed due to copyright considerations.




Structural features of bioloqgically ECM analogs

1. chemical composition (ligand identity)
2. macromolecular

structure (ligand

3. pore structure (ligand density) duration)

Diagrams removed due to copyright considerations.

4. orientation of pore channels (ligand orientation)



______________________________________________________

Image removed due to copyright
considerations.
See Figure 8.5 - top in [Yannas].

DRT

Contraction

Inhibited maximally
In pore

diameter range

20 um — 120 pm.
Scaffolds with pores
In that range induced
dermis regeneration.
Scar formed outside
that range.



rete ridges with

capillary loops
Normal skin and vascular plexus

underneath

Image removed due to copyright considerations.
See Figure 5.2 (top left) in [Yannas].

Burkitt et al., 1992



Verify induced regeneration of skin basement
membrane.
I: Immunostaining: Factor VIII for capillary loops

Image removed due to copyright considerations.

Compton et al., 2000



Verify induced regeneration of skin basement
membrane.
Il. Immunostaining: o4, Integrin for
hemidesmosomes

Image removed due to copyright considerations.

1inm

Compton et al., 2000



Verify induced regeneration of skin basement
membrane.
Ill. Immunostaining: Collagen VII for anchoring fibrils

Image removed due to copyright considerations.

15£Hm
Compton et al.,2000



Conjunctiva



Anatomy of the conjunctiva

Fornix (o~ \EVelid

N low mag

Cornea

Epithelium

< high mag

Conjunctival
stroma

Sclera




Conjunctiva wound model

Conjunctiva

\

Tenon'’s capsule Sclera




% Fornix Shortening

w
o

=
(6

Effect of DRT on contraction kinetics of conjunctival defect. It is
experimentally convenient to study contraction of the fornix,
a tissue attached to the conjunctiva.

ungrafted

grafted with scaffold DRT

—
—
—
—
-—
—
—
—
-
-

15 30
Days

Hsu et al., 2000



Test of synthesis of conjunctival stroma
(use microscope polarizing stage to study orientation of
collagen fibers)

Image removed due to copyright considerations.

ungrafted grafted with scaffold
conjunctival scar DRT

normal conjunctiva Hsu et al., 2000



Peripheral nerve



Rat sciatic nerve model

Image removed due to copyright considerations.




Experimental model used to study
PNS regeneration

e Transect rat scilatic nerve
e Insert nerve stumps into tube
e “Nerve chamber” model is standard

BN -
/ | N\

proximal tube, empty distal
stump or filled stump




Nerve
regenera-
ted
across 8-
mm gap

Image removed due to copyright considerations.
See Figure 10.7 (lower right) in [Yannas].

Jenqg and Coggeshall, 1985



Contractile cell zone surrounds regenerating

nerve

\

contractile cells

/

\ original stump surface

regenerated nerve
Image removed due to copyright considerations. / :



Nerve regeneration template (NRT)

Image removed due to copyright considerations.




silicone tube scaffold tube

""""""""""""""""""""""""""""""""""""""""""""""""""""""""

Images removed due to copyright considerations.

15-20 contractile cell layers 0-1 contractile cell layer
poor quality of regeneration superior quality

Chamberlain et al., 2000



c. Scar formation vs inhibition of
contraction

Data in table will show: Inhibition of
contraction, even modest, leads to
virtual abolition of scar

Scar appears to be a by-product of
contraction



Organ/ Treatment |Spontan- |Treated
species used eous
skin-guinea | scaffold A [91, 9, 0] |[89, 0,
pig
skin-guinea | scaffold [92, 8, 0] |[28, 0,
pIg DRT+ KC
nerve-rat |silicone [95, 5, 0] |[53, 0,
tube+scaf-
fold DRT
nerve-rat collagen [95, 5, 0] |[O, 0,
tube+scaf-
fold NRT
conjunctiva |scaffold DRT |[45, 55, 0] ([13, O,

-rabbit




d. Impaired healing of skin
wounds

Dermis-free wounds in:

e genetically diabetic mouse
genetically obese mouse
Infected wounds

« mechanically splinted

e treated with steroids

all impaired-healing wounds showed strong
delay In contraction but not regeneration



4. Theory: Selective
INhibition of contraction



Conclusions

1. During development, contraction increases in
Importance, while regeneration
corespondingly decreases (rana catesbeiana).

2. Certain scaffolds block contraction
“selectively” and induce partial regeneration
In adult mammals (rodents, swine, human).

3. Scar Is abolished when contraction iIs
blocked.

4. Impaired healing blocks contraction but does
not induce regeneration.




Theory
refers to [C, S, R]

* Inhibition of contraction IS necessary
but does not suffice to induce
regeneration

AR>0and S—>0I1If AC<O



Mechanism of contraction
inhibition by DRT scaffold in skin wound

e Scaffold does not aggregate p

latelets

(during its preparation, abolish collagen
banding but not triple helix). Hypothesis:

Downregulate release of TGF-
e Scaffold binds TGF- 31 avidly

3.
(but

nonspecifically). Hypothesis: Downregulate
soluble cytokine concentration.

e« Scaffold binds myofibroblasts

extensively.

Hypothesis: myofibroblast contractile axes
disoriented, lose vectorial character.



Myofibroblast

Image removed due to copyright considerations.

Tomasek et al., 2000



Myofibroblasts stain brown-red. Scaffold unstained.

surface of wound

Image removed due to copyright considerations.

A. No scaffold.
Contracting wound

surface of wound

Image removed due to copyright considerations.

B. Grafted with scaffold.
No contraction 100 pm




Kidney

Test applicability of theory to a new
organ



Rat kidney fibrotic tissue
stains blue

Image removed due to copyright considerations.

untreated scar formation
and contraction of perimeter

Image removed due to copyright considerations.

treated o

with significantly smaller scar and
less contraction of perimeter

scaffold

DRT



	2.79J/2.79J/3.96J/BE.441J/HST.522J 
	Outline
	1. Irreversible injury
	2. Regenerative and nonregenerative tissues in adult mammals 
	The tissue triad in skin and nerves
	Conclusion: Inverse relation between contraction and regeneration
	3.  Antagonistic relation between contraction and regeneration
	Quantitative description of healing processes
	a. Data from spontaneously healing wounds
	Tadpole  Frog
	b. Blocking of contraction using scaffolds
	Skin
	Verify induced regeneration of skin basement membrane. I: Immunostaining: Factor VIII for capillary loops
	Verify induced regeneration of skin basement membrane. II. Immunostaining: 64 Integrin for hemidesmosomes
	Verify induced regeneration of skin basement membrane. III. Immunostaining: Collagen VII for anchoring fibrils
	Conjunctiva
	Anatomy of the conjunctiva
	Test of synthesis of conjunctival stroma(use microscope polarizing stage to study orientation of collagen fibers)
	Peripheral nerve
	Experimental model used to study PNS regeneration
	Contractile cell zone surrounds regenerating nerve
	c. Scar formation vs inhibition of contraction 
	d. Impaired healing of skin wounds
	4.  Theory: Selective inhibition of contraction
	Conclusions
	Theoryrefers to [C, S, R]
	Mechanism of contraction inhibition by DRT scaffold in skin wound
	Kidney


<<
  /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




