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Dedication

The most exciting phrase to hear in science, the one that heralds the most discsveries, i
not "Eureka!"(l found it!) but "That's funny..."

Isaac Asimov

This work is dedicated to the greathstoes of scientific research:
the laboratory animals.
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Introduction

1 Introduction

In the history of medicine, there was always the wistlelay the natural process of decay or
malfunctiors in the body caused mormal ageing processadysfunction by diseases ar-i
jury of important organs.

A steadily increasing average age of the society in 1.dnaslntries shows the success of
medical treatmentnade possible by a constant growth of knowledge about mechasssms
sociatedwith pharmacological gents and ongoing development of iioyed surgical mét
ods and medical equipment.

But, especially in a population of growing age, the number of so callegtagd disease

where all theapies failis rising. For thespaients, a solid organ transplantation is a ngitgs

1.1 Transplantation T Data and Facts

The history of lung transplantatiqh TX) began 1940 witlthe Russian scientist Vladimir
Demikhovwho made the first attertgpto transplant a lung from one animalataother and
showed that it was technically possibiBt the lack of understanding in the process ofcreje
tion andthe absence ammunosuppressive treatment left no chance in a reattkmng su-
vival.! In 1960, Sir Frank Burnet and Peter Medr shared the Nobel Prize in medicine for
their pioneering work in the understandisfigthe immunological process upegjecton.? Due
to improvementdike the invention of the healing machine antdmmunosuppressive drugs,
the firstsuccessfulung transplantatiowith an adequate loaggrm survival was performed in
1983 by Dr. Joel Cooper at theniersity of Torontd® From this time onLTX became a
therapyfor endstagg@ulmonary diseases

In an overview from the Association of Heart and Lung Transplantation in 201(22283
persoms were recorded in availabf@rgan Procurement and Transplantaticatvixork (OPTN)
data as living with a functional transplanted orgahis meansnincrease of 1.7% compared
to 2006and a 56.6% increase since 1999.

In 2008100,597patientswere registered in organ waiting lists in the United Stdtbs is an
increase of 3% people waiting for an organ sintdee end of 2007. The lungwaiting list
increased even t8.8%?*

Unfortunately the donation of organs has not kept pace with thisg demand.
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Beside thisthe LTX has always occupied a spég@iace among all other solid organ tsan
plantatiors, as it resultsn poorer graft and patient survival rates than most otherpiaams-
tions.Neverthelesshe postransplardne- yearpatient and graft survival increased75% in

1995 andbecame oveB0% in 2008 Despite that immpvement this valueis still low can-

pared tosurvival rates of other solid organ transplasftapproximately 90%T he situation of
recipients of lung transplants leaves and even more dramatic impression when an &average
year graft survivabf only 54.4% is considered This phenomeon has a major cause: the
lung is believed to be very prone towards being damaQédn, it is already predlamaged

due totrauma, aspiration, resuscitation attempts or glmation on the Intensive Care Unit
(ICU).°

As a resultmore than 60% of potential lungiave to be discarded by of poor organ
function. Studies repeat that more tH80% of potential lungs have to be discardel A

study from Victoria, Austriga hasshownthat only 17% of all lung dwrs werdranglantable
whereas88% of these donors could still donate idniey.” Therefore many attempts have
been made to enhance utilizatiohdonor lungsandto maximizeLTX opportunity Even
6extended crit er iasthmapairvppaseaetion smoking Honsstrethusy o f
transplanted wittmore or lessicceptable shoterm result$*° In somecentresliving related

donor lungs or dnationaftercardiaedeath (DCD) donor lungs have also been d5&tThe
addressed studies imply that a mpioblemis findingt he o6r i ght 6 doet@r i n
enable an optimaglreparatiorof an organ.

Another big issu@ccurs in the preparation itsels it causes and intrinsschemia andhus

a probablaeperfusion injuryAmongst all other organs, the lung has the lowest ischetria to
erance. Thus, theost importantriteria forsuccessfulung transplantations time In astudy

from Victoria, Australia 16% of all donor lungs were unusahle to logistical limitation A

critical pointis the extended cold ischemia during the period of conservatibicdahalates

with a high risk for development of primary graft dysfunct{p@D).™

The following chapters will give an overview about the leading causes of lung graft injury

1.2 Ischemia and Reperfusion
Ischemia is defined as the insufficient or complete mtEsef blood flow in the tissug.An
ischemic stateés usuallyfollowed by reperfusionvhen blood circulation is partially or oo

pletely restored®
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As a matter of fact, oxygen is the livelihood for every single @&lus a lack of oxygenn-

ducesa powerful alarming signal that causes a critenadl deleterious situation for thef-a

fected organ oeven the whole organishh?® Functional accommodation of oxygen ie-s

curedvia the wide network of arterial and venousssels thasupply the tissue with oxyge

ated blood from thé&ung. If the nomal blood flow is cubr strongly restricted in a part of the
circulation systemthetissue will suffer from oxygen deprivatioresulting inhypoxia and
completeischemiaif this state is kept” ?° In transplantation medicine, ischemia as absolute

or relative shortage of bl odwunhgtdarismamationshiea st at
organ has to be taken outtbk donor, and therefore dubm thed o n dloadl systenprior

to readaptiorto ther e c i pblo@dritcudasion.

Ischemia in the lung can cause lipid peroxidation and oxidant injury despite thecpresen

oxygen?: %

Two kinds of ischemia are differentiated: cold and warm istae

The ischemia is defined & a r ,nfi éhe tissue or organ is kept at body temperature during
this state Warm ischemia occurs in organ harvest and transplantation to the recipient as the
condition of the organ due tlidetachmentrom blood circulation and the time during surgery
until ther e c i pvessels aré adapted.

The ischemia is defined @sc o, If thedtissue or organ is cooled down. This happens usually
during storage and transport aada n 6 t b .eSnce hypotherraial decreasenergy e-
quirement and metabolic raté the organtemperature seems to plagimportant role during
ischemia It has been shown that the inflicted tissue damage distinguishes between cold and
warm ischemia due to differetypes of cellbeingaffected®® 2*

As both formsof ischemialead to tissue damage, ischettime has to be kept as short as
possible Many differentfactors have to be considerkkke storage time, donor and recipient
preparation oduration ofsumgery. In organ storage, a cold ischemic timdnich is definedas
the periodof cooling the organ untileestablishment of the blood flow, 418 hours areac-
cepted. Varm ischemic time depeadnosly on the surgeo® srgan preparation and prese

vation experience’

1.2.1 Ischemia and Reperfusion Injury
Many approachebtave been deloped to optimize the rtiteodologyof lung preservation
over the past decad&heprevention and treatmeant ischemia reperfusion injurigiRl) lead

to a reduction oPGD incidenceof approximately 3a15%2> ?° Due to the decreasing mu
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bers of donor organs and the extended donor selection critési@ven more important to
understand thenechanism ofRI and todevelop bettepreservatiorand prevention possibil
ties. Especially in lung transplantation and the major use of brain dead donor lungs, the u
derstanding of ischemia and reperfusigR) is essential.

Ischemia leads to a lack of oxygen, hence hypoxiavaas shown to icrease theisk of in-
flammation ingrafts thatmay leadto graft failure or rejectiof’ Hypoxia occurs in the hg,
when alveolar oxygen pressuteops below 7 mmHg durinigchemia and it induces infia-
matory reponse when perfusion is initializedter hypothermig?32930 311732 33,20, 3341
Oneimportant biochemical entitthat responds to hypoxic conditioas a molecular level is
the hypoxia inducible factet (HIF-1). On previous studies it was reportedreach high e

els in hflammatory tissuand is the central research topic of this wirk

Beside its beneficial adaptive effects on ldagn hypoxia, it also has the ability tegulate
several functions of myeloid cells to enhance their stimulation, aggregation, motilitp-and i
vasivenes$® ** It also prolongs the lifespan of neutrophils and has an influence on the ada
tive immunity*> 4

In studies on mountaineers suffering from mountain sickness, it was demonstratéithat
influencesinflammatory processes and pulmonadema which was demonstrafé&®

Under hypoxic conditions HHE has a great effecin the cellvia regulation of Vascular =
dothelial Growth FacteA (VEGF). VEGF leads to increased permeabilityhafendothelium

and a formation ofenestraan the capillary sheetwhich are relevant steps towards tie
velopment of edem&:>? This conditionfollows a swelling of alveolar interstitium and a
flooding of the alveoli. Accumulateextravascular water and the slugd leads to a critical
disturbance of the mechanical function and a disablement of the gas exulicigenay end

in PGD afterwards®>’

Additionally, severalmechanismsaffect the graftduring the hypothermic storage of organ
transplantsand may lead to activation of inflammatory mediators that lead to inflammation
and injury at the time of reperfusiohHypothermia for example has an effect on the fan
tionality of many emymes, as most of them show a-2.6 fold decrease in their activity for
every 10°C decrease in temperattirélndestandably this effect is favourable asdtluce

the metabolic processe8ut manydowrregulatedor even stopped enzymic function results

in dysfunction of criticamechanisms to keep the balanstate in the cefi®

One of these criticalgints is the inactivation ofoslium pumg, like the Nd'K* ATPase. This

ATP dependent enzyme is accountable to perpetuate the intracellular electrolyte concentration
by shuttlingpotassium iongK™) from the outside of the cell into the intracellular fluid and

7
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sodium ions in the opposite direction. Thus, a higtaid a low N&concentratia inside the
cell is maintainedvhich has to be high in intracellular fluid asddium ions I§a”. Cong-
quently he N&’K* ATPaseenableghe adequate clearance of the alveottfluids.*’

Under hypothermic conditions, tifanction ofthe sodium pumpis diminished but can be-re
established uporeaching a temperature of 37°C under the pserthat there is no damage to
the endothelial cell® This temporarydeficit leads toanaccumulation of sodium in the iatr
cellular fluid anda passive influx of chloride. Thialsocauses cell swellingnd accumulates
with the swellingcause byHIF-1 upregulation in the time of repefusitr®>’

One importantonsequence of ischemia and reperfusion injury is the upregulatwertain
molecules on the cell surface membrane. These adhesion moleculesptaportant role in
modulatingthe inflammatory respons&heycan be differentiated in three families: selectins,
immunoglobulin superfamily and integrins. They aggegulatedon pulmonay endothelial
cells during ischemia and are inpant for leukocyte emigration.HE emigration of leud-
cytes depends on different events mediated by adhesion molecules: rolling, adhererree, activ
tion and extravasatioffhe activation and proper adherenppears when leukocyf&l or32-
integrin bind to endothelial cells which then express intercellular adhesion melecule
(ICAM-1) or vascular endothelial adhesion moleel(¢ CAM-1). The extravasationnto the
tissue isdependend onntegrinimmunglobulin irieractions which involve ICAM-1 and
platelet endothelial cell adhesion molecl¥

Under hypoxic conditions,nelothelid cells and macrophages develofiammaory prope-

ties which leadto impaired blood rheology during reperfusion adisecritical damage in

IRI .61,62-64

Another factor is Endothelin, a vasoconstnicttO times more powerful thanngiotensin Il.

It is releasedia endothelial cells and its expression is predominant in the®fugtimulates

the production of cytokines by monocytes/macrophages and promotes the retentionoef neutr
phils in the lund? It is known to accumulate in lung tissueftre and duringhe first hours
after reperfusiofi” ®® i high levels even lead to increased expression of VB@Fcause a
higher vascular permeatbyl.®®

Proinflammatory factorsre releaseth many organs at I/R and this has also been shown
also for the lund® Measurable amounts of prand antinflammatory cytokinedike TNF-U ,
IFN-"Y, -8]11I110, IL-12 and IL-18 were found in human lung transplants during coldasch
mia and after reperfusioft Most of them decrease aftepezfusion except 8 which shows

a significant icrease. Whilemost donor parameter like oygn tension, consequences
brain death or smoking history did not appear to influence the cytokine level, it was found

8
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that IL-10 level, a antrinflammatory cyokine, correlatednversely with donor ag€ IL -10
and IL-4 play an important role as amiflammatory cytokines in lung transplantatioa-p
tients. Especiallyl-4 seems to take part in diverse immunomodulatory mecharisose
are partof the inflammatory axis ofchronic rejection, but interestingly also in anti
inflammatory ways®"°

Another relationship was found between8land graft functionni human lung transplants
This potent chemokine promotes neutrophil migratidmch rapidly increases after reperf
sion. The IL-8 concetration 2h after reperfusion isegatively correlated with signs of lung
injury like the ratio of partial oxygen tension of alveolary to the fraction pinGnhaledair
(PaQ/FiO,) and mean airwapressureWith Acute Physiology and Chronic Health Evalu
tion Score on the other hand, it has a positive correlatioringthefirst 24h on ICU™
Besidesthat, the C-X-C chemokine receptor type (CXCR4) has been demonstrated to be
very active in the inflammatory process of acute lung injury and the developmbranef
chiolitis obliterans The number of CXCR4 positive cellsircreased in lungs of patientsat
suffer fromthis form of chronic rejection. It is also involved in several fibrogenic processes

after lung injury.”®"®

1.3 Primary Graft D ysfunction (PGD)

The primay graft dysfunction(PGD) is a multifactorial injury thabccurs in the graft and
developed withirthe first 72 h after transplantation. It presents itself with acute lung edema,
severe hypoxemia andiffuse alveolar damagé "*%*

The transplantation process corsigt many steps, that all represent bottlenecks in adequate
organ function. Beside the harvesting s, that igritical, the selected organ has to-u
dergo the preservation procetsnsport and implantation. All these myaulation steps may
lead to PGDwhich affects an estimatdrhction 0f10-25% of lung transplants and is thedea

ing cause of earlposttransplantation morbidity and moritgl *%’

Unfortunately, thes@ecessary proceduresn damage the lung even when all of them are
performed under optimaonditions just byhe meremechanical manipulation dfie orgart™

13

Risk factorsto develop a PGD arprolonged mechanical ventilation, aspiration pneumon
tis/pnaimonia, trauma, or hemodynanmistability after brain deatff

It is also known already, that brain death itself has a critical effect on organ functionrby inte

fering with the whole homeostatic regulatory system and producing a severe disatiganiz
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in the endocrine function.iEs 0 cal | ed ¢ leagd to dignificahy higheo leveld

of inflammatory cytokine&>°* This may end up in decreased tolerance to ischemic periods
and therefore augment the susceptibility for ischemia reperfusion damage and, later on, an
alloimmune response.

Pathological mechanisms likbe constitution after brain death, pulmonary ischemia, cold
organ preservation idueto organ transport and reperfusion are also critical factors which
lead inthe end to PGD.

Especially important for thisvork and reported asnamportant driving force is the injury
caused by cold or warm ischemia and following reperfudiRh (vhich is described inhgp-

ter 1.2.117, 88,.61, 70, 95, 96

It has beershownthat there is a connectidietween PGD and chronic allograft rejection as
persons suffering @m PGD have elevated proinflammatory mediators during early post
transplant period and increased developmentieofnovoantrHuman Leukocyte Antigens
(HLA)/Multi Histocompatibility CompleXMHC) type Il antibodies” %

The worstform of PGD is describetb occur after 48 hourst is not only shown, thdhere is

a relation between PGand thebronchiolitis obliteanssyndrome(BOS), which is the clir

cal form of chronic rejectiof’** Some studies also revealétanincrease irPGD seve

ity is correlatedwith decreasedhort- and longterm survivaf? 30-Days mortality ratesare
eightfold higher in patients with severe PGD com@aoethose without.

During organinjuries like PGD selfantigens are exposed and lead faotentialctivation of
autoimmune response. A epal protein, Collagen type V a major collagen in the lung,
seems to play a crucial role in this as it seems tonb@ntigen in the lung if released as
fragment " 103

The damage to epithelium and microvasculature leads to excessive fibroproliferatiosr and ti
sue repair. fie local ischemia caused by microvasculature damage stimulates BIIF ,a n d
therefore angiogenesis which is required to support chronic inflammation and fibroabliter

tion.104106

1.4 Rejectioni different Faces, different Causes

Although this workconcentrates on the early phase of ischemia and reperfusion injury and
primary graf dysfunction in the first 48 h, aspects of longterm rejection triggaeethe im-

mune gstem will be shortly addressed with this section.

10
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Following the cascade of events, not only complement cascade, cytokines and chearekines
lerted but also other parts of the innate immune systdw@ neutrophils and macrophages.

The inflammatory eacton dueto IRI is believed to b@redominantlygoverned by amnate

immune responsg.

The immune reactiovia leukocyte activation cdoe parted ito two stage$ an early anch

delayed phase of reperfusion. The early phase is known to depend primarily on dormr chara
teristic determinantswhereas the delayed phase is promoted by recigigmendent®’ Neu-

trophils mediate the early phase by producing local microvascular and parenchymal damage.
Later on monocytes and macrophages are infiltrating the tissue and may augment the injury
phasé'

Despitethe observation that the trafficking ofcElls intoan organ wadollowed by IRI, it

was believed hat t hey only have the r mangstudédsqpopassi
port theassumptiorthat T-cells are direct mediators of IRl in many organ systefis®

But besids thedestructive funitton of T-cells, new data show the potentialer@f lympho-

cytes in the healing and recovering process. It was shown thadta®B8 D4 deficiency was
associated with lower healing response:®

Additionally evidence for the existence dgulator or suppressorcells which are capable

of many different functions including the ohaation of the immune systehas been ght

ere(1119122

The most feared form of complication besd® infection due téhe application of immum
suppressive agenis the rejection of the graft itselcute rejection affects almost 55% of all
transplant patients within their firgear afer transplantatiaf?

The local innate immune ac#tion and constaractivation of immune response duentmae
from the environment contribute the high rées of rejectiorof lung transplants®

Rejection is a complemechanism that divided in different stages and severitghich are:
hyperacute, acute, chrorand subclinicalejection. The classification into one of theseseat
gories depens atetime of onset after transplantatit®*

Hyperacute rejection occurasinutes to hours after transplantation and is mainly chbge
pre-sensitization othe tissue. It is the result of alloantitiesl and complement fixatioR*
Some paents may already have developadt-MHC/HLA antibodiesdue topregnancy,
transfusion oa previoudransplantationThis antibodies react with donor antigens, leading to
accelerated humoral rejection abibnchiolitis obliteranssyndrome BOS) or to hyperacute
rejection wth immediategraft loss:**

11
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Another form distinguished from hyperacute rejection but showing similar clinical signs is
acute anbody mediated rejection (AAMR) that is known to occur any time after transplant
tion.*?* It manifests ina rapid increasef serum creatinineoncentratiorand shows a res
tance to therapy with steroids or dell specific agent¥® *?° AAMR has a poorer progniss

than a pure Tcell mediated acute rejection.

Both, hyperacute rejection and AAMR present themselves clinical with parenchymal injury,
fibrinoid arterial necrosis including capillaries that are congested with neutrophilsp-macr
phages and thrombi csigting of platelets and fibrifd"*%°

Acute lung allograft rejection, also known as lymphocytic bronchiolitis is defined as gperiva
cular or peribronchi@r mononiclear inflammatiort?® It may occur after a few days but yna
alsotake years until onsét® *** It is the result of a response of antigen specificcdlls
and/or antibodies that shaailoreactivity in the graft** Its frequency and severity seem to be
the most critical risk factor for the development @3$ the clinical form of chronic rege

tion. This fat limits the survival to 50% & years after transplantatidft >

One ofthe most problematic systenrstransplantation is the recognitisystem which e-

ables the organms to differentiate cellanto self and nosself. In \ertebrates it has evolved

into a very complicated system tretostevery cel of a body is linked to. This Major s
tocompatibility @mplex (MHC), or in humans Human Leukocytatigene (HLA) is a po-

tein complex encoded by a set of very closely linked genes. This complex presents antigenic
peptides that regulate immunological response by presenting these antigeoslis T

MHC genes are traditionally divided into two groupsHC | and 1. MHC classl genes are
expressed on the surface of most nucleated cells including epithelial cells. The molecules of
these genemainly present endogenous peptides to CD-&ells?3 1%

MHC class Il genes are constitutively expressed ewdlls, monocytes, dendritic cells and
other antigen presenting cells (APCs). They are upregulated on many other cellsnunder i
flammabry conditions:?®

After donor APCs die out or are destroyed, the dendritic cells of the recipientgpoessnt

the alloantigens to the recipientcélls**

Another critical pointrelies within theblood group antigethatrepreserga distinctive mark

for the immune systert’

Even if there are still many mechanisms not fully understood, commonly, acute rejeetion i
volves the recruitment and activation of recipient lymptexwhich are mainly effector -T
cells. This cause lung allograft imuand laer on, its los$* They also provide help for-B

cell memory, antibody class switching and affinityatoration. This is controlled bgnany

12
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different T- cell derived cytokines and eimulaory factors,recognizingreceptors at the
surface of B cells. B cells produce long living plasma cells in the tissue and migrate to the
bone marrow where they continue antibody production indefinitely without requiricglIT
help anymorg>*

Chronic rejection, also known asonchiolitis obliterangBO) is a leading cause of morbidity
and late mortality afteone year in lung transplantation patient§°

Normally the first sings are recognizetinically by sustained declined expiratory flow rate at
least over three weeks when otheasons have been excludédin advancedO there is a
wide spectrum from partial to completely acellular fibrotic obliteration where only a sear r
mains of he airway lumert® *3 3¢ This small airway destruction may lead to accumulation
of foamy macrophages and mucostasithe distal airspacé® Alloimmune independent €a

tors likeprimary graft dysfunction or alloimune dependent as acute rejection are thought to be
asseiated with BO**"13°

Pro- and antiinflammatory gtokines play a critical role in wound repair and the progression
of BO. Different types of immune response interact during chronic rejection.

Type 1 immune rgwnse goes mainly together with eglediated immunity andesults in
production of 12, IL-12, IFN-"Y lymphotoxin that drives cytotoxic-lymphocytes and et
layed hypersensitivity respon$8

Type 2 immune response is identified via production ed JILL-5, IL-13 and goes along with
humoral immunity**°

Type 17 immune response leads to-1. and I1l-:23 production and results in
autoimmunity**

The type of the three immune responses is considered to charige nature of alloantigens
and the pattern of cytokines released into the environtffe@hemokines also have a role in
this complicated process as growth factors and humoral fackerghie complement fca

ments'®

1.5 Hypoxia Inducible Factor - 1 (HIF-1)

Oxygen serves amnimportant reactant in every céllit is crucial for metabolic processes in
mammals and serves aselectron acceptor in the reaction during ATP formation. Therefore,
the status of hypoxia, wth is defined a® local or even general pathological status ef d
prived oxygen syply, is a severe condition thkgads to cell damage if the status is nat

malized quickly In higHy developedorganisns like mammals, a very specific system of
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oxygen gnsing andegulationfactors hagvolved, to resolve or reduce the negative effects of
hypoxia to the single cell but also the complete organ

This state ofemergency isnoderatedoy the transcription factadlF-1, which was fist de-
scribed by Semenzia 1992'4> 13 The first discovered HHL effect was the induction of
erythropoeitin (EPO) upon hypoxia thus ieasing theD, carrying capacityf the blood***

145

HIF-1 consists of two subunits which form together #utivated HIF1 proteinas a he
erodimer Both subunits were shown to be basic k&dop-helix (bHLH) PASproteins who

are known to be regulated in thekpeession by oxygen tensidff PAS-proteins (namedfa

ter the first isolaté proteins from this family oDrosophila melangasteri PERARNT-
SIM*® 1% always contain two internal homology units and are responsible for protein
protein interactions. The subunfisrm contacs tothe DNA in the major groové®**° and
were named as HIE (and the akady known HIFIRP'HIF-1 U  amirits were detected

in all tissues of rodents and hunsa*?

HIF-1 Us a 120 kDa bHLHPAS proteifi** ° and is only detectable during hypoxic cend
tions in the cell of adult mammal$® *>3High levels of HIF1 Winder non hypoxic conditions
are only found in embryonic stem cells and are due to the special situation in the tissue before
and during neovascularisatibtf. The half life of this protein is very short amelow five
minutes™® A detection of HIF1 Us possible after 30 minutes exposure to hypoxia {2%

02) and it has a peak betweet under hypoxic conditions. Endogris HIF1 Us locd-

ized in the nucleus of hypoxic ceff§

HIF-113 was also formerly knownsaARNT (Aryl Hydrocarbon Receptor Nuclear Tramsl
tor).Its mass differs between-92 kDa and different isoforms exi$t Unlike to HIF1 [t is
constitutively expessed and present in thecleus otell > >

The regulationof HIL U and t her ef or e-]1 poteim & peffarmediadifo na b | e
ferent steps of ubiquination and proteasomal degradation in which thElippelLindau
product (pVHL) plays a crucial rofé® ° Under normoxic conditions, HIFLU i s
polyubiquinatedvia pVHL by bindingto HIFL U only when a conserved
hydroxilatedand, thus, degraded by the proteasariié® Responsibldor this reaction is the

HIF-1 U o xdgpprdentlegradatiordomain (ODD)**® %9162 The hydroxylation of the
proline is oxygen dependent acdases to proceed under hypoxic conditfSA®VHL is

known to beintact in HIF1 overexpresingtumor cells and as theteraction between HHE U

and pVHL is irondependent, it can be blocked by iron lelhars'® >3 163
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This leads to accumulation of HIEU,  idni irfitd tesnucleus and dimeaison with the
always expressed HIER subunit® *®° The nowfunctional HIF-1 transcription factor starts
gene transcription by binding to the hypoxiapend element on HIE regulatedyenesHIF-

1 binds to the ypoxia response element (HRE) twe target whicltontainsfunctionally HIF

1 binding sites* 2

a) Normoxia b) Hypoxia

Ny
V. e
- 3

———————————*———

Figure 1. HIF-1 pattway (Createdaccording toliterature 166, 167). a) Normoxia: HIFL U i s
hydroxylated via prolyl hydroxilases (PHD2,3) in presence of oxygen, iron and other factors (I).

The hydroxylated HIL U i s now recognized by pVHL which bint
ligase complex binds and tags HIFU wi t h uitim @\V).yThisanaplesecognition by the -

teasome andi#-1 U i s d e g r Hydoaia: &he prélive)hyditmyylatiors inhibitedand pVHL
isnotabletobindHIR U. Proteasomal degr-hdaadcommulsatoé o cikre dt
(DHIF-1U now transl ocates i nsesowithtHiFAR andurectuigdnarscrpwh er e i
tional ceactivators likep300/CBP for its full transcriptional activity (Il). This complex binds to the

hypoxia response element (HRE) in the promoter of target genes and activates the transcription of
HIF-1 regulatd genes thafulfil many different functions as cell survival and proliferation, prgteol

sis, angiogenesis, erythropoiegid regulation, apoptosis amucose metabolisnVHL = protein

product of von Hippel Lindau transcription factor; HIF = hypoxia ible factor; HRE = hypoxia

response element

The list of identified target genesgulatedoy HIF-1 is steadily growing antheyare encd-
ing important products for hypoxia response, oxygen hotasiss angiogenesis, glycolysis
andtumor growth but acceding to new studies, also inflammatory preses*3 1>> 198 H|F-1
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regulated genes can be divided wotgroupsi fast acting and long acting gen@se fast

acting geneare regulatesvithin minutes'®®

Energy metabolism
Cytoskeletal structure eg.LEP ~Aminoacid metabolism
e.q. KRT, VIM e.g. Transglutaminase
Cell survival . )
e.9. VEGF, EPO, IGF.ADM ucleotide met.abollsm
e.g. Adenylate kinase 3
Cell proliferation Iron metabolism
e.g. TGF,IGF, Cyclin e.g. Cerulosplasmin
Cell adhesion ‘ Glucose metabolism
\ .g. GLUT1, TPI,GAPDH
xtracellular metabolism
e.g. PAI1 Collagen type V
Angiogenesis
e.g. VEGF, EGF, LEP, LRP1
Erythropoiesis
e.g. EPO
Vascular tone
e.g. ET1, VEGF

Figure 2: Gene products of HHE and their function in the organism. The most imporfanttions
andgeres for this work are boltFpr abbreviations see appendix, created accordiligtature ).

e.g. CXCR4, ICAM

Drug resistance h
e.g. MDR1
pithelial homeostasis
e.g. Intestinal trefoil factor
pH regulation
e.g. Carbonic anhydrase 9

ranscriptional regulation
e.g. DEC1, DEC2, ETS-

HIF-1 is also shown to mediate the configurational change of endothelial cells, leading to
gaps in the endothelial barrigt

The inflammatory role of HIR is clinically observed undezxtreme low oxygen conditions
thathigh-altitude mountaineers are exposed to. This peofpda show lung and brain edema

as well as the so called systemic inflammatory response syndféie? " And as hypoxia

leads to inflammationipflammation itself is also causing hypoxia which ends in a downward
circle concerning acute lung injury and lung transplantdtibh’>

To these inflammatory effects adds the increase of VEGF and therefore the high permeability
of the tissueafter the restoration of the blood flow which leads to early graft dysfuntcfion.

180

So it can be postulated, that, even if the effects of Hiéfe supposed to prevent damage to
cells and organs during hypoxia by effects like amplification of glycolytic activityr the
increase ohemoglobinlevels in the endothelium rich tissue especially in the transplanted
lung, the sum of all effects leads to a damage of the tissue. This seems to be modgdgtan ef

of the fast actingenes as VEGF and primary graft failure can be correlated wit; tAs:*®
181
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1.5.1 Vascular Endothelial Growth Factor (VEGF)

Most important for this work is the effeof HIF-1 and its gene prodtjdhe Vascular Ermt
thelial Growth Facto(VEGF), during lung damge The members of the VEGF family are
dimeric proteins with a molecular weigbit approximately 45 kD& VEGF, one of the is-
forms, is a major regulator foldod vessel formation and function, but it also has influence
on permeability and inflammatory poteai.'®* 184

VEGF is examinated best in endothelial cells and highly expressed in lung epithelial cells of
aduts and cardiac myocité€ It is the most important angiegic factor that can be indute

via HIF-1 underhypoxia*®®

Besides the benefits of the long acting effect of thene product VEGF, which is important
for the angiogerss, ithas a destructive effect adhe lungthrough the short acting mesh
nisms VEGF is a potent mediator of endothelial barrier dysfunction which is dramatic in the
vulnerable system of the lufigthe pulmonary vascular pernigity is bluntly increased® It

is 50.000 times stronger than histaminéts potency to increase vascular permeabififyit

Is able to induce fenestrations in venular and capillary endothelium viGhmin and its &-

fects may be correlated with organ failGfé®" 819 VEGF, asone of the fast acting genes

is known to be upregulated dlug ischemia in many orgarasnd it is increased during iseh

mia in the lung®***’ Its receptors likehe VEGFreceptor 1 (FKL), VEGFreceptor 2 (KDR)

and Endothelinl (ET-1), play essential roles during ischemic damage. Also genes like
VCAM-1 and ICAM1 which regulate cell adhesion to the endothelium are it@pbm this
proces§9’ 198 199

Even if VEGF is very specific for endothelialllsg it has also an effect on other cell types,
which ismost importantdr its malignant effect during transplantation, on inflammatory cells
like monocytesand mast cell§° VEGF was also found to play a role upon neutrophil astiv
tion whichare substantially involveith acute lung injur§?*2%®

Although VEGFbears positive effects likeeovascularization, this was described to be of less
importance in the first critical hours of lung injury as neovascularization takes several days
due to the duration oéndothelial mitosis and migration whereas the effect on edema was

shownto occuralready after 24 R 20420
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b)

A

Resident macrophage active %

Type Il cell @
o0

O
Type | cell ( Q Resident macrophage
® 1

Basal membrane

Y

Figure 3: The overall hypothesized role of VEGF in acuteglunjury. a) The alveoli are confronte:
with a noxae as hypoxia or stresd). The release of VEGF is stimulated and huge amountsear
creted from type Il cells and alveolar macrophages The epithelialendothelial barrier is nowxe

posed to high conegrations of VEGF (lll). The high amounts of VEGF lead to gap formation
vascular leakage which ends in interstitial edema. It aferts macrophages and neutrophils (Iv
Due to the gap formation, liquid can enter the alveolar lumen and destraynttion of the surfactan
and the gagxchange (V)(Created according titeratur&®® 2%

1.6 Deguelin

Deguelinis a rotenoid which belorgfo the flavonoid famy and isdescribed most often in
literatureto exhibit antiangiogenic propertié® 2%

It was structurally first described in 1932 togethith its derivate €phrosirt*° It is the &-
cond most importat ingredient ofthie pesticide cubé resin besd®tenone which was me
tioned togethewith Deguelinalready in 1902 %2 Cubé resin is a root extract from diffe
ent kinds of plants from the family of the fabacea, moktiwchocarpus utiligCubé),L.
urucy, and Mundulea sericealt was used as a botanically pesticide, esgcagainst m-
sects, but also for selection of fish in American sfishing?*? It consists of different
rotenoids - four major active ingredients, but studiesultl identify almost 29 minor

rotenoids?'? The most important ingredients are with the highest percentage Rotenone (44%)
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and Deguelin(22%), followed by derivatesf the two main ingredients, Rotenolon (6.7%)
and Tephrosin (4.39%)?

The ratio of Rotenon t®eguelinis 20 but varies
due to the natural product and in differemtrtpof
the plants*® As all roterids differ only in changes
of substituents athe dihydofuran or thepyran
ring, respectively,almost all have a specificity in
the inhibition of complex | (NADH:ubiquinone
oxidoreductase) and the (D
tetradecarnoylphorbd3-acetat induced orniihe

decarboxylase (ODCGJ* 2*2 Both mechanisms are

most impotant for their toxicity and also their
Figure 4: 3D model ofDeguelincombined chemopreventive activity. Due to their chemical

with the LEWISstructure White: carbon ) )
red: oxygen, hydrogen left out f Slmllarlty, thre most effective way to odin

1, 210
clarity: Deguelinwith high purity is the chemical conwe

sion ofRotenone tMeguelin®® 3

Deguelinitself wasexamined especially in canestodels.In contrast to Btenon,it is opt-
cally inactive.lt contains two hydrogen atoms that canrbmoved even under mild oxidative
conditions which lead® a double bound insteaohd createshe so called Bhydraleguelin
Hydroxilation of this double boundto a creates Hydroxydeguelin also known as
Tephrosin?*°

Although Rotenone was thirst identified substance irubé resin and haseHargest relative
proportion,Deguelinshows some benefitsif clinical use. It posessése sameharacteristics
asaninhibitor and is similar in itpotencyconpared to Rtenoné** Recent data from 2011
show some significardifferences between Rotenone ddeguelinin their pharmacological
mechanism, even if their chemical stiure seems tbe so closeDeguelindoes not show a
pronounced inhibition ofubulin polymerization, which is an important factor in their diffe
ent toxicity?**

In contrast to Rotenon®eguelinis 2 x less toxiavhen njected subcutaneously to rat®50

levels in mice arel.3 mg/kg and,thusbetter than for Btenone with 2.3 migg. Measured

brain levelsshoweda beter outome forDeguelinwith 0.18 ppm after2 h compared to 8te-

none vith 0.39 ppm.?*

Deguelinshowed also a good acceptance when administered over a long time to animals

without systemic toxicity(Table 1).2*> The maximum tolerated dose Bieguelinin rats is
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high @ mg/kg conpared to the effective dose Beguelinneeded100 nMi 1 pM).2*> 216

Also no cytotoxic effect on physiological cells could be demonstratéd apncentrations of
10 pMm.>°

Table 1: Pharmacokinetic properties Beguelin Modified after Udeanet al®’

Mean residence | Terminal half | Total clear- Elimination via 5 days (i.g.)

437 I/h per | eliminated | Unchanged | eliminated| Unchanged

kg

6.98 h 926 h

581 % 17 % 144% 04%

Tissue distribution after i.v. injection > from left to right

Heart Fat Mammary gland colon liver | kidney brain lung

Tissue distribution after i.g. administration > from left to right

Perirenal fat heart | Mammary gland colon kidney | liver lung brain skin

It was shownhat Deguelinhas also an efféon tumor growth like it was demonstrated for
Rotenone ealiet’® 2 Deguelincould be used successfully ashemopreventive agent in the
therapy against various cancer types of lung, skin andimeéd> 216 218222

It has an inhibiting effect on ODC, which is the catalyst for the decarboxylation of ornithine
to yield putrescin that is converted into higher polyamines and has a crucial functionufor cell

lar proliferation®®® The antiproliferative effects were also demonstrated for the expression of

cyclooxigenas€ and the phoshatidylinosit8tkinase(P13K)-Akt mediated sigaling.?*® 2**

221

Although the concrete mechanism of the inhibition still remains unctktierent studies
showed that Deguelin has an inhibiting effect on HIFL Uard its transcription product
VEGF2%%21® |t could be demonstrated, tHaeguelindoesnot affect HIF1 Ghrouch theinhi-
bition of theROS and Aktpathway?®® ??? It leacs to a degradation of HHE (protein whee-
as the inhibibn of the transdptional activity of HIF1 Us visible at a dose of 10Mu of
Deguelintreatment®® #'® Deguelincan also inhibit thede novosynthesis of HIFLU and e-
duce the haffife of already synthesized proteitf

Besides that, it was suggestitht Deguelinaffects the hat shock protein 90 (Hsp90) that
protects HIFL U from oxygenati on ,buhrdcentsthdes shéwedm® degr
affinity to Hsp90?** %2 The same study showeldat Deguelinhas aninhibitory effect on the

20



Introduction

respiratory chain in the mithondria ** This seems to lead to moegtosolic Q and thee-

fore to destabilization of HHEU 223

1.7 Lung Transplantation in Animals as Models to investigate
post Transplantional Lung Injury

To get a better understanding of the complex mechanisms in traasplananimal models

are always the method of choice. They githee possibility toexaminatenot only the shoft

time reaction bt also the londerm effectsot he graft and the erecipi
fore, various experimental lung transplantation n®tdave been used tevelop a satisfying
methodology The first models were basen dogs?®* Later on due to the immense cost in
livestock for largeanimals and the advantage iabred strains, rats bame the preferred
modef?. On the one hand, the possibility to discriminate between immunologic and
nonimmunologic events by using inbred rat strains waalaable benefibut on the other

hand, the small structure tife rat lung was a new gtezhallenge for the surgegff Only the
inventions in microsurgical equipment and techniques since 1963 made working on the small
tisste structures podde and he common transplantation was refined in 1989 by Mirtta

al?*’ by using small cuffs that could be stuck into the new structure and just tied instead of the
complete suture that was used before. This waigraficant improvemenas an adaptioxia
sumgical suture technique takes long time and is due to leakage involved with a high risk of
great blood loss or air leakage through the bronchus. This so callegaufiqgue was mad

fied over the years to minimize the foreign body reaction to the matérineé cuff and the
surgical method itself, but is still used as a well established animal model for lurgerdazs

tion.228-232

1.8 Physiology of theRat Lung compared to Human Lungs

The lung of the rat bears some specmzecific differencesto other mammals and also the
human lung on anatomically and physiologically level. Starting with the most obvious, the
r a tudgdobes are segmented into five lobes: oneldéke and four on the right side. The so
called postcaval lobe of the right lung lies in direct contact with the diaphragm and is notched
to accommodate theena cava caudalighereforecalled postcaval lob@-igure 5).

Other thann humans, the removal of the right lung bears much more difficulties, than the left
lung. The lung weight is related to the size of the body, which should be taken into @nsider
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tion when choosing donor and recipient animals. The important vesselhalgsemedif-
ferencego humang beside the fact, that rats only have one pulmonary artery and vein for
each sidewhich is very good for the transplantation methtiae pulmonary vein in the rat is
also thicker than in most other mammals, due to theepoesof striated muscle fibers that are

contiguoudo those of the heart.

Figure 5. Schematicabdrawing of the heaiung complex.RL = right lung lobe; s = superior part;
m = median part; i = inferior part; PL = post caval lphé& = left lung lobe; D = rest of diaphragm;
Tr = trachea; O = oesophag(iBustration byOckelmanff)

The pulmonary artery in the rat belongs to two types of elastic and muscul&f dhesela-

tic artery type hatots of extracellular matrix in the media and smooth muscle cells that are
connecting the neighboring elastic laminae. The muscular artery has only few extracellular
matrix and the smooth musclellseenclosing the llamina circumferentially.

The blood flow in the lungs is somehow centralized to the fndg#ns of the lung lobes in

the conscious resting rat, whereas it is only less in the peripheral ré&tfions

The innervation of the lung is different from most other mammals as rats do not have adre
ergic nerve supply to the bronchial muscle and therefore, the bronchoconstriction is controlled
via vagal tone instead of sympathetic tone in humans and most other matfimals

The lymphatics plaw critical role, especially for clearing the lung fluid and therefore, have a
special function during edema. One very big potential for edmmiding in the rat is the@

sition of the capillaries which are upstream from the veins that are supplied withsvenou
sphincter§® i this leads to a constricting potency that can control lung perfusion ared ther
fore edemaBesideghat, an increased number of lymphatics argtipmed to this sphincters

that help to moderate ederia
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The respiration itself is regulateth response to tissue GOhanges in the medullary respir

tory center but beside this, the so d¢teyl ed <c a
are located on each side of the neck in the bifurcation of the carotid artery. In the adult rat, a
respiratory average of about 85 breaths/min is reached wmimate ventilation of about
100ml/min and aaverage tidal volume of 1.5 fi® #*°

Regarding the histological sicture of the lung, it contains 74% of alveolar tissue and 26% of
nonalveolar tissu&® The typical alveolar cells are flat pneumocytes type | which are part of
the barrier for the gasxchange and round pneumocytes type Il that are responsiblerfor su
factant secretion. Both line the alvedf

Other cell types are dtet cells that have a function in producing mucin and glycopréféins

to react on airway insultsthey work together with cilial cells that remove the produted

cus upwards the airway. Then, there exist septal cells in the alveolar interstitium that contain
contractile filaments as actin, desmin and vimefitiThey can change the architecture of the
air-blood barriewia contraction and therefore influencing the ventilation and perfusion ratio.
The alveolar walls consist of three layers. The epithelial layer lining Ite®lar space, a
basement membrane anmuendothelial cell lining of the capillary luméff* 24> All layers are
relatively thin (about 1.5 pm). The alveoli are covered with the surfactant that has different
functions as tensielowering and maintaining the patency of conducting the ainf8ys
Phospholipids and particulary phosphatidylcholines are essential componeritsadfeiteas

in most mammalthey are mononsaturated, the rdtas a high level of polynsaturated pre

247

pholipids

1.9 Aims of the Sudy

The suppression or inhibition of the deleterieféects thatresult from transplanting an

allogenic organ is of great interest in transplantation meelj@s it is the common donornsit
ation. As the complete elimination of i-recogn
ents body is still morerautopia than aealistic option, the focus has to be laid onto reduction

of the inflammatory reaction

As ischemia andhypoxia in the donor tissusre unavoidable facts during the transplantation
processwith all the negative effec@ssociated with them and the successigerfusion are
necessaryn thesituation during the transplantation processedction of deleterious effects

in this state arelesirable Due to many inventions and studies in the field of transplantation
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medicine more and moffactors, that have great influence ithgrthe surgical procedurare
revealed

The role of HIF1 whichis describecaboveseems to be of great importance in this process
especially with a view on one of its transcription produMEGF. Together with other
proinflammatory gene products, induoad HIF-1, the suggestion rises up, tlainhibition

of HIF-1 in the early acute phase of inflammatory reaction in the traneglgraft can lead to

a benefit. Using a clininear animal model of orthotopic lung transplantatidrich had to be
established and modified in the beginnitige investigation of the relof HIF1 and its tra-
scription productsespecially VEGFis the main interest in this work with the focus of fo

lowing questions:

A What role does HIA play in the lung during ischeméad in the transplanted Iupg

A Which gene products of HIE are invdved during ischemia and in the transplanted

lung?

A Is it possible to influence HIA pharmacologicallyo get a benefit for the transplanted

lung?

A What influence does HHE haveonthe shortterm survivalafter lung transplantation?
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2 Materials and Methods

The following chapter comprises all metlsathat were applied ithe presented worikclud-

ing new or modified onesAll used materials are listed in the addendu.1n

2.1 Methods
2.1.1 Design of the Eperiment

The experiment wadivided into hreeparts:

The first part $ set outto determine th@ppropriateDeguelinconcentration foeffective HIF-

1 inhibitionvia a cell assai2.1.2. In the second part, the functionality of Deguetirvivois
testedin a pilot experiment on rat lung2.(.3. The establishment of the surgery method

(3.1) and the observation of Deguelim vivo during lung transplantation is the third part

(2.1.9.

2.1.2 Cell Culture

Due to the data known about the rotenoids, it was essential to start the experinrewisan
cultivatedcell lines to ensure no great toxicity to the living célé we used commercigl
available cell lines (HMEE& andHTB-177), no isolation was necessary. Cells are normally
cultivated and maintained in standardized condition at defined temperature in a appropriate
gas mixture, normally 37 °C and 5% &for mammalian cells. The conditions vary from the
different types otells but should normally be done as described imthen u f a toto-r er 6 s
col for commercial available cell lines. Most commelygiaised cell lines are immortalized,
which gives them great benefit as the limit of a cell passage is not as that dranmatioras
immortalized cell lines which can often not be used more than seven times. The cell passage
is a necessary step for the cultivation and normaBypassageare done before cells are used

for the experiment to let them recover from the frozeragistate.
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2.1.2.1Cultivation

Human Microvascular Endotheliakels HMEC-1)

Human microvasculagndothelialcells (HMEG1) were thawed and cultivated after maraifa
turers protocol in 250 cm? flasks with corap growth mediunfior HMEC-1 (Table 2) until
they reached aonfluenceof 80%. Medium was changed 3 times per wdek passagecells
werewashedwith 10 ml sterile PB&nddetachedvith 5ml Accutase at 37°@ an incubator
with 2% O, 5% CQ until the cells wereeompletely floéing. The cell suspension was split
1:3 or maximum 1:5 anolansferred witi5-20 ml new medium in a new flask.

For seding in 6 cm petri dishdsr experimental part, cells weharvestedas described pr
vioudy. After centrifugationat 300 xg for 5 minutes,the supernatant waliscarded. Theell-
pelet was resuspended in 5 ml new mediwand the suspension waliluted 1:10 with
Trypanblueand counted using ldeubaueicounting chambeMhen200000 cells were seke

ed in each petilish and cultivated uithey reached aonfluenceof 80%.

Table 2: Ingredients of used Growth Medium for HMECcells
HMEG1 Complete Growth Medium

Substance Concentration volume
MCDB 131 without-Glutamin 500 ml 500 ml
Epidermal Growth FactoEGF) 5ug/500ml 250 pl

Hydrocortison 500ug/ml 100 pl

Penicillin/Streptavidin solution 1% 5ml

Human Lung Epithelial €lls HTB-177)

Human immortalized lungpithelial cells (HTB177)were thawed and cultivated after naan
facturers protocol in 250 cnffasks with completggrowth medium for HTBL77 (Table 3)

until they reached aonfluenceof not more than 80%. Medium was changed every second
day am for passage cells were washed with 10 ml PBS and detagtre® ml Trypsin+
EDTA and incubatedat 37°C with2% O,, 5% CQ until all cells werefloating. Cells were
centrifuged at 500 g for 5 min and the supernatant was discarded. The pellet was msuspe

ed in 5 ml medium and split: 3 or maximum 1:8 and put in 8 ml of new nedium in a
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new flask for passage. Ftine experiment cells were counted as described previously and
200.000 cells were seeded in 6 cm petri dishes.

Table 3: Ingredients for used Growth Medium for HTE'7 cells
HTB177 Complete Gnath Medium

Substance Concentration volume
RPMI1640 Medium 500 ml 500 ml
Fetal calve serum (FCS) 10 % 50 ml

2.1.2.2 Cell Culture Experiments

Deguelinwas solubilised in DMSO at an erdncentration of 4 mg/ml. From this stock, three
stock dilutions were nde for cell culture experiments: XM, 100uM and 10uM.

Both cell lines were treated thi different concentrations dbeguelinin DMSO (1nM,
10nM, 100nM) for 12h prior to hypoxia and the medium was equilibrated in the hypoxia
chanber 24 h before expement at 2% @, 5% CQ at 37°C. Then, the equilibrated medium
with the Deguelirconcentrations was added under hypoxic conditions and ceksexposed
to hypoxia for 6h and then harvested. The best hypoxic time was detedgtegre
experimental test ithe hypoxic chamber by incubating cells under hypoxieddmns and
harvesting after B, 4h, 6h, 8h, 12h, 16h and 24 i the most effective inhibition wasln
servedin cells incuated for éh under hypoxic conditions. Cells were gped as showm
Table 4.

Table 4: Scheme of cell culture experiment
No treatment, harvest at the endpoint of the experiment

Normoxia

SHAM DMSO | Deguelinin DMSO (12h pretreatment)
6h hypoxia No treatment 1uM 1nM 10 nM 100 nM
+ hypoxic ne-
dium
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2.1.3 Pilot experimentn vivo
Next, the effect oDeguelinon HIF1 U and t he i sc himnivoafterldetes g wa s

mination of a theragutically effective dose of 10&M from cell culture experiments.

After this, lungs of rats were harvested as described in the -poocedure and left under

ischemic condions at 37°C for one hour. Three groups were build in which the effect of

warm ischemia with no treatment, warm ischemithvpreviously 3 treatment oDeguelin

and a nortreated, non ischemic sham group was examined. To reduce the number of animals

tha were necessary, statistical significance was determined and reached at a numiver of 6 a

imals.

Table 5: Summary of groups in thalot experiment.

Group Size Treatment Ischemic conditions
n=6 Deguelinfor 3d warm ischemia for h
n=6 untreated warm ishemia for 1h
n=6 untreated no ischemia (sham)

. —

: 1

Day 1
: H

Day 2

Day 3

Warm ischemia
1h

N

Day 2

Day 3

Warm ischemia
1h

N

[
No
treatment

No Ischemia

Figure 6: Schematical esign of the Pilot experimenthe red bolts represent the ischemia at 37
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2.1.4 Main Experimentin vivo

The second step of the expaant was the examinati of the inhibitory effect oDeguelin

under the condition ch complete lung transplantation and thecome after an observation
periodof 2 d post operation. Therefore, animals were divided in donor and recipients and the
donor was treated 8 before surgry with the described dose BDeguelinandrecipients were

also treated @ after surgery. Another group of donor and recipients was build in which also

lungs were transplanted without any further medical treatment.

Table 6: Summary of groups in the main experiment.

Group Size Treatment Animal
n=6 Deguelinfor 3 d preoperative donor
Deguelinfor 3d preoperative + 2 gostq- recipient
erative
n=12 untreated controls (donor + recipient)

Ly
N2 No
g treatment

3 Days

Harvest

Q»; — Termination T
Degureli LrRec ient—
(Resipient”

2 Days 2 Days

Figure 7: SchematicaDesign of the main experiment. The two bolts in red and blue symbolize the
two ischemiaperiods of cold and warm ischemia in the transplantation process.
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2.1.5 Animals
The study was approved by the Animal Care and Use Coeandf the state of Hesse
(Regierungsprasidium Darmstadt), Darmstadt, Germany-Q08620/15F91/56). Surgery and

ani mal care were performed in accordance wit

ani mal siA (National | ns hoi 28urevesesd 1996-U HDieeativet h ,
86/609 EEC and German Protection of Animals Male Sprague Dawley rats (SD, Janvier,

St. Berthevin, France) weighing 2250g were housed in the central research establishment
of the GoethdJniversity Frankfurt. Atte beginning of the experiment rats were randomized

to form pairs of donor and recipient rats which were kept together in approved plastic cages (2
animals per cage), had water and feaodlibitumand were housed in rooms equipped with a
12h light cycle.Rats were individualized by a numeral code labeled onto the tail with-water

resistant paint.

2.1.6 DeguelinTreatment of the Aimals

For treatment with the HHA Uhhibitor Deguelin a stock solution in 100% DMSO was made
from the crystalline form at 25 mg/rahd stored at 20°C for further use. For the application
of Deguelinto the animals, the stock solution was dissolved in odrat a finalconcenta-
tion of 10 mg/ml.Deguelinwas appliedvia gavage at a dose of 4 mg/kg adapted to the ind
vidual bodyweidpt twicea day. Treatment started ddfore lung transplantation in ipents

and donors and ended affer transplantation (recipients).

2.1.7 Orthotope left Lung Tansplantation

To establish the method of the orthotope left lung transplantatefiyst ised a method, that

is described earlier by Zhat af?® and leads back to the method of Mizetaaf?’ who in-
vented thecuff-technique for the lung transplantati The method of Zhai, ich is used for

our first group, ishortlydescribed here artle modified method by our group issdeibed in

3.1 The left lung lobe of the donor animal is harvedtgdemoving the heating package

after perfusion overhie Vena cava caudaliand the three important structures of artery, vein
and bronchus are primed free from all surrounding connective tissue, so all structures are
clearly visible. Cuffs ar e pHgerp BBraddll tlrdet e r
structures are fixed to a cuff without any tdihe single left lung lobe is stored at 4°C until
the recipient is ready for transplantati®ia a left thoracotomy the e ¢ i pleftéungtlabes
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is moved out of the body and thede structures are clamped with microaneurysm clips. A

ter the blood flow is arrested, the structures are incised and the struafttinesdonor lung

are placednto the structures of the recipient by holding on to the cuff. Once in place, a thread
is fastened around and ti&uff and the clamps are shortly removed to protkeafblood flow

can be restored or if there is any obstruction left. After this, the clamps are removed @omplet
ly and the connection to the recipients left lung is carefully Thé lung is now removed

back into the thoracic cavern and the thorax is closed.

For establishment of the method, some animals were transplanted as described above and
then, transplanted with the modified method describélliriThe animals that had undergone
this kind of surgery (n = 11) were compared with animals, that were operated by the modified
method (n =11).

2.1.8 Wet-to-Dry Ratio

To analygthe dimension of lungdemabetween the different groupsiet method of Weto-
Dry ratio is used. A partrbm the collected lung sampke put into a previously weighted 2 mi
Eppendorf tub@f whichthe lid is perforated and the gaith datas recordedThen the wbe B
weightedagan t o get t he IlungsampletTo drytheanple thedtubest 6
placed in an oven for 12 at 60°C ad the new weight of the tubg again recordedBy divid-
ing the wetweight by the dryweighta ratio & calculated andomparedBased on this data,
the ratio of peviousand actual weight givan dea of the volume of wateopntentin the ts-

sue and therefore oféldimension of lungdema

2.1.9 Histology

To examine structural changes in tisshistology is the method of choice. For this method,
thin slices of fixated tissue, normally aboub3um, ae microscope slides, heat fixated and
stained and at last eered with a cover glass. The thugpared tissue can now be examined
under the microscope and, depending on the staining, evaluated. The advantage ofithis met
od is that all aspects of the tiescan be examined in the same appearance as they were in the
organism. This gies the chance to not only to obsetive mere structure of tissue, but also to
mark different proteins or genes of interest by special immunological stairetigpdsand

examinethem not only in their quantity but also in their location in the tissue.
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2.1.9.1Fixation ofthe Samples

From all harvestetlings, half of each lung lobs fixated for histological us@he fixaion of
fresh harvested samplesessential for storage and twet preparatioprocessingit stabilizes
samples and avoids bacterial and fungal growitrmally, aldehydes, mostly formaldehyde
or its polymerized form paraformaldehydereaused for fixation right after harvesting.rFo
maldehydes are so calledoss lirking fixatives which create covalent chemical bonds b
tween the proteins arldst long enough so that the fixation reagent can immerse deep enough
insidethe tissue samplel should not be applietbnger than necessary to avoid tissumda
age For the harested rat lungs-&2 h ae usedrule-of-thumh immersion speed df mm per

1 h). Formaldehydes wsed in a 4% solution in PBSand aftewards, the sampleseput in
fresh PBSover 24h. After this samplesra dehydrated in different concentrations afodlol,
beginning in a lowconcetrationand ending in pure alcohol. For the last d#rlayion step,
methylbenzoats used to make sure that the tissue is best prepared for the follcwitagtc
with the paraffin Before embeding the tissue, the samplee washed in threetaps in liquid
paraffin, that $ heated and then left in the last lotf paraffin in the oveat not more than
60 °C over 16n (Table 7).

Table 7: Fixation and embedding scheme.

step | reagent | time
Fixation

1 | Formaldehyde 4% in PBS | 812 h
Dehydration

2 PBS (phosphatbuffered saline) | 24 h

3 Ethanol 70% 1h

4 Ethanol 80% 1lh

5 Ethanol 90% 1lh

6 Ethanol absolute 1lh

7 Methylbenzoat | 8h

8 Methylbenzoat Il 16 h
Paraffin treatment

9 Liquid paraffin (5658°C) 3x 5 min
10 Liquid paraffin (5658°C) 16 h

2.1.9.2Embedding

Tissue Samplesra embedded after paraffinan with the embedding machine metal hs-

tology moldsand quickly cooled down on ice until the paraffin completely hardened.
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2.1.9.3Cutting

For all Samples, 6 slidegeacut, for immunostainingn Super Frost Plus Slides and on
Sussefrost slidefor H&E staining. A Leica microtomés used and all cuts had a thickness of
4 um. The cuts e carefully shovedn the slide and the pdfia is smoohened in a waterbath
with a temperature of 40C. Afterwards stles ae draned and then, the tissue cuts éixed

on the slidevia heat for30 min at 60°C in the oven

2.1.9.4H&E staining

The Hematoxylini Eosin staining is a common dye in hisgy and gives a good overview

over the tissueTheus ed Mayer 0s beldmta the alyminiumeeatoxylin
solutions that are also known as O6éhaemal umo,
hematoxylin, the haematein, combines withaheminium ions. Under alcoholic acidic cond

tions in its complex with aluminium, it is more soluble and appears in a dadoladand

turns blue and less soluble under aqueous neutral or alkaline condMiamsium-hematein

Is said to bindbasophilicstructureswhich means in this caseatht binds to acidic moieties

like phosphate groups (nucleid acid) of the DNA backbtrnis.normally used to stain nuclei

and it also stains some other materials as keratohyaline granules and calcified deposit.

Nor mal | vy, after the staining oifin thishsteep thei ssue,
stained tissue is put in tap water to turn ¢loéor of the hematein into blue due to the more
alkaline conditions of harder tap water tithstilled water.

TheEosinG (or EosinY) is one oftwo derivates of fluoresceiit is used as a counterstain to
hematoxylin and is acidic, so that stains basic structures such as cytoplasma in a more or less
intense pink and red blood cells intensely fealintense the dy@cetic acid can be added.

For the staining, the slideseahydrated in differentleohol concentrations and watexfter
removing excess water, slideseastained inrMayers hematoxylin for 3 miand afterwards

shortly dunked in @ % HCI-solution. Now fdlows thedlueingdin running tabwater avoi-

ing the water jet to get directly contact with the tissue slideBhe procedurshould be co-

tinued untilthe wished intensity of blue is reached. After this, slides are shortly ldit-in

tilled water and gain excess wates removed before staining with Eosinfor 3 min. Excess

eosin 8 removed before the slideseaehydrated in alcohol aga(ifable 8). After the last
dehydration step, the slidese fixated with DPXglueundera cover glasand dried.
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Table 8: Histological staining scheme.

Step Reagent Time
Rehydration/Deparrafination
1 Xylol 100% 10 min
Xylol 100% 10 min
2 Ethanol 100% 5 min
Ethanol 100% 5 min
3 Ethanol 96% 10 min
4 Ethanol70 % 10 min
5 Ethanol 50% 10 min
6 Destilled water 5 min
Nucleusstaining
7 Mayershematoxylin 3 min
8 0.1 % HCI 2 sec
9 Blueing under running tatvater 5-15 min
10 Distilled water 1 min
Counterstaining
11 EosinY (+ concentrated acetic aci 3 min
200 ml ()+ 400 pl)
Dehydration
12 Ethanol 70 % 5 min
13 Ethanol 96% 5 min
14 Ethanol 100% 5 min
Ethanol 100% 5 min
15 Xylol 100 % 5 min
Xylol 100 % 5 min

Fixation with DPX under cover glass
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2.1.9.5Immunostaining

As the rame implies, immunoktochemistry works with a staininga immunoglobulinthat
bind toa specificstructure in the tissu&imilar to the Westernblot, a primary and a secondary
antibody is used. Whereas the primary antibody dficectly to the target, the secondary
antibody normally bears an enzymehich is capable of catalyzing a reaction producing
coloredproduct. This is normally a peroxidase or a alkaline phosphatase.

For our immunhistochemisy, Superfrost Plus slideme used, to avoid the sample slices to
detach dtuing the preparation steps. Dehydratios done as described for the H&E sitagn
and after the slideme put in PBS or TBS for 5 minutes.

To expose the epitopes, slides @ut in a heatesistantcuvette and covered witmmasking
solution. They ae hated in the microwave at 60®00 W andevaporating liquids filled up
every 5 minutes sde slides e dways covered. The time depenals the epitopendlies
between 5LO min

After heating, the hot cuvetts taken out of the microwave and let coolvh to room ten-
perature.

If slides haveooled down, theyra washed in TBS two times for 5 minutes.

A avetchambedis prepared for further steps:

Therefore a common ice box is used whishcoated withtwo layers of paper towel and
soakedwithwater o pr epare t.he Owet chamberd

Now severakteps of washing and blockingeadone, before the primary antibody can ba-ad
ed. If a bidinylated secondary antibody is used, all stepsparformed, if a HRRabeledan-
tibody is used, only stegl-7 ae perfomed(Table 11)

One of the tissue slices has always to be free of primary antibody as a control for tha-selectiv

ty of the secondary antibody and proof of background staining. The slices are surrounded with

a hydrophobic barriergmas shown in the scheme below. Then theiéadensityis testedy
covering the slice with TBS or PBS(Figure 8).
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Hydrophobic barrier pen

Label

Figure 8: Schematicatlepiction of an immunohistochemical slide.

Buffer solutions

Avidin blocking solution

1000 pl (L% TBST or PBS

100 pl serum from the spesgief the secondary antibody

4 drops Avidin blocking reagent frofwvidin-Biotin blocking kit

Biotin blocking solution

1000 pl (L% TBST or PBS

100 pl serum from the spesief the secondary antibody

4 drops Biotin blocking reagent frofwidin-Biotin blocking kit

Blocking buffer

1000 pl 0L% TBST or PBS
100 pl serum from the species of the secondary antibody
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Antibody solutions

The best concentratios tested before staining with one slide for every antibody used. All

antibodes ae diluted in blocking buffer

Table9)

Table 9: List of usal primary antibodies

Primary Antibody
Antigen Description Dilu-
Name Produced in Reactiv- | Manufac- tion
clonality ity turer
CD163 Mouse anti Rat CD | mouse rat AbD Serotec| 1:300
163
MCA342R monoclonal
ICAM-1 | Mouse anti Rat mouse rat LSBio 1:300
ICAM-1 monoclonal
LS-C45355
CXCR4 Rabbit anti rat rabbit rat abcam 1:300
CXCR4
Ab2074 polyclonal
CD 68 Mouse anti rat CD 68| mouse rat CHEMICO | 1:300
monoclonal N
International
Macro- Macrophage/Dendriti¢ mouse rat Antibodiesi | 1:300
phage/De | cells Antigen online
ndritic ABIN 289947 monoclonal GmbH
cells

Secondary antibodieseaused for biotinylated antibodi&rom the Elite ABCKits in follow-

ing concentration:

1000 pl
10 pl

blockingbuffer

gcondary antibody &m Kit

Following Kit is used for the detection of CX&Rantibody:

Vectastain Elite ABC Kit

Rabbit IgG
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The following secondary antibodg used for the detection of CD 163, CD 68 and IGAM
Table 10):

Table 10: List of used secondary antibodies

Secondary Antibody

Antigen Description dilution

Name Produced | reactivity | manufacturer

in
clonality

Anti Mouse | Goat anti mouse HRR{ | Goat mouse DAKO 1:300

belled

PO447

ABC-Solution:

For biotinylated antibodies, sigls ae enhanced by using theedtastairelite ABC Kkits.
ABC-solution s prepared after manufacturers protocol.
ABC solutionis prepared on the day of use and has to incubate 30 minutes before use. It

isgenty shaken dring the 30 minutes.

DAB-solution:

VectastainDAB kit is usedand DAB s prepared aftena n u f a qtotocoldt rs prepared
directly before use.

Table 11: Summary of immunohistochemical procedure.

Step Procedure Time
Day 1
Avidin -Block
1 Cover all slidesith Avidin-blocking solutionand incubate at room temper | 1h
ture
Washing step
2 Tip off the liquid and wasklides in fresh A% TBST 5 min
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Step Procedure Time

Biotin-Block

3 Cover all slides with Biotifblocking solution and incubatg room tempex- 1h
ture

Washing step

4 Tip off the liquid and wasklides in fresh A% TBST 5 min

PeroxidaseBlock

5 Cover all slides wih freshly prepared 6%J, and incubate at room temper| 30 min
ture

Washing step

6 Tip off the liquid and wasklides in fresh % TBST 5 min

Primary antibody

7 Cover only two of three slides with the mary antibody solutiorincubate 2716 h
like it is said in the datasheet, the most save is over nightGt 4 (ovemight)

Day 2

Washing step

8 Tip off the liquid and wash slides in 82 01% TBST 5 min

Secondary antibody

9 Cover all slides with secondary antibody solution and incubate at reom te| 1 h
perature

Washing step

10 Tip off the liquid and wasklides in fresh % TBST 5 min

ABC-solution

11 ABC-solution shoulde prepared in the last 30 nohantibody solution and a| 30 min
small rest should be saved to test the ABAB reaction. Cover all slides and
incubate at room temperature

Washing step

12 Tip off the liquid and wasklides infresh 01% TBST 5 min

DAB-reaction

13 Incubate with DAB at room temperature until the tone of brown is adetjuaj 5-7 min

the negative control stays in a slight pink (depending on the DAB used) ol
colorless
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Step Procedure Time

Stop of DAB reaction

14 DAB reaction is sipped by putting the slides in fredistilled water 5 min

Counterstaining with hematoxylin

15 Hematoxylin is diluted with water 1:1 and directly put on the slices 10 min

Washing step andblueing

16 slides were shortly washed distilled water and then blued like described fo| 10 min
the H&E stain and reaction is stopped when the adequatédriads reached

Fixation under coveglass with RotiMount Aqua without dehydration or with BX after dehydration
as described for H&E stain

2.1.9.6Cell Count for Immunohistochemicab&ing

To compare the slides of the stain and to redo@eairacy due to different intensitied the
individual stairs and tissuenon tissue ratio, the counting dore by a program code gratefully
written for our group by Dr. Dipl. Phy&cheller from the Clinics for Anesthesiologptdn-

sive care anéain management.

Therefore pictures & set in the three dimensional RGB (Red Green Blue) room with m x n
pixels x 3color layers. The benefit of this that thematrix consist of the three layers for
different colors that are divided into red, green ahllie By additive effects, the complex
colorsin a picture are presented and every pixel can have a value 28 0

This definition brings the benefit of not onbeing able talifferentiate stained (brown) from
unstained (blue) tissue, but alsomeasurehe intensity of the brown and blue tissue and set
it into relation. Furthermore, a miscalculation by addingribe’i tissue area (white) care
avoided.

Pictures ee loaded into Matlab with the Image Processing Toolbox as RGB color figures (8
bit depth, figure size 1944x2592 pixels). For each of the color matricegressh and blue,
pixel values are determinedlveoli are determined, when the pixel value of the matod-

ing for reel exceeded Q@hecolor brown s defined as a difference value betweixel values

of blue and green not exceediag/alue of 12 and, conditionally values in the matrix coding
the color reed not exceeding a value of 80. All otkembinations of pixel valuegea class

fied as tissue not staineddolors of brown. Results show the relative areas of areas stained in
shadows of brown to the rest of the tissue with the area of alvétlasted.
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2.1.10Western Blot

2.1.10.1 Homogenizatiomnd Preparation offissue Samples

Samples g snapfrozen in liquid nitrogen and stored &0°C until further use. To avoid
thawing,they are kept in liquid nitrogen right before use and all steygscarried out ordry
ice.

2.0 ml Eppendorf tubes@weighted and precoalen dry ice. A dry ice blocksiwrapped in
clean aluminium foil and disinfectedh@& forceps to hold the sampkesterilizedand put in
80% alcohol soltion and a disposable scalpel is used. Adltiuments i@ cleaned after every
sample, disinfected in alcohol and precooled on dry ice.

The frozen samplesicarefully cut in small pieces and put in the 2.0 ml Eppendorf tube to
weightquickly so that it doesnt t h a faFrackéltoninysis buffer (Table 12) is addedo
50-100 mg of tissueThe tissuébuffer mixture § homayenizedwith an Ultraturraxuntil no
big pieces are left and the mass has turned completely homogen.

The homogeaized samplduffer mixtureis centriluged at 15000 rpm forOlmin at 4°C. The
supernatantsitransferred to a new, precooled Eppendorf tubout touching the pellet. To
avoid freeze and thawaycles, the supernatantaiquoted in smaller Eppendorf tubes for-fu

ther use.

Cell samples To avoid degradation of HIFLU, cells ae directly harvested in the hypoxia
chamber. The hgoxic medium $ removed and the céddlyer s brieflywashed with 2nl cold
PBS. PBSs again removed and 1Q0of the Urasebuffer for HIF1U (Table 12) is puton
the cells.The cell layers then removed th a disposal cell scrapand the buffexcell mix is
tranderred into a & ml Eppendorf tube amput on ice.

The celtbuffer mixture s incubated on ice for 1Min and th@ sonificated with 5 pulssand
centrifuigated afterwards at 16 0g0for 20min at 4°C. The supernatans itransferred into a
new Eppendorfube.
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Table 12: Buffers used for sample homogenization and preparation

Volume | Substance Concentration | Volume | Substance Concentration
50 ml Urea 6,65 M 0121g Tris 10 mM
10 ml Glycerol 10 % 1338¢g Natriumpyre | 30 mM
phosphate
5mi SDS (SDS 20%) 1 % 0292¢ NaCl 50 mM
1ml Tris/HCI  (1M) | 10 mM SetpHto 7.05
pH 6.8
Add immediately before use 1ml Triton X-|1%
100
DTT (1M stock) | 1ImM Add immediately before use
40 pl/ml | Protease Inhib | 1x 10 pi/ml | PMSF 1 mM
tor Cocktail 25x (100mM
stock)
10 ml/ml | Natrium: 100 uM
vanadate
(10mM stock)
40 pfml | Protease Ink | 1 x
bitor Cocktall
25x
2.1.10.2 ProteinMeasure

Proteinmassis measuredia colorimetric proteirassay. Two different methodseaused: he
Bradford assay and tHacinchoninic acid proteinssay(BCA). The last one ha® be used
for the samples that contained Urea bufierit leads tan unwanted colorchange in the

Bradford assay.

Bradford Assay This assay works with the dye Coassie Brillant Blue G250, which g-
pears red and turns to blue depending on acidic conditwhen it binds to the amino acids
of the protein in its red stati,donates itdree electrorpair to the ionizable functionalities of
the protein, therebglisrupting theproteins ntive conformation. Thughe hydrophobic pde
etsare exposed and can noavalently interacvia van der Waals forcewith the nonpolar

regions of the dye Thistablizesthe blue formwhichcan be measureda absorbance rela
ing.
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The Bradfod assay is linear dbw protein concentrations, normally betweepddml to
2000 pg/ml, therdore, the samplesra diluted 1:5 (qul sample + &ul buffer) for the ceH
sampes and 1:25 (bl sample + 12Ql buffer) for the tissusamples.

As astandarddifferent dilutions 6 BSA in water ae prepared (0 1000ug/ml) and10 pl of
each standard and sample aipettedin a microplatan duplets. Then all slots are filled up
to 200l with Bradford solution The plate is covered with a lid or parafilm andubated for

5 minutes.The absorbance is readt@at 595nm in a photospectrometer

BCA Assay. For the BCA asay the BCA Kit from Pierceés used. This assay relies mainly on
two interations: in a temperaturgependent reaction, Cuidns from the cupe sulphate in
the BCA reagent are reduteo Cu™ ionsvia the peptide bonds of proteins. Then two erol
cules of bicinboninic acid chelate with one Euion and he formally green solution turns
purple. This purple product absorbs light strongly at a \eaggh of 562hm. For minimizing
unequal amino acid composition, the assay is incubated at a temperature of 37°C.

All samples measured in BCA assag diuted 1:10 and a BSA standasiused, equally to
the one for Bradford assay. D of each sample ahdandard g pipetted in duplets in a
microplate.

The reagents of the kit@mixel as discribedh the manufactursrprotocol (Iml reagent A +
20 ul reagent B) and 200l of the BCA solution $ added to all samples and standard. Then
the microplate iscovered with a lid or parafiim and incubated at 37°C 50O minutes.
Measurements dore when the reaction turned purplEhe absorbances read out at 562am

in aphotospectrometer

2.1.10.3 Preparation for Blottim

For tissue samples, 30 pgedoaded and 41of loading buffer(Table 13) are added and all
samples ee filled up to 16 pl with watef-or cell samples, 100 pgealoaded and 4 pl loath
buffer ae addedAll samples &e filled up to 16 pl with water.

Proteins s denattized at 95°C for 5 min
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Table 13: Used Loading Buffer

Loading Buffer (10 ml)

Volume substance
6 ml deionizd water
1 mi 500 mM TrisHCI pH 6,8
2ml Glycerol
1g SDS
50 mg Bromophenolblue

(0,05%)
Add just before use

1 mi -Mercaptoethanol

SDS-PAGE. The Sodium dodecyl sulfate polyacrylamide gel electrophoresis-fBAEE) is
a common method for separating denaturized promimaolecular weightDepending onfte
size of the proteins, wese10% (HIF1 U) or 15 % TableELGTRble 19 i ds-
tection. First, separating or stacking buff€fable 16) is mixed with waer and the acrgh
mide. Polymerizationis indued by addingammoniumpersthte (APS) and TEMERlirecty
before useThe gels ee polymerized in a gelasterstarting with the gearating gel whichs
polymerized for at least 3@nin. To avoid drying and to get smooth surface, isopropansl i
put on topof the polymering gel. Thenthe isgropanol § tipped and the staclg gel s
filled right to the line of thgyel chamberThe comb with 10 wellssicarefully put into the still
liquid gel and the gekipolymerizeal. It is then incubated overnight at@9n a wet chamber

and used the next day.

Table 14: Used Separating Gel

Separating Gel (volume for two gels)

Density | 30% Acrylamide Separating | Distilled water | 10% APS | TEMED
Buffer

10% 6.65 ml 54 ml 795 ml 100 pl 80 pl

15% 100 mi 54 ml 9.6 ml 100 pl 80 pl
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Table 15: Stacking Gel

Stacking Gel (volume for two gels)
Density | 30% Acrylamide | Loading Distilled water | 10% APS | TEMED
Buffer
5% 25 ml 3.8 ml 8.7 ml 60 ul 20 ul
Table 16: Buffers used for SD®RAGE
Separating Buffer (200 ml) Stacking Buffer (200 ml)
Volume Substance | Concentration Volume Substance Conf:entra-
tion
4549 Sigma 7 1.875M 151g Sigma 79 | 0.625M
9
19 SDS 05% 1g SDS 05%
Fill up to 200 miwith deionised water Fill up to 200 ml with deionised water
SettopH 8 Set to pH 68

Running Buffer (1I) Transfer Buffer (1I)
Volume | Substance Concentra- Volume Substance | Concentra-
tion tion
39 Sigma 7.9 50mM 3g Sigma 79 | 25mM
1449 Glycine 0.384M 144g Glycine
1g SDS 01% 800 ml distilled water
Fill up to 1l with deionised water 200 ml Methanol

For Detection of the protein, a sodium dodecyl sulphate (SDS) polyacrylamid gel eleetroph
resis (SDSPAGE)is used. SD®AGE is a mthod that works with the denaturated variants

of the protein and separates them by their molecular weight. To reach adequate denaturation,
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a strong reducing agentthe loading buffeii is added to each sample and by short heating,
this effect is enhancedtt. removes tertiary and secondary structures, as for example disulfide
bonds which areeduced to sulfhydryl groupSo prepared, the sample proteins beconve co

ered in the negative SDS and move to the positive charged electrode along the gel through the
mesh of acrylamide by applied voltage on the gel that lets the protein run in different speed.
Depending on the concentration of the mesh of acrylamide, smaller proteins ¢arough

the gel bettethan bigger oneslhus, high concentration of acrylamidee more suitabléor
detection of lower molecular weight proteins. High molecular weight proteins need low
acrylamide concentrations. If bands are not adequately separated, or bands have run through
the gel, the acrylamide concentration has to be adapted

To get an overview over the progress of the running proteins, markers are aisednme-

cially available mixture of proteins in this case, one whicgeneratesolored bands, and
another, which is only visible undeiV-light after luminottreatment.

Using a borad- MINI PROTEAN CELL 3the earlier prepared gels were loaded with the
samples and 5 pl SPECTRA Brodvhnge visible markein the first slot and 5ul Magic
Marker in the last slot. After filling the amber with running buffgfTable 16) and provef

it does not leak, the gelins at 80 volt for the first 30 minutes through the stacking gel and

then for 60 minutes at 120 volt through the separating gel.

2.1.10.4 ProteinrTransferand Detection

For the detection of the proteiby antibodies, they first have to be transferred onto @-me
brane. This membrane normally is made of nitrocecullose or polyvilidene difluoride (PVDF).
The membrane has to be placed on top of the gel and a varying number of filter papers and
sponges are plad around it, depending on thea n u f a qtotocol eUsiligsa defined ade

trical potential, the proteins move from the gel to membradeappear in the same bands as
they were in the gel and are now on the surface of the membrane and ready for detection
So dter the run, the gekicarefully removed from the cassette and put on a prepared censtru
tion of one spoge and two filter papers whichheasoaked in transfer bufféfable 16) and a
nitrocelldose membrané put on the gl. Then it is again covered with filter papers and a
sponge and the transfer casseédtput in transfer buffeand the transfer is peformed at@

for 1 ¥z hours at 100 volifter this, the success the blot is proved by a short staining with

PorceauRed
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Table 17 Buffers forProteinDetection

PBS stock solution (10 x) TBS stock solution (10x)
Volume | Substance Concentration | Volume | Substance | Concentration
8049 NaCl 137 M 8049 NaCl 137 M
1159 | NaHPO, (waterfree) | 81 mM 1219 Tris-base | 100mM Tris-
HCI
29 KCI 27 mM Ad 900 ml aqua bidest.
29 KH2PO, (waterfree) | 147 mM Set pH on B with HCI
Ad 1 | aqua bidest.
PBS (1x) 1| TBS (1x) 1l

Volume Substance volume | substance
100 ml | PBSStock solution (10x) 100 ml | TBS-stock solution (10x)
900 ml | Aqua bidest. 900 ml | Aqua bidest.

Blocking solution (BSA 5%) Washing buffer (11) (TBS-T 0.1 %)
100ml [ TBS-T (1x) 11 TBS (1x)
59 BSA 5% 1mi TWEEN 01%

After washing off the Ponceau Red irl® TBST (Table 17) the Membrane is put into a
soluion of blocking solutiorfor two hours to block noespecific binding. Then thprimary
antibody(Table 18) in a tested dilution in blocking solutigifable 17) is put on the nm-
brane and incubated overnight af@. The next day, the membrane is washed in washing
buffer shortlyfor 3 mins, then 2 x 5 mins, 1 x 10 mins and 1 x 30siafterwards the se
ondary antibody{Table 18) in its tested dilution in blocking solution is put on and incubated
at room temperature for one hodihen again, the membrane is washed as described prev
ously.

For imaging, the chemiluminesncereaction of luminolwith the horseradisperoxidase
(HRP) of the HRHabeled second #&body, is used. Luminol is a chemiluminesceiye
which must be activated first, to exhibit luminescence. This is normally reachebkidant

as peoxides. The picturesitaken with a Kodak Imageand analysed with Imag Sofivare

As cortrol, 3-Actin is detected
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Table 18: Used Antibodies for Westernblot

Primary antibodies

Antigen Name Produced in reactivity manufacturer dilution
clonality
HIF-1 alpha Hlalpha67 Mouse Human, abcam 1:500
Mouse, Rt
monoclonal
HIF-1 alpha HIF-1 alpha clone 54 Mouse Human BD 1:500
monoclonal
VEGF mAbcam 68334 Mouse Human, abcam 1:500
ab68334 mouse, rat
monoclonal
3-Actin 3-Actin (13E5) rabbit Human, Cell signalling | 1:1000
monoclonal mouse rat
Secondary antibodies
Antigen Name Produced in | reactivity manufacturer | dilution
clonality
MouselgG IgG-HRP Sc2005 goat mouse Santa Cruz 1:2000
polyclonal
RabbitlgG IgG-HRP (s62030) goat rabbit Santa Cruz 1:2000
polyclonal
2.1.11PCR
2.1.11.1 RNA Isolation

For RNA extraction, the phenahloroform method is used, a special ligliglid extraction

method for RNA, but ats DNA and protein. For this, aqueous sample is needed which is

mixed withwater saturated phenol and chlanwh. By centrifugation, the phases are separa

ed and split up, containing RNA and DNA in one, protein in another phase. As a last step,

RNA is precipitated with 2Propanol or ethanol.

RNA is isolated from tsue samples with TriReageafter manufacturerprotocol.

50

100mg of the tissusample $ homogenizedafter putting them in the adequate volume of

TriReagent (Imland 0.2ml Chloroform are added. Tubeeashaken igorously for 15 and
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incubated atoom temperature for-2 min. Samples i@ then cetrifuged at 1100&x g for 15
minutes at 4°C. After centrifugation, themogenizegdampla aresplitted into three phasés

a lower,red phenokhloroform phase, amterphase andreaqueous upper phase. For RNA
isolation, only the aqueous phase d¢arefuly removed and transferred into another
Eppendorftube and.5ml of isopropyl alcohol isdded. Differingrom the original protocol,
sanples ae incubated overnight a20°C to enhance prectption. The next day, samplesea
centrifuged at 11 00Q g for 10min at 4°C. The supernatant is removed and the remaining
pellet is washed two times with 1 ml 75% ethanol in DERfZer by mixing the samples by
vortexing and centrifugation at 7580y for 5min at £C. After this, the pelletsi airdried for

10 mirs andshortlydriedat 55C until the opaque pellet turnécnsparent. At thend of the
procedure, the RNAsidissolved in 30 ul DEP@ater and incubated on a shaking heater for 5

minutes at 55C.

2.1.11.2 cDNA Transcription

As RNA canét b es transcebdd ifitcocDNARUSIMY the eénkyme reverse-tra
scriptasecDNA isthereverse transcribgoroductusingiScript cDNA synthesis kiaccording
to the manufactars protocol. 1 pg of RNAsimixed with 1 pl transcriptase andubreaction
mix, then the volume is filled up to 20 ul with DEPGwvater The samplesra shortly
centrifugated and reverse teamiption 5 executedin a thermocycleand diluted 1:10 with
PCRwater.

2.1.11.3 Realtime PCR

The polymerase chain reaction (PCR) is used to amplify DNA so fewesopn be replicated

into great numbers. It works with different phases of heating and cooling cycles. The heating
process is needed for the DNA meltihgo produce single strands where the polymerase can
bind T andthe enzymatic reaction. The polymerasbich is used is heatable and the best
known is the Tagpolymerase from the bacteriuihernmus aquaticus The polymerase can
bind on the single strand DNA in 5n@wane® 30
sense strand. The selectivity of tRER results from the primers, which are a sequence of
nucleic acid that are complementarystected regions of the targeted sequence.

The realtimepolymerase chain reaction (feae-PCR is based on thPCR, withthe add

tional featurethatampliiedDNA can be detected during the
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from the normal PCR, whetbe detection is only at the enfithe amplificationThis is usi-

ally achieved by appropriately designed primer sets that gereertiiggered fluorescence
signal upa the hybridization/polymerization proceSdius, the DNA can beneasired and

either be quantified to an absolute number of copiesaorelative amount, comparexd so

called housekeeping genia this case fActin. Realtime PCR B performed, using th8tep

One Plus ealtime PCRandthe Power SYBR Green PCR MimRNA levels ae always no
malized to RActin. Thefollowing oligonucleotidesre used

rCXCR4 forw. CACCAACAGCCAGAGCGCGA, rev. TGCGCTTCTGGTGGCCCTTG;
r'VEGF forw. CCAGGCTGCACCCACGACAG, rev..CGCACACCGROTAGGGGCA;
rICAM-1 forw. CGCAGTCCTCGGCTTCTGCC, rev. CGCAGTCCTCGGCTTCTGCC;
rACTB forw. CTTGCAGCTCCTCCGTCGCC, rev. CTTGCTCTGGGCCTCGTCGC;
rVCAM-1 forw. GGTGGCTGCACAGGTTGGGG, rev. ACCCACAGGGCTCAGCGTCA,;
rCD 163 forw. TGGGATCGCCGTGACGCTTC, rev. CAGCGACTGCCTCGBGAC,; rlL-

4 forw. GGCTTCCAGGGTGCTTCGCAA, re\cTGGACTCATTCACGGTGCAGC

A mixture is prepared which contains the Dinplate, the two complementary primers, the
nucleotides the polymerase and special buffdrs.this case we usthe commercial Power
SYBR Green PCR Mixand add the designed primers as mentioned above together with our
sample DNA. The realtime PCR consistsdiferent steps likanitialization, denaturation,
annealing and elongation. The initialization eeded to activate the polymerase. @syrug-

ing the hydrogen bonds between the base pairs during the heating up in the denaturation step,
the DNA is melted and the double strand splits into the single strands which is important for
further steps as the polymerase can only bind on the sitigledsIn the annealing step, the
temperature is lowered again to allow the primers to anneal to the single strand D&A mol
cules. A close match of the primers is of great importancgdod bindingOnce bound, the
polymerase can attadb the primettemgate hybrid and starts DNA synthesis. The teraper

ture at the elongation steps depends on the optimum activity temperature of the used polyme
ase but is commonly 72AC. The pol-3anediarsec tsiym
using the oligonucleotidg he time that is needed depends on the polymerase but also on the
length of the template. In this steps, the amount of DNA is doubled and leads to exponential
amplificationandhuge amounts of DNA, even with only few templaielecules oDNA in

the begnning.

The optimal temperatures of the realtime PCR were evaluated in the beginning and 40 cycles

were run. Table 19)
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Table 19: Parameters dhe real time PCR cycles.

Status Temperature Time
Activation of TAQ- 95°C 10 minutes
polymerase
Denaturation of cDNA 95°C 15 seconds
Annealing 60°C 10 seconds
Elongation 72°C 20 seconds
Heating up and measurement | 84 °C 5 seconds
of fluorescence
Melting curve 65-95° C in steps 0of 0.3° C

2.1.12Statistical Analysis

For stastistical analysis, Graph Pad P@sm02 softvareis used and resultseadisplayedas
means +/ standard error of the meanHM). Statistical significancesi calculated using
OnewayANOVA f ol | o we dtesbSyatist&al sighiicancesiset totp < 0.05.
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3 Results

3.1 Establishment of theOrthotopic Lung Transplantation Model
Theanimalmocdel of lung transplantation hasany benefits for observation of a most similar
situdion to the clinic. But on the other hand, it also bears many diffesitompared to other

used methods for simulation of lung transplantation, e.g. the trachea graft model. A complete
thoraxsurgery with a transplanted lung graft means big stress for the animacameks pe-
cisecontrol of animal health and pain manageite ensure no unnecessary stress to the rats.
Besides that the surgery method itself has be well established to guarantee comparable

results and sources of error haweebe found and eragéy refining of the used method.

3.1.1 Anaesthaia

Preparation ath Premedication:

All rats (donor and recipient)r@a preanesthetized with a boehdapted dose of Kat

mine/Xylazine combination with a 75:1@tio. 100 ul of this mixture re given per 100 g
body weight intraperitoneallfi.p.). As preoperative paimanagerant 0.05 mg/kg Bupremo

phine B given subutaneous. A well anaesthessaeached after-8 minutes.

Rats are shavedn a different table to avoid contamination of the syrgable with fur and
the skin s disinfected with a standard sidisinfection.

Donorrats ae shaved generously from the ventral and lateral abdomdre tmwbone and

recipientrats ae shaved on the left lateral bedsll from the spine down to the sternum.

Intubdion and maintenance of anaesthesia

The preareesthetied animals i@ rested on the back and the mouth was kept open with the
tongue pulled outHigure 9 a). The opening of the traches lightened with the cold light
source thatg set on the trachea. The trachea preseself as a small spand s best hit with

the tubus by sliding it along the ground of the lower (&gure 9 b). To preventhe trachea
from swelling, a lidocainespray soaked swap used to carefully spot the area around the
trachea. For intubatig@ common 16G venous catheter is used of which the sharg end i
and Bunted. To prove if the tubus lying in the trachea, the animal ventilated shortlyand

if positive, the cathetesifixed with a loose surgical knot to the cheeks skin.
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The ras ae ventilated with 85 beats per minute and a maximum pressure of 2pobiéive
endexpiratory pressurePEER against atraspheric pressure. Isoflurang vaporized with

1.5% as maintenance of narcosis.

P4 ;Lr*?’
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Figure 9: Schematial drawing of the intubation of a rat. a) Frontal view. The rat is positioned at the
edge of the table and the upper jaw is fixated with a strong thread. The tongue is pulled out carefully
and the light source is put in position. Now the opening of tlehéa presentsself as a light spot. b)

Cross section of the head. The tubus, made of a venous catheter, is best positioned by sliding it along
the tonguelf reaching the trachea, a slight scraping can be felt which is caused by the cartilage rings
of the trachea. Most animals show a reflective interruption of breathing when the trachea is touched,
so the rat should be ventilated soon after. T = trachea; O = oesophagus; N = nasopharynx; V = oral
cavern; C = venous catheter for intubation; L = cold lightree.(lllustration byOckelmanf?)

3.1.2 Preparation of the Animals According to our Adapteetihdd

Preparation of the @orLung:

The donoisrat is embedded on the back and the skin is disinfected. Then the skiatiin a
line from the abdomen to the thrg&igure 10 a)). The sking dissected, avoiding opening
the muscles, ahthen, the abdominal muscleseaut in theLinea albauntil reaching the
Processus xyphoideusf the sternumKigure 10 b)). Beforeopening thehorax, the donorsi
treatedwith 150 IU heparine by injection in théena cava inferio(Figure 10 c)). The ste-

num i cut in the median of théertebrae sternto the first rib. The ribcage opened to lbot
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sides andt is spread withmosquito clamps on each side. The long lingual muscles were

primed carefully, and the trachea, which lies in the median of the mubelasnes visible
(Figure 11).

Figure 10: Schemadtal drawing of the opening of the rat. a) The skin is cut from the pubic bone to the
jaw angle and carefully primed to avoid contamination with the unsterile outer side. Now, theé-abdom
nal muscles come to view, which are separated by ithea albg the goneurosis of the abdominal
muscles. Th abdomen should be cut in thimea alba the pectoral muscles can be cut from the first

rip to the Processus xyphoideub) View on the opened abdomen with the prominemrland the
convolute of the itestine. One separated from the pectoral muscle, the ribs come clearly into view. c)
By shoving the intestinal convolute to the right side and lifting the liver carefully with cotton buds, the
Vena cava caudaligppears and the heparine can be injected directlyeirptbminent vessél to

avoid to much blood loss, the puncture should be compressed with a cotton bud afterwards for a few
secondsS = sternum; X =f@cessus xyphoideus; R =rip; T = thys; H = heart; L = liver; V = ¥na

cava caudalis; G = stomach; K #dkey; P = preputial gland; a = skin with subcutis and cutaneus
muscle; b = abdominal muscles; ¢ = Linea alba; d =M..pectoralis; e = abdominal muscles completely
cut; f = long hyoid muscleglllustration by Ockelmarif
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Figure 11: Schematicatirawing of the opening of the thorax. a) With a strong preparation scissor, the
sternum is cut in thenedian, from thd’rocessus xyphoideusp to the first rip. If the ribcage is oB

pletely cut, it opens easily and can be fixated with e.gguito forceps to widen it. If not already cut,

now, with the lungs visible, the diaphragm is cut and in young animals, also the prominent thymus has
to be dissected therefore, only the apex should be cut, as the cutting of the big blood vessels in the
basic leads to mas® bleeding. S = sternum; X =rdtessus xyphoideus; R = rip; T = thymus; H =
heart; LL= left lung; RL = right lung; PL = post caval lung lobeV = vena cava Gaufia long hya-

dal musclesh = M. omohyoideus; i = Mm. intercostalis; jM. longus capitis; k = M. deltoideus; | =
saliva glands; m = diaphragm; t = trach@bustration by Ockelman)

Perfusion:

For perfusion, the heart must be free from remaining tissue like medmastir pericardium.

In young rats, the prominetitymus,which lies still over the healiase has to be dissected.

With a fine straight scissor, the right ventricle is cut in the middle deep enough to open the
lumen. Soon after that, the left atrium is also incised.

A venous catheter (16G) which is connedie@ tube containing 20 ml of cold perfusian s
lution (4°C) wih PerfadeX- or Ringef®-solution with a few drops of heparine, is slid through

the opening in the right vénicle and positioned in th@runcus pulmonali&(Figure 12).
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Figure 12. Schematical drawing of the perfusion mett@dchematicatirawing of the cut into the
ventricle with the already opened left atrium. The venous catheter lies in the pulmonary artery so that a
direct flush of thdung is guaranteed. b) Scheme of tlesv of the perfusion solutiomA = Aorta; V =

Vena cava; PA = Pulmonary artery; PV = Pulmonary; s = Superior lobe of right lung; m = Middle lobe
of right lung; i = Inferior lobe of right lung vein; RV = Right ventricRA = Right atrium; LV = Left
ventricle; LA = Left atrium; VC = Venous catheter for perfusigtustration by Ockelmann®)

If the perfusion is effective, the lungs soon turn pale and become white. The flushing is
stopped before air is reaching the ciation.

After that, the trachea is dissected by carefully cutting the connecting fascia between the long
lingual muscles and then separated from the oesophagus by carefully pushing a closed scissor
between them and then opening the blades.

Now a loose ligture is laid around the trachea and pulled tight in the phase of deepest insp
ration, so that the lungs are filled with air. The trachea is then separated cranial to the ligature
and the whole heatting package isesmoved avoiding especially damage teetleft lung.

A bended fine preparation scissor is used, with the bended side always in direction to the
lung. The scissor should cut in a vertical direction with only little opecessorblades and

the tip always at the spine.
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Storage of the Heattunq Package:

Directly after removing the healing package, it is carefully wrapped into a moist gauze in a
Petri - dish. Then the lung can be stored on ice or in a fridgéGtfor the subsequeptoce-

dures.

Cuff-SleeveTechnique:

Cuffs ae made out 017G or 1& venous catheter parts whicteaut into pieces of-8 mm

length. Each of the pieces is then cut vertically in the centre with a scalpel. The cut is about
the half of the diameter. A second cut is made horizontal from the end to the firstidbea
fragment removed, so that a strap remains. Any sharp edges were blunted to avoid damage to

the tissuefigure 13).

Figure 13: Schematicablrawing illustrating the preparation of the cuff. a) T3¢ mm piece of the
venous catheter is first incised to the mediahdth directions (1.). The flag cut as short as possible

so it can still be hold with a microneedleholder but at least to the half. The remaining side walls are
carefully cut, avoidingany sharp edges (ll.). b) Sketches of the three possibilities of cuffs used for
lung transplantation. Mizutas original cuff (I.), Zhais cuff without any flap (II.) Our cuff with a short
flap (I1.) (lllustration by Ockelmarif)
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For the fixation to the cuffligatureloops (double surgical knot) of® Prolene thread are
used. During preparatiothe lung is still kept in thed?ri - dish and kept cool and moist. The

next working steps are accomplished emthe microscopd-or microsurgery two microme
dlehdders, one microscissor and one lockable microneedleholder are needed.

First the heartung package ipositioned in the same way assitu with the heart on top.

The artery, vein, and bronchus are wrapped in connective and fat tissue that has-to be r
moved very thooughly. All structures are cats long as possible. First, the vein is dissected.

It is the structure most caudal and usually very short in the Sprague Dawley rats. Therefore it
is first dissected from remaining tissue and then cut in thdussrde of the left atrium. Next

the artery is primed and at last, the bronclugure 14).

Figure 14: Schematicatlrawing of the preparation of the three important structures, surrounshng ti
sue is aleady removed a) First the vein is cut in the confluence of the left atrium by cutting before the
branch of the post caval lobe departs b) The artery is also cut asmeaaras possible. ¢) The hro

chus can only be primed safely after the vein is alrestbyed aside. It is cut ingiPars membraa-

ceain the Bifurcatio trachea LA = left atrium; LV = left ventricle; PA = pulmonary artery; PV =
pulmonary vein; AB =accesory branch of the pulmonary vein; B = bronchus; LL = left lufitiu s-

tration by Ockehani?)

For the vein, a 16G cufé clamped with its strap in a lockable microneedleholder with the
round open end showing upwards. The free end of the vein is carefully grabbed with the m
croneedleholder and pulled through the cuff. Once the end is dlggrepletely through, the

vein is turned upsiddown over the cuff and fixed with a@Prolene ligature. The strap i

left free, sot canbe hold.lt has to be checked whethtie lumen of the veinsicompletely
continuous and theessel $ not twisted dring the procedure.

The same procedure is performed for artery and bronchus, using a 17G cuff for the artery and
a 16G cuff for the bronchug&igure 15).
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After this, the heart and the right lung are dissected and discardeghrd@pared left lungs
then again stored aescribedefore until the recipiens preparedor transplantation.

Figure 15: Schematicatirawing of the cufftechnique a) fie cuff is clampedb) The structure is car

fully shovedthrough and dragged with a microneduiieler c) Once completely shovédough, the
walls are carefully grabbed with the microneedleholddysThe structure is everted over the cf

The so prepared vessel is hold in position by the surgeon whilsglstaat is fixating it with the pr

pared threadoops f) After ligation, overlapping tissuis cut with a microscissog) The cuff, ready
for transplantation(lllustration by Ockelmant)

3.1.3 Recipient Preparation

Ligatureloops are made of-6 silk threat(double surgical knotMeanwhile2-3 sterile can-
presses are soaked in sterile Na@lution and precooled.

A syringe with a 1:100 diluted Heparin/Na&blution is prepared (Heparin 25,000 1.U.) and
assembled with a blunted cannula. A syringe with at®pind another one with a 1:100usol
tion of adrenaline are also prepared.

Anesthesia, intubation, ventilation and shaving are performed as described earlier.

The rat is embedded on the right body side and the light source of the microscope is adjusted
to the thorax. Before starting the surgery, a dose qfl #ropine is injected intramuscularly

in the quadriceps against bradycardia.

The cutting line is between the-3. intercostal space, which can be found by an imaginary

line drawn from the straiglspine to the shoulder and elbow in normal flexibig(re 16).
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The intercostal space can then be palpated. We found out, that the 5th intercostal space is the

best choice in young animals, as the prominent thymus still coveesghrs in the @inter-
costal space.

;"’//",.”/‘: bk
oz
7l

L R,
/ﬁ_/-_.é;-lff/é’// )

i

Figure 16: Schematicalllustration of the cuta) Transversal section of the thorax of a rat lying on the
right body side b) First cut through the skitiustration by Ockelmari)

3.1.4 Transpantation Procedure

To establish the method of the orthotope left lung transplantation, we first used a method, that
was described earlier by Zhei af?® and lead back to the method of Mizugt af*’ who
invented thecuff-technique for the lung transplantation. The method of Zhai, which was used

for our first group, is not described here and only the modified method by our groep is d
scribed below.

Surgery:

With a surgical scissor, trekin is cut straightly and the muscles are primed. The cut is started
dorsal and elongated in ventral direction. Big blood vessels are cautered with a thermocauter
or clamped with a mosquito forceps. After cutting Melatissimus dorsand M. serratus
ventralis, the ribs and th#&l. intercostaligre visible First a small incision is made in the-d
terminded intercostal space with a straight small scissor, so that the thoracic cave is opened.
To avoid cutting any big vessels, the cut should be made arahal part of the caudal rip
belonging to the chosen intercostal space and it should be avoided to elongate the cut ventral

as the mammary artery is locatbére. The final cut is aboutIL5cm long Figure 17).
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Figure 17: Schematicatlrawing of the thorax opening (transplantation). a) Subcutis and muscles are
primed and bigger vessels clamped or thermocautered. The 5th rip comes into view b) By cutting
along the cranial side of the 5th rip, cuttingtlire vessels and nerves is prevented as they are better
protected on the cranial side than on the caudal side. In the right position, the left lung comes into
view, together with caudal parts of the thymus c) The rips are spread witls@regder(lllustration

by Ockelmanff)

Once opened, the heanhd the left lung are visibleTo spread the cut, a rip spreader is
hodked in and the opening is widenedrefully. The left lung is moved out of the body with
two swabs, trying first to move the cranial pantthen the longer caudal pdfigure 18).

Figure 18: Schematicatirawing of the retrieval of the left lung a) by gently rolling along the cranial
partsof the lung with a sterile swabhe tip of thdung can be moved towards the wound opening and
then fixed with another swab from the backsl)eOnce completely put out of the wound opening, the
lung is clamped with a special lung clamp and fixaf#itistration by Ockelmari®)

All next steps are danunder the microscope.
The vessels and the bronchus are carefully dissected from the surrounding fat and connective

tissue and primed. Blood and other licaiate removed frequently using swabg(re 19).

61



Results

a) b) ——
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Figure 19: Schematicaddrawing of the fixated lunga) If fixed in the right position the lung base
comes into view, still covered in connective and fat tisbyé\fter removal of surrounding tissue and
preparation of the three structures, ligatibreads are carefulllayed around every structuréouch-
ing of the heart and thlervus phrenicusre avoided. LL = left Ing; H = Heart; T = thymus; n =
Nervus phrenicuglllustration by Ockelmanit)

All three structuresra ligated with a @ Prolendoop and fixed undeight tension. A 2mm
cut is made with the microscissor in the front wall of artend vein. Br the vein, it $ best,
to cut in the arborisation on the darend of the vein near the hilubhe bronchus should be
cut later to avoidaspiraton of liquid. Artery and veinr@ rinsed with the prepared 1:100 d
luted Heparirsolution until they appear bloodless. Téfere the camula of the syringenust
to be blunted. After clearing and swabbing the liquid out of the thorax, the broisctuts
(Figure 20).
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a) b)
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Figure 20: Schematicadr awi ng of preparation of .&MWMkthreeeci pi e
structures are reversible ligated with a single loop of a thread. The glaedikated outside of the

wound openingb) The vessels are incised on the front wall and flushed with a solution of heparine
(1:100) until they appear free of any left blood. The bronchus is incised after removal of every fluid.
Loops of silk threads ataid aroundpreparedstructures. LL = left lung; A = artery; B = bronchus; V

=vein; H = heart(lllustration by Ockelmarif)

Finally a 50 silk thread idaid around the structures in a loose dotdegical knot. The a+

nor lung is now fetched out of the catorage, wrapped inta cool moist gauze and placed

on top of the recipientés lung. The serap i1 s
fully slid into the opening of the recipient
has to beehecked, whethdhe structures were not twisted. Once in the right position, the silk

knot is tightened arounthe cuff. In an optimal caséhe silk ligature lieson the Prolene

ligature.

After all ligatures e tight enough, the vessel loops arotimelvessels and bronchus aee r

moved, so that reperfusion and reoxygenation is started.

First the thread around the vescut and watched if retrograde reperfusion oscansuring

the venous drainagéhenthe arteryfollows. If the lung appears to gled with bloodagain

at last, the loop around the bronchus is removed.

Now the remaining recipients left lung lobe is carefully dissevtaduting the remaining

connection tdhe tissue on the vessels and bronchasnicroscissor Eigure 21).
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Figure 21: Schematicatirawing of cufffixation. a) The silk loops are held in position by the assistant

while the surgeon putsthecuffnt o t he i nci sed opening of leehe rec
b) The silk thread is pull ed tuteiligstbést dgeatly onhtlee c u f f
Proleneligature of the cuff. dL = donor left lung; dA = donor pulmonary artery; dB = donor bronchus;

dV = donor pulmonary vein; rA = recipients pumary artery; rB = recipients bronchus; rV = récip

ents pulmonary veir(lllustration by Ockelmarit)

The transplanted lobe is now moved back into the thorax. For this, the ventilation has to be
disconnected, so the lung collapses and can be dibae& through the opening. As soon as it

is in position ventilation § connected and the lung is shortly bloated, so the atelectatic areas
are filled with air. After relocating the traplant, 34 pieces of threadgselaid, so that both
woundends can be conned adequately. A venous catheter is placed in the ventral corner
between the two last threads, and the wound is closedawitiuble surgical knot. Then the
remaining air and liquid is evacuatei the venous catheter removing it under constast m

tion. Then, muscles and skin are adaptednanatomically corregbosition and constellation

3.1.5 Pain Management

To reduce postsurgical pain, 600rRbpivacainsolution 0.2% is instilled around the wound
instead of a presurgical pamanagement with a aequivalagoid This instillation of a local
anaesthesia serves asercostainerval blockade and was usedavoid the systemical effect
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of the opioid in the first hours after transplantatespecially with the view on the respiratory
depressionA body-adaped dose of enrofloxacin is given subcutaneously.

For further postoperative pamanagement we used piritramgused as a strong painkiller
and administeredvia drinking water, containing glucose. Therefore, 3 ml piritramid (1.5
mg/ml) are dissolved in3 ml water and 20 ndlucose 20% solution iadded. The glucose

is added to reduce the bitter taste of the piritramid.

The water bottles are weigh&u the beginning and then everyday to guarantee an adequate

supply with piritramid. The rats are obseihte/ice a day and weiggd every day.

3.1.6 Effects ofLocalAnaesthesiafter Sirgeryon Animal Health

To confirm whether a locadnaesthetic intercostakrveblockadeis an adequate analgesia,

we analysed the animal health, including general condition, gbggal status, explorative
behaviour, motility, full loading oéxtremitiesand food and water intake on a scale from 0 to
10 in which 0 is worsand 10 besftI{able 20).

Awaking animals that got a local anesthesia biladwmuchbetter motility and full loading

of the left body side compared to animals only treated with a presurgical single injection of
buprenorphine. Animalthat aretreated with theapivacainblock showan improved general
condition and even active exploratobehaviour almost right after complete awakegn
(Figure22).

Animal Health

*%
L] L]

—
iy

=]
1

Treatment

Animal Health Score (1 = worst, 10=best)
5

B with local anesthesia
[0 without local anesthesia

Figure 22. Comparison of the Animal health between the groups treated with local anesthesie
and those whowereonhetrat ed wi th &écl assi cah=6 *p<0.plect ed
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Table 20: Parameteyof the animal health score.

Category Points
1 0.5 0
Recovering Awakening < 30 min Awakening > 30 min No awakening
from Soonattempts to move No or only inadequats
anaesthesia movement
Exploration No discrepancy to naturg Hesitant, interest in No attempts
behaviour condition strong stimuli (food, @~
ter, other rat)
Loading of| No discrepancy to naturq Relief of aterior body| Hesitant setting of extremities
extremities condition part, but movement of a| only moving if necessary, muc
extremities resting
Breathing No discrepancy to naturg Careful breathing ang Gasping for air wh open
condition movement of thora¥ mouth, strong respiratory soung
slight respiratory sound
Pilierection No discrepancy to naturg Slightly, over the first day] Strong, lasting over the secol
condition day
Social groon- | No discrepancy to naturd Restricted social groo- | No social grooming
ing condition ing

Food and wate

No discrepancy to naturg

condition, gaining weight

Acceptable intake, loss (
bodyweight < 10%

Inacceptable or no intake, loss
bodyweight > 10%

intake
Pain signals No discrepancy to naturg Slight signs of unwell Signs of pain, apathy
condition feeling ower the first hours
after surgery
Individual No discrepancy to naturg Restricted body car{ No body care
body care condition (Hadersches secret aroul

the eyes, scruffy fur)

Interest in the

enviroment

No discrepancy to naturg

condtion

Interest only to strong

stimuli

No interest

more than 2 fields that are hid-

lighted in grey

letters

1 field highlighted in grey and bold

more than 2 fields in italic ld-

ters

termination of experiment anduh

manely killing of the rat

termination of experiment and Lk

manely killing of the rat

prove of pain management
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3.1.7 Surgical @mplications

To comparette method of Zhagt d 2%° with our modified transpintation procedure, three
categories of cause of death are taken into consider&iiguré 23, Figure 24):

The first category includesnamals that are included in the end of the experinmeamesur-
vived the transplantation and the 48 h postsurgicaentation time Another categoryde-
scribes aimals that have died due targical complicationsvhich corrdateto problems that
are linked to the surgical procedure itself as damage to important strumfuresruments or
unstoppable bleedings due to loosening of clamps cwulgs knally, a last category co-
prisesanimals thathavedied due to other causexluding unpredictable problems that lead
to exclusion from the experiment like heart arrespathological conditions that were wa
signed to the expement.

Taken together these data indicate thampared to the method of Zheti af?®, the modfied
method is less sensible to surgical complications that ended in exclusion of the animals

Death cause
10-

number of animals

ol BN 1

L ] L ) L ]
end of other cause  surgical complications
experiment

] modified method
O Znais method

Figure 23. Cause of death according to the surgery methotil
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Figure 24: Cause of death in a group score thaiveh a significant difference in surgical complic
tions regarding the two methodsz11, *p< 0.05.

3.1.8 Time Cost of 8rgery

Moreover, he modificaion of the surgical procedurs a benefit for the time needed tareo
pletely transplant the lung. The graph skaWe time difference for the surgical prdaees,
which is defined as the time from the start of the warm istaef the lung when the lung i
taken from the cold storage until the moment of the complete adaption of the traasplant
prove of the functin. Our method is significantly faster than the one described by et

22%Figure 25).

Time for surgical procedure

30_ *k
|

1T

[\
o
I

time (minutes)
N
(=]
Il

method

B modified method
O Zhais method

Figure 25. Comparson of the time needed for surgical procedure with the modified and :
method.n=11, **p<0.01.
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3.1.9 Comparison offte Survival Rite

Comparing the survival rates of all animals in the both groupfavefoundthat our mod

fied methodresults ina much betr outcome. The graph shows the days of survival in %,
with the completdime period of48h as 100%lIn the groupthat is treated according the
method of Zh&f®, a mearsurvival of 40% & reached, whereas our modifietethod group

reached a measurvivalof 80% (Figure 26).

Survival time
100

-

days of survival (%)

B modified method

O Zhais method

Figure 26: Survival rate comparing both surgical methausl1

3.2 Pilot Experiment

3.2.1 Cell culture Experiments
3.2.1.1Dose dependentffects ofDeguelinon HIFFI U i n vi tr o

To prove theanti HIF-1 effects ofDeguelin we first determined its inhibitgrcapabilityin a
cell culture experiments. As described previpuBeguelinwas tested at increasedncenta-
tions under hypoxia as well in HMECs as in HTIB7.

With aworking concentration of 100M we slowed that after 6 h of hypox@eguelineffec-
tively reducesHIF-1 (protein eyression in HMECsind HTB-177 compared to normoxia
controls. DMSO (solvet) alone hasio suppressiveeffect and hypwria alone stabilizesiIF-
1 s expectedFigure 27 a)

Deguelinalso inhibitsexemplarydownstrearrgenes of HIFL Un a concentration dependent
manner. The mRNA of CAIXYEGF, LOX, ANGPTL4, EGLN3 andADM aresignificantly
downregulated compared to untrehteypoxic cells. Toverify thatDeguelinis not a general
transcription inhibitor, EGLN2s used as negative cont(figure 27 b).
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Figure 27. Effects ofDeguelinin vitro. a) Western analysisf HTB-177 and HMEC cedl following
treatment withDeguelinunder normoxia antlypoxia(6h). b) mRNA levels of HIF1U target genes
underinfluence of normoxia, hypoxia arileguelintreatment in combination with hypoxi&IF-1U
protein is decreased atDeguelinconcentration of 100nM and 6h hypoxizeguelinalso suppresses
down-stream genes concentration dependen®, *p< 0.05, **p<0.01 ***p<0.001.
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3.2.2 Animal Experiments
3.2.2.1Toleration ofDeguelinGavage

To reachadequatdissue levels oDeguelinin the animals, we chose to feed intragastrcal
gavage This methodccanbe executed without anesthestmimals ae treated vth Deguelin
dissolved in DMSO at 4 mg/kg bodyweight with an end volume of 200 rats receive
the Deguelinintragastricallyvia gavage twice a day at a volume of 100 pl. All animalthe
experimenttolerated the gavage very wealhdall of them gainweight (297.8 £9.805 g and
335.6 £2.064 g vs. 257.1 +4.389 B;0.0009,P<0.0001 resp.xompared to aroup only
treated with solvent. Neverthelessiimals treatednly with solvent were significantlydav-

ier than those treated wibeguelin(335.6 +2.08 v s . 2 9 P=09196) buBnd Bam- A
ful effects of the treatmetreobserved in both grougEigure 28)

Bodyweight after Deguelin

Treatment
1-
400- | l
ek
—~ ek
20 300+
b T
g 200-
=
-
M 1004
0

[CJdayo

[Jday 3 solvent
[l day 3 Deguelin

Figure 28 Bodyweight after treatment witheguelinn =6, ***p<0. 001, Ap<0.05.

3.2.2.2In vivo Effects ofDeguelinon HIF-1 U

To examinethein vivo effects ofDeguelin lungs ofratstreated with the inhibitorwere e-
posed tovarm ischemia (37°) for 1.Hror contros, lungs of nortreated ratsra harvested and

immediately snaffrozen in liquid nitogen.
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RealtimePCR measurements revetilat here ae detectabldasal mMRNA levels under basal

control (SHAM) for VEGF (100.0+12.28), CXCR4 (100.0+19.97) and ICAM99.9+12.28).

Under warm ischemjaupregulatios of VEGF (217.8+44.98;P=0.0338) and CXCR4
(272.0£60.82P=0.0291)are significant compared to the SHAjtoup, whereas thehanges

in ICAM-1 (136.5+18.93; n.s.3}how no significant regulationA inhibition of HIF-1 by

Deguelin showed significant downregulation compared to the warm ischemia Qi
(217.8+44.98; P=0.0338)CXCR4 @72.0+60.82; P=0.0291pnd ICAM-1 (42.4+7.36;
P<0.0001)The gene expression of t h eActin ACTBere-pondi n

mained unchanged

VEGF-A mRNA CXCR4 mRNA
- .t o R
Sm-
S 100 —= 5?“100_ -T—
o e e
. : : 0 : : r——
ﬂ@& & ,53' @:9 Peg \Q
ACTB mRNA
ICAM-1 mRNA (neg. Control)
200+ d
TTT .
=
150+ 1 -1
E . E 100
Z o 5
;;\ ) e gé 50-
g@& <& 4,'5} ,@:—& & g

Figure 29: mRNA level of various HIFL target gene sham lungs and lungs that were exposed to
warm ischemia withor without treatmentwith Deguelin n = 6 , *p< 0.05, ** *p<0.
AAp<QAAAP,<0. 001
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3.2.2.3Effects oHIF-1 Blockadeon theLungMicrostructure

Besides the molecular changewe also examined thmicrostructure of théung tissue As the
destruction ofthe alveolar integrity by flooding with extravascular liquid and the resulting
lung edema is one of the most critical points in the reasrtce of lung functiorthis change

of lung structurehas to be investigated carefu(llyigure 30). Therdore, micrograph®f the
lung sanples a@e taken at 10x and 40x magnifieati 3 randomly taken pictureseamade
from every sice and the tissue area (blug)compaed tofree space area (whiteffigure 31).
Tissue edema and dage seemlirectly correlatesvith the increase in area compared to free
spaceThis datademonstrate that the rates diffesignificantly between theompared gyups.
Lungs from theDeguelingroup havesignificant lower edematous changdg®wn in massive
thickening of the thin cellayer and loss of free afilled space between the alveoli
(36.5+£2.88 % tissue / argthan animals from the warm ischengieup (55.2+2.73 % tissue /
area) This values are even higher than the oneshi®ISHAM animalg50.5+£1.34 % tissue /
area) In the lungs of the animals, tHadvereceived thédeguelintherapy, the microstriiare

of the lung & preservedestwhereas tie lung structure from lungs of the warm istie
group showmassive thickening of the tissiiEigure 32).Interestingly, the lungsrém the
SHAM animal group shovelmost the same tissue changes like lungsexposed to warm

ischamia.

Figure 30: Tissue ofa lung graft exposed tischemia (37°C) for 1h. The thin tissue structure of the
alveoli has thickened rapidly (left pictur&or comparisonhe normal tissue of the lung with the thin
endothelial Iger of the alveol{right picture)
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Figure 31: Comparisorof tissue area vsion tissue areaf Deguelintreated lunggndthose without
treatment exposed to warm ischenma6, ***p<0.001.

Figure 32 Micrographsof tissue slides from lungs of shagroup, warmischemia without treatment
and Deguelintreated animals. Th&0x magnification (first row)d evaluatedria measuring the ¢t
sue/non tissue area (second row). The swelling of the tissue enf@ésnore closely in the 40X ma
nification (last row).Deguelin also shows a protectiveffect from microstructural edema in the
ischemic lungw.i. = warm ischemia, w.i.D = warm ischemideguelin
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