


Figure 29. Greater vascularization of AAA tissue (4) than in normal aortic tissue
(B), shown by endothelial CD31-expression. Magnification x40.

Figure 30. CD31-expression (A) compared to $y#;s-integrin expression (B) in AAA
tissue (intima towards left): magnification x100.

$,#;-integrin expression within areas of cellular infiltration in media (C) and adven-
titia (D) of AAA tissue: magnification x400.

One non-aneurysmal aorta had an unexpected high inflammatory infiltrate of
both lymphocytes and macrophages. This patient had chronic obstructive
pulmonary disease (COPD) and had previously undergone pulmonary resec-
tion due to aspergillosis.
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General Discussion

Abdominal aortic aneurysms have been known for a long time and they are
epidemiologically fairly well studied. An elderly Caucasian male smoker,
with a father, uncle, or brother who has had an AAA, is at greater risk of
developing an AAA, without being aware of it. With time, the AAA will
increase in diameter and risk of rupturing, with catastrophic consequences,
as the overall mortality rate is up to 90% (Bengtsson 1993).

An aneurysm is characterized by a increase of the vessel diameter of 50%
or more than the nearest proximal part of the aorta (Johnston 1991). The
abdominal aorta is also defined as having an AAA when the diameter is > 30
mm (McGregor 1975).

Historically AAA has been, and is still by some authors, addressed as ar-
teriosclerotic aneurysms. Even though AAA may have calcifications in the
vessel wall, AAA formations must be considered as a separate entity that
shares many risk factors, such as age, smoking, and hypertension, with ath-
erosclerotic disease.

Histologically, the final stage of an AAA is characterised by a breakdown
of the supporting structures of elastin and collagen, diminish of smooth mus-
cle cells, infiltration of inflammatory cells, such as lymphocytes and macro-
phages, and neovascularization with vasa vasorum (Koch 1990 ; Brophy
1991 ; Lépez-Candales 1997 ; Henderson 1999 ; Kalluri 2003 ; Paik 2004 ;
Choke 2005).

Several etiological factors have been studied: infectious agents (Karlsson
2000 ; Falkensammer 2007 ; Hinterseher 2012), genetics (Clifton 1977 ;
Verloes 1995 ; Ogata 2005 ; Wahlgren 2010), autoimmunity (Gregory 1996 ;
Tilson 1996 ; Hirose 1998 ; Jagadesham 2008), and hypoxia (Holmes 1995 ;
Pugh 2003 ; Choke 2006, b)). Some theories have been dismissed and others
are foremost based upon the findings from large or even ruptured AAA.

The crucial question is what triggers the process of aneurysm formation,
from being an abdominal aorta, AA, with a normal diameter to be an aneu-
rysmal AA i.e.an AAA? From double A to triple A!

A striking thought for a clinician about AAA is that we know quite well
how to handle the ruptured AAA. The emergency teams are well drilled and
the organizations of the surgical units are well aware of what is expected of
them. We also know how to deal with small aneurysm when detected either
by screening or en passent, by offering follow-up in well-established surveil-
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lance programs. But what causes aneurysm formation in the first place, the
pathogenesis, we know far too little to be able to offer appropriate advice
and medical therapy preventing the aneurysm from continuing to expand.

In order to understand the pathophysiology behind the AAA formation
and expansion it seems likely that investigations have to be performed on
small aneurysms as well as on pre-aneurysmal dilations of the abdominal
aorta, i.e. a diameter of 25-35 mm, and with long-term follow-up data (Wild
2013).

However, the study of small AAA presents a dilemma. To be able to analyse
small AAA with histological and immunohistochemical methods, the ethical
and practical predicaments to access tissue samples from these aneurysms
are quite obvious. It is ethically unacceptable to take biopsies from the ab-
domen’s largest vessel in patients, who are in every other respect, healthy.
This means only patients with AAA with a diameter of > 55 mm are availa-
ble, when the patients most certainly have had their aneurysm for a substan-
tial period of time (Powell 2011) representing the end-stage of the pathologi-
cal process rather than revealing its true nature.

An emerging additional obstacle to obtain AAA tissue, also from large
AAA, is the paradigm shift in the treatment of AAA: from open resection to
a minimal invasive endovascular EVAR operation, the later with very lim-
ited opportunities for harvesting larger vascular biopsies. The group of pa-
tients who still remain and are offered open resection thus becomes selec-
tive.

This calls for a different approach, a non-invasive in vivo technique in or-
der to study the pathophysiology that may lie behind the formation of AAA,
for which molecular imaging with positron emission tomography (PET)
would be suitable.

As opposed to previous AAA PET studies, which have focused on large
AAA, including rapidly expanding, symptomatic, and even inflammatory
AAA (Sakalihasan 2002 ; Reeps 2008 ; Kotze 2009), this thesis had its main
focus on small asymptomatic aneurysm, with large AAA used as controls
and for obtaining tissue samples for histological and immunohistochemical
analysis.

The basic principle of PET is to administer a tracer, usually intravenous-
ly; the tracer targets the receptor cells or the receptors that are of interest,
and the PET scanner detects the photons that are emitted from the tracer.
Principles are, by nature, straightforward, but in practice there are several
predicaments to overcome to obtain reliable results:

* What receptors or specific cells are present in the tissue of inter-
est?

*  Which tracer molecule has the best characteristic in binding to this
receptor?
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*  Which radioisotope has the best features to label the chosen tracer
molecule? Does it demand on site production or may it be trans-
portable to PET clinics without their own cyclotron?

* Does the PET scanner have the optimal features, with the optimal
scintillation detector, optimal diameter of the detector ring?

* Must there be synchronization with respiratory movements or
heart rate, or even both?

The complex process of development of PET tracers has little in common
with vascular surgery, yet the pathophysiology of AAA formation is highly
interesting, particularly for a vascular surgeon.

So, what receptors, cells or structures are present in AAA, which could be
used as targets? The aorta wall lacks, in contrast to the brain (Gulyas 2012 ;
Zimmer 2012), specific receptors. There are, however, various cells and
structures in AAA such as lymphocytes, macrophages, smooth muscle cells,
collagen, elastin and signs of angiogenesis.

Inspired by the pioneer work by Sakalihasan et al we used in Paper I the
routine PET tracer '*F-FDG, which signals for increased glucose consump-
tion. Several methodological issues required consideration; one was the use
of SUVpax of SUV ean. In oncological studies SUV,,. is frequently used.
However, with no visual uptake, i.e. no “hot spots”, we measured the SUV at
several locations and the mean values of these calculations were used. This
is supported by Rudd et a/ and Kai et al who argued that SUV .., is a more
accurate method in vascular "*F-FDG PET studies (Rudd 2002 ; Kai 2010).

Despite the observed large number of B- and T-lymphocytes along with
macrophages in the wall of large AAA, no '*F-FDG uptake was detected.
This indicates that the chronic inflammation seen in AAA is not metabolical-
ly active. As opposed to other inflammatory conditions, such as arteritis
(Blockmans 2011) and vascular graft infections (Wassélius 2008 ; Bruggink
2010), which represent a metabolically active inflammation with high '°F-
FDG-uptake. Our findings was confirmed by colleagues in Genoa who also
failed to show an "*F-FDG uptake in asymptomatic AAA (Palombo 2012).
Thus, it may be concluded that "*F-FDG is not a particularly suitable tracer
for studying the pathophysiology of asymptomatic AAA. An intriguing
question is therefore raised: What role does the inflammation play in the
aneurysm formation, and can other more sensitive or specific PET tracers be
developed?

Although the exact target for ''C-D-deprenyl is still to be revealed, the tracer
gives a distinct uptake in inflammatory conditions, such as active rheumatoid
arthritis, which is reduced after corticosteroid treatment (Danfors 1997), and
in the chronic inflammation that is suggested to be involved in whiplash
associated disorders (Linnman 2011). Therefore, it was suggested as an in-
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teresting tracer for studying the chronic and metabolically inactive inflam-
mation in AAA. Another tracer of interest was the macrophage tracer He-
PK11195, which has been used to visualize the inflammation in giant cell
arteritis and Takayasu's arteritis (Pugliese 2010).

Even though these two tracers are considered to be rather specific in sig-
nalling for inflammation, neither tracer did show any uptake in the studied
asymptomatic AAA.

Our findings in Papers I and II, where '"*F-FDG, ''C-D-deprenyl, and ''C-
PK11195 gave interesting results showing that the inflammation is not suffi-
ciently active to be detected by these tracers in small and large AAA. For
"E-FDG this was somewhat contradictory to previous studies and for ''C-D-
deprenyl and "'C-PK 11195 this was the first time these tracers were studied
on asymptomatic AAA. However, these findings raises questions on the
pathophysiological importance of the chronic inflammation seen in large
AAA; Are there other mechanisms that play a more important role in the
aneurysm formation, and is the inflammation merely a secondary phenome-
non present in end-stage aneurysmal disease?

The process of tracer development, as previously mentioned, is complex,
demanding, and costly. As the PET centre at Uppsala University has devel-
oped several PET tracers we took the opportunity to investigate a few of
these on AAA tissue. This was done by means of autoradiography, an in
vitro technique used for pre-clinical evaluation in tracer development (Paper
IIT). Some of these tracers were designed to detect different aspects of in-
flammation and another tracer signalling for angiogenesis. Other tracers
signalling for pathological processes not associated with AAA, such as as-
trocytes, carcinoembryonic antigen, mitochondrial cytochrome P-450 en-
zymes in the adrenal cortex, and the enzyme aromatase.

In their current stage and design we showed that the only tracer that had a
specific uptake was the integrin a.yf; tracer ["*F]fluciclatide, signalling for
angiogenesis. It may seem unorthodox to perform experiments with tracers,
which targets receptors that are less likely to be present in the investigated
tissue. This is of course quite true from a strictly scientific view. The reason
why we despite this went along performing these tests was mainly the fact
that the knowledge behind the aneurysm formation still is hidden, and that
there might be a small chance of getting some revealing results. Although
our experiments were done deliberately, it might be noteworthy that some
great discoveries such as the detection of penicillin 1928 and of graphene
2004 were done by mistake or by just fooling around, so to say, and were
awarded the Nobel Prize Physiology or Medicine 1943 (Nobelprize.org
2013, b)) and the Nobel Prize in Physics 2010, respectively (Nobelprize.org
2013, ¢)).
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Our in vivo experiments were performed on large and small AAA (Papers |
and II), but as described earlier, it is difficult to obtain tissue samples from
small aneurysmal and normal aorta. To meet this challenge we collected
non-aneurysmal infrarenal aortic tissue samples from organ donors. These
samples, collected by the colleagues at the section for transplant surgery,
were obtained at the final stage of the explant procedure, i.e., the samples
were as fresh as possible and obtained as similarly as possible as the AAA
tissues had been obtained in Papers I and II.

Paper IV was a continuum of Paper III, showing a potential role for
["*F]fluciclatide in our effort to understand the pathophysiology of aneurysm
formation. The process of angiogenesis has previously been shown in histo-
logical examinations of large AAA (Paik 2004). The main finding of our
study was that the ['*F]fluciclatide signal was significantly blockable, i.e. it
has a specific binding to receptors in the aorta. Furthermore, that the uptake
was higher in aneurysmal tissue compared with non-aneurysmal aorta tissue.
Although the observed difference of 56% was no significant, (p = 0.136), the
finding is encouraging. Also, the adjunctive immunohistological analysis
showed an interesting co-localisation of neovascularization and inflammato-
ry cell foci.

These in vitro findings suggest that ['*F]fluciclatide could be a plausible
tracer for further in vivo studies on asymptomatic small and large AAA that
may bring some new light upon the pathophysiology of aneurysm formation.
A more specific integrin avf; tracer with higher affinity to the receptor is
under development and will be used in future in vivo studies on small and
large asymptomatic AAA.

Angiogenesis as a possible triggering factor for aneurysm formation is a
tempting concept. Smoking is the most important risk factor for aneurysm
formation, expansion, and rupture. Smoking produces carbon monoxide
which induce hypoxia (Lederle 2011 ; Norman 2011 ; Svensjoé 2011), which
is one driving force of angiogenesis (Pugh 2003). An important issue for
further research is to understand the possible association between hypox-
ia/angiogenesis and the key pathological events in aneurysm formation, the
elastin and collagen degradation and the smooth muscle cells apoptosis.
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Conclusions

The following conclusions can be drawn from the four papers in this thesis:
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The observed chronic inflammation with lymphocytes and macro-
phages seen in large asymptomatic AAA does not have sufficient
metabolic activity to be detected in vivo with "*F-FDG PET/CT
(Paper I)

The chronic inflammation seen in large asymptomatic AAA is not
detectable in vivo with the tracers ''C-PK11195 and ''C-D-
deprenyl (Paper II)

The seven tracers:
%Ga-CRP-binder,
"'C-DAAL1106,
"'C-D-deprenyl,
"'C-deuterium-L-deprenyl,
%Ga-IMP461 with bispecific antibody TF2 052107,
['*F]F-metomidate, and

o '"®F-vorozole
do not reveal any uptake in AAA tissue in by means of autoradi-
ography. Therefore, in their present state, they are not useful for
use as tracers for studying asymptomatic AAA with PET (Paper
110)

O O O O O O

The avps-integrin tracers ['*F]fluciclatide show a specific uptake
in AAA with autoradiography (Papers I1I and IV)

Vasa vasorum, positive for ayfs-integrin antibody, are associated
with dense inflammatory cell foci in asymptomatic AAA tissue.
(Paper IV)



Sammanfattning pa svenska
(Summary in Swedish)

Abdominellt aortaaneurysm (AAA) &r en sjuklig vidgning av stora kropps-
pulsaddern i buken. Ett AAA anses vanligen foreligga nir aortadiametern
overskrider 30 mm. Naturalférloppet for ett AAA &r att successivt 6ka i stor-
lek for att till slut brista (rupturera). Dodligheten vid rupturerade AAA ir
cirka 90 %. I Sverige dor 700 — 1 000 personer om aret till f6ljd av ruptu-
rerade AAA. Nir AAA uppticks, antingen som ett tillfallighetsfynd eller i
samband med screening, dr det framforallt diametern pa aneurysmet som
avgor ndr en forebyggande operation dr aktuell; vanligtvis nir diametern dr
storre dn 55 mm. I dagsldget saknas tillvixthammande behandling av smé
AAA.

For att upptidcka ett aneurysm i aorta tidigt innan det brustit och dérige-
nom kunna operera i en elektiv, planerad situation, har screeningprogram
introducerats i flera lander. I och med detta hittas dven manga mindre aneu-
rysm, som kan foljas med ultraljud tills det eventuellt &r aktuellt med operat-
ion.

AAA ir ungefir sex ganger si vanligt hos min som hos kvinnor. Alder,
rokning och hypertoni &dr andra viktiga riskfaktorer. AAA karakteriseras av
en forsvagning i kérlvdggen, dér stodjevdvnad sdsom elastin och kollagen
bryts ner. Histologiskt ses dven en minskning av glatta muskelceller genom
sjalvdod, apoptos, och en infiltration av inflammatoriska celler, B- och T-
cells lymfocyter tillsammans med makrofager.

Patogenesen, den bakomliggande orsaken till AAA &r fortfarande okénd,
men det finns flera hypoteser. Vilken roll spelar egentligen den inflammat-
ion, som ses i de stora aneurysmen? Spelar hypoxi (lokal syrebrist) och an-
giogenes (nybildning av smé blodkirl i aortaviggen) nagon roll for utveckl-
ingen av aneurysm?

For att in vivo, dvs. i den levande organismen, studera biologiska proces-
ser utan att paverka processen i sig, dr molekylér bilddiagnostik mycket an-
véindbar. Positron emissions tomografi (PET) &r en typ av molekylir bilddia-
gnostik som har hog kénslighet. Principen for PET é&r att detektera fotoner,
som bildas nir positronerna annihileras, forintas, i samband med att de sam-
manfaller med sin antimateria, elektroner. Autoradiografi dr en annan mole-
kyldrdiagnostik metod, en laboratorieteknik for att studera sparimnen in
vitro, pa vévnader, eller ex vivo, pa forsoksdjur, som forst injiceras med
sparsubstansen for att sedan undersokas efter det att djuret avlivats. For att
kunna studera den substans som man &r intresserad av behover en radioaktiv
isotop kopplas till substansen. Substansen innehéller molekyler som binder
till specifika receptorer i kroppen och/eller kan tas upp av vissa celler. Vid
PET ir sparidmnet, tracern en radioaktiv substans som har ett métbart sonder-
fall med utslidpp av positroner, ex '*F flour-18 eller ''C kol-11.
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Syftet med denna avhandling &r att i sma och stora AAA studera patofy-
siologin med olika spardmnen.

Delarbete [

Inflammation in the walls of asymptomatic abdominal aortic aneurysms
is not associated with increased metabolic activity detectable by 18-
fluorodeoxglucose positron-emission tomography.

I delarbete I gjordes PET-undersokningar med den kliniskt mest anvénda
sparsubstansen '*F-FDG, fluorodeoxyglukos, en sparsubstans som bestér av
en glukosmolekyl dér en hydroxylgrupp har ersatts av en radioaktiv fluoriso-
top, '°F, flour-18, som har en halveringstid pa knappt 2 timmar. '*F-FDG tas
upp av celler som har en forhdjd metabolism, exempelvis maligna cancercel-
ler samt vid infektioner och inflammationer.

Tolv mén mellan 65 och 75 &r med asymtomatiska AAA inkluderades i
studien. Fem hade sm& AAA (34-40 mm) och sju stora AAA (52-66 mm).
Patienterna med stora AAA var planerade for elektiv 6ppen kirurgi, vilket
gav mojlighet att erhalla vivnadsprov frén aneurysmvaggen. Hilften av pati-
enterna var rokare och hélften var ex-rokare. Kontrollgruppen bestod av 12
mén utan AAA vilka av annan anledning genomgick PET med "*F-FDG.

Upptagsmaétningar, SUV-mitningar (standardized uptake values, standar-
diserade upptagsvirden), gjordes pd aneurysmvéggen, pd suprarenal aorta-
vigg, i blod och i lever. Inget upptag av '"*F-FDG kunde detekteras i smé
eller stora asymtomatiska AAA. I vivnadsproverna frdn de stora aneurysmen
fanns det rikligt med inflammatoriska celler, B- och T-lymfocyter samt mak-
rofager.

Delarbete 11

4D-PET/CT with ""C-PK11195 and "'C-p-deprenyl does not identify the
chronic inflammation in asymptomatic abdominal aortic aneurysms.

I delarbete II studerades 15 min med asymtomatiska AAA med tva olika
sparsubstanser. Fem patienter undersoktes med sparsubstansen ''C-
PK11195, som binder till receptorn TSPO (translocator protein (18kDa)), en
receptor som uttrycks av aktiverade makrofager. Tio patienter undersoktes
med sparsubstansen ''C-D-deprenyl. Dess exakta receptor ar fortfarande
okdnd, men man har pdvisat upptag vid inflammatoriska tillstdnd sdsom
reumatoid artrit och vid kronisk whiplashskada som antas bero péd en kronisk
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inflammation. Histologiska och immunohistokemiska analyser gjordes pé
vivnadsprover frdn aaneurysmvéggen.

Visuellt kunde inget upptag pavisas vid ndgon av undersékningarna. Upp-
tagsmétningar, SUV-virden, pd aneurysmvéggen jamfordes med dem pé
suprarenala aortaviggen. PET-undersdokningarna gjordes dels som en statisk
undersdkning efter 35 minuter, dels som en dynamisk undersdkning over tid
frén 0 till 25 minuter efter att sparsubstansen administrerats till patienterna.
Detta gav en uppfattning om tidsforloppet nér sparsubstansen ackumulera-
des, anrikades, i olika vdvnader. I och med detta kunde den samlade méng-
den radioaktivitet i blod uppmatas och analyseras. Kvoten mellan upptaget i
de olika vdvnaderna och den totala injicerade radioaktiva méngden uttryckte
ett retentionsindex. Detta gav dock inga indikationer pd nagot 6kat upptag i
aneurysmvéggen.

Autoradiografisk undersdkning, en laboratoriemetod dér vdvnad studeras
in vitro, med "'C-D-deprenyl kunde inte pavisa nigot upptag. Histologiska
analyser av kérlviggen fradn de nio aneurysm som opererades visade rikligt
med B- och T-lymfocyter tillsammans med makrofager.

Delarbete 111

Autoradiography screening of potential positron emission tomography
tracers for asymptomatic abdominal aortic aneurysms.

I delarbete III gjordes en sammanstédllning av de olika autoradiografiska
screeningundersdkningar som genom daren har gjorts pa aneurysmatisk
aortavdvnad i samband med att nya spirdmnen har utvecklats vid PET-
centrum och vid enheten for Preklinisk plattform f6r PET vid Akademiska
Sjukhuset och Uppsala Universitet.

Av de undersokta dmnena; 68Ga-CRP-binder, “C-DAA1106, "C-p-
deprenyl, ''C-deuterium-L-deprenyl, '*F-fluciclatide, ®*Ga-IMP461 med bis-
pecifik antikropp TF2 052107, ['*F]F-metomidate och "*F-vorozole uppvi-
sade "*F-fluciclatide ett blockeringsbart upptag i aneurysmvivnad. De 6vriga
spardmnena gav inget upptag alls.
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Delarbete IV

'"®F-fluciclatide -Autoradiography study of angiogenesis in abdominal
aortic aneurysm

For att mer ingdende studera angiogenesens betydelse for patofysiologin i
AAA anvindes sparsubstansen 'F_fluciclatide (FAN). Denna binder till
RDG-receptorn som uttrycks av integrin avf;. Detta integrin uttrycks bland
annat vid angiogenes, av maligna celler, av osteoclaster och av makrofager.

Vivnad fran fem mén som opererats elektivt for asymtomatiska AAA
jamfordes med icke-aneurysmatisk aortavdvnad frdn fem alders- och kons-
matchade organdonatorer.

Vid autoradiografi in vitro inkuberas viavnaden i néringslosning varpa den
radioaktiva spdrsubstansen tillsitts. Genom att tillsdtta “kall” substans, dvs.
molekylen utan ndgon radioaktiv isotop, kan man berékna hur specifik in-
bindningen av spardmnet &r.

Standardhistologi jamfordes med immunohistokemi vid analyser med an-
tikroppar mot lymfocyter, makrofager, plasmaceller och integrin
avfsreceptorn.

Med autoradiografin sags ett upptag av FAN i badde aneurysmvivnaden
och i normal aorta. Upptaget var icke-signifikant hdgre i den aneurysmatiska
vavnaden. Detta upptag korresponderade med de immunohistokemiska ana-
lyserna med integrin ayfs;-receptorns antikropp LM609. De LM609-positiva
kérlen var regelmissigt omgérdade av inflammatoriska cellanhopningar.

Slutsatser
Foljande slutsatser kan dras fran de fyra delarbeten i avhandlingen:

* Den kroniska inflammationen i stora asymtomatiska AAA har inte
tillrackligt hog metabol aktivitet for att kunna detekteras med
sparsubstansen '*F-FDG vid PET/CT. (delarbete I)

* Spérdmnena "C-PK11195 och 11C-D-deprenyl kan in vivo inte pa-
visa den kroniska inflammation som ses i asymtomatiska AAA.
(delarbete I1)

¢ Sparimnena “Ga-CRP-binder, ''C-DAA1106, ''C-D-deprenyl,
""C-deuterium-L-deprenyl, ®*Ga-IMP461 och bispecifik antikropp
TF2 052107, ["*F]F-metomidate och '®F-vorozole ir inte anvind-
bara f0Or att studera asymtomatiska AAA med PET. (delarbete III)

« "F-fluciclatide &r ett potentiellt lovande sparimne att studera
asymtomatiska AAA. (delarbete I1I och IV)

* De inflammatoriska cellanhopningar med CD3-positiva, CD20-
positiva och CD68-positiva celler som ses histologiskt i asymto-
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matiska AAA finns néra kirl som &r identifierade med o vf3;-
integrin, antikropp LM609. (delarbete IV)

Sammanfattning pa enkel svenska for barn
(Summary in plain Swedish for children)

Kroppens storsta blodkirl heter stora kroppspulsddern eller aorta. Den kan
bli sjuk. D& kan den borja blésa upp sig ungefdr som en ballong. Precis som
en ballong kan spricka och sméilla ndr den blir for stor, kan blodkérlet
spricka. Det ar vanligast att dom som fir den hér sjukdomen 4r gamla far-
broder, som tycker om att roka cigaretter.

Varfor man kan fa den hér sjukdomen vet man inte. Man vet inte heller
vad sjédlva orsaken dr. Men pé sjukhuset kan man hjélpa de hir patienterna.
Da behdver man byta ut den uppblésta delen av blodkirlet, av aortan.

Det skulle ju vara bist om doktorn kunde hjélpa patienterna sa att dom
inte fick den hér sjukdomen en dverhuvudtaget. Nist bést skulle det vl vara
om det fanns nigon medicin som gjorde sa att blodkérlet slutade att blésa
upp sig. Da skulle det ju inte spricka.

Man kan se hur det dr inne i kroppen och hur allt fungerar. D4 kan man
anvinda en speciell undersdkning som heter PET. Da far patienten ett speci-
ellt &mne som &r radioaktivt. Man séger att dmnet strdlar. Den radioaktiva
strdlningen &r inte farlig. Med PET kan man se var i kroppen det samlas
extra mycket av det hir amnet. Det strdlar extra mycket dir. P4 si sitt kan
man forska for att vi ska lara oss hur olika sjukdomar fungerar.

Jag har undersokt patienter med ett par olika sddana lysande dmnen. Ett
amne dr vanligt socker som man gjort sa att det kan stréla. Socker anvinds ju
av alla celler i kroppen. Men en del celler ar sarskilt hungriga pa socker. Da
samlas forstds sockret dér och det som lyser och stralar mest dér. Dar det ar
en sddan dér bldsa pa aortan finns det alltid en inflammation. Inflammat-
ionscellerna kallas for makrofager och dom é&r alltid sugna pé socker. Men
nir jag undersokte patienterna syntes det inte alls att det strélade sérskilt
mycket runt stora kroppspulsadern.

Da fick jag i stéllet operera fram en liten bit av aortan. Det gjorde jag
bade fran sddana som var sjuka och sddana som hade ett friskt blodkirl. De
hédr bitarna undersokte vi pd ett laboratorium. Dar doppade vi ner den lilla
kérlbiten i olika &mnen. Vi ville se om man kunde gora sé att det lyste béttre.
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Ett nytt &mne som kan visa om det vixer nya sma kérl inne i kirlviggen
verkade bra och lovande.

Sa sméningom ska jag dérfor undersdka patienter med det hir nya dmnet.
Jag ska forstds ocksa fortsitta att undersoka om andra dmnen &r dnnu béttre
for att forska fram orsaken till sjukdomen. D& kan vi ju forstd sjukdomen
bittre och hitta bittre behandlingar mot den.
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Future Perspectives

With the interesting findings in Paper IV, an additional in vitro study on
AAA and normal aortic tissue with a new RDG-receptor tracer with higher
affinity is planned. Depending on the outcome of that study, an in vivo clini-
cal PET/CT study is planned. Also, other novel tracers currently under de-
velopment in Uppsala will be evaluated.

Our main interest is, of course, to study the pathophysiology of small aneu-
rysms. Currently, the Uppsala AAA biobank contains of tissue from differ-
ent types of aneurysms and from normal infrarenal aorta from organ donors.
The challenge is that tissue samples from small AAA are rare. One source of
obtaining tissue from small AAA would be at autopsy. The crucial question
is how the tissue demodulates after death.

We therefore plan to compare tissue samples from normal and aneurys-
matic aorta obtained at autopsy with tissue samples from our biobank.
Standard histology, immunohistochemistry, and autoradiography will be
performed in order to determine the possible value of analysing tissue from
small AAA obtained at autopsy.

Patients with a sub-aneurysmal aortic dilatation (diameter between 25 to
29 mm) have high risk of developing AAA (Wild 2013). This may indicate a
more active pathophysiological stage in the AAA formation. It would there-
fore be of interest to include this subgroup in future in vivo PET studies.
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