








Historical background

·Regenerative medicine (RM) implies 
the replacement or regeneration of 
human cells, tissue or organs, to restore 
or establish normal function.

·The term Ȱregenerative medicineȱ is 
widely considered to be coined by 
William Haseltine during a 1999 
conference on Lake Como, in the 
attempt to describe an emerging field, 
which blent knowledge deriving from 
different subjects: tissue engineering 
(TE), cell transplantation, stem cell 
biology, biomechanics prosthetics, 
nanotechnology, biochemistry



· This term was found for the
first time in a 1992 paper by
Leland Kaiser, who listed the
technologies which would
impact the future of hospitals.

· RM is considered a novel
frontier of medical research,
but the idea of creating
artificial organs is not so
recent. In 1938, a book, called
ȰThe culture of new organsȱ,
was published and the authors
were Alexis Carrell, a Nobel
Prize winner for his study on
vascular anastomosis, and
Charles Lindbergh, the first
aviator to fly acrossthe Atlantic
alone.



·Wondering why his sister-in-
law's fatal heart condition 
could not be repaired 
surgically, Lindbergh, despite 
not being a professional, ended 
up working together with 
Carrell at Rockefeller Institute 
for Medical Research during 
the 1930s, where they created 
an artificial perfusion pump 
allowing the perfusion of the 
organs outside the body during 
surgery: their work was the 
basis for the development of 
the artificial heart



History:
·As for organ replacements, in 1954, the kidney was the 

first organ to be substituted in a human, but between 
identical twins so that rejection did not arise.

·Later, also cell transplantation was achieved: an 
immunodeficient patient received his sibling's bone 
marrow .

·At first, transplants were relegated to research because 
of the adverse immunological responses, but the 
advent of cyclosporine in the 1980s transformed 
transplantations into life -saving treatments, as the risk 
of rejection could be drastically reduced. 



History:

·Nowadays, lifelong immunosuppressioncarries many 
side effects, representing one of the two big problems 
related to transplantations.

·The other one is the shortage of donors, not being able 
to meet the ever increasing demand of organs.

·Due to the progressively aging population, 
transplantations will be increasingly needed to replace 
end-stage diseased organs injured by age-related 
diseases.
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Method: Search Strategy

Reference of review articles 
and Grey literature

Manual 
search

Corresponding authors

Contact

Title and abstract

Double 
screening
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Outcome measures

Renal function

Regeneration

Fibrosis

Inflammation
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Quantitative 
analysis (n = 

13)



BUN and Creatinine 
(Experimental vs. Active)
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Gene Expressions

Cadherin EMX2 KRT-10

Laminin PAX-2 vWF

WNT WT-1
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PAX-2 gene expression 
(embryonic development)
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Transforming growth factor beta 
(TGF-ʲύ ƎŜƴŜ ŜȄǇǊŜǎǎƛƻƴ
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Interleukin-1 gene expression
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Conclusion

ÅMore favorable outcomes with the use of hybrid
composite scaffolds, with an element of PLGA 
combined with ECM, MH, or other bioactive 
materials.

ÅCellseeding tends to direct a more acceleratedand 
closer to normal regeneration.

ÅGrowth factors always helped.

ÅOur quantitative data did not support the authorsΩ 
conclusions.

21





Objectives:

Decellularizationand alveolicell seedingon three-dimensionallung
scaffold with preservation of alveoli micro-architecture was
performed in rat model. We also tried to authenticate the
preservationof terminal respiratorystructure by SEMof the casts
after decellularizationprocess.



Material and Methods: 
Whole lungswere obtained from 12 healthy SpragueDawley
rats, cannulatedvia the trachea under sterile condition, and
decellularizedwith a detergent-basedmethod. Castingof both
natural and decellularized lungs was performed to
authenticate the preservation of inner microstructure of
scaffoldsfor further cell seeding. Alveolar cell seedingwas
performedwith GreenFluorescentProtein(GFP)lungcellsand
non-GFPlung cells with a peristaltic pump in four lungs.
Histological and immunohistochemicalstaining as well as
enzymaticevaluationwere conductedfor assessmentof cell
seeding.



Results: 

The results showedthat all cellular and nuclearcomponents
were completely removed from the scaffolds. Histological
stainingand SEMof castsauthenticatedthe preservationof
tissuestructure. Tensiletest alsorevealedthe conservationof
biomechanical properties. The hydroxyproline content of
decellularizedorganswassimilarto nativelung(0.19˃Ǝ/mg vs
0.22 ˃Ǝ/mg). Histological and immunohistochemical
evaluationsrevealed effective cell seedingon decellularized
matrices. Enzymaticmeasurement suggestedthe potential
functional properties of the regenerated lungs with
satisfactorylevelsof trypsinandalpha1 antitrypsin.



Decellularization steps of lung tissue: (A) Normal lung tissue just before the decellularization 
procedure (B) Lung tissue after washing with distilled water in the first cycle (C) The end of 

the first cycle (D) Decellularized lung after the second cycle.



astingprocedure: (A) Decellularized lung tissue after casting process, (B) The application of acetic 
acid for digestion of lung tissue, (C) Cast of decellularized lung scaffold after the application of 

digestive enzymes.



Evaluation of ECM preservation: (A) Radiography imaging depicted bronchial branches after 
decellularization protocol authenticating the efficacy of our procedure in terminal alveoli 

preservation, (B) Injection of methylene blue in the decellularized scaffold for demonstrating 
the preservation of bronchial branches and terminal alveoli without the leakage of the dye from 

the scaffold



MRI and CT scan imaging: (A-C)Three-dimensional reconstruction of CT scan demonstrated cast, 
normal and decellularized lung scaffold, (D-F)Magnetic resonance imaging as a comparing test for 

cast, natural and decellularized lung tissue.



Lung cells in cell culture dish: (A-D) Non- GFP lung cells , (E-H) GFP positive lung cells 



Recellularization steps: (A) Initial steps of lung decellularization in the bioreactor, 
(B) Decellularized scaffold that is washed with PBS and is ready for cell seeding, 

(C) Perfusion of medium and cells in the first day, (D) cell seeding process on the 
8th day.



Scanning electron microscope: (A & B) Natural tissue, (C & D) Decellularized lung after the first 
cycle of decellularization procedure, (E & F) Complete lung scaffold after the second cycle of 

decellularization procedure, (G & H) SEM of natural lung tissue in cast, (I & J) Casts obtained 
from lungs after the first cycle of decellularization procedure, (K & L) Casts of complete 

decellularized lung scaffold after the second cycle of decellularization procedure.



Tensile test: Force/displacement curve comparing the maximum force 
tolerated by (A)natural and (B)decellularized lung scaffold, (C)

Hydroxyproline contents of native and decellularized lung tissue. Data were 
not statistically different 



Histological staining of natural lung and decellularized scaffold: H&E staining of (A) natural 
and (B) decellularized lung ,Determination of Laminin in (C) decellularized, and (D) intact 

lungs . DAPI staining of (E) natural and (F) decellularized lung scaffold.



Histological staining of recellularized scaffold: (A & B) H&E and IHC staining of non-GFP cell seeded 
scaffold with TTF1 antibody, (C) IHC staining of seeded scaffold with GFP positive cells by anti-GFP 

antibody, (D) DAPI staining, (E) Pentachromestaining of tissue-engineered lung. Mucin secretion in 
tissue-engineered lung (arrows), (F) Picrosirius red staining of tissue-engineered lung after 

recellularization. Red fibers depict type I collagens, (G&H) IF microscopy of natural GFP-positive lung 
and seeded scaffold, respectively.



Conclusion: 

Castsproducedby this methodseemsto havesatisfactory
geometrical properties for further cell seedingof lung
scaffolds. Preservationof inner micro-architecture and
terminal alveoli that wasconfirmedby SEMof lung casts
appearsto increasethe probability of an effective cell
seedingprocess.





Objective:

To investigatethe outcomesof implantingrat Decellularized
TracheaScaffold (DTS)between paravertebral musclesof
nude mice by usingthe body as a bioreactor for total graft
recellularization.



Material and Methods: 

Tracheas of 4 rats were aseptically resected and
decellularized. Toassessthe efficiencyof decellularization
procedure,all decellularizedscaffoldsand native control
tissueswereevaluatedwith scanningelectronmicroscopy
(SEM),DAPIstaining,DNAquantification,biomechanical
properties,and hydroxyprolinemeasurement. Theywere
then implanted between the paravertebralmusclesof 4
nude mice. Thegrafts were preciouslyevaluatedat 1, 3,
6, and 12 months postoperativelyfor tracheal cartilage
andsoft tissuerecellularizationby TTF1, CD34, S100, and
LeukocyteCommonAntibody(LCA)staining.



Results: 

Hematoxylinand Eosin(H&E)staining,SEM,and tensile
test confirmed the preservation of tissue structure,
biophysical, and biochemical properties of DTS. The
present study clearly demonstrated that the
hydroxyproline content of DTS was similar to native
tissue. On the other hand, in biopsiesobtained after 12
months, histological evaluation showed superior
organization and cell seeding in both cartilage and
connectivetissues.



Surgical technique: (A) implanted DTS between the back muscles of nude mice (B)
recellularized tracheas after 12 months of implantation



Histological examination: (A & B) H&E and DAPI staining of natural trachea before 
decellularization procedure (C & D) histological analysis and DAPI staining of DTS (E) 

Pentachromeand (F) Picro sirius red staining of DTS. 



Scanning electron micrograph: (A-C) natural trachea (D-F) DTS



Comparison of hydroxyproline contents of native trachea and decellularized trachea. 
Data were not statistically different



Tensile testing: (A & B) Hook test in which the cartilage component is evaluated in both 
fresh trachea and DTS, respectively (C & D) Tensional test for assessing connective tissue 

of DTS and natural trachea





Immunohistological Examination: (A) H&E staining of the grafted DTS, 1 month postoperatively 
(B) Histological evaluation of the graft with numerous cells seeded in the cartilage component 
without fibrosis or inflammation after 3 months of implantation (C) Histopathological analysis 
of the grafted DTS showed approximately natural trachea structure ,6 months postoperatively 

(D) Well -organized trachea structure in the grafts, 12 months postoperatively (E-H) IHC 
staining for TTF1 in 1, 3, 6, and 12 months of implantation (I -L) IHC staining for CD 34 in 1, 3, 6, 

and 12 months of implantation



Immunohistochemical evaluation: (A) IHC staining for LCA showed  no staining, 12 months 
after implantation (B) Anti -S100 staining, 12 months after implantation



Conclusion: 

This study demonstrated the feasibility of natural
bioreactor in recellularizingDTS; which may have the
potential to facilitate homologous transplantation for
repairof segmentaltracheadefects.





Objectives:

To report the results of whole rat liver decellularization,
characterizationof the extracellularmatrix, and in-vitro whole
liver recellularizationwith ratsΩneonatal green fluorescent
protein (GFP)-positive hepatic cells by a designedbioreactor.
To present the results of rat and sheep decellularizedliver
matrix (DLM) graft into the normal rat liver and compare
natural cell seedingprocessin homo/xenograftof DLMby rat
autologouscirculatingmesenchymalstemcells.



Materials and Methods:
Whole liver of 8 SpragueDawleyrats and four sheepwere resected
andcannulatedvia the hepaticveinandperfusedby pulsatilepump
with two different protocols (sodium dodecyl sulfate (SDS) or
Triton+SDS). Severalexaminationswere performedto evaluateand
comparethe efficacyof thesetwo decellularizationproceduresand
the micro vascularintegrity structure. In-vivo recellularizationwas
alsoperformedfollowingtransplantationof multiple piecesof sheep
and rat DLMsin the subhepaticarea to compare the efficacy of
different scaffoldsin autologouscell seeding. Four ratΩs whole liver
DLMswere recellularizedin-vitro by perfusion of ratΩs fetal GFP-
positive hepatic cells with pulsatile bioreactor. Histology,
immunohistochemicalstaining,andenzymaticassayof recellularized
livers were performed. Biopsiesof both homograft and xenograft
wereassessedfor liver recellularization8 weekspost-operatively.



Results:

The preliminary results of this study demonstratedthat
the triton method is a promising decellularization
approachfor preservingthe three-dimensionalstructure
of liver to provide alternatives for whole organ
decellularization. Accordingto the biochemicalassayand
histopathologicalevaluationsof the recellularizedlivers;
in-vitro recellularizedDLMswere more similar to natural
onescomparedwith in-vivorecellularizedlivers. However,
homografts showed better characteristics with more
organizedstructurecomparedwith xenografts.



Decellularization steps: (A) Normal cannulated Liver 
for decellularization process, (B) Second step of liver 

decellularization with triton and SDS 



Recellularization steps: (A) Perfusion of medium and 
cells, (B) GFP-positive hepatic cells 



Comparison of normal and in vitro recellularized liver scaffold: (A&B) H&E, 
(C&D) immunofluorescent imaging, (E&F) IHC staining with anti -hepatocyte









Histological examination of Sheep DLM before and after the transplantation: (A) 
Complete cell removal with preservation of basic structure frame was seen in the 

liver that was decellularized with method 1. The wall of the portal vein was thicker 
in method 1 with more connective tissue in the structure of portal vein wall, (B)

More lysisreactions were found in method 2, (C&D) Xenogenictransplantation of 
DLMs with fibrotic changes in hepatocyteseeded scaffolds that were obtained from 

method 1 and 2



Evaluation of rat DLMs: (A-B) H&E staining of decellularized  and 
normal scaffolds, (C-D) Reticulin staining of decellularized and natural 

livers, (E-F) Trichrome staining of processed and intact livers, (G-H) 
SEM analysis of decellularized and normal matrices



`

Histological evaluation of homotransplantation and xenotransplantation: 
(A&B) H&E and hepatocytestaining of rat to rat transplantation

(C&D) H&E and hepatocytestaining of sheep to rat transplantation



SGOT 

(IU/L)

SGPT 

(IU/L)

Alkaline 

phosphatase 

(U/L)

LDH 

(U/L)

Gamma GT 

(IU/L)

Normal liver 18962 1368 261 8694 407

In vitro 

recellularized 

liver

11394 924 194 5968 256

In vivo 

recellularized 

liver (sheep to 

rat)

402 33 11 45 59

In vivo 

recellularized 

liver (rat to rat)

1011 222 69 531 91

Table 2: Hepatic enzymes level



Conclusion: 

Whole-organ tissueengineeringin small scaleis feasible.
In-vitro recellularizationof liver scaffoldswith autologous
cellsrepresentsanattractiveprospectivefor regeneration
of liver as one of the most compound organs. Small
pieces of implanted DLMs into the liver tissue will be
reseededby autologousdifferentiated hepatocytes. This
study theoretically may pave the road for in-situ liver
regenerationprobably by implantation of DLM into the
diseasedhost liver.





Objective:

To compare the biocompatibility and histological
aspects of Cholecyst-Derived Extra Cellular Matrix
(CDECM)graft, either alone or with application of
Autologous Detrusor Muscles Small Fragments
(ADMSF)on rabbit bladder mucosa for bladder
augmentation.



Material and methods:

The gallbladderswere acellularizedand evaluated for
preserved acellular matrix scaffold and biophysical
properties. Thirty rabbits were divided into 5 groups.
Rabbits in the control group underwent partial
detrusorectomy followed by perivesical fat coverage.
Groups I and II underwent the same procedure and
bladder mucosawas coveredeither by AcellularRabbit
Gallbladder (ARG) (group I), or Acellular Sheep
Gallbladder(ASG)(group II). GroupIII and IV underwent
detrusorectomyand the bladdermucosalwasseededby
ADMSFandcoveredby ARG(groupIII),or ASG(groupIV).
Biopsies were taken at 4, 12, and 24 weeks
postoperatively.



Surgical technique: (A) Bladder exposure,(B) Separation of 

bladder muscular and urotheliumlayers, (C) AcellularCDECM 

was inserted over the bladder mucosal layer, (D) The exposed 

bladder for explanting the transplanted scaffold after 24 weeks of 

bladder augmentation



Results:

Higher expressionof CD34 endothelial progenitor
cells,CD31 microvessels, -hsmooth muscleactin ό-h
SMA), S100, and cytokeratin with more organized
muscular wall generation, were demonstrated in
groupsIII & IV. Expressionof IHCmarkerswashigher
in groupsIII & IV comparedwith groupsI & II in all
the time points.



DAPI staining of (A) natural rabbit gallbladder (B) natural sheep 

gallbladder(C) ARG and (D) ASG. H&E staining of (E) natural 

rabbit gallbladder (F) natural sheep gallbladder(G) ARG and (H) 

ASG.



Scanning electron microscopy of (A) acellular
rabbit gallbladder (B) acellular sheep gallbladder (C) 

natural rabbit gallbladder (D) natural sheep 
gallbladder. 



Force/displacement (KN/mm) curve



Histological evaluations : (A) H&E staining, (B) Vimentin Staining 
(C) Cytokeratin AE1/AE3 staining (D) CD34 staining (E) CD31 

staining (F) SMA staining (G) S100 staining.



Picrosiriusred staining in (A) group I (B) group II (C) group III (D) group IV,. 

Pentachromestaining in (E) group I (F) group II (G) group III (H) group IV. 

MassonΩs trichromestaining in (I) group I (J) group II (K) group III (L) group IV



Conclusion:

The current study confirmed that autologous
fragment-seeded CDECMcan be considered as a
reliable natural collagen scaffold for bladder
augmentation.





Objective:

To introduce the role of fibrin sealantand preputial
acellular matrix (PAM) as a new source of inert
collagenmatrix for urethral reconstruction.



Material and Methods:

A dorsalurethral segmentaldefectwascreatedin 24
rabbits divided into 4 groups. In group 1 (G1)
urethrotomy was closed in layers. In group 2 (G2)
closure was followed by applying fibrin sealant. In
group3 (G3) and4 (G4) urethroplastywasperformed
with a patch graft of PAM, and in G4 fibrin sealant
wasalsoapplied. Serialurethrographywasperformed
beforeandafter the operation. Then,the urethrawas
excised1, 3, and9 monthspostoperativelyfor further
examinations.



Surgical procedure: Reconstruction of urethra by tissue-
engineered prepuce scaffold and application of fibrin glue



Results:
In G1 and G2, the fistula repair failed due to extravasationin
the proximal part of urethra. In G3 and G4, serial
urethrographyconfirmedthe maintenanceof a wide urethral
caliber without signs of strictures or extravasations.
Satisfactoryvascularitywasobservedin G3 and G4 during the
whole study,which wasmore significantin G4 after 9 months
of follow-up. Thepresenceof a completetransitionalcell layer
wasconfirmedover the graft in G3 and G4 in all time points.
IHCstainingconfirmedthe effectivenessof fistula repair in G3

andG4, 3 monthspostoperatively.


