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ABSTRACT

Corneal transplantation is performed to restoreoni®r to relieve pain in patients
with damaged or diseased corneas. However, appabaiyn 40% of corneal

allografts fail after 10 years. The most commonseaaf graft failure is irreversible
immunological rejection, primarily mediated by CDZ+cells, despite the topical
application of glucocorticosteroids. The aim ofstlproject was to investigate the
anatomic site of antigen presentation during cdrtr@@splantation in the rat, by
using a lentiviral vector to express an anti-CD4bandy fragment at potential sites
of antigen presentation, including the donor corneadothelium, the anterior

segment of the eye and the cervical lymph nodes.

Dual-gene lentiviral vectors were constructed bgenting the 2A self-processing
sequence between two transgenes. This allowed ssipreof two transgenes within
a single open reading framie vitro characterisation of the dual-gene vectors was
performed in cell culture experiments, which showleak transgenic proteins were
expressed at lower levels from dual-gene vectorspewed to the expression from
single-gene vectors and expression was lowest whentransgene was situated

downstream of the 2A self-processing sequence.

To locate the anatomic site of antigen presentadimng corneal transplantation in
rats, a lentiviral vector carrying an anti-CD4 aotly fragment was delivered to the
corneal endothelium either immediately prior toneal transplantation bgx vivo

transduction of the donor corneas, or 5 days pocorneal transplantation by
anterior chamber injection into both the recipiantd the donor rats. A separate

group of recipient rats received intranodal injees of the lentiviral vector carrying
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an anti-CD4 antibody fragment into the cervical phmodes 2 days prior to corneal
transplantation. Another group of rats underwetrdtéral lymphadenectomy of the
cervical lymph nodes 7 days prior to corneal tréangation. Corneal allografts were
scored daily for opacity, inflammation and neovédagsation. Expression of the
anti-CD4 antibody fragment from transduced tisswess detected using flow
cytometry and polymerase chain reaction. Modest,significant prolongation of
corneal allograft survival was experienced by thtg receivedx vivo transduction
of the donor corneas with a lentiviral vector cargyan anti-CD4 antibody fragment
immediately prior to corneal transplantation, bltgrafts did eventually reject.
Anterior chamber injection of the lentiviral vectoarrying the anti-CD4 antibody
fragment 5 days prior to corneal transplantaticdo imoth recipient and donor eyes
did not prolong allograft survival. Intranodal infen of a lentiviral vector carrying
an anti-CD4 antibody fragment did not prolong theveval of the corneal allografts,
nor did bilateral lymphadenectomy of the cervicainph nodes 7 days prior to

corneal transplantation.

Neither expression of the anti-CD4 antibody fragmanthe cervical lymph nodes
nor the removal of these nodes was able to probongeal allograft survival in rats,
suggesting that T cell sensitisation could potdgtiaccur elsewhere in the body.
However, expression of the anti-CD4 antibody fragtmigom the donor corneal
endothelium was able to prolong corneal allograftvival, suggesting that some
antigen presentation might occur within the antesegment of the eye. Based on the
findings described in this thesis and those of rsthé propose that antigen
presentation in the rat occurs within anterior segimof the eye and within the

secondary lymphoid tissues such as the cervicapliymodes, and that inhibiting
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antigen presentation at one of these sites wilkydgraft rejection. However, to
completely abolish antigen presentation during eafrransplantation in the rat, |
hypothesise that antigen presentation within blo¢hanterior segment of the eye and

within the secondary lymphoid tissues must be idb
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1.1 INTRODUCTION OVERVIEW

This chapter will start with a discussion on thenlam cornea, its lack of proliferative
ability in vivo, and how corneal transplantation can be perfortoestore vision.
The use animal models of corneal transplantationnierstand the mechanisms of
immunological rejection will be considered. The iommology of corneal
transplantation will be discussed as well as theect prevention and treatment
strategies for corneal graft rejection. The useg@fe therapy as a potential novel
strategy to prevent corneal graft failure will beamined along with the current
biosafety issues associated with it. This chaptifinish with the aims of this thesis
and how regional immunosuppression for cornealspkamtation using gene therapy
has the potential to be an effective new prevergasitrategy for corneal graft

rejection.

1.2 THE HUMAN CORNEA

1.2.a. Anatomy of the human cornea

The cornea is an avascular transparent dome-shgse that forms the anterior
surface of the eye. In humans the cornea is appately %2 mm thick and is

comprised of several layers (Figure 1.1). On theeraor surface is the epithelium
which is attached to the Bowman’s membrane. Undehniine Bowman’s membrane
lies a stroma of ordered collagen fibrils intersger with fibroblast-like keratocytes.
Attached to the second cell basement membrane ¢bedtts membrane) lies the
endothelial monolayer. The metabolically-active @helium regulates the hydration
of the cornea and is thus critical for corneal sarency. Failure of the endothelial

pump can lead to oedema, which can disrupt theedddignment of collagen fibrils
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' Bowman’s
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EpitI\eIium Stroma Endothelium

Figure 1.1: A cross section of a human cornea stain ed with
haematoxylin and eosin. The human cornea is comprised of several layems. O
the anterior surface of the cornea lies the epithelwhich is 5-6 cells thick. This
epithelial layer is attached to the first cell basat membrane (Bowman’s
membrane). Underneath the epithelium is the stramiah consists of keratocytes
and orthogonally arranged collagen lamellae. Agdcto the second cell basement
membrane (Descemet’'s membrane), is an endothebablayer which forms the

posterior surface of the cornea and is bathed ue@as humour.
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within the stroma and can result in corneal opaciyce the adult human corneal

endothelium has minimal replicative abilityvivo, the damage is irreversible.

1.2.b. Proliferative capacity of the human corneal endothelium

Joyce and colleagues have shown that the humaealagndothelium does have the
capacity to proliferate, but is arrested in the fghkse of the cell cycle and
proliferationin vivo is minimal® Cell density studies have shown that the human
corneal endothelium does not replicateivo at a rate sufficient to negate cell I8ss,
and morphological studies have revealed an agtecelZecrease in endothelial-cell
density’ However, the corneal endothelium is able to repadothelial cell loss by
mechanisms other than proliferation, including naper spreadiny and cell

migration?®

Senoo and Joyce and colleagues have performeddg gtat compared cell cycle
kinetics of the human corneal endothelium of yodogors (<30 year old) compared
to old donors (<50 years old)This study revealed that corneal endothelial dedim

old donors were able to enter and complete cellegylmowever they required a
longer time in the G1l-phase and needed strongeygemic stimulation than cells
from younger donor§.There is evidence to suggest that exogenous anisfg
growth factorp (TGF-p) and TGF-$ within the aqueous humour, suppress S-phase
entry of corneal endothelial cefld,and cell-cell contact during corneal development

appears to inhibit human endothelial cell prolifgma.'’

In summary, because the corneal endothelium hag w&nimal proliferative

capacityin vivo, the most effective treatment currently availafe irreversible
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endothelial cell loss is corneal transplantatiod aill be discussed in the following

section.

1.3. CORNEAL TRANSPLANTATION

Disease of the cornea is the second most commase asfublindness worldwid€.
When irreversible damage to the cornea does od¢wough disease or trauma, a
surgical procedure known as corneal transplantai@nbe performed. This involves
the removal of the damaged or diseased corneatfierpatient and replacing it with

healthy corneal tissue from an eye donor (Figu2g. 1.

The first successful human corneal allograft waerned in 1906. The cornea from a
young male donor was transplanted into a male matitao was left blind following
a chemical buri? Today with the use of corticosteroids and antibtcorneal
grafts experience high survival rates of >90% a gear post surgery.However,
within Australia, the survival rate drops considdyawithin ten years post surgery,
with a ten-year Kaplan Meier corneal graft surviehb0%?>* and the most common
cause of corneal graft failure is irreversible immological rejectiort® Within the
last 20 years, there has been only modest improvetoghe survival rate of corneal
allografts™® In contrast, over the same period, vascularisgdrotransplantation has
seen significant improvement in graft survival satiargely attributed to improved

therapies for prevention and treatment of rejectidfi Therefore, to improve the
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Suture

Figure 1.2: The eye of a patient who has received a  successful corneal
allograft. The donor corneal tissue was taken from an eyerdama grafted into the
recipient corneal bed using a continuous suturereshon diagram). The graft is

transparent and avascular.
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survival rates of corneal allografts, improved t&igees for the prevention and

treatment of corneal allograft rejection are neaess

1.4 ANIMAL MODELS OF CORNEAL TRANSPLANTATION

Animal models of corneal transplantation can bedusestudy the mechanisms of
corneal graft acceptance and failure and can be tesdevelop novel therapies for
the prevention and treatment of rejection. Animaldeis of corneal transplantation
have been developed in small animals such as'fracel rats® and in large animals

such as rabbit®, cats?® sheep' and monkey$?

Animal models of corneal transplantation in cabeep and monkeys closely mimic
corneal graft rejection seen in humans, howevegesyrin these animals can be
difficult and the upkeep of housing these largemats can be expensive. The inbred
strains of mice and rats allow for many combinatioof minor and major
histocompatibility antigen differences to be stadievhich can be useful when
investigating the immunology behind graft accepgaand failuré*?® and is not
possible in outbred species such as rabbits, shesp and monkeys. The use of
transgenic murine strains (that express a repgeee such as green fluorescence
protein (GFP)) allows for tracking of donor cellsantigen within a non-transgenic
recipient?® Furthermore, the abundance of available reaganish(as monoclonal

antibodies) also makes rodents appealing for anstodies.

The proliferative ability of the corneal endothefiwaries greatly between species.
The corneal endothelium of rabBitsind raté® have shown the ability to proliferate

during wound healing. However, cdtsand monkeys have shown minimal
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proliferation of the corneal endothelium in respois wound healing vivo, similar
to what has been reported in humans (Section 1.R.Is) important to be aware of

these species differences when using animals foilefa®f corneal transplantation.

A well established rat model of corneal transplaatawas used in this study, which
makes use of inbred strains with both minor and omdjistocompatibility
mismatches? with most unmodified allografts rejecting within@weeks. Only 1
corneal allograft from >90 corneal allografts pemed in this project survived
indefinitely, therefore the proliferative capaciy the rat corneal endothelium was

considered a negligible issue in these experiments.

1.5 MECHANISMS OF CORNEAL GRAFT REJECTION

Under normal conditions, the ocular environmenaiisimmune privileged sit&.
However, with the onset of disease or trauma tatiieea, inflammation through the
expression of proinflammatory cytokines, such ad land tumour necrosis factar-
(TNF- @),** can result in the break-down of the physical anthiinological barriers

of immune privilege.

Inflammation stimulates neovascularisaffoand has been shown in humans, rats
and mice to allow trafficking of infiltrating leucgtes, including antigen presenting
cells (APCs), T cells, neutrophils and naturalekifNK) cells to the donor corné,

% which can lead to corneal allograft rejection. fegsion of the anti-angiogenic
molecule, soluble vascular endothelial growth faateceptor 1 (sFlt-1) from an
adeno-associated virus (AAV), was able to inhibautery-induced corneal

neovascularisation in raf8.In addition, transduction of donor corneas using a
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lentiviral vector carrying the anti-angiogenic fsi protein endostatin::kringle-5
(EK5), was able inhibit neovascularisation and @ngl corneal allograft survival in

rabbits®’

In  humans, inflammation either before or as a ognsece of corneal
transplantation, greatly increases the risk of earmraft rejectiort* The following
sections will discuss the immunology of acceptamcel rejection of corneal

allografts.

1.6 IMMUNOLOGY OF CORNEAL TRANSPLANTATION

1.6.a. T cells

1.6.a.1. T cell overview

T cells are produced in the bone marrow and migmatae thymus to mature. After
maturation, T cells express a cell surface moleémiewn as the T cell receptor
(TCR) which recognises a unique processed peptioend to a major
histocompatibility complex (MHC) molecule. Essehtia the process of antigen
presentation are the glycoproteins CD4 and CD8¢hvhre expressed on the surface
of T cells and prolong the interaction between kidC molecule and the TCR
during antigen presentatidfi*® There are two main subsets of T cells
distinguishable by the expression of either CDLDB. CD4+ T cells recognise and
respond to foreign antigen when it is associateth WIHC class IF® and are
commonly involved in T helper (Th) responses. CD8<ells respond to self- or
viral-antigen when it is associated with MHC cl&$8 and are commonly involved

in cytotoxic (Tc) responses.
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1.6.a.2. T cell activation and costimulation

T cell activation (Figure 1.3) is achieved when T&R-CD3 complex interacts with
an antigen-loaded MHC molecule on an APEull activation of the T cell does not
take place unless secondary signals occur throogtintulation®? If costimulation
does not occur, T cells become anergic or apoptGostimulation can result from
the interaction between CD28 (a T cell surface o and CD80 or CD86 (cell
surface molecules expressed on APBS)r the interaction between CD40 ligand
(CD40L) (expressed on activated T cells) with C¥égpressed on numerous cells

including APCs)**

1.6.a.3. Thl and Th2 responses

Traditionally, populations of CD4+ T helper celi® aivided into two groups based
on the cytokines they produce. Thl cells predomigairoduce IL-2 and IFN-and
commonly mediate delayed type hypersensitivity (DTksponses. Th2 cells
produce IL-4, IL-6, IL-10 and IL-13 and are commpnlinvolved in

immunomodulatory responsé&s.

Several studies have characterised the developménDTH after corneal
transplantation in mic&?>*** |nterestingly, Sano and co-workers found that DTH
developed in all mice that received corneal alltigraegardless of whether they had
accepted or rejected the graftsThis suggests that other immunologic processes

may also influence acceptance and rejection ofeadrallografts.
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Antigen

|

MHCII @& TCR

CD80/CD86 CD28/CTLA-4

Figure 1.3: Antigen presentation and T cell activat  ion. Full activationof a
naive T cell requires two signalBhe first signal comes from the interaction between
the TCR/CD3 complex associating with an antigemiémh MHC molecule. The
second signal can come from either the interadtietween CD28 with CD80 or
CD86 or the interaction between CD40L with CD40.L&874 is a competitive

inhibitor of CD28 and can interact with CD80 or GD® prevent T cell activation.
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Kuffova and colleagues demonstrated that the ¢e#ls to infiltrate the donor cornea
after transplantation were recipient APCs (with sofPCs expressing high levels of
MHC class Il, CD40 and CD86), followed by the itrition of CD4+ T cells and
CD8+ T cells, all within 24 hours of transplantatii The levels of CD4+ and CD8+
T cells were low within the donor cornea until inulragely prior to corneal allograft
rejection, when the number of CD8+ T cells increaséthin the grafted tissu®.

.3 coupled with the findings of Sambal.,** suggest that

The results of Kuffovat al
initial indirect allorecognition of CD4+ T cells gses the induction of both a DTH
response and a cytotoxic T cell response (by CD8eells), which can lead to
corneal allograft rejection. Moreover, Larkin andlleagues demonstrated that B
cells were not part of the cellular infiltrate falim rejected corneal allografts in
humang® or rats®* and several studies have revealed that althoulgiargibody
production can damage the donor corneal endothelibene is no correlation with

antibody production and corneal allograft rejecfibhighlighting that the rejection

of corneal allografts is T cell mediated.

Thl and Th2 cells are able to regulate one anathgually through their cytokine
pattern?® The Thl cytokine IFN- can inhibit proliferation of Th2 cells whilst the
Th2 cytokine IL-10 can inhibit cytokine synthesis Bhl cells. Several studies have
shown that Th2 cytokines can modulate corneal edfvgejection. Delivery of
adenoviral vectors carrying IL-10 either to the donorneal endothelium in sheép
or systemically in raf$ has prolonged corneal allograft survival. Thisi¢ates that

it is possible to modulate the Thl response using) dytokines. However, Hargrave
and co-workers have revealed that corneal allogegdction can still occur in IFN-

knockout mice in a Th2 mann¥r.
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More recent murine experiments have changed theThRlparadigm with the
discovery that CD4+ T cells can also differentiat® Th17 cells which produce IL-
17. Th17 cells play a role in inflammation in amoiune diseas&® and have also
been associated with acute renal and cardiac i@jedh mice’®>’ Chen and
colleagues have demonstrated that in mice, IL-13 &gressed highly in both the
corneal allograft and the draining cervical lympbdas in the early stages of
rejection, whilst the Thl cytokine, IF-was produced in the later stages of
rejection®® In addition, corneal allograft survival in reciptelL-17 knockout mice
showed delayed rejection kinetsThese results reveal that Thl and Th17 cells

play a role in corneal allograft rejection in mice.

The above discussion suggests that corneal allogegdction is predominantly
initiated by CD4+ T cells (via Thl and Th17 respes)sand CD8+ T cells appear to

be involved in the effector arm of the immune resg®o

1.6.b. Antigen presenting cells (APCSs) in the eye
APCs play a crucial role in both innate and ad&ptmamunity. There are two main
classes of professional APCs, dendritic cells (D&s) macrophages. The role APCs

play in immunity within the eye will be discusseeldw.

1.6.b.1. Dendritic cells (DCs)

DCs are potent APCs as they are able to induceapyilmmune responses and are
thus critical for the development of immunologiamemory®®®* A continuous
production of DCs occurs within the bone marrowrfrbaematopoietic stem cells,

and immature DCs selectively migrate to lymphoid aon-lymphoid tissues where



Sarah Brice CHAPTER 1: Introduction 14

they take up, process and present antigen to $¢8f® Immature DCs have high
capacity for antigen uptake,and express low levels of MHC class Il and the
required costimulatory molecules for T cell activat such as CD40, CD80 and
CD86°°°® Upon maturation, DCs express very high levels di®/class Il and
costimulatory molecules such as CD40, CD80 and CBAB86 are subsequently
highly effective as activators of T cells, howeudeir capacity to capture antigen is
diminished®®’ Both immature and mature DCs have been identifigtiin the

cornea?®®®uveal tract”"°limbug® and conjunctiv?

1.6.b.2. Macrophages

Macrophages are derived from bone-marrow mono@melsreside in most tissues.
Compared to activated DCs, the expression of MH&s<lll and co-stimulatory
molecules is relatively low on macrophages, howenesident macrophages are able
to function as APCs and secrete proinflammatorgkiges®* Macrophages take up
and process antigen effectively, but are less #fie¢han DC in inducing primary
immune responsés. Resident ocular macrophages have been identifiedhé

Cornea§9,7l—72,84

uveal tract’#>%imbud® and conjunctivd?

1.6.b.3. Antigen presenting cells within the uveal tract

Many studies have reported the presence of resilB@s within the uveal tract
(iris, ciliary body and choroid? "’ "8"%The majority of these APCs have been
characterised as resident macrophages that exfmeskevels or no MHC class
11.7%8¢ A smaller population of MHC class I+ DCs has alsen identified within

the uveal tracf> 76798386
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For many years it was believed that APCs within theeal tract had reduced
immunostimulatory abilities due to the immune gdage status of the eye and
because of the involvement of resident iris anidrgilbody APCs in deviant immune
response&’ However more recent studies have shown the corfttaihe majority of

antigen uptake after antigen injection into theeant chamber is performed by
macrophages in the iris and ciliary bd@y>*°A DC population (CD11c+MHC class
lI+) has also been reported to phagocytose antibut at lower levels compared to

macrophage®

Steptoe and colleagues showed potent allostimylatbilities of resident iris DCs
that were able to activate resting T celsvitro.®® However, iris macrophages
displayed negligible stimulating activity on resgtinl cells, but could induce
proliferation of primed T cells in an antigen sgiecmanner®® suggesting a role in

secondary immune responses.

The direct interaction between antigen-loaded AR@ST cells has been reported in
the iris?%and these APCs do not appear to migrate after emtiptake®? These
studies suggest that uveal tract APCs are not wedoin T cell priming in the
draining lymph nodes and that antigen presentatifoncular antigens may occur

within the eye itself.

Uveal tract APCs have been seen to play an immudahatory role through the
induction of deviant immune respond@d.i et al., have also shown that after
injection of antigen into the anterior chamber, QP4 DCs are able to suppress

DTH by activating regulatory CD8+ T cells in mite.
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In summary, the evidence suggests that uveal trdeCs play a role in

immunomodulatory responses. Firstly, even thougbalract APCs have potent
allostimulatory abilities, resident uveal tract A¥@o not appear to migrate after
antigen uptake. Secondly, there is extensive egel@rghlighting the role uveal tract

APCs play in the induction of deviant immune resgeEm

1.6.b.4. Antigen presenting cells in the cornea

§%7172843nd the central

APCs have been identified in both the central calrsgom
corneal epithelium?”*7*%¥%in humans and in animal studies. This section will
outline the different APC populations identifiedtn the corneal stroma and the

corneal epithelium.

APCs were first identified in the corneal epitheliof humans, mice, guinea pigs
and rats by Chandler and Gillette in the 19808.In more recent years, the
identification of APC-specific markers and improvamts in tissue processing and
confocal microscopy have resulted in further chi@ragation of the APC population
in the corneal epithelium of mi€eand human&®™

Within the murine corneal epithelium, a DC popuati(CD45+CD11c+CD11b-
MHC class IlI+) was characterised in the central edpheral region& Upon
inflammation, MHC class Il, CD80 and CD86 exprensias up-regulated in these
cells’ In humans, Yamagamiet al. characterised a DC population
(CD45+CD11c+HLA-DR+) which was mainly situated imetbasal cell layer but
partly in the more superficial layer of the humamneal epitheliunf® In addition,

Zhivov and colleagues performed a study on 112timgdiumans usingn vivo
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confocal microscopy in which they identified epltateDCs known as Langerhans
cells (LCs) within both the central and peripheegions of the corneal epithelium in

30 of these volunteeré.

APCs have been identified in murfié"® and human studi&s of the corneal
stroma. Brissette-Storkust al. identified a macrophage population which was
present within the central region of the murineneal strom&* The majority of
these APCs were CD45+CD11b+ monocytes and macrephamd MHC class Il

expression was detected at low levels in 30% cfdtell$*

Hamrahet al., identified a combination of DCs and macrophag#kin the mouse
corneal strom& The DC population (CD45+CD11c+CD11b+ ) was idéeif
throughout the central, and peripheral regionshef anterior stroma, with 50% of
these corneal DCs seen to express MHC class lltladcostimulatory molecule
CD80°%° The macrophage population (CD45+CD11b+CD11c-) reaficted to the
posterior strom&’ Yamagami and colleagues characterised an APC giiquil
within the human corneal stroma in both central aedpheral region& These
APCs were CD45+CD11b+CD11c+CD14+HLA (human leucecghtigen)-DR+
with mainly round or spindle morphology. It is cemtly unclear whether these cells

are immature macrophages and/or DEs.

The bone marrow origins of resident corneal APCsvehéeen directly
investigated® Bone marrow celf3® or bone marrow-derived haematopoietic
stem/progenitor celf$ from transgenic GFP-expressing mice were tranggdgimto

irradiated wild type mice and the distribution bése cells within the corneal stroma
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was studied for 8 weeksor up to 6 month&' Both studies found GFP+ bone
marrow-derived cells within the corneal stroma Zkeepost reconstitutioft;>> and
Chinnery and colleagues characterised these aeltsetpredominantly within the
anterior strom&> By 8 week&"® these GFP+ bone marrow-derived cells were
distributed evenly throughout the corneal stromd aere detected 6 months after

reconstitution’*

For many years it was believed that one of theofachecessary for immune
privilege of the cornea was the lack of residemneal APCs. However, from the
studies discussed previously, it is evident thabhyn&PCs reside within the normal
cornea. Now it is speculated that the charactesistf the resident corneal APCs
provide the cornea with its immune privilege statUhese characteristics include
the immature state of corneal APEsnd their reduced allostimulatory capacity
when activated® On the other hand, there is also evidence to sughat APCs
within the cornea are involved in corneal lymphaggnesis and antigen uptake and

this will be discussed in this section.

Cursiefenet al. showed that secretion of vascular endotheliaivgrdactor (VEGF)-
C and VEGF-D by activated resident corneal macrgpbain response to
inflammation, promoted corneal lymphangiogen&diy binding to VEGF receptor-
3 (VEGR-3) which is critical for lymphangiogenedisin mice, depletion of
macrophages either within the eye or by whole-bwhdiation prevented corneal
lymphangiogenesi®. In addition, resident corneal CD11b+ macrophagag tbeen
shown to form tube-like aggregates within the s@oaof an inflamed cornea that

grow towards and connect to existing lymphatic s the limbus®



Sarah Brice CHAPTER 1: Introduction 19

Furthermore, nanotubes are long membrane strudtuaésonnect mammalian cells
and it has been speculated that they functiontaraellular communication between
distant cells. Chinnery and colleagues have idedtifnanotubular membrane
structures on DCs within the central corneal stramanice and the frequency of
these nanotubes was significantly increased inorespto inflammatiofi? Chinnery

and colleagues hypothesised that nanotube-bear®g Mithin the central corneal
stroma may act as a potential means of cell-cghalling through the transfer of

antigen-receptor complexes between widely sepaf@sf®

In the context of corneal transplantation, Liu aralleagues characterised a DC
population (CD11c+MHC class Il-) within the murigernea, which became MHC
class I+ in a time dependent manner after cortr@aisplantation or placement in
culture?® These resident corneal DCs had only modest afodgitory capacityin
vitro suggesting that their immunostimulatory capacigsvbeing suppressétiin
addition, this study revealed migration of donor@sRo the draining cervical lymph
nodes within 24 hours after surgery under normalddé®mns and within 6 hours

when grafting was performed within an inflamed eaibed.

Kuffova et al. also studied antigen transport after cornealsptamtation to the
draining cervical lymph nodes in mit¥. An APC population (CD45+CD11b+
CD11c-) within the central cornea (the area usedctwneal transplantation) was
identified°® however these cells were not detected in the iigricervical lymph
nodes. Instead, host antigen loaded-CD11c+ APCs detected as early as 6 hours

after allografting within the draining cervical Iyh nodes and these host APCs
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stimulated antigen specific T cell activation atahal expansion within the draining

lymph nodes?®

In summary, corneal APCs appear to be involvechendrosion of ocular immune
privilege. Firstly, macrophages have been showmplay an important role in
inflammation-induced lymphangiogene®ig® and DCs are able to form nanotube-
structures which might be involved in cell-cell sadjed between widely spread DCs
within the central corne¥. Secondly, the studies from Liet al.?® and Kuffovaet
al.’® reveal that both donor and host APCs might be lirab in mediating the
immune response against corneal allografts by atatig T cells in the draining

cervical lymph nodes.

1.6.c. Allorecognition

Allorecognition of T cells against alloantigens aagtur either by direct or indirect
pathways-™* Direct recognition occurs when a recipient T aeltognises intact
donor MHC complexed with peptide on donor APCs.irext recognition occurs
when a recipient APC processes alloantigen befogsepting it to recipient T cells

in a self-restricted manner.

In animal models, the indirect pathway appearsetthie main method of alloantigen
presentation after corneal transplantaticand minor histocompatibility rather than
major histocompatibility alloantigens are more @ssful at triggering DTH and
corneal allograft rejectioff->>*’ This contrasts with what is seen with the rejectio
of vascularised organs where MHC alloantigens laeeptimary target of DTH and

allograft rejectiont®?
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Boisgerault and colleagues have shown that only«C{@#4d not CD8+) T cells are
able to mediate corneal allograft rejection in madeer antigen presentation via the
indirect pathway?® Kuffova and colleagues also revealed that antjgesentation
of corneal alloantigens occurred via the indireethgvay, followed by T cell
priming, activation and clonal expansion in theimiray cervical lymph node¥? In
contrast, Liuet al. demonstrated trafficking of donor APCs to theirdray cervical
lymph nodes of mic&® and Hug and colleagues revealed that in the highsetting
(grafting into inflamed recipient corneal bed), tlerect pathway of antigen
presentation can take place within the drainingicat lymph nodes during corneal

transplantation and can lead to rejectith.

These results show that in murine studies, the miyjof antigen presentation in
H f : 7,100,103
response to corneal transplantation occurs viantieect pathway However,

the direct pathway has also been implicated irirthhemed setting®*%*

1.6.d. Ocular lymphatic drainage

Patterns of lymphatic drainage in the rat werd fiescribed by Tilney?” This study
identified lymphatic drainage from the head andknicthe cervical lymph nodes,
including the superficial cervical, facial and imtal jugular lymph nodes (Figure

1.4)1%

It is important to note that many rodent studiefgrréo the submandibular lymph
node separately to the superficial cervical lympidet®®*'? In this thesis, the

submandibular and the superficial cervical lympHdewill both be referred to as the
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Superficial
cervical nodes

Facial nodes
= .
— ! _ﬁ_. - Intern_al jugular
node

Figure 1.4: Diagrammatic representation of the regi  onal head and neck

lymph nodes in the rat.  Adapted from Tilney®
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superficial cervical lymph nodes as depicted inuFegl.4, which is consistent with

the nomenclature used by Tiln&Y.

1.6.d.1. Corneal lymphatics

In the mouse, inflammation stimulates the growttboth blood and lymph vessels
within the healthy avascular corn&a. When haemangiogenesis and
lymphangiogenesis are inhibited, prolonged cora#afraft survival occurd Until
recently, little was known about lymphatic growth iesponse to inflammation
within the cornea. Recent studies have charactehisaphangiogenesis within the
cornea using lymphatic-specific markers such asspgmm-related homeobox1
(Prox1) transcription factdr? VEGF-C'* and its receptor VEGFR23M4115
lymphatic vessel endothelial hyaluronan receptor (LIYVE-1)34®!4 and

popoplanim**

Cursiefen and colleagues revealed that 8% of v&ssihin vascularised human
corneas stained for lymphatic specific markers (E¥Y and popaplanir)?
Lymphangiogenesis occurred only in association \Wwabkmangiogenesis, was more
common in early neovascularisation and was alwagso@ated with stromal

inflammatory cells:*

In mice, the growth of blood and lymph vessels wasiilar after corneal
transplantation into normal recipient beds in ballbgeneic and syngeneic graifs,
indicating that the promotion of vessel growth wiasough the trauma of surgery

rather than the allogeneic tisstidn a mouse model of corneal neovascularisation,
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blood vessels were still present 6 months aftemties whereas lymph vessels were

not, indicating that lymph vessels regress eattiian blood vessefs®

Moreover, VEGF-A recruitment of macrophages wasaali for the growth of blood
and lymph vessels, and systemic and local depletfdmone-marrow derived cells
significantly inhibited haemangiogenesis and lymqgagenesis within the inflamed
mouse corned. In addition, delivery of VEGF Trap, (a receptorsbd fusion protein
which binds to and neutralises VEGF-A), signifi¢ganmeducedhaemangiogenesis
and lymphangiogenesis, and mice that underwentnmexda with VEGF Trap

experienced prolonged corneal allograft survival.

The extracellular matrix protein integrina5 plays a crucial role in
lymphangiogenesis-’ Dietrich and colleagues have shown that integ&rblockade
inhibits lymphangiogenesis more potently than hasgitgenesis in mouse

corneas?’

The collective data reveal that lymphangiogenessuis in the inflamed cornea,
creating a pathway for leucocytes to access comkmntigens, and that inhibiting

lymphangiogenesis can prolong corneal allograftisat.

1.6.d.2. Lymphatic drainage from the eye to the cer  vical lymph nodes
Lymphatic drainage from the eye to the cervical pjimnodes has been well
documented in recent years and the uveosclerawpgtlappears to be the main

lymphatic drainage route from the eye to these lympdes in rodent§?107.110-112
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Bilateral lymphadenectomy of the cervical lymph esdprior to corneal
transplantation has proven to be a successfuleglyaio prolong corneal allograft
survival in mice'***# Yamagamiet al. reported indefinite survival of all allografts
into normal recipient corneal betf8,whilst Plskova showed prolonged survival in a
similar study**® Prolonged allograft survival was also reportederafbilateral
lymphadectomy of the cervical lymph nodes priorctrneal transplantation into
prevascularised recipient corneal b&ds?* These studies suggest that the cervical
lymph nodes are a site of ocular antigen drainagpecially as their removal
delay$?* and even preverlfS the onset of DTH to alloantigen. However, a stbgly
Schulteet al. revealed that mice that underwent bilateral caviymphadenectomy
prior to corneal transplantation didot experience prolonged corneal allograft
survival*! which contradicts the findings of othéf&'** and an explanation for

these differences will be considered in the finatdssion (Section 5.3.e).

Hoffmann and colleagues performed several traasfies using radioactivé®™Tc
colloidal albumin (Nanocoll) to investigate drairafgom the eye in micE**“They
showed that the majority of aqueous humour outfiined into thepsilateral
cervical lymph nodes and not thentralateral cervical lymph node§'™ In addition,
both the lower lid and the subconjunctival outfldvained to thepsilateral cervical
lymph nodeg?? Removal of thepsilateral cervical lymph nodes led to dramatically
increased accumulation of radioactive antigen enctintralateral lymph nodes and
failed to significantly prolong corneal allografirsival.*** This indicated that under
certain conditions, theontralateral cervical lymph nodes could functionally replace
the ipsilateral lymph nodes. Furthermore, a comalgle increase in antigen specific

IFN-y production was observed in tleentralateral lymph nodes in mice that had
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their ipsilateral cervical lymph nodes removed. This suggests thmatnage of
antigenic material and the expression of a Thl imentesponse was occurring in

these lymph node's?

Boonman and colleagues studied the drainage ointuinour-antigen in mice and
found that intraocular tumour-antigen drained ® shperficial cervical lymph nodes

where antigen-specific cytotoxic T lymphocyte (CEctivation occurred?

McMenamin and co-workers investigated the distidoubf fluorescent dextran after
injection into the anterior chamber by following igration to the lymphoid tissues
of rats!®®*%” Using confocal microscopy, antigen-positive celgre identified
within various lymphoid organs, including drainimggilateral cervical lymph nodes
(superficial cervical lymph node ardkep cervical lymph node) as well as in the
marginal zone of the spleen and in the mesentgriph node$®®*% The majority of
antigen-positive cells within the various lymphoatgans were phenotypically
characterised as macrophag¥s.

Egan and co-workers showed that antigen injectedthre posterior chamber of the
eye could initiate the activation and clonal expamf antigen-specific T cells in
the ipsilateral superficial cervical lymph nodes within three dagfter antigen
exposure in micé”® The proliferating T cells secreted IL-2, indicafithat an
immunogenic rather than a immunomodulatory respave® generated against the

ocular antigert®®

Liu and colleagues revealed that alloantigen framneal grafts in mice was able to

trigger T cell proliferation in the draining ceraic lymph nodes®® This was
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observed in both allografts that had been acceptetl allografts that had been
rejected, which correlates with another study thataled that a DTH response was
generated regardless of acceptance or rejectiom afrneal allograft! However,
only mice with rejected allografts showed producti&N-y and IL-12 within the

draining cervical lymph nodes, indicating a Th1 ioma respons&>

The weight of the evidence suggests that oculaphatic drainage in rodents occurs
through the uveoscleral pathway to thpsilateral cervical lymph nodes. APCs
appear to activate T cells in an antigen-specifianner within the draining
ipsilateral cervical lymph nodes in response to corneal atigans. Therefore,
preventing lymphatic drainage to the cervical lymmudes (a possible site of T cell
sensitisation) could be a potential strategy whiely prolong corneal allograft

survival in the rat.

1.6.e. Immune privilege in the eye

Immune privilege was first reported by Medawar 848 when he showed long term
survival of skin when grafted into areas such asahterior chamber of the eye and
the brain of rabbit$?* A number of physical and immunological factors iarelved

in the maintenance of ocular immune privilege. Pphgsical factors that contribute

to ocular immune privilege include the blood-ocutarrier and the avascular nature

of the healthy corne®.

Soluble factors in the agueous humour can inhit@tdnset of DTH in response to

corneal alloantigens. These factors include transifay growth factoy (TGF),"*>

126 y-melanocyte-stimulating hormor&, vasoactive intestinal peptitfé and
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calcitonin gene-related proteiff. and have been hypothesised to inhibit the

migratory ability of iris APCS*

The widespread expression of Fas ligand (Fa&t§' and TRAIL#13 on the
surface of most ocular cells plays a large rolemmune privilege within the eye.
FasL and TRAIL are members of the tumour necroscsof family of membrane

proteins and both cause the induction of apoptosiglammatory cellg=%*33

Streilein and colleagues discovered and charaeterihe phenomenon termed
anterior chamber-associated immune deviation (AQAIBRCAID results in the
suppression of a DTH response upon secondary esgtusantigen after injection of
antigen or shedding of antigen from a corneal adlfiginto the anterior
chambef?**13ACAID is induced when ocular APCs take up and psscantigen
within the anterior chamber. The antigen-loaded ARIEn migrate to the spleen
where a series of complex cellular interactionsesalaces between the ocular
APCs, NK T cells, B cells and CD8+ T cells and ka&ad the production of CD8+
regulatory T cells. CD4+ CD25+ regulatory T celte also involved in ACAID, but
their role is unclear. The subsequent result of ACA the suppression of Thl and

Th2 responses in the e3&*’

In summary, under normal conditions the eye isnamune privileged site. However,
inflammation and neovascularisation can erode frigilege and can result in
irreversible immunological corneal allograft rejeat The next section will discuss
the therapies currently available for the preventind treatment of allograft

rejection.
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1.7 THERAPIES FOR CORNEAL GRAFT REJECTION

1.7.a. Topical application of glucocorticosteroids

Topical application of glucocorticosteroids is amly the most widely used and
most effective therapy for prevention and treatmeihtorneal graft rejection in
humans:* Glucocorticosteroids inhibit leucocyte migratiom the cornea and can
prevent or even reverse corneal graft rejectidHowever, despite their universal
use, approximately 40% of all corneal allografigcewithin 10 years® To improve
the survival rate of corneal allografts, an adjwecttherapy is needed. Potential
adjunctive therapies include those which have lad#a to improve the survival of
vascularised organs, including human leucocyteganti(HLA)-matching® and
systemic immunosuppressiGhAnother more novel therapy for the prevention and
treatment of corneal allograft rejection is the afeémmunosuppressive agents such
as monoclonal antibodies (mAbs) or antibody fragisiemhese potential therapies

will be discussed in more detail in the upcominctisas.

1.7.b. HLA-matching

HLA-matching has been used successfully to prevenal allograft rejectior?
However, the effectiveness of matching for HLA detmants for corneal
transplantation has been an area for debate. Therigéam Collaborative Corneal
Transplant Study (CCTS) reported no benefit frontamag HLA class | or class Il
antigens in corneal transplantation. However, benefits of HLA-matching on
corneal allograft survival have been reported froBanadd®® Holland!*

Germany*? and the United Kingdori?
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In summary, the benefits of HLA-matching for corhéansplantation are still
unclear, and consequently, HLA-matching is not aelji used method for

prevention of corneal allograft rejection.

1.7.c. Systemic immunosuppression using calcineurin blockers

Calcineurin blockers such as cyclosporine and FK@a@&ent IL-2-controlled T cell
expansioft® and systemic immunosuppression using calcineddnkBrs has been
highly successful at preventing and treating ré&ectof vascularised organs.
However, there are conflicting reports on the difeness of systemic
immunosuppression for preventing corneal transptant!**'*® Some studies have
shown beneficial affects of systemic cyclosporinecorneal allograft survivaf*4®
whilst other studies have revealed that its uskedaio prolong corneal allograft
survival}****" In addition, systemic delivery of calcineurin bkecs is associated
with serious side effects. Therefore, systemicvaeli of calcineurin blockers is not a

widely used treatment for prevention or treatmédrtooneal graft rejection.

1.7.d. Antibodies and antibody fragments

The use of immunosuppressive antibodies for trertrent and prevention of corneal
allograft rejection is a relatively novel field arfths shown success in animal
modeld* and in human¥® Systemic delivery of CAMPATH-1H, (a humanised
mAb against CD52) in humans, has been proven toceedcular inflammation in

patients including those with corneal grafts, withadverse side effects observel.

Systemic delivery of antibodies and antibody fragteethat target molecules

involved in antigen presentation and early T celivation, has been a successful
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method for prolonging corneal allograft survival amimal models (Table 1.1).
Systemic delivery of anti-CD4 mAb has prolongedneal graft survival in mide"
152 and ratd>**>* Moreover, cytotoxic T-lymphocyte antigen-4 (CTLA-4s a
competitive inhibitor of CD28 and binds to CD80 &D86 which are expressed on
APCs. Delivery of a soluble CTLA-4 construct or amti-CD28 mAb has prolonged
corneal graft survival in micB?*>>1*%ratd>"1*¥and rabbits>® In addition, systemic

delivery of anti-CD40L mAb has prolonged cornedbgdaft survival in micg>>*%

1.7.d.1. Single chain fragment variables
With the exception of one stud$ the topical application of whole antibodies to the
cornea has shown limited success at prolongingeebrallograft survival in animal

models**® This is most likely due to the structure of thenzm, which forms a

barrier to many therapeutics, including whole asdiles!***%

Genetic engineering has allowed for the isolatibrthe cDNA that encodes the
variable heavy and the variable light regions frarwhole antibody, which can be
connected together using a linker peptide. Theseomeric antibody fragments are
referred to as single chain fragment variables (s¢Figure 1.5) and have been
shown to penetrate pig corngasvitro and rabbit corneais vivo.***%3In addition,

scFv have reduced immunogenicity compared to whotéodies, because they do
not have an Fc region. ScFv are small enough tetpse the corneal epithelium,

however, one of their limitations as therapeutierasg is their rapid clearant®.
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Table 1.1: Studies that have reported prolonged all  ograft survival by

inhibiting early T cell activation.

Target Mode of action Delivery Species Reference
CDh4 anti-CD4 mAb systemic rat 154
CDh4 anti-CD4 mAb systemic rat 153
CDh4 anti-CD4 mAb systemic mouse 151
CDh4 anti-CD4 mAb systemic mouse 152
CDh4 LIP anti-CD4 mAb topical rat 161
CD28 CTLA4-fusion protein systemic rat 158
CD28 anti-CD28 mAb systemic rat 158
CD28 CTLA4-Ig systemic mouse 155
CD28 CTLA4-Ig ex vivo rabbit 159
CD28 AdCTLA ex vivo rat 157
CD28 AdCTLA systemic rat 157
CD28 CTLA4-Ig ex vivo rat 157
CD28 CTLA4-Ig systemic rat 157
CD28 CTLA4-Ig + IL-4 ballistic transfer mouse 112
CD28 CTLA4-Ig + IL-4 ballistic transfer mouse 156
CD40L anti-CD40L mAb systemic mouse 160
CD40L anti-CD40L mAb systemic mouse 155

LIP, liposome-incorporated; AACTLA, adenoviral vector encoding CTLA-4 cDNA
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A B

/Antigen binding sites \
K\% //\ -
N Fab
Linker Peptide

> Fc
Figure 1.5: (A) A whole IgG antibody is approximate ly 146 kDa and (B) a

/

single chain fragment variable is approximately 28 kDa (scFv). The

variable heavy (VH), variable light (VL), constanéavy (CH) and constant light
(CL) regions are labelled. Antigen binding occursh& Fab, as marked on (A). The
scFv does not contain the inflammatory Fc regiod atows for better tissue

penetration because it is approximately 1/5 ofsike of a whole 1gG antibody.
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In summary, scFv have good tissue penetration agligible immunogenicity.
Strategies need to be developed to overcome thamid r clearance after
administration, as this will potentially increageir efficacy. One such method could

be gene therapy and this will be discussed in é&x section.

1.8 GENE THERAPY

1.8.a. Gene therapy overview

The first use of gene transfer in a clinical trvehs reported by Rosenberg and
colleagues in 1998* A retroviral vector was used to transfer a neomyesistance
marker into tumour-infiltrating lymphocytes from patients with metastatic
melanoma. The lymphocytes were expandadvitro and re-infused into the
patients'® Since this first trial, gene transfer has beerdusdreat an assortment of
diseases including cancer, cardiovascular diseasespgenic inherited disorders,
ocular disease and many others. Approximately 1%lajene therapy clinical trials
worldwide are for the treatment of ocular diseasesluding age-related macular
degeneration, diabetic macular oedema, glaucomanitie pigmentosa and

superficial corneal opacity?

Delivery of transgenes can be performed using waralnon-viral vectors. Viral
vectors make use of the natural ability of a vitasinfect a target cell. For this
reason, gene transfer is very efficient and aln7@8t of clinical trials worldwide
involve their usé® There are concerns for the biosafety of viral @ecincluding

the risk of insertional mutagenesis, their immumogéy and the potential for
replication competent recombinants (RCR) to devedloping vector production.

Viral vectors commonly used for gene transfer adenaviral vectors, adeno-



Sarah Brice CHAPTER 1: Introduction 35

associated viral vectors (AAV) and retroviral vestssuch as Molony murine

leukaemia viral vectors (MLV) and lentiviral vecsor

Non-viral vectors are currently far less efficienitgene transfer than viral vectors,
but they are much safé¥ Ballistic transfer can be used to deliver plasmbidA
carrying a transgene to the target tissue usintelouce™® Another non-viral gene
transfer method uses cationic lipids to coat tlasmid DNA and this is referred to as

lipofection®’

Gene therapy has the potential to produce sustalakeery of a scFv to the site of
interest. This could be achieved by cloning thevsgéne into a gene transfer vector,
then delivering the gene transfer vector to thgeatcells, which would then express
the scFv protein. This strategy has the potentalptoduce sustained protein
expression of a therapeutic scFv at the site wlhielie needed after a single

intervention.

1.8.b. Gene transfer to the corneal endothelium

Gene transfer to the corneal endothelium has beeformed using a variety of
methods, including viral vectdf§ and non-viral vectors® The use of gene therapy
to prolong corneal allograft survival using viraotors such as lentiviral, adenoviral

and AAV vectors has been recently review&d.

Adenoviral vectors have been used extensively as gansfer vectors to the cornea,
as they produce rapid, strong transgene expreskigh, titre yields, have a large

transgene capacity and are able to transduce nidirdj cell$® (Table 1.2).
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Table 1.2: Characteristics of adenoviral and lentiv iral vectors

Characteristic Adenoviral vector Lentiviral vector
Genetic material dsDNA ssRNA

Chromosomal integration Episomal Integrated

Transgene expression Rapid and transient  Slow and long term
Transgene capacity ~30 kb ~9 kb

Inflammatory potential High Low
ﬁgl:[tgli\fﬁjitggncsec:rlsce dividing and Yes Yes

Biosafety risks Systemic toxicity Insertional mutagenesis

ds, double stranded; ss, single stranded
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However, adenoviral vectors have their limitatiémsuse as gene transfer vectors to
the corneal endothelium. Firstly, adenoviral vegtare immunogenic, especially in
ocular tissué’® The development of “gutted” adenoviral vectorscfees that are
produced without viral sequences) has reduced dapteve immune response to
these constructs, but they have still been repddeagknerate innate immunity**"
The second limitation is the transient transgenpression produced by these

vectors, which is due to the episomal nature of/thes!”

Lentiviral vectors possess many of the desirabégattteristics of adenoviral vectors,
such as the ability to transduce non-dividing ¢ellsproduce high titre yields and
they have a relatively large transgene capaéftyentiviral vectors also possess
features that the adenoviral vectors do not, whichkes them an attractive
alternative for use as a gene transfer vectorbfercorneal endothelium (Table 1.2).
Firstly, lentiviral vectors have low inflammatoryotential in ocular tissuE°*"

Secondly, lentiviral vectors integrate into thethgenome, therefore producing long-

term stable transgene expression.

1.8.c. Lentivirus biology

Lentiviruses are a genus in the family retrovirica®l typically infect terminally
differentiated celld’®*"” There are five serotypes of the lentivirus genemch
categorised by the host mammal with which the visusssociated, including bovine,
equine, feline, ovine and primate. The most charasd of the lentivirus genus is
the human immunodeficiency virus-1 (HIV-1), whigtfacts human T cells and can
lead to the development of acquired immunodefigresgndrome (AIDS). HIV-1

particles consist of a lipid-envelope, with a homoel of linear positive-sense,



Sarah Brice CHAPTER 1: Introduction 38

single-stranded RNA genome which is approximatel§ b. These particles are
approximately 110 nm in diamet€f A schematic representation of a HIV-1 particle
is shown in Figure 1.6 (A). Unlike simple gammaoeiruses, lentiviruses possess

the ability to transduce non-dividing celfs.

A schematic representation of the HIV-1 genomd@s in Figure 1.6 (B). The cis-
acting elements of the HIV-1 genome are commonl tetroviruses and include two
long terminal repeats (LTRs) which flank th&g, pol andenv genes (Table 1.3). The
HIV-1 genome encodes regulatory genes sudhtandrev, which are necessary for
HIV-1 replication (Table 1.3) and accessory genashsasvif, vpr, vpu, and nef
(Table 1.3) which are not essential for viral replication bute acritical for

pathogenesi&’

1.8.d. Recombinant lentiviral vectors for gene tran  sfer

The development of recombinant lentiviral vectos fiene transfer has been
reviewed elsewher€? The design of recombinant lentiviral vectors isémon the
separation of the cis-acting sequences that aressary for transfer of the viral
genome to the target cell from the trans-actingueeges that encode the viral
proteins' #8182 This is achieved by linking the cis-acting sequsndo the
expression vector containing the transgene ofestethe transfer vector construct),
whilst the viral proteins that are required for tesembly of the viral particles are
expressed from separate packaging constructs. @sttand trans-acting constructs

are introduced in the same cell to produce veaatigles. The non-replicative nature



Figure 1.6: Schematic representation of (A) an HIV- 1 particle (adapted
from Freed, 1998) ¥ and (B) the HIV-1 genome (adapted from Freed,
2001)."®* HIV-1 particles consist of a lipid-envelope, withhamodimer of linear
positive-sense, single-stranded RNA genome. LT&kfthegag, pol andrev genes.
The gag gene encodes structural proteins including theimptotein (MA or pl7),
the nucleocapsid protein (NC or p7), the capsidgmo (CA or p24) the p6 protein
and the spacer proteins pl and p2. The enzymatiteips such as reverse
transcriptase (RT), protease (PR) and integrasg 4 encoded by theol gene.
The envelope proteins including gp120 and gp4leamded on thenv gene. The
regulatory genesat andrev are essential for viral replication The accesgyeges
vif, vpr, vpu and nef are not essential for viral replication but aretical for

pathogenesis.
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Table 1.3 HIV-1 genes and their protein products

Gene

gag

pol

env

rev
tat
vif
vpr
vpu

nef

Protein products

matrix (MA or p17)
capsid (CA or p24)
nucleocapsid (NC or p7)
p6 protein

p2 (spacer)

pl (spacer)

viral protease (PR)
reverse transcriptase (RT)
integrase (IN)

gpl120

gp41 (transmembrane glycoprotein)
rev

tat

vif (viral infectivity factor)

vpr (viral protein r)

vpu (viral protein u)

nef (negative factor)

Function

Structural

Structural

Structural
Structural
Structural
Structural
Enzyme
Enzyme
Enzyme
Structural

Structural
Regulatory
Regulatory
Accessory
Accessory
Accessory

Accessory

Essential for

infectivity

Yes

Yes

Yes
Yes
Yes

Yes

Yes

Yes

Yes
Yes

Yes
Yes
Yes
No
No
No

No

41
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of these recombinant lentiviral vectors is duehe tact that only a single round of
infection (transduction) is possible, because theombinant particles can only
encapsidate the transfer construct (which lacks tthas-acting viral sequences
required for replication)’® Lentiviral vectors can be pseudotyped with an @pe

protein from another virus such as vesicular stdamatirus (VSV) enabling broader

tropism and vector stability/>'%1%7

Since the initial development of first generatioh/H. vectors for gene transfer by
Naldini and colleagues in 1996 there has been continuous development into
improving the biosafety and efficiency of these tees. First generation HIV-1
vectors consisted of a single packaging cassedtectintained all the regulatory and
accessory genes. The transfer vector constructedathe transgene. There was
considerable risk of RCR developing from first getien HIV-1 vectors because of
the sequence similarities with wild-type HIV-1 wsruln addition, because the first
generation HIV-1 vectors contained the accessongegieeventual RCR could have
pathogenic properties. Methods used to improvebtbgafety while maintaining the
efficiency of the recombinant lentiviral vectorsvedocused on segregating the cis-

and trans-acting functions of the viral genofffesummarised in Table 1.4.

The accessory gene#, vpr, vpu and nef are not essential for HIV-1 replication.
Thus, HIV-1 vectors were designed without theseessory genes and were termed
second generation HIV-1 vectors (Table £%)The removal of accessory genes
greatly improved the biosafety of the recombinafiy-4i vectors because if a RCR

arose during vector production, it would not benpgenic.
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Table 1.4: Advances in recombinant HIV-1 vector bio  safety

Advancement References Method Improved biosafety
2nd 188 Removal of accessory Eliminated pathogenic
generation genes lentiviral properties

Deletion of tat and

. . Removal of tat and
expression of rev in a

3rd 189 separate non- separation of rev further
generation P . decreased risk of RCR
overlapping
- development
expression construct
Diminished risk of
Deletion in U3 region oncogene activation by
SIN 190,191,192 of LTR,_re_suIts in promoter_lnsertlon and
transcriptional reduces risk of vector
inactivation of LTR mobilisation and

recombination with WT

SIN, self inactivating; WT, wild type; RCR, replication competent recombinant; LTR, long
terminal repeat
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Further biosafety improvements were achieved whib tlevelopment of third
generation HIV-1 vectors (Table 14§ These vectors did not encode the
transcriptional activator genéat. Instead, strong constitutive promoters with
elements of the HIV-1 LTR upstream of transfer veetlowed for the production of
enough RNA for efficient encapsidation and trandfgrthe vector particleS” In
addition, the third generation HIV-1 vectors wessidned with the expression of the
rev gene in a separate non-overlapping expressiortraatisivhich further decreased
the likelihood of recombination with wild type HI¥- If an RCR were to develop,
the only features shared with the eventual RCRthagbarental virus would be those

dependent on thgag andpol genes.

Deletion of viral enhancer and promoter sequentéla LTR brought about further
improvement in terms to biosafety with the develepmof self inactivating (SIN)
transfer vectors (Table 1.%°'92SIN vectors greatly reduced the risk of oncogene
activation by promoter insertion, because transgexgression from SIN vectors
were controlled completely by an internal promotehjch allowed for the use of
tissue-specific promotel or regulatable promotér$ without interference from the

LTR.

1.8.e.The Anson HIV-1 vector system

Anson and colleagues have developed an HIV-1 vesytsiem designed for optimal
safety and large-scale productidf®’ The Anson HIV-1 vector system (Figure 1.7)
has a transfer construct carrying the transgenatefest with codon optimised cis-

acting sequences necessary for transduction adttaells, including LTRs, central
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constructs

Figure 1.7: Schematic of the transfer and packaging constructs that
make up the Anson HIV-1 vector system. %" LTR, long terminal repeat;
RRE, rev response element; cPPT, central polypurast; SV40, simian-like virus
early promoterA, deletion in U3;cmv, cytomegalovirus promoter; hCMV; human
CMV; whv, woodchuck hepatitis virus post-transdaoptl element, pA,
polyadenylation signal; vsv-g, vesicular stomatiisus G protein; dashed lines
represent splicing signals from the ralfbglobin gene. For more details on the viral

genedat, rev andgagpol refer to Table 1.3.
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poly purine tract (cPPT), rev response element (RBIoly purine tract (PPT) and
550 bp of the gag gert&’ It also has a deletion in the U3 sequence in 3'Lif@king

it a SIN vector. The coding regions of the struatand regulatory proteins including
gagpol, tat, rev and vsv-g are provided on separate packaging constrdttShe
Anson HIV-1 vector system is ndat independent. However, because all viral
sequences are encoded on separate plasmids, tiheases the number of steps
required for RCR to occur during virus productitmnys ensuring that biosafety is not

compromised for viral efficiency.

Using a construct containing the reporter gene recdtayellow fluorescent protein
(eYFP), the Anson HIV-1 vector system has been shtoviransduce the rat, sheep

and human corneal endothelium effectivefy.

1.9 BIOSAFETY ISSUES ASSOCIATED WITH GENE THERAPY

1.9.a. The first gene therapy death

Since the first gene therapy clinical trial in 198bover 1340 clinical trials have
taken place or have been approved world-WideGene therapy has treated many
diseases including immunodeficiendi®@&® and blood clotting disordef§!
However, the success of gene therapy has beemdirbit biosafety issues associated
with the viral vectors used to deliver the therametransgenes. The first death
associated with gene therapy was that of Jessan@etsin September 1999, who
was part of a clinical trial at the University oéhsylvannig® Jesse Gelsinger, an
18 year old male, died from a massive immune respaifter systemic delivery of a

modified serotype 5 adenoviral vector. After Galgris death, all gene therapy trials
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were subject to more stringent regulation by thédwal Institutes of Health (NIH)

and the Food and Drug Administration (FDAS.

1.9.b. Insertional mutagenesis

In Paris, 2000, Cavazzana-Calvo and colleaguesteghthe successful use of gene
transfer using an MLV vector carrying a gene fomesing cytokine chain in
patients who suffered from severe combined immufcdacy disorder (SCID-
X1).2*° Shortly after, Thrasher and colleagues reportedséime success in a separate
trial in London®*® However, between the two clinical trials, 5 of th@ patients
developed T cell leukaemia between 31-68 montles gitne therap3>?*In all 5
patients that developed leukaemia, proto-oncog€hb¥02, BMI1, or CCND2)
were activated as a result of vector integraffSriTwo of the five patients that

developed leukaemia have now died.

Gammaretroviruses such as MLV favour integratioarribe 5’ ends of transcription

start sites and associated CpG islaffd<onsequently, the viral enhancers of the
gammaretroviruses have the potential to alter ¥peession of nearby genes, which
appears to be the case with the SCID-X1 pat@Ats? In contrast, lentiviruses

favour integration within active transcription sitand do not show any preference
for integration near gene 5’ entf3.There is evidence to show that HIV integration
in active transcription sites is optimal for praligene expression. Conversely, it is
unclear why gammaretroviruses integrate near tren8s of transcription start sites.
Consequently, there has been much research intoahdwvhy this occurd?>20¢-209

Lentiviral vectors currently appear to be a safaraative to gammaretroviruses due

to the random nature of their integration into\aetiranscription sites.
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1.9.c. Immune reactivity of viral vectors

Besides insertional mutagenesis, other issues hawgered the clinical success of
gene therapy. Immune reactivity against the ceieaduced with integrative viral
vectors including MLV and AAV?® has subsequently resulted in only transient
expression of the therapeutic genes. In April 2@06ale participant died in a gene
therapy clinical trial in which an MLV vector wased to deliver a therapeutic gene
for the treatment of chronic granulomatous dis€@$eD). The death was attributed
to a decrease in the expression of the therapgatisgene, as the patient died from
complications associated with CGH. This was likely to be a consequence of an
Immune response against the cells transduced hatiMiLV. Moreover, in a clinical
trial to treat haemophilia by gene transfer usimgAV, the gene therapy was
successful for only 8 weeks. After this, levels tbé therapeutic gene dropped
significantly?®* The decrease in transgene expression was causeddiymediated
immunity generated against the AAV capsid. It hasrbsuggested that future gene
therapy studies in humans may require the use ofunosuppressive drugs to

prevent immune reactivity against the viral vectSfs

1.9.d. Gene therapy for the treatment of non-lifet  hreatening disease

The use of gene therapy for the treatment of nfentireatening diseases is an area
for debate. In July 2007 a 36 year old women dreé irheumatoid arthritis gene
therapy clinical trial after the administration thie second dose of the treatment.
An AAV vector carrying the therapeutic transgenesviigiected into the patient’s
knee. This was the first clinical trial using an ¥YAector where the viral vector was
readministered. There was not enough evidencakahie gene transfer to her death,

however readministration of the AAV vector couldseded to severe immunologic
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reaction in the now-sensitised patient, despite tise of immunosuppressive
drugs®*! Another possibility is that the patient’s deathswalated to her systemic

immunosuppressioft!

1.9.e. Ocular gene therapy

Gene therapy for the treatment of ocular diseaseals® been performed in humans.
In 2008, 3 separate gene therapy clinical trialgabefor the treatment of Leber’s
congenital amaurosis type 2 (LCA2). LCA2 is a rsoes inherited rod-cone
dystrophy caused by a single gene defect and isactegised by moderate vision
impairment in infancy that progresses to compleliedhess by early to mid
adulthood™?#*|n all three clinical trials, an AAV vector wasagsto deliver the
retinal pigment epithelium-specific protein 65 ki@athe subretinal space. To date,
some patients have shown increases in light seitygitind visual acuity in all three
studies’™ and so far no adverse events have been repomedexample, immune
reactivity against the AAV vector and the transgemes been minimal and
biodistribution levels have been negative thusfafhese trials have paved the way

for future gene therapy trials for the treatmeneyd disease.

1.9.f. Summary of the biosafety issues associated w ith gene therapy

Gene therapy is a very young field and has thenpaleto cure many diseases that
were thought once to be incurable. Gene therapghabled patients suffering from
immunodeficiencies® and blood clotting disordéf® to be cured after a single
administration. Many would argue that the benefitsgene therapy outweigh its
risks. The question arises as to whether the patensks associated with gene

therapy outweigh its use for the treatment of nfthreatening diseases including
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ocular disease. However, the loss of vision is adtivial matter and continued
research into the development of safer more efficgene transfer vectors will

hopefully reduce or eliminate the biosafety conseassociated with gene therapy.

1.10 SUMMARY AND AIMS

The evidence provided in this chapter, highliglns heed for improvements to the
current therapies for the prevention of irrevessibthmunological corneal allograft
rejection. Firstly, there has been no improvementhie survival rate of corneal
allografts in humans over the last 20 years, argpitke the universal use of topical
glucocorticosteroids, approximately 40% of corrglidgrafts reject after 10 years.
Secondly, the therapies that have been able tdlygiegprove the survival rate of
vascularised organ allografts including HLA-mataglfh and systemic
immunosuppression using calcineurin blockedsave had mixed results for the
prevention of corneal allograft rejection in humaits“*® Thus a need for a novel

therapy for the prevention of corneal allografeotjon is evident.

Systemic delivery of antibodies and antibody fragtee targeting antigen
presentation and early T cell activation has proteme a successful strategy for
prolonging corneal allograft survival in animals dets (Table 1.1). The CD4
molecule might to be a suitable target for the préon of corneal allograft rejection
using immunosuppressive therapy because (1) C@24psessed abundantly on the
surface of CD4+ T cell® which are primarily responsible for generatingramune
response against corneal allogrdftsand (2) CD4 is essential for antigen

presentation and early T cell activation, therefatgbiting its function will inhibit
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these processes and (3) inhibiting the functiolCB# at a specific anatomic site
could potentially allow for the actual site of ay@n presentation within the body to

be determined.

A regional immunosuppressive strategy, using ar@n# antibody fragment could
be a novel approach to prevent corneal allogrgtctien. This could be achieved by
delivering the antibody fragment to the actual siteere the immune response is
being generated. Regional immunosuppression hagpdkential to have a more
potent effect, be more cost effective and may &rrteduce any potential side effects

compared to systemic delivery of such an agent.

Ideally, an immunosuppressive agent should modtifet¢argeted immune response
without any undesired side effects. ScFv are smalhomeric antibody fragments
that have good tissue penetration and have low mogenicity, however they do
have rapid clearance from ocular tisstfeScFv appear to be a good choice for a

regional immunosuppressive therapy.

Gene delivery using an integrative vector such eambinant lentiviral vector, has
the potential to produce sustained long term eswasof a transgene after a single
intervention'”® Thus, constitutive expression of an anti-CD4 séfewn lentiviral-

transduced tissue, would reduce the problem ofirelgiarance associated with scFv,

because the scFv would be constitutively expreasétk site of interest.

Before regional immunosuppression can be perforrtedpest site for the delivery

of an immunosuppressive agent (such as an anti<¢b4) must first be identified.
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It is still unclear as to whether this may be witlthe eye, the draining cervical
lymph nodes or elsewhere in the body. Studies idemts have revealed the
importance of the cervical lymph nodes in relatimn ocular antigen drainage
(section 1.6.d.). In mice, one study has shown thatcervical lymph nodes are
essential for corneal allograft rejectitfi.In addition, the ocular environment may
also be an important site of antigen presentatfoocalar antigen, including within

the corned** or the uveal tract

The aims of the work described in this thesis were:

(1) to construct single-gene and dual-gene lentiviratters carrying the
cDNA for an anti-rat CD4 scFv and the reporter gevieP;

(2)  to characterise the expression of the anti-rat €&/ and eYFP from the
single-gene and dual-gene lentiviral vectors;

(3) to optimise the methods used to titrate lentivirattor preparations that
do not carry a reporter gene;

4) to use a lentiviral vector carrying the anti-rat£8cFv to investigate the
potential sites where antigen presentation may roacuresponse to
corneal transplantation in the rat. This was adkdeby transducing the
sites of interest, including the corneal endothmeland the cervical lymph
nodes, with a lentiviral vector carrying the arai-rCD4 scFv and

assessing corneal allograft survival.
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2.1 MATERIALS

2.1.a. General chemicals

Chemicals were obtained from Sigma, St Louis, MGAUChemical Company (St
Louis, MO, USA), AJAX Chemicals (Auburn, NSW, Auslin) or BDH Chemicals
(Kilsyth, Vic, Australia) and were analytical reajegrade unless otherwise stated.
Recipes for buffers and solutions are detailed ppéndix 1. Water for irrigation
(Baxter, Old Toongabbie), NSW, Australia) was uded prepare buffers and

solutions.

2.1.b. Antibodies

Sources of antibodies are listed in Table 2.1.

2.1.c. Antibody fragments

Anti-rat CD4 antibody fragments were prepared by ®rTaylor (CSL Laboratories,
Melbourne, Vic, Australia). Single-chain antibodadments (scFv, derived from
hybridoma OX38) were produced in bacteria and fmdtifs previously describef
ScFv constructs with 20 amino acid (20-mer) linlsmquence were generated.
Fractions of scFv protein were eluted from an anexcthange column and
concentrated to 2.3 mg/ml in buffer (20 mM HEPES, $0 with 50 mM NacCl),

filter sterilised and stored at 4°C.

2.1.d. Antibiotics

Ampicillin (50 mg/ml; Boehringer, Mannheim, Germarand kanamycin (10 mg/mi;
Sigma, St Louis, MO, USA) stocks were prepared terile water and used at
working concentrations of 100 pg/ml and 50 pg/ragpectively. Chloramphenicol

stocks (Sigma



Table 2.1 Antibodies

Designation

X63

Sal5

JJ319

0X38

OX35

Anti-
polyhistidine

Biotinylated
goat anti-mouse

Anti-CD3-FITC

Specificity

Unknown
(negative control)

Salmonella epitope
(negative control)

Rat CD28

Rat CD4

Rat CD4

Polyhistidine tag

Mouse Ig

Rat CD3

Antibody

Monoclonal mouse IgG;

Monoclonal mouse IgG,,

Monoclonal mouse IgG;

Monoclonal mouse 1gG,,

Monoclonal mouse IgG,,

Monoclonal mouse 1gG,,

Goat Ig

Monoclonal mouse IgM

Format

Hybridoma
supernatant

Hybridoma
supernatant

Hybridoma
supernatant

Hybridoma
supernatant

Hybridoma
supernatant

Ascites fluid, clone
HIS-1

Purified, absorbed to
human Ig and cow
serum

Purified, fluorescein
isothiocyanate
conjugate

Source (Accession number)

H. Zola, Women's Children's Health
Research Institiute, North Adelaide, SA

H. Zola, Women's Children's Health
Research Institiute, North Adelaide, SA

T. Hunig, Institute of Virology and
Immunology, University of Wurzburg,
Germany

ECACC (88051303)

ECACC (86100904)

Sigma Chemical Company, St Louis,
MO, USA

DakoCytomation, CA, USA

Serotec, Oxford, UK

ECACC, European Collection of Cell Cultures, Porton Down, Wiltshire, UK.; g, immunoglobulin
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St Louis, MO, USA) were prepared in ethanol (34miyand used at 34 pg/ml. All

antibiotic stocks were stored at -20°C until regdir

2.1.e. Escherichia coli (E. coli) strains

The Escherichia coli (E. coli) strains used in this project are listed in Tabk 2

2.1.f. Plasmids

A list of plasmids used in this project can be fdum Table 2.3.

2.1.9. Molecular biology reagents

Reagents used for molecular biology are listedahld@ 2.4.

2.1.h. Polymerase chain reaction (PCR) primers
Polymerase chain reaction (PCR) primers used fah bendpoint PCR and
quantitative real-time PCR (qPCR) were construchsd GeneWorks Pty Ltd,

(Thebarton, SA, Australia) to sequencing gradeardisted in Table 2.5.

2.1.i. Mammalian cell culture reagents

Tissue culture flasks, disposable pipettes andodeple graduated tubes were
obtained from Nunclon (Copenhagen, Denmark) or dral{Franklin Lakes, NJ,
USA). Powdered media for mammalian cell culture evebtained from Thermo
Electron (Melbourne, Vic, Australia) and GIBCO BRGaithersburg, MD, USA).
HEPES-buffered RPMI and DMEM were prepared as dasgrin Appendix 1 in

endotoxin-low glassware treated
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Table 2.2: E. coli strains

Strain Genotype

supE44 AlacU169 (®80
DH5a lacZAM15) hsdr17 recAl
endA1l gyrA96 thi-1 relAl

dam-3 dcm-6 thr-1 leuB6
GM48 ara-14 tonA31 lacY1 tsx-78
supE44 galk2 galT22 thi-1

Details

A recombination-deficient
suppressing strain used for plating
and growth of plasmids and cosmids.
The ®80 lacZAM15 permits a-
complementation with the amino acid
terminus of B-galactosidase encoded
in pUC vectors.

The prototype dam dcm double
mutant. Transformed at high
efficiency by plasmid DNA. Does not
lack any restriction system.




Table 2.3: Plasmids

Designation

pHIV-eYFP

pBS-CD55_F2A_CD59

fHSSOX38scFv in
pAdtrackCMV

pAdEasy-1 (pAdeasy)
pcDNA3.1tat101ml
pHCMVwhvrevml

pHCMVwhvgagpolml
pHCMV-G

pBLAST41-hEndoKringle5

pHIV-EK5

pHIV-CD4scFv_F2A

pHIV-CD4scFv_F2A_eYFP

pHIV-eYFP_F2A_CD4scFv

pHIV-CD4scFv_F2A_EKS5

Description

HIV-1 lentiviral vector plasmid encoding eYFP under SV40
promoter control

Plasmid encoding CD55 and CD59 with a furin cleavage
site and a FMDV 2A sequence in between the two genes

Adenoviral shuttle vector encoding fHSS and anti-rat CD4
scFv controlled by the CMV promoter

E1-, E3-deleted adenovirus serotype-5 backbone
Helper plasmid encoding HIV-1 Tat

Helper plasmid encoding HIV-1 Rev

Helper plasmid encoding HIV-1 GagPol

Helper plasmid encoding VSV-G

Expression vector containing EK5

HIV-1 plasmid encoding EK5 under SV40 promoter control

HIV-1 plasmid encoding anti-rat CD4 scFv and F2A under
SV40 promoter control

HIV-1 plasmid encoding anti-rat CD4 scFv, F2A and eYFP
under SV40 promoter control

HIV-1 plasmid encoding eYFP, F2A and anti-rat CD4 scFv
under SV40 promoter control

HIV-1 plasmid encoding anti-rat CD4 scFv, F2A and EK5
under SV40 promoter control

Sequence(s) of
interest

SV40 promoter +
eYFP

2A sequence + furin
cleavage site

fHSS + anti-
rat CD4 scFv

Adenoviral
sequences

HIV-1 Tat
HIV-1 Rev
HIV-1 GagPol
VSV-G

EKS5

EK5

anti-rat CD4 scFv +
F2A

anti-rat CD4 scFv +
F2A + eYFP

eYFP + F2A + anti-
rat CD4 scFv

anti-rat CD4scFv +
F2A + EK5

Resistance

Chloramphenicol

Ampicillin

Kanamycin

Ampicillin

Chloramphenicol

Chloramphenicol

Chloramphenicol

Chloramphenicol

Blasticidin

Chloramphenicol

Chloramphenicol

Chloramphenicol

Chloramphenicol

Chloramphenicol

Source

D. Anson, Women's and Children's
Hospital, Adelaide, SA

P. J. Cowan, St Vincent's Health,
Melbourne, Vic

C. Jessup, Flinders University,
Adelaide, SA

B. Vogelstein, Johns Hopkins
University, Baltimore, MD, USA

D. Anson, Women's and Children's
Hospital, Adelaide, SA

D. Anson, Women's and Children's
Hospital, Adelaide, SA

D. Anson, Women's and Children's
Hospital, Adelaide, SA

D. Anson, Women's and Children's
Hospital, Adelaide, SA

InvivoGen, San Diego, CA, USA

L. Mortimer, Dept of Ophthalmology,
Flinders University, Adelaide SA

eYFP was removed from
pHIV-CD4scFv_F2A_eYFP

anti-rat CD4 scFv cloned into
pHIV-eYFP

eYFP + F2A cloned into
pHIV-CD4scFv

EK5 was cloned into
pHIV-CD4scFv_F2A_eYFP after the
removal of eYFP

eYFP, enhanced yellow fluorescent protein; SV40, simian-like virus type-40 early promoter; FMDV, foot and mouth disease virus; fHSS, factor H secretory

sequence; CMV, cytomegalovirus; VSV-G, vesicular stomatitis virus glycoprotein G; EK5, human endostatin::kringle-5



Sarah Brice

Table 2.4: Molecular biology reagents

Reagent

GelRed™ (10 000X)

6X Loading dye

20 bp ladder (20 bp-1 kb)

2 log DNA ladder (100 bp-10 kb)
Restriction endonucleases

Restriction endonuclease reaction
buffers (NEBuffers, 1,2,3,4)

One-Phor-All® restriction endonuclease
buffer

T4 DNA ligase (2 000 000 units/ml)

10X T4 DNA Ligase Reaction Buffer
(containing 10 mM ATP)

Elongase®

Platinum® Taq DNA polymerase

10X PCR buffer (specific for either
Platinum® Taq or Elongase®)

dNTPs (10 mM for each: dATP, dCTP,
dGTP and dTTP)

TURBO DNA-free™ DNAse I

SuperScript III® First-Strand Synthesis
System

Quantitect™ SYBR Green Master Mix

Shrimp Alkaline Phosphatase (1000
u/ml)

Klenow Fragment of DNA polymerase I
(10 units/ul)

CHAPTER 2: Materials and Methods

59

Manufacturer

Biotium Inc (Hayward, CA, USA)
Promega (Madison, WI, USA)
Geneworks (Thebarton, SA, Australia)
New England Biolabs (Beverly, MA, USA)
New England Biolabs (Beverly, MA, USA)
New England Biolabs (Beverly, MA, USA)

Amersham Biosciences Corporation,
(Piscataway, NJ, USA)

New England Biolabs (Beverly, MA, USA)
New England Biolabs (Beverly, MA, USA)

Invitrogen (Carlsbard, CA, USA)

Invitrogen (Carlsbard, CA, USA)

Invitrogen (Carlsbard, CA, USA)

Amersham Biosciences Corporation,
(Piscataway, NJ, USA)

Ambion (Austin TX, USA)

Invitrogen (Carlsbard, CA, USA)

Qiagen (Hilden, Germany)
USB (Cleveland, Ohio, USA)

Geneworks (Thebarton, SA, Australia)

bp, base pairs
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Table 2.5: PCR primers

Designation iﬁ?izz/nse Sequence (5" —» 3') bp
Clal fHSS for sense GTATCGATCAAAAAATGAGACTTCTAGCAAAGATT 35
Ndel scFv rev2 antisense CACATATGCTAATGATGGTGATGATGGTGATCGGCC 36
CD4 2A for sense ACCATCATTCTAGAGCCAAACGCGCTCCCGTGAAGC 36
CD4 2A rev 2 antisense CGTTTGGCTCTAGAATGATGGTGATGATGGTGATCG 36
Clal 2A rev 3 antisense AGATCGATGCCAGGGTTGGACTCGACGTCGCCGGC 35
anti-CD4 scFv for 2 sense GCCATGGCGGACTACAAA 18
anti-CD4 scFv rev 2 antisense TGCAGGAAAGACTGACGCTAT 21
human ARBP for sense TCATCAACGGGTACAAACGA 20
human ARBP rev antisense GCAGATGGATCAGCCAAGA 19
eYFP2 for sense TATATCATGGCCGACAAGCA 20
eYFP2 rev antisense GGGTGTTCTGCTGGTAGTGG 20
ovine B actin for sense CACCCAGCACGATGAAGAT 19
ovine B actin rev antisense CAGGTGGAAGGTCGTCTAC 19
human transferrin for  sense GCCCTGCCTGCCTACA 16
human transferrin rev  antisense CAGGTTGTGCTTCTGACTCACT 22
gag for sense AGCTAGAACGATTTCGCAGTTGAT 24
gag rev antisense CCAGTATTTGTCTACAGCCTTCTGA 25
rat ARBP for sense AAAGGGTCCTGGCTTTGTCT 20
rat ARBP rev antisense GCAAATGCAGATGGATCG 18
rat HPRT for sense TTGTTGGATATGCCCTTGACT 21
rat HPRT rev antisense CCGCTGTCTTTTAGGCTTTG 20
pHIV1SV for2 sense CTCGGCCTCTGAGCTATTC 19
pHIV1SV rev2 antisense CAAGCGCGCAATTAACCCTC 20
seq-VLfor antisense GGAGCCGCCGCCGCCA 16
seq-VHback sense GGCTCCGGTGGTGGTGGA 18
C+D Ndeln rev antisense AAGTGGCTAAGATCCATAGCATA 23
GFP-Taqg5' sense CCGACCACATGAAGCAGCA 19
GFP-Taqg3' antisense GTGCGCTCCTGGACGTAGC 19
EKS5 for2 sense CCATCGTCAACCTCAAGGAC 20
Agel EKS5 for sense TCCCACCGGTATGTACAGGATGCAACTCCTGTCTT 35
Ndel EK5 rev antisense GGAATTCCATATGCTAATCAAATGAAGGGGCCGCACA 37

for, forward; rev, reverse; bp, base pairs; Clal, ATCGAT; Ndel, CATATG; Agel, ACCGGT;
ARBP, acidic ribosomal phosphoprotein; HPRT hypoxanthine guanine phosphoribosyl-
transferase
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with E-toxa-Clean™ (Sigma, St Louis, MO, USA) aatiag to the manufacturer’'s

instructions, and 0.22 um filter sterilised prioruse.

2.1.j. Animals

Fischer 344 (F344, R inbred albino) and Wistar Furth (WF, BThbred albino)
rats were kept in an approved animal house fac#itymals were housed at 21°C in
50% humidity with a 12 hour light/12 hour dark ayetlith waterad libitum and dry
ration (“New Joint Stock” Ridley Agriproducts, Mawy Bridge, SA, Australia).
Experimental protocols were developed in accordavide the NHMRC guidelines
for the use of animals in research. All adenowarad lentiviral-treated animals were
housed in a PC2 facility in the animal house. Apptdor all experimentation was
obtained from the institutional Animal Welfare Coittee of Flinders University.
Approval for viral treatment of animals was obtairfeom the institutional Biosafety
Committee of Flinders University and the Officetbé Gene Technology Regulator,

Canberra, Australia.

2.1.k. Miscellaneous reagents

Miscellaneous reagents are listed in Table 2.6

2.1.1. Filter cube specifications on fluorescence m icroscopes
Filter cube specifications for Olympus BX50 and @pus IX71 fluorescence

microscopes (Olympus Optical Co., Japan) can bedau Table 2.7.
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Table 2.6: Miscellaneous reagents

Reagent
Water for irrigation

Glycogen

Tween-20

Hoechst-33258 dye

2-Mercaptoethanol

DEPC

Limulus amebocyte
lysate assay

Virkon tablets

SAPE

Concentrating
filters

Bartels Buffered
Glycerol Mounting
Medium

Description

Sterile, nonpyrogenic

20 mg/ml in distilled water

Polyethylene sorbitan
monolaurate

Nuclear stain

B-mercaptoethanol 298%
(M-7154)

Diethylpyrocarbonate 297%
(D-5758)

Sensitivity: 0.06 EU/ml
(N283-06)

Postassium
monopersulphate 50.4%
active (174023)

Streptavidin R-
phycoerythrin conjugate, 1
mg/ml in 0.1 M NaP, 0.1 M
NaCl, pH 7.5, 2 mM azide

Centricon® Centrifugal Filter
Units, 10 kDa cut off pore
size (YM-10)

60% glyercol, pH 8.0-8.4
(B1029-45B)

Source

Baxter (Old Toongabbie, NSW
Australia)

Roche (Mannheim, Germany)

Sigma (St Louis, MO, USA)

Sigma (St Louis, MO, USA)

Sigma (St Louis, MO, USA)

Sigma (St Louis, MO, USA)

BioWhittaker, (Walkersville, MD, USA)

Antec International - A DuPont
Company, (Sudbury, Suffolk, UK)

Invitrogen (Carlsbad, CA, USA)

Billerica (MA, USA)

Trinity Biotech plc (Bray, Co. Wicklow,
Ireland)

62
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Table 2.7: Filter cube specifications on fluorescen ce microscopes

Microscope Label Filter name Wavelength
Excitation  Dichroic  Emission
Olympus BX50 UV light Olympus U-MNUA 360-370 400 420-460
Olympus BX50  Blue light Chroma 31001 465-495 505 515-555
Olympus IX71 Blue light Olympus U-MWIBA3  460-495 505 510-550

2.2 MOLECULAR METHODS

2.2.a. Plasmid DNA preparation

All plasmids were grown in DHB-E. coli unless digestion with the Clal restriction
enzyme was required. In this case, plasmids werseirgrin GM48 (dam-)E coli

(Table 2.2), because the Clal restriction siteaiianethylated.

All plasmid preparations were prepared using Qiadg@s (Qiagen, Hilden,
Germany). Small-scale plasmid preparations werpaesl using the QIApr&pSpin
Miniprep Kit (Qiagen, Hilden, Germany). A 2 ml ongght culture (LB medium plus
antibiotic) was incubated at 32 with vigorous shaking. Cells were pelleted at 10
000 g. The supernatant was completely removedetBellere stored at -20 or used
immediately as per the manufacturer’s instructitmextract and purify the plasmid
DNA. Medium-scale plasmid preparations were pregpausing the QIAfilter™
Plasmid Midi Kit (Qiagen, Hilden, Germany). A 2 sthrter culture was incubated at
37°C with shaking for 6-8 hours. The starter cults@ f1l) was used to inoculate 50
ml LB medium (plus antibiotic) and was incubated3@C with vigorous shaking
overnight. Cells were pelleted at 6000 g in 30 rakfge tubes (Nalge Company,
Rochester, NY, USA) at°€ for 10 minutes. Supernatant was completely remhove
and discarded. Pellets were stored at€20r used immediately to extract and purify
the plasmid using the methods described by the faatuner. Large-scale endotoxin

free plasmid preparations were prepared for vircedyction using the Endofree
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Plasmid Mega Kit (Qiagen, Hilden, Germany). A 3 stdrter culture (LB medium
plus antibiotic) was incubated for 8 hours at@¥vith vigorous shaking. The starter
culture was diluted 1/500 by adding 1 ml of stadelture to 500 ml of LB (plus
antibiotic) and was incubated overnight af@#vith vigorous shaking. Cells were
pelleted at 6000 g in 500 ml centrifuge tubes (8® Centrifuges, Asheville, NC,
USA) at £C for 10 minutes. Supernatant was completely remtaued discarded.
Pellets were stored at -2ZD or used immediately to extract and purify thespial

using the protocol outlined by the manufacturer.

2.2.b. Restriction endonuclease digestion

Restriction digests were performed using the mantufar’s instructions in 1.5 ml
tubes. Between 500 ng to 5 pg of DNA was digestezhch reaction. Solutions were
mixed thoroughly and centrifuged for 5 seconds(ft07g. Between 50 ng to 100 ng
of each digest was analysed by agarose gel eléxtrepis (Section 2.2.9.) to check

for complete digestion.

2.2.c. Dephosphorylation with shrimp alkaline phosp hatase (SAP)

Shrimp alkaline phosphatase (SAP) (USB Corporat®hijo, USA) was used to

dephosphorylate double-digested, linearised veelds to prevent re-ligation

without an insert. One unit of SAP per 1 pmol of ®nds was used. Treatment
with SAP was performed immediately after restrictidigestion by incubating the

digest reaction plus the SAP enzyme at@7or 60 minutes. SAP was inactivated
immediately after dephosphorylation by incubatitg treaction at 6% for 15

minutes.
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2.2.d. Purification of digested and/or SAP-treated DNA
Digested plasmid (with or without SAP-treatment)d@CR product were purified
using the QIAquick PCR Purification Kit (Qiagen, l##n, Germany) as per the

manufacturer’s instructions, before use in ligatieactions.

2.2.e. Ligations

Ligation reactions were performed on digested we260 ng) with digested insert
(at 1:1 or 1:3 vector:insert molar ratio) using &itsl of T4 DNA ligase (New
England Biolabs, Beverley, MA, USA) in a 20 ul reac volume. Ligations were

incubated overnight at€ in 0.5 ml tubes.

2.2.f. Purification of ligation products

Ligation reactions were diluted to a 200 ul volumwed cleaned up by ethanol
precipitation. Ethanol precipitation was performgdadding 2 ul of glycogen (20
mg/ml; Roche, Mannheim, Germany) and 20 pl of 3Mlism acetate to each
ligation and tubes were vortex-mixed. Ice cold athg100%) was added to each
ligation to make a final concentration of 70% etblgs50 ul) and tubes were vortex-
mixed. Ligations were incubated at °€0 for 30 minutes to allow for DNA
precipitation. Reactions were centrifuged at >1® @0 for 15 minutes and the
supernatant was removed. Ligations were washee twie cold 70% ethanol (500
ul) and spun at >10 000g. DNA pellets were aiedirior 15 minutes, or until the
pellet had completely dried. Ligations were dissdlvn 10 pl water and 5 pl of each
ligation was run on an agarose gel (Section 2.2ogassess whether the ligation had

been successful.
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2.2.g. Agarose gel electrophoresis

Agarose gels were prepared by dissolving agarasen@ya, WI, USA) in 0.5X TBE
buffer (Appendix 1) by brief warming in a microwav@elRed™ (8 pl of 10 000X
stock; Biotium Inc, Hayward, CA, USA) was addedBtbml of molten agarose/0.5X
TBE solution. Agarose gels were set at room tentpexa The molecular weight
markers, 2 log DNA ladder (New England Biolabs, &dsy, MA, USA) and/or 20
bp ladder (Geneworks, Thebarton, SA, Australia)emgsed to estimate the size of
DNA fragments electrophoresed at 100 volts/cm fornéinutes. DNA fragments
were visualised under ultraviolet (UV) light usigeneGenius gel documentation

and imaging software (Syngene, Cambridge, England).

2.2.h. Preparation of electrocompetent cells (  E. coli strains)

Two single colonies oE. coli strains DH% or GM48 were picked and used to
inoculate 2 x 10 ml LB media. Cultures were incedabvernight at 3T with
vigorous shaking. The two overnight cultures weymbined into one tube to make a
total volume of 20 ml and were used to inoculaté df low salt LB medium
(Appendix 1), which was divided into 2 x 500 ml woies into 1.5 L flasks. Cultures
were incubated at 37°C and harvested when theabmtensity at 660 nm (Qfg)
was between 0.6-0.8 which usually occurred aftéro@rs. The two cultures were
combined into one flask and mixed well. The mixetiwwe was evenly divided into
500 ml centrifuge tubes (Sorvall® Centrifuges, Aste, NC, USA) and centrifuged
at 2000 g for 15 minutes af@. Each cell pellet was resuspended in 250 ml of
chilled sterile water (Baxter, Old Toongabbie, NSMustralia) and centrifuged at
2000 g for 15 minutes at’@. Each cell pellet was resuspended in 62 ml dfechi
sterile water (Baxter, Old Toongabbie, NSW, Ausiahnd combined into one tube.

Cells were centrifuged at 2000 g for 15 minuteg°& and resuspended in 10 ml



Sarah Brice CHAPTER 2: Materials and Methods 67

chilled 10% glycerol. Cells were transferred intd3@ ml Oakridge tube (Nalge
Company, Rochester, NY, USA) and centrifuged at02QGor 15 minutes at°C.

Cells were resuspended in 1 ml chilled 10% glycenohking a final suspension
which was approximately 60% cells. Cells were dstied into 70 pl aliquots in 1.5
ml tubes and were snap-frozen in liquid nitrogelecééocompetent cells were stored

at -80C until required.

2.2.1. Electroporation of E. coli strains DH5 a and GM48

Aliquots of electrocompeterii. coli strains DH& or GM48 (70 ul in a 1.5 ml tube)
were thawed on ice for 20 minutes. Once thawed, & p cleaned ligation reaction
was added to the cells which were lightly mixeddantle tapping on the tube and
returned to ice for 5 minutes. Cells with addedatiign reaction were transferred to a
pre-cooled 0.1 cm electrode Gene Pulser® (Bio-Rabotatories, Hercules, CA,
USA) cuvette. The electroporation was performed.&tvolts using a Gene Pulser®
(Bio-Rad Laboratories, Hercules, CA, USA) and theet constant was recorded.
Ideal time constants ranged from 3.5-5.0. SOC nmediti ml; Appendix 1) was
added to the cells in the cuvette and mixed bylgenpetting, and then transferred
back to the original 1.5 ml tube. Electroporatetisoeere incubated in a heat block
at 37C for 60 minutes. Cells were centrifuged at 2000rgh minutes. Supernatant
(800 ul) was removed and discarded. The remain@ig2 of supernatant was used
to gently resuspend the cell pellet. Cells wereeagronto an LB agar plate (plus
antibiotic) and incubated overnight at°87 Colonies were counted and picked for

plasmid preparation.
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2.2.j. End-point polymerase chain reaction (PCR)

Unless otherwise specified, end-point polymerasencteactions (PCR) were set up
using 100 uM dNTPs, 1.5-2 mM Mgg€I1 pm of each primer and 1 U Platinum®
Taqg DNA polymerase or Elongase Enzyme Mix (InvigngCarlsbad, CA, USA) in
a total reaction volume of 25 pl. Thermal cyclesravperformed in a Corbett
Research Palm-Cycler ™ (Corbett Research Pty L@®8WN Australia) using the
following cycling conditions, denaturation at°@for 15 minutes, followed by 30-
35 cycles of 94C denaturation for 1 minute, annealing at 585%r 1 minute and
72°C extension for 2 minutes. A final extension stegs\performed at P2 for 15
minutes. The number of amplification cycles and eating temperature was
modified depending on the specific PCR. PCR pralugere analysed and/or

purified by agarose gel electrophoresis (Secti@rg2.

Splice-overlap-extension (SOE)-PCR was used to nasdgse gene constructs.
Methods were based on those described previéifsijwo initial thermal cycles
were performed without primers as follows:*@2for 1 minute, 63C for 30 seconds,
58°C for 50 seconds and 72 for 1 minute, with 1:1 molar ratio of each tenipléo

be joined. These initial cycles allowed the temgsatio anneal to each other at their
complementary regions. After these initial cyce8,pmol of the outer primers were
added to amplify the entire spliced construct drareaction was cycled 35 times as
follows: 92C for minute, 60C for 30 seconds and 72 for 1 minute. SOE-PCR
reactions included 1.5 mM Mgg&€and 2 U of Elongase Enzyme Mix (Invitrogen,
Carlsbad, CA, USA). Tubes containing template DNighvpairs of internal primers
alone served as positive PCR controls. SOE-PCR uptedwere analysed and

purified by agarose gel electrophoresis (Secti@m?2.
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2.2.k. Total RNA extraction

2.2.k.1. Total RNA extraction from cell lines

Cell monolayers in 9.5 chwells (on a 6 well plate) were washed in 1 ml pinege
buffered saline (PBS). Cell detachment was achidwethe addition of 500 ul of
Trypsin-EDTA (Appendix 1) and cells were incubated 3 minutes at 3C. Once
cells were detached, 1 ml of 1% fetal calf seru@§JFin phosphate buffered saline
(PBS) was added to neutralise the Trypsin-EDTAILe&kre suspended by gentle
pipette mixing and transferred into 1.5 ml tubesliCwere centrifuged at 3000 g for
5 minutes. The supernatant was removed and the welle washed in 1 ml PBS.
Total cellular RNA was either extracted immediatety cell pellets were snap-
frozen in liquid nitrogen and stored at 280until required. Total cellular RNA was
isolated from mammalian cells using a QIAshredded &Neasy Mini Kit (both

Qiagen, Hilden, Germany), using the methods desdrily the manufacturer.

2.2.k.2. Total RNA extraction from rat lymph nodes

Rats were euthanised by isoflurane overdose angHynodes were placed in an
autoclaved 1.5 ml screw capped tube using RNaseZa@g@nbion Applied
Biosystems, Austin, Texas, USA), treated forcepapdrozen in liquid nitrogen and
stored at -80°C until required. Frozen lymph nodese thawed on ice for 20
minutes. Once thawed, lymph nodes were placedlid @n petri dish (Techno-plas,
St Marys, SA) and 600 pl of RLT lysis buffer (fro@iagen kit) was added. A
disposable 26 G needle and RNaseZap®-treated ®rgepe used to “tease” out the
cells within the lymph node into the RLT lysis beiff The lysed cells were
transferred to a 1.5 ml tube and RNA was extraatethg a QIAshredder and
RNeasy Mini Kit (both Qiagen, Hilden, Germany) aer ghe manufacturer’s

instructions.
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2.2.k.3. Total RNA extraction from rat corneas

Rats were euthanised by isoflurane overdose andeaer were excised using
RNaseZap®-treated instruments, placed into autedlid5 ml screw capped tubes,
snap frozen in liquid nitrogen and stored at -8Qfi@il required. Frozen corneas
were transferred into autoclaved 2 ml round bottarbes containing a 5 mm
stainless steel bead (Qiagen, Hilden, Germany)3&ddul of RLT lysis buffer (from
Qiagen kit). Tubes were placed in the outermostitipos in the TissuelLyser
(Qiagen, Hilden, Germany) and corneas were homegdror 3 minutes at 30 Hz.
Homogenisation was repeated for 3 minutes at 30wkl tubes placed in the
innermost positions (rearranging the tubes ensuuadform disruption and
homogenisation of samples). RNase-free water (39@-qm Qiagen kit) and 10 ul
of proteinase K (20 mg/ml; Sigma-Aldich Inc, St i®uMO, USA) was added to
each homogenised lysate and mixed thoroughly byetiy. Lysates were
centrifuged for 3 minutes at 10 000 g and the swgdants were transferred to new
tubes (being careful not to disrupt the fatty lagartop or the pellet at the bottom).
Ethanol (100%; 0.5 volumes) was added to clearsdtég and mixed by pipetting.
The RNeasy Mini Kit (Qiagen, Hilden, Germany) wa®d to extract the RNA from

the corneal lysates as per the manufacturer’sucisbns.

2.2.l. DNase | treatment of RNA

To remove contaminating viral or genomic DNA, toRNA was treated with
TURBO DNA-free™ (Ambion Applied Biosystems, Austinfexas, USA) as
described by the manufacturer, prior to reversastaption. Total RNA (up to 10
ng) was digested with 2 units of TURBO DNase with @olume of 10X TURBO
DNase | buffer and incubated at°®87for 30 minutes. DNase Inactivation Reagent

(0.1 volumes) was added and incubated for 2 minatesoom temperature with
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occasional mixing. Tube contents were centrifuged3000 g for 90 seconds at
room temperature and then the supernatant waddrest to a fresh autoclaved 0.5

ml tube and stored at -20.

2.2.m. cDNA synthesis

The synthesis of cDNA from DNasel-treated RNA wasfgrmed through reverse
transcription (RT) using the SuperScript™ Il Fi&trand Synthesis for RT-PCR
(Invitrogen, Carlsbad, CA, USA), using the methodtined by the manufacturer. In
addition, a “non-reverse transcribed” control waspared for every cDNA synthesis
reaction to identify genomic or viral DNA contamiima. Oligo dT primer (50 uM)
(1 pl) was added to 1.5 pg DNase I-treated RNA total volume of 10 ul and
incubated at 68C for 5 minutes. Reactions were placed on ice imately for at
least 1 minute. The following components were addeghch reaction, 2 ul 10X RT
buffer, 4 ul 25 mM MgG| 2 ul 0.1 M DTT, 1 ul RNase OUT (40 U/ul) and Il p
SuperScript Il RT (200 U/ul) or 1 ul water (fordn-reverse transcribed” control).
Tube contents were gently pipette mixed and in@dat 50C for 50 minutes.
Reactions were terminated by incubating at@B%or 5 minutes and immediately
chilled on ice. RNase H (1 pl; 2 U/ul) was addeth®reaction and incubated for 20

minutes at 37C. The cDNA samples were stored at®Q@ntil required.

2.3 QUANTITATIVE REAL-TIME PCR (QPCR)

2.3.a. Primers for gPCR

Primers were designed using Primer3 software (Whkad Institute for Biomedical
Research, Cambridge, MA, USA) using the parametetined in Table 2.8 and all

other parameters were set to default. Primers wesigned to cross intron/exon
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boundaries and were synthesised by GeneWorks (TioehbaSA, Australia) at

sequencing grade (refer to Table 2.5 for primeusages).

Table 2.8: Parameters for gPCR primer design using Primer3

Parameter Parameter range

Minimum Optimum Maximum
Product size (bp) 80 100 120
Primer size (bp) 18 20 24
Primer T, (°C) 58 60 62
Primer G/C% 30 - 70

PCR, polymerase chain reaction; bp, base pairs; T,,, melting temperature

2.3.b. gPCR set up

All gPCRs were performed on a Rotor-Gene 6000 tiesd-thermal cycler (Corbett
Research, Mortlake, NSW, Australia). Reactions wasesle up in a 20 pl volume,
including 10 pl QuantiTech™ SYBR green master mixtaining hot start Taq
DNA polymerase, SYBR Green I, dNTPs and PCR buffemM MgCh, Tris-Cl,
KCI, (NH4).SO, pH 8.7) (Qiagen, Hilden, Germany), 2 ul of sened antisense
primers (0.5 uM final concentration) and 6 pl cDN#&mple diluted 1/100 with Ultra
Pure water (Fisher Biotech, West Perth, WA). Reastiunderwent the following
cycling conditionsinitial denaturation (95°C, 15 minutes), 50 cyabésienaturation
(94°C, 20 seconds), annealing (47.4°C, 20 secorag@nsion (72°C, 30 seconds),
final extension (72°C, 4 minutes, followed by 25%minutes). A melt profile was
performed on all gPCR products ranging from 60-98¢@.5°C increments every 5
seconds. A pre-melt conditioning hold was perfornad60°C prior to the first
increment. Every cDNA sample was tested in tripécand a standard cDNA pool
was included in triplicate in each gPCR run. A &ngeverse transcription (RT)
control for each sample and two no template (watenfrols were included in each

gPCR run.
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2.3.c. Determination of primer pair amplification e fficiency

Standard curves were prepared for each primer @airseven three-fold serial
dilutions of a standard cDNA sample, made from al md experimental samples
from each treatment group and controls. Each ditutif cDNA was run in triplicate
in two individual gPCR runs. The mean thresholde&y€t) values of the triplicates
of each cDNA dilution were plotted as a linear fume against the logarithm (lgg
of the cDNA dilution. Primer pair amplification é&fencies were determined using

the gradient of the standard curve regressiondmseen below.

AE = [e(l/'g)]_1 [217]

AE is the amplification efficiency (the percentage change in
fluorescence per cycle of PCR)

e is Euler's number (where the natural logarithm [log.] was used to
transform cDNA concentration values)

g is the gradient of the standard curve regression line

2.3.d. Gene expression analysis

The method used for gene expression analysis weedban theA Ct method of
relative quantification of Livak and Schmittg&fi Modifications to this method were
based on the quantification algorithm describedtha public domain software
GeNorm?*® and allowed for the separation of the normalisasitep, which enabled

the use of multiple reference (housekeeping) ganeésdifferences in amplification

efficiencies of primer pairs.
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The delta Ct method of quantification

Step 1:

Q = (AE + 1)(Cts-CtA)

Qis the relative quantity of each gene.

AE is the amplification efficiency.

Cts is the geometric mean of the standard sample replicates.

CtA is the threshold cycle of a sample of interest

Step 2: Normalisation step
Xa = Q/NF
Xa is the normalised relative quantity of each gene.

NF is the normalisation factor (the geometric mean of the relative
quantities (Q) of the reference genes.

2.4 CELL CULTURE METHODS

2.4.a. Maintenance of cell lines

A list of cell lines can be found in Table 2.9. H2R3A, HEK-293T and A549 were
cultured in DMEM (5-10% vol/vol FCS) and CHO cellere cultured in HEPES-
buffered RPMI (5-10% FCS). Cells were maintainedncnf tissue culture flasks
(Nunclon, Copenhagen, Denmark). Upon confluencyls cevere passaged by
washing once in 5 ml PBS and then cells were dethfétom plastic by incubating in
2 ml Trypsin-EDTA (Appendix 1) for 5 minutes at &.°Once cells had detached, 8
ml of fresh medium was added to trypsinised cellsnake a single cell suspension
and either 1 ml of cells (1:10 split) or 2 ml ollsg1:5 split) was added to a new 75

cnt flask containing fresh medium. Cell lines weretibated at 37°C, 5% G air.
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Table 2.9: Cell lines
Designation Description Growth Source

Human embryonic kidney cell line with

HEK-293A " E1. region of adenovirus 5

Adherent Qbiogene Inc, Carlbad, CA

Human embryonic kidney cell line that
HEK-293T constitutively expresses the SV40 large Adherent ATCC, CRL 11269
T cell antigen

Human lung adenocarcinoma epithelial

A549 )
cell line

Adherent ATCC, CCL 185

CHO-K1 Chinese hamster ovary cell line Adherent ATCC, CCL-61

ATCC, American Type Culture Collection, Manassas, VA, USA

2.4.b. Freezing cell lines

Cells were resuspended in growth medium with antiaddl 50% FCS at a density
of 2 x 10 cells/ml. An equal volume of 30% dimethyl sulphii(DMSO) in growth
medium was added dropwise at a rate of 1 ml peutmirCell were dispensed into
freezing vials (1.8 ml, Nunc, Roskilde, Denmark)ddnozen slowly in insulated
containers kept in the vapour phase of liquid g overnight, before being placed

into liquid nitrogen for long-term storage.

2.4.c. Thawing cells

Cells were thawed from liquid nitrogen in a 37°Ctevabath. An equal volume

(approximately 1 ml) of warm growth medium (5-10%¢%) was slowly added

dropwise over 10 minutes. A further 10 ml of gromtiedium was added over 10
minutes. Cells were pelleted (200 g for 5 min)usgended in growth medium and

placed in tissue culture flasks.
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2.4.d. Cell viability determinations

Cell suspensions were diluted and mixed 1:1 wiitl®#®Trypan Blue (Appendix 1).
After 2 minutes cells were counted in a haemocytemand viability and cell
densities were determined. Non-viable cells wererdaned by the Trypan Blue

staining.

2.4.e. Liposome-mediated transfection of mammalian cells

The adherent mammalian cells lines HEK-293A and Ohée transfected with
recombinant plasmid using Lipofectamine 2000 (hogen, Carlsbad, CA, USA).
Transfections were performed in 6 well plates abafluency of 80% (8 x Thtotal
cells) in either DMEM (5% FCS) or HEPES-buffered NRP (5% FCS).
Recombinant plasmid DNA (1.6 pg) was diluted in 3200serum-free OptiMEM
medium (Life Technologies™ Gibco BRL, Gaithersbuvti), USA). Lipofectamine
(8 ul) was added to the diluted DNA and incubated 20 minutes at room
temperature. Concurrently, the old medium was asgr off the cells and 960 ul
serum-free OptiMEM medium was added and incubate872C for at least 10
minutes. The Lipofectamine-DNA mix was added drdpento the prepared well of
cells and incubated at 3Z with 5% CQ in air for 6 hours. The Lipofectamine-DNA
mix was removed and replaced with 6 ml of DMEM (5%S) or HEPES-buffered
RPMI (5% FCS) and transfected cells were cultuadup to 7 days at 37°C, 5%
CO; in air. Expression of eYFP from transfected cefts visualised by fluorescence
microscopy (Section 2.4.i.) and quantified usingwflcytometry (Section 2.4.h.).
Culture medium from transfected cells was colleeted the presence of the secreted
products, anti-rat CD4 scFv and EK5 was perform&adguflow cytometry (Section

2.4.9.1.) and ELISA (Section 2.4.}.) respectively.
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2.4.f. Transduction of mammalian cells with lentivi ral vectors

The adherent cells line HEK293A was transduced wlgntiviral vectors.
Transductions were performed in 6 well plates ebrafluency of 30-40% (6.25 x 10
total cells) in DMEM (5% FCS). Cells were transddieg a multiplicity of infection
(MOI) of 5, which equates to 3.13 x lifansducing units (TU)/well. Transductions
were performed for 24 hours at 37°C, 5% ®air. After this time, the transduction
medium was removed and replaced with fresh DMEM ®&@&). The transduced
cells were cultured for 5 days at 37°C, 5% A0 air. Expression of eYFP from
transduced cells was visualised by fluorescencerastopy (Section 2.4.i.) and
guantified using flow cytometry (Section 2.4.h.ul@re medium from transduced
cells was collected and the presence of the secptaluct, anti-rat CD4 scFv, was

performed using flow cytometry (Section 2.4.9.1).

2.4.g. Flow cytometry to detect scFv binding

2.4.9.1. ScFv detection in culture supernatant and rat plasma
Histidine-tagged anti-rat CD4 scFv in cell cultureedium, corneal organ culture
medium or rat plasma was detected by flow cytomé&ihpwing binding to CD4-
positive thymocytes. The thymus from a <12 weekrakdwas collected and placed
in 20 ml of PBS. Cells were scraped from the thynmua laminar flow hood using
an 18G needle and forceps in a 10 cm petri disbhfi@plas, St Marys, SA). Cells
and PBS in the 10 cm Petri dish were transferréml an25 ml v-bottomed tube and
the dish was washed with an extra 10 ml PBS taecbks many cells as possible.
The cell suspension (6 ml) was transferred int@ anBflat-bottomed tube and 20 ml
Lymphoprep™ (Axis-Shield, PoC AS, Oslo, Norway) gjpared for rat cells by
adding 5 ml Angiografin® (Schering, AG, Germanyo)100 ml Lymphoprep) was

added under the cell suspension using a 20 ml ggrisnd a mixing cannula.
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Lymphoprep™-treated cells were centrifuged at 80@Goig 20 minutes at 4.

Thymocytes were collected at the medium/lymphopmégrface and placed into a 25
ml v-bottomed tube. Thymocytes were washed in 20 icetcold PBS-azide
(Appendix 1) and centrifuged at 800 g for 10 misutd 4C. Supernatant was
removed and discarded and cells were resuspendddim PBS-azide and mixed by
inversion. The cells were counted using a haemaowgter and diluted to a

concentration of 2 x T@ells/ml.

To each tube, 1 x f@ells (50 pl of diluted cells suspension) was ad@ipernatant
and control antibodies were added to the thymocsgtes mixed by brief vortexing
followed by a 30 minute incubation on ice. Cellsevevashed in 3 ml PBS-azide and
centrifuged at 500 g for 5 minutes &C4 Supernatant was aspirated using suction.
Primary antibody, 50 ul anti-polyhistidine (Sigmédish Inc, St Louis, MO, USA)
was diluted 1/250 in PBS-azide and was added tb &#we and incubated for 30
minutes at 4C. Cells were washed as above and incubated withl & secondary
biotinlyated goat anti-mouse antibody (DakoCytowrati Glostrup, Denmark)
(diluted 1/100 in PBS-azide) for 30 minutes 4C4 Thymocytes were washed as
above and incubated with 50 pl of StreptavidipHycoerythrin conjugate (SAPE)
(Molecular Probes, Eugene, Oregon, USA) (dilute@iOQ@/in PBS-azide) for 30
minutes at 4C. Thymocytes were washed as above, resuspendd@ i FACS
fixative (Appendix 1) and stored at@ until analysis at the FACScan using Cell-

Quest software v3.01f (Becton Dickinson, Franklakes, NJ, USA).
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2.4.9.2. ScFv detection on rat peripheral blood lym  phocytes (PBL)

Bound anti-rat CD4 scFv was detected on periphblabd lymphocytes (PBL)
through the HIS6 tag using flow cytometry. Primaayptibody, 50 pl anti-
polyhistidine (Sigma-Aldich Inc, St Louis, MO, USAjas diluted 1/250 in PBS-
azide and was added to each tube containing whadtel lzells (50 ul) and incubated
for 30 minutes on ice. Whole blood cells were wasie 3 ml PBS-azide and
centrifuged at 500 g for 5 minutes &C4 Supernatant was aspirated using suction.
Secondary antibody, biotinylated goat anti-mousedibady (DakoCytomation,
Glostrup, Denmark) (diluted 1/100 in PBS-azide) \added to each tube containing
whole blood cells and incubated for 30 minutes a® Whole blood cells were
washed as above and incubated with 50 pl of SAPElIdlilar Probes, Eugene,
Oregon, USA) (diluted 1/100 in PBS-azide) for 3hates on ice. Red blood cells
(RBC) were lysed by the addition of 3 ml RBC lysislution (Appendix 1) and
incubated for 10 minutes at room temperature. Gedliee centrifuged at 500 g for 5
minutes, washed in 3 ml PBS-azide, resuspende@ il 5ACS fixative (Appendix

1) and stored at 4°C until analysis at the FACSgsing Cell-Quest software v3.01f.

2.4.h. Flow cytometry for eYFP detection in transfe  cted or transduced

cells

Flow cytometry was used to detect eYFP expressim transfected of transduced
cells. After 5 days in culture, transduced cellsemeypsinised, transferred to a 10 ml
FACS tube and washed in 2.5 ml 1% FCS in PBS (tdrakse the trypsin). Cells
were centrifuged at 500 g for 3 minutes and theswiant was aspirated. Cells were
washed in 3 ml PBS, centrifuged at 500 g for 3 n@awand the supernatant was

aspirated. Cells were resuspended in 100 ul ofrdkmence-activated cell sorting
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(FACS) fixative (Appendix 1) and stored &CAuntil analysis at the FACScan using

Cell-Quest software v3.01f.

2.4.1. Fluorescence microscopy of cell lines

Fluorescence imaging of adherent cell lines wasfopeed using the IX71
fluorescence inverted microscope (Olympus Optiaal, Gapan). Images were taken
in 5 central fields within the 9.5 dwell (in a 6 well plate) using brightfield lighto(
visualise all cells) and blue light (to visualiséR® expressing cells). Images were
taken using the F-view digital camera and AnalySI§&IT Software Imaging
System (Olympus Soft Imaging Solutions GmbH, Minstermany). Filter cube
specifications for the IX71 fluorescence inverteitnmscope can be found in Table

2.7.

2.4.J. Human endostatin::kringle-5 (EK5) detection in culture

supernatant by ELISA

A commercially available human endostatin ELISA K{R&D Systems,
Minneapolis, MN, USA) was used to detect EK5 in itidture supernatant of

transfected cells as per the manufacturer’s instns

2.4.k. Determination of endotoxin levels inviral p  reparations

Endotoxin levels were determined in adenoviral &diviral vector preparations
using the commercially available Limulus Ameboclgesate assay (BioWhittaker,
Walkersville, MD, USA) as per the manufacturer'stmctions. The sensitivity of
the assay was 0.06 endotoxin units (EU)/ml (or énhg Samples (10 pl) were

diluted in a total volume of 100 pl, enabling testtto detect 0.6 EU/mI (60 pg/ml)
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in the original sample. Water for irrigation (BaxteOld Toongabbie, NSW,

Australia) was used as the negative control andeépare dilutions.

2.5 LENTIVIRAL VECTOR PRODUCTION AND TESTING

Lentiviral vectors were produced at the Gene Teldgy Unit, Dept of Genetic
Medicine, Women’s and Children’s Hospital, Adelai®&, using methods based on
those previously describéd’**” All procedures involving production and use of
lentivirus were conducted with approval of the itostonal Biosafety Committee of
Flinders University and the Office of the Gene Tremlbgy Regulator in a PC2

containment laboratory.

2.5.a. Large scale lentiviral vector preparations

To produce approximately 3 ml of purified, concated lentiviral vector stock,
HEK-293T (SD3515, American Type Collection, ManassdA, USA) cells were
seeded on 20 x 245 minplates (Corning Incorporated, Corning, NY, USA)aat
density of 3.75 x 10cells/ml in 105 ml of DMEM (5% FCS) per plate. Tisfection

of HEK-293T cells was performed by calcium phosphab-precipitation. This
involved the use of 4 helper plasmids: pHCMV-G @iing vesicular stomatitis
virus glycoprotein G), pcDNA3tat101lml (encoding HIVTat), pHCMVwhvrevml
(encoding HIV-1 Rev), and pHCMVwhvgagpolml (encaglidlV-1 GagPol), as well
as a transfer construct carrying the transgenetefast. Cells were transfected using

the ratios shown in Table 2.10.
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Table 2.10: Lentiviral plasmid ratios for transfect ion of HEK-293T cells

Amount of DNA

Plasmid per plate* (ug)
Transfer construct 158
pcDNA3.1tat101ml 3.16
pHCMVwhvrevml 3.16
pHCMVwhvgagpolml 15.8

pHCMV-G 7.9

* Calculated for a 245 mm? plate with 4 x 10’ cells in total.

All solutions were used at room temperature. Treetgdn was performed by adding
one volume (6.5 ml) of DNA/2.5 M Cagbolution to one volume of 2 x HEPES-
buffered saline (HeBS) (6.5 ml) over 5 seconds levhortexing. This DNA/CaG}
HeBS mixture was further vortexed for 20 secondd Hren left to sit at room
temperature for another 90 seconds before beintiygeoured onto the cells at the
plate edge, being careful not to disturb the cetinolayer. This procedure was
repeated until all plates had been through thisgs®. Plates were incubated at 37°C,
5% CQ in air for 8 hours. After this incubation, the med was replaced with 170
ml of Opti-pro serum free medium (Invitrogen, Chdd, CA, USA) per plate, being
careful not to disturb cells. After a 40 hour inatibn at 37°C, 5% Cgin air, all
3400 ml of supernatant was harvested from the a@gl Supernatant was filtered
through a 0.45 um hollow fibre cartridge (CFP-4MA4 Amersham Biosciences
Corporation Piscataway, NJ, USA) at room tempeeatusing the QuixStand™
bench top system (Amersham Biosciences Corporafi@mtataway, NJ, USA). The
filtrate was concentrated to 150 ml with a 750 kDot-off hollow fibre
ultrafiltration cartridge (UFP-750-E-4x2MA; AmershaBiosciences Corporation,
Piscataway, NJ, USA) using the QuixStand™ benchkigbem at room temperature.

The retentate was passed through a 0.8 pum syriitgreunit (Millex-AA, Millipore,
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Carrigtwonhill, Co. Cork, Ireland) before ultracahigation at 50 000 g for 90
minutes (using a SW32 Ti rotor in a Beckman ultrdiciige; Beckman Coulter Inc,
Fullerton, CA, USA) at 4°C. The lentiviral pelletaw gently resuspended in 3 ml
ophthalmic balanced salt solution (BSS) (Cytosghhtbalmics, Lenoir, NC, USA)
and filtered through 0.45 pum filter (Minisart, Sartis AG, Goettingen, Germany).
The purified, concentrated lentiviral vector pregimm was distributed into 27 pl

aliquots and stored at -80°C until required.

2.5.b. Medium scale lentiviral vector preparations

To produce approximately 500 ul of purified concatded lentiviral stock, HEK-
293T cells were seeded at 3.75 X télls/ml in 105 ml DMEM (5% FCS) on 5 x
245 mnf plates and incubated for 20-24 hours at 37°C, %% i@ air. Transfection
was performed by calcium phosphate precipitatiodessribed in Section 2.4.a., and
incubated for 40 hours at 37°C, 5% £i@ air. Supernatant (850 ml) was harvested
and filtered through a 0.45 pm Polydisc™ TF filldevice (Whatman, Kent,
England, UK) at room temperature. Filtrate was eotr@ted to approximately 50 ml
volume using the 750 kDa hollow fibre cartridge RIF50-E-4X2MA) at room
temperature. Retentate was passed through a sérdters of pore size 5 um, 1.2
um and 0.8 um (Millex-AA, Millipore, CarrigtwohillCork, Ireland) to further filter
the lentiviral solution, which was ultracentrifugatd50 000 g for 90 minutes (using a
SWa32 Ti rotor in a Beckman ultracentrifuge; Beckn@multer Inc, Fullerton, CA,
USA) at 4°C. The lentiviral pellet was gently rgseisded in 500 pl ophthalmic BSS.
The purified, concentrated lentiviral vector preggemm was put through a 0.45 um

filter and 27 pl aliquots were distributed and stbat -80°C.
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2.5.c. Detection of replication-competent lentiviru S

Detection of replication-competent viral particles concentrated lentiviral vector
preparations was performed by quantifying the lefgh24 (HIV-1 Gag protein) in
the culture medium of HEK-293T cells transducechvigntivirus. If no replication-
competent lentiviral particles were present, thea level of p24 dropped over
several days after the initial transduction. HEK32SXells were seeded at 5 x°10
cells per well in DMEM (10%) in a 12 well plate. Bewere left for 4 hours at 37°C,
5% CQ to adhere to the plastic, and once attached, #dbum was replaced with 1
ml per well of DMEM (10% FCS) supplemented with ¢/ml polybrene (Sigma, St
Louis, MO, USA) and 50 pg/ml gentamicin (Sigma)ntieiral vector (1 ul) was
added to triplicate wells and three wells were leitransduced as controls. Cells
were incubated at 37°C, 5% g air. After 24 hours, the medium was replaced
with fresh 1 ml DMEM (10% FCS) with 50 pg/ml gentam (Sigma, St Louis, MO,
USA). Cells were split 1:10 every three days andlof supernatant was collected
on days 6 and 12 and stored at -80°C. Culture sapeants collected on day 6 and 12
from the transduced and untransduced HEK-293T celle tested in a
commercially available ELISA for the HIV p24 pratefPerkinElmer, Boston, MA,
USA). A lentiviral vector preparation was judgedbi® free of replication-competent
lentiviral particles if p24 levels declined to lévecomparable to untransduced
controls after 12 days of culture, indicating thbsence of significant virus

replication in the culture.

2.5.d. Titration of lentiviral vector preparations
A549 cells (CCL-185, American Type Culture Colledij were seeded at 2.5 x°10
cells/well in DMEM (10% FCS) in a 24 well plate. lSewere left to attach to plastic

for 3 hours at 37°C, 5% COQn air. Once attached, the medium was replacell Ovi
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ml per well of DMEM (10% FCS) supplemented with ¢/ml polybrene and 50
png/ml gentamicin. Two different doses of lentivikadctor were added to triplicate
wells: a high dose (0.5 pl) and low dose (0.1 jand three wells were left
untransduced as controls. Cells were incubated/&t,35% CQ in air. After 24
hours, the medium was replaced with fresh 0.5 mBEMA10% FCS) with 50 pug/ml
gentamicin. Cells were split 1:4 every 48 hourstengarvested after 5 days and cell
culture continued for a total of 4 weeks, when eosd cell harvest was performed.
Titration of lentiviral vectors was performed byaogter gene (eYFP) quantification
using flow cytometry (Section 2.5.d.1.) or by praViDNA integration using real-

time PCR (qPCR) (Section 2.5.d.2.).

2.5.d.1. Reporter gene (eYFP) titration of lentivir ~ al vector preparations

Flow cytometry was used to determine the viraletibf lentiviral vectors that
expressed eYFP. Cells were harvested by washin@.5n ml PBS and then
trypsinised in 200 ul Trypsin-EDTA (Appendix 1). @aehed cells were transferred
to a 5 ml FACS tube (Falcon®, Becton Dickinson Labsy Franklin Lakes, NJ,
USA) containing 1% FCS in PBS. Tubes were centatligt 800 g for 5 minutes and
supernatant was aspirated. PBS (1 ml) was addedé&s which were centrifuged at
800 g for 5 minutes and supernatant was aspirdf&LCS fixative (100 pl)
(Appendix 1) was added to each tube. EYFP fluoressewas analysed from
transduced cells using the FACScan and results amatysed using the Cell-Quest
software v3.01f. Untransduced cells were used asaekground control. The
corrected percentage of eYFP positive cells inléinéivirus-transduced sample was
calculated as the percentage of eYFP positive celise transduced cells minus the
average percentage of positives in the untransdcaetiol cells. The viral titre was

determined by multiplying the corrected percentafjpositive cells by the number
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of cells plated and corrected for the amount ofiziadded. The calculation of viral

titre using flow cytometric analysis is shown below

A549 eYFP viral titre in transducing units (TU)/ml
= ((2.5 x 10° cells x (transduced % gated - untransduced % gated) / 100 x

1000) / pl of lentivirus added per well.

2.5.d.2. Titration of lentiviral vector preparation s by quantifying proviral
integration

The proviral integration gPCR viral titre assay waed to titrate lentiviral vectors in
the absence of eYFP. This assay detects the bagimiithe gag sequence in the
lentiviral vector (as seen in Figure 3.9). Cellsavevashed in 0.5 ml PBS and then
trypsinised using 200 ul Trypsin-EDTA (Appendix Once cells had detached, they
were transferred to a 10 ml tube (Sarstedt Austr&ty Ltd-Technology Park,
Adelaide, SA, Australia) containing 2.5 ml 1% FGSHBS. Cells were centrifuged
at 800 g for 5 minutes and the supernatant wasaasgdi PBS (3 ml) was added to
cells which were centrifuged again at 800 g for iButes and the supernatant was
aspirated. Genomic DNA (gDNA) was isolated fromlcelsing the Wizard® SV
Genomic DNA Purification System (Promega Corporgtibladison, WI, USA) as
per the manufacturer's instructions. GDNA was stoe¢ -80°C until required.
Primers were designed to detect the gag sequende hamman transferrin
(housekeeper gene) (Table 2.5). Each qPCR reactintained 20 uM of forward
and reverse primers and 10 pl Quantitect™ SYBR IGRE&R master mix containing
hot start Taqg DNA polymerase, SYBR Green |, dNTRd CR buffer (5 mM
MgCl,, Tris-Cl, KCI, (NH,).SQ,, pH 8.7) (Qiagen, Hilden, Germany). Each assay

included standards (gDNA isolated from A549 cellsichk contained 1 copy of the
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viral genome per cell) and no template controlgriplicate for each gene. QPCR
was performed using a Rotor-Gene™ 6000 real tineentbl cycler (Corbett Life

Science, Mortlake, NSW, Australia) under the folliogv conditions: 50°C for 2

minutes, 95°C for 10 minutes followed by 40 cyct#s95°C for 15 seconds and
60°C for 1 minute. The fluorescence of each reactias read at the end of each
cycle. The data was analysed using the Rotor-GeG@00 Series Software 1.7
(Corbett Life Science, Mortlake, NSW, Australiahelthreshold bar was placed in
the linear part of the plot and the Ct for each gamwas determined. The

calculations used to determine the viral titre ggCR can be seen below.

ACt = Ct gag - Ct transferrin (housekeeper gene)

AACt = ACt of sample — average ACt of standard

Copy number per cell = 1/254¢

Titre = (copy number per cell x number of cells initially plated x 1000) / volume assayed

(uh)

2.6 ADENOVIRAL VECTOR PREPARATION

2.6.a. Adenoviral vector production

Dr Claire Jessup (Department of Ophthalmology, ddis University, Bedford Park,
SA) constructed fHSSOX38scFv in pAdtrackCMV (TaBl8), which was used to
make a replication-deficient E1-, E3- deleted sgret5 adenovirus encoding anti-rat
CD4 scFv with a fHSS and polyhistidine tag undeooyegalovirus immediate early
promoter (CMV) control. This construct also encodsthanced green fluorescence
protein (eGFP) which was controlled under a sepa®MV promotef?° Ms Lauren
Mortimer (Department of Ophthalmology, Flinders \Brsity, Bedford Park, SA)
performed all adenoviral vector production and foeation in this project, using

methods based on those previously descrbed?
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Three rounds of twenty flasks (75 Dnwere infected with 2 ml of passage 3 crude
adenoviral lysate (0.5 ml passage 3 in 39.5 ml DME@% FCS) into 20 flasks).
Cells were harvested when most were displayingpattoc effects (CPE), usually
between 1-5 days. Cells were scraped from eack fismg a rubber policeman and
centrifuged at 600 g for 5 minutes. The supernatag poured off and cells were
resuspended in a total of 3 ml of the supernathat thad been poured off

immediately prior.

Adenovirus was released from the cell suspensio® lbgunds of freeze thawing.
This was performed by pooling cells into a 50 nfdeusnap freezing for 30 seconds
and thawing in a 37°C water bath for 3 minuteshwitigorous vortexing for 10
seconds after 2 minutes and again once cells feageth The adenoviral lysate was

stored at -80°C until required.

The crude adenoviral lysate was purified using WieaBind™ Adenovirus
Purification Kit (Cell Biolabs Inc, San Diego, CRAISA) as per the manufacturer’'s
instructions. Briefly, viral lysates were thawedlaall three rounds were pooled and
made up to 20 ml with fresh DMEM (5% FCS). Viratage was centrifuged at 3000
g for 10 minutes at room temperature. The viradtgswas passed through a glass
fibre prefilter (Millipore, Carrigtwonhill, Cork, kland) assembled on top of a 0.22
pm stericup unit (Millipore, Carrigtwohill, Co. Garlreland), attached to a vacuum
source. Benzonase (50 ul at 25 U/ul; Novagen; EMiericals Inc; Merck KGaA,
Darmstadt, Germany) was mixed with lysate and iatedb at 37°C for 30 minutes.
The ViraBind™ adenovirus purification filter was sfeed with 5 ml 1 x wash buffer
by gravity flow. The flow-through was passed ovke ffilter again, with gentle

pressure applied to the syringe. The filter wash&dswith 10 ml 1 x wash buffer
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and repeated twice for a total of three times. Adens was eluted with 2 ml 1 x
elution buffer. Purified adenovirus was dialysedngsa 2 ml Slide-A-Lyzer®
dialysis cassette (10 kDa membrane; Thermo Saentifierce Biotechnology,
Rockford, IL, USA) against 5 changes of 500 ml é¢ogim low HeBS (Appendix 1),
at 4°C over 18-24 hours. Purified adenovirus wisrfsterilised using a 0.22 um, 13
mm disposable low protein binding filter (Millipar&arrigtwohill, Cork, Ireland)

and stored at -80°C in 55 pul aliquots until reqdire

2.6.b. Titration of adenoviral vector preparations

The titre of adenoviral vector preparations waseined using the tissue culture
infectious dose method (TCiF) which has been previously descrigé¥?'2%
HEK-293A cells (10 cells/well) were plated in 96 well flat-bottometages (Nunc,
Roskilde, Denmark). Ten fold dilutions of adenogirin DMEM (2% FCS) were
added into wells with 100 ul added per well, andwEls per dilution. Plates were
incubated at 37°C and 5% CO2 in air for 10 dayslisMeere scored for eGFP
expression. The test was deemed valid if all of wedls containing the most
concentrated adenovirus dilution were positive aldf the wells containing the
least concentrated adenovirus dilution were negathv well was scored positive
even if there was only one isolated patch or a fils that showed eGFP

expression. Adenoviral titres were calculated ugimg equation below (based on

Poisson distribution) and expressed in plaque flognanits (pfu)/ml.

Adenoviral titre* (pfu/ml) = 105*%8

s = sum of percentages of positive wells per virus dilution

*Duplicates should be within 0.7 log of each other.”*
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2.7 ANIMAL AND TISSUE METHODS

2.7.a. Conventional histology

Tissue samples were fixed in buffered formalin (&pgix 1) for at least 24 hours
prior to processing. Tissue samples were dehydiatéd% ethanol for 1 hour, 90%
ethanol for 1 hour and 100 % ethanol (3 x 30 mimashes). Tissue was placed in
chloroform for 18 hours then melted wax (Paraplestue embedding medium,
TycoHealthcare Group, Mansfield MA, USA) for 45 mias at 37°C. Tissue
samples were transferred to fresh melted wax uadeaum at 37°C and this was
repeated once more before tissue samples were detdb@dwax blocks. Sections (5
pm) were cut at the microtome (Lieca RM2/35, Leidrosystems, Gladesville,
NSW, Australia) and mounted onto chrome-alum sublmeidroscope slides
(Appendix 1). Slides were cleared in xylene (2 mihutes) and hydrated in 100%
ethanol (2 x 2 minutes), 90% ethanol (2 minutes)) 206 ethanol (2 minutes) before
being rinsed in DDKED. Slides were stained in haematoxylin (Appendixdt) 10
minutes and rinsed in tap water for 1 minute. ®astiwere dipped in lithium
carbonate solution and rinsed in de-ionised watfore being stained with eosin
(Appendix 1) for 2 minutes and washed in tap wéberl minute. Sections were
dehydrated in 100% ethanol (three brief washespgred in xylene (2 x 2 minutes)

and mounted in DePex mounting medium (BDH Laboya8upplies, Poole, UK).

2.7.b. Nuclear staining of tissues
All nuclear staining of tissues was performed udiaechst 33258 dye (Sigma, St
Louis, MO, USA) diluted to 10 pg/ml in BSS immedilgt prior to use. Staining was

performed at room temperature in the dark.
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2.7.b.1. Nuclear staining of corneal flatmounts

Corneas were fixed in ice cold buffered formalin 1@ minutes and rinsed twice in
PBS prior to staining. Hoechst 33258 (10 pg/mlGA {ul) was added to corneas for
30 minutes at room temperature in the dark, follbwsy two washes in PBS.
Corneas were flatmounted endothelium up, in BalBeifered Glycerol Mounting
Medium (Trinity Biotech PLC, Bray, Wicklow, Irelapdnto chrome-alum subbed
microscope slides. Four small incisions were madéhe scleral edge to lay the
cornea flat on the slide. Weight was applied to ¢beerslip overnight to flatten

corneas. Cell nuclei were observed using a flu@mse microscope.

2.7.b.2. Nuclear staining of whole globes

Whole globes were pricked at scleral/corneal boeaet placed in ice cold buffered
formalin for 20 minutes. The cornea, iris and ratinere stained separately with
Hoechst 33258 (100 pl at 10 pg/ml) for 30 minutesoam temperature in the dark
and washed twice in PBS and flatmounted onto chralme subbed microscope
slides in Bartels Buffered Glycerol Mounting Mediurmcisions were made in
corneal and retinal flatmounts to flatten the prapans. Cell nuclei were observed

using fluorescence microscopy.

2.7.c. Fluorescence microscopy of rat tissues

Flatmounted tissue was examined at the fluorescemcmscope (BX50, Olympus
Optical Co., Japan) using a digital camera (Cool8N#gh resolution cooled CCD,
1.0X tube) and image analysis software (AnalySIS®'H; Software Imaging

System; Olympus Soft Imaging Solutions GmbH, MiUns&ermany). Fields were
examined under blue light (for detection of eYFR @& FP positive cells) and UV

light (for detection of Hoechst 33258-stained ni)cleiral transduction efficiency
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into corneal cells was calculated from five centiialds (each 0.15 mfj and
expressed as the percentage of eYFP or eGFP posiis divided by total the
number of endothelial cells. Filter cube specifmas for the BX50 fluorescence

microscope can be found in Table 2.7.

2.7.d. Transduction of rat tissues with viral vecto rs

2.7.d.1. Ex vivo transduction of the rat cornea wit  h viral vectors
HEPES-buffered RPMI (Appendix 1) was used for afneal organ culture and,
unless otherwise stated, media were supplementéd panicillin (100 1U/ml),
streptomycin (100 pg/ml) and L-glutamine (2 pM) | (dlom Gibco GRL,

Gaithersburg, MD, USA). L-glutamine was replenisiegdry 14 days.

The donor rat was euthanised by inhalation anatstireerdose (active constituent:
isoflurane 1 ml/ml, Veterinary Companies of AusadPty Ltd, Kings Park, NSW,
Australia). Globes were removed and decontaminetetD% w/v povidine-iodine
(Faulding Pharmaceuticals, Salisbury, SA) for 2 utes. Globes were rinsed twice
in ophthalmic BSS. Under aseptic conditions andchgisa dissecting microscope,
corneas were dissected using Vannas scissors Wih mm scleral rim. The iris was
detached from the cornea by running fine smootpetipforceps around the scleral
rim, while the holding the scleral edge with toatHerceps. Corneas were placed in
HEPES-buffered RPMI (2% FCS) before being transférno a round-bottom 96
well plate (Nunc, Roskilde, Denmark), endothelium HEPES-buffered RPMI (2%
FCS) (100 pl) containing either a lentiviral veci@5 x 10 TU/cornea) or an
adenoviral vector (2 x Tfu/ml) was added dropwise to the cornea and iatgth
for 3 hours at 37°C, 5% GQn air. Corneas to be used for transplantationewer

washed twice in HEPES-buffered RPMI (without seramni-glutamine) and rinsed
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in ophthalmic BSS< 10 minutes prior to transplantation into a reaipieat. Corneas
that were used only for culture, as well as rinagrfrcorneas used for transplantation,
were placed in 2 ml HEPES-buffered RPMI (10% FC&)ptemented with 2.5
png/ml amphotericin B (Amphostat, Thermo Electrorelbburne, Vic, Australia) in a
24 well plate. Corneas were cultured for up to agsdat 37°C, 5% C£n air, with a

medium change every 48-72 hours.

2.7.d.2. Anterior chamber injection of virus into t he rat eye

Rats were placed in an isoflurane nose cone (2.9:8¢gen). The left eye was taped
to prevent drying. A drop of Ophthetic© local anthesic (ophthaine; Allergen
Australia Pty Ltd, French Forest, NSW, Australiggsaapplied to the right eye for 1
minute and a drop of Mydriacyl© (10 mg/ml tropical®j Abbott Laboratories,
North Chicago, IL, USA) was added to dilute the ibup 4.0 silk suture (No. S405;
Dynek Pty Ltd, London, UK) was threaded throughdbejunctiva at 12 o’clock and
6 o’clock and artery forceps were attached to meptthe eye. A drop of
Neosynephrine© (Abbott Laboratories, North Chicatig,USA) was added for 1
minute to further dilate the pupil and was rins&da thoroughly with ophthalmic
BSS. A detached 31G non-coring needle (Hamilton ®eno, Nevada, USA) was
used to make a full thickness paracentesis at &dak, being careful to avoid the
iris and lens. Conjunctival sutures were removedetease pressure in the eye. A
36G non-coring needle attached to a 10 ul syrittgmilton Co., Reno, Nevada,
USA) was used to slowly inject 5 pl of virus inteetanterior chamber at 6 o’clock,
avoiding the iris and lens. Once the virus had begtted, the needle was left in the
anterior chamber for 30 seconds before removindgprémycetin (1%; Park Davies,
NSW, Australia) was applied to the eye which wasied closed using 10-0 nylon

sutures (No. 9005G; Ethicon Inc, Somerville, NJAY$r 24 hours.
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2.7.d.3. Intranodal injection of virus into the rat

Rats were placed in an isoflurane nose cone (2.98#gen). The fur underneath the
chin was clipped and the area was decontaminatéd M6 w/v povidone-iodine.

An incision was made under the chin using a scatpekexpose the cervical

(superficial cervical and facial) lymph nodes (Fg2.1). A 31G non-coring needle
attached to a 10 pl syringe was used to slowlyctreul of virus into each of the
exposed cervical lymph nodes (usually 4-6 nodelg fieedle was left in place for
30 seconds before removing carefully. The wound @lased with 4-5 disposable
tissue staples (Royal 35W disposabdkin stapler; United States Surgical

Corporation, Norwalk, ST, USA).

2.7.e. Rat orthotopic corneal transplantation

Mrs Kirsty Kirk (Department of Ophthalmology, Fliads University, Bedford Park,
SA, Australia) performed all orthotopic rat corngahfts. Recipient rats were adult
male Fischer 344 (F344) (IQ"[. Allograft corneal donors were adult male Wistar
Furth (WF) (RT) and isografts corneal donors were adult male F24d. The
methods used for rat orthotopic corneal transptemtawere based on those
previously describetf Only the right eye of each recipient rat was us$ed
transplantation. As described in Section 2.7.a&drneas that had been treated with
virus were washed twice in HEPES-buffered RPMI lfaiit serum or L-glutamine)
and placed in ophthalmic BSS ferl0 minutes prior to transplantation. The donor
cornea was placed endothelium up (to prevent eetlathdamage) on a sterile
Teflon block. A 3.1 mm trephine was used to purah ¢entral corneal button and
Vannas scissors were used to complete the diseeditte donor button was kept

moist in ophthalmic BSS while the recipient eye Wwasg prepared. The recipient
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rat was anesthetised with isoflurane inhalatioreatteetic delivered with a nose cone
(2.5-3% in oxygen). The left eye was taped to pnédeying. A drop of Ophthetic©
local anaesthetic was applied to the right eyelfarinute and a drop of Mydriacyl©
(10 mg/ml tropicamide) was added to dilute the pupi4.0 silk suture (No. S405)
was threaded through the conjunctiva at 12 o’clac#t 6 o’clock and artery forceps
were attached to proptose the eye. A drop of Nem@yine© was added for 1
minute to further dilate the pupil and was rinsdmroughly with ophthalmic
balanced salt solution. A 2.9 mm trephine (to shglkindersize the graft bed) was
used to cut a partial thickness disc on the restmernea. A diamond knife was used
to complete the initial full thickness incision. §ldissection was completed using
Vannas scissors and the recipient button was rethoVee donor button was
transferred endothelium down to the recipient bad @ight interrupted sutures (10-0

nylon) were used to hold the graft in place.

2.7.f. Post-operative assessment of corneal grafts

Rats were examined daily under the operating moojes and grafted eyes were
scored for clarity, corneal neovascularisation arflhmmation on a 0-4 numerical
scale with 0.1 increments. Corneal graft clarityswsed to determine graft failure.
Grafts were deemed transplant failures if they Itdakity scores>2.0 (graft
obscuring observation of iris vessels). Cornedltgtaat did not reach a clarity score
of <1.5 by day 7 were classified as technical failu@ther reasons for technical
failure included the development of cataract oresevintraocular bleeding. The
technical failure rate was 4% for all corneal gggferformed in this study. Failure of
corneal allografts that had previously been clearemegarded as rejected. After
rejection or after 60 days (for isografts or longwsving allografts), rats were

euthanised by isoflurane overdose. Eyes were rethoaed processed for
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conventional histology (Section 2.7.a.) or cornease snap frozen in liquid nitrogen

and stored at -80°C for RNA extraction (Sectionk3).

2.7.9. Collection of rat blood by tail tipping

Rats were placed on an electric heating pad (A.ECWL. Pty. Ltd., Sydney, NSW,
Australia) and anaesthetised using isoflurane atltal anaesthetic delivered with a
nose cone (2.5-3% in oxygen). A scalpel was usexitdl0 mm off the end of the
tail, and plastic-clad heparinised microhaematodtibes (Becton Dickinson,
Franklin Lakes, NJ, USA) were used to collect agpnaitely 500 ul of blood into a
lithium heparin tube (12.5 IU per tube; Termumo Mat Corporation, Elkton, MD,
USA) containing 500 pl of PBS-azide-heparin (10ts/ml). Heparinised blood
samples were immediately mixed by inversion andtrdaged at 2500 g for 5
minutes. Plasma was collected and transferredltd anl tube and centrifuged again
at 2500 g for 5 minutes. Plasma was transferrea ftesh 1.5 ml tube, 1 pl sodium
azide (4M) was added and plasma samples were saorEe until required. Pelleted
cells were resuspended in 300 ul of PBS-azide d@nhgul5aliquots of cells were
transferred to 10 ml FACS tubes. Detection of asmtiCD4 scFv in plasma and PBL

was performed using flow cytometry (Section 2.4)g.1

2.7.h. Lymphadenectomy of cervical lymph nodes

Rats were placed in an isoflurane nose cone (2.5A38%ygen). The fur underneath
the chin was clipped and the area was decontandinai#th 10% w/v povidone-
iodine. An incision was made under the chin usirggapel to expose the cervical
lymph nodes (Figure 2.1Rilateral lymphadenectomy of the exposed cenlyralph

nodes (superficial cervical and facial lymph nodetyeen 4-6 lymph nodes) was
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performed using sterile instruments, including éps and a pair of sharp scissors.

The wound was closed with 4-5 disposable tissydesta

2.8 STATISTICAL ANALYSIS

2.8.a. Statistical analysis of transgene expression

To identify statistical differences in transgenemssion from cells transduced or
transfected with virus or plasmid respectively, ampaired Student T-test was
performed using Microsoft Office Excel 2003 (Micofis Corporation, Redmond,

WA, USA). P values <0.05 were considered significan

2.8.b. Statistical analysis of corneal graft surviv  al and inflammation

data

Corneal graft survival and inflammation data wenalgsed using non-parametric
statistical analysis. For comparisons between threaore groups, a Kruskal-Wallis
test (corrected for ties) was performed, and tohirridentify which groups were
statistically different from one another, pair-wis&nn Whitney-U tests (corrected
for ties) using Bonferroni adjustment were perfodmiéor comparisons between two
groups, Mann Whitney U tests (correct for ties) ev@erformed. Non-parametric
statistical analysis was performed using SPSSsttati software (SPSS Inc.,

Chicago, IL, USA). P values <0.05 were considergdificant.



CHAPTER 3: CONSTRUCTION AND CHARACTERISATION OF

LENTIVIRAL VECTORS
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3.1 ABSTRACT

Aims: To construct and characterise single-gene and-gkrad lentiviral vectors
carrying therapeutic transgenes and reporter gémesldition, the methods used to
titrate lentiviral vector preparations were optieds Methods Dual-gene vectors
were constructed by inserting the F2A self-processsequence between two
transgenes. This allowed for expression of two dganes within a single open
reading frame (ORF). Single-gene vectors were atsustructed. The transgenes
cloned into the single-gene and dual-gene vectmisided eYFP, anti-rat CD4 scFv
and EK5. The expression of the transgenes clonedtime dual-gene vectors was
compared to the expression from single-gene copater by transfecting and
transducing mammalian cell lines with these vedtorstro. Moreover, the methods
used to titrate eYFP and non-eYFP expressing leativectors were optimised.
Results Lentiviral vector titration by eYFP quantificatio(using flow cytometry)
produced similar titres after 5 days and 4 weeksutttire, suggesting that 5 days of
culture was adequate for reliable titration usihg tmethod. However, lentiviral
titration by quantifying proviral integration in A9 cells using qPCR was greatly
improved when the transduced A549 cells were oedtdor 4 weeks compared to 5
days, suggesting that 4 weeks of culture is necgd$sareliable titration using this
method. The characterisation of transgene expmegsion three separate dual-gene
vectors (each containing the F2A sequence), shawddced expression when a
transgene was positioned downstream of F2A (randgiogh 2-20 fold lower),
compared to when the same transgene was situastceaim of F2A in a different
dual-gene construct, or when compared to the egioresfrom a single-gene
construct._Conclusiond?roviral integration is a reliable functionalrétion method

that can be used to titrate lentiviral vectors tthatnot carrying a reporter gene, as
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long as the transduced cells are cultured for 4keigmior to quantification of
proviral integration. Moreover, although there educed expression of a protein
when it is positioned downstream of 2A in a duak@eector compared to a single-
gene counterpart, expression of the downstreaneipratight still be adequate for its
intended function. In relation to the pHIV-CD4scHR2A_eYFP vector, the
downstream protein (eYFP) was not expressed at émgiugh levels to be used to
determine transduction efficiency, to perform vedtiwation using flow cytometry or
to track transduced celis vivo. However, expression of the upstream protein {anti
rat CD4 scFv) showed similar expression levels wbampared to the single-gene
vector (pHIV-CD4scFv_F2A) and was judged to beahlé@ forin vivo work on

regional immunosuppression.

3.2 INTRODUCTION

3.2.a. Gene transfer to the eye

Gene transfer has the potential to provide longntexpression of a transgene after a
single intervention. There have been many repdrsiocessful gene transfer to the
anterior segment of the eye in animals includingcehi***® rats?** rabbits®’

60,224

shee and non-human primaté¥.

3.2.b. Lentiviral vectors for gene transfer

Lentiviral vectors have little immunogenictty and their ability to provide stable
integration of a transgene into chromosomal DNAbés long-term expression.
Lentiviral vectors are also able to transduce bwiitotic and post-mitotic cell
type<®® which is extremely useful as the human corneab#ralium (a potential

target for prolonging corneal graft survival) isspanitotic?*’
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Anson and colleagues have developed a VSV-G-psgpeidtientiviral vector, which

is based upon HIV-1 and is self-inactivatiig:®’ Anson’s lentiviral vector has
codon-optimised reading frames and is construcgaagumultiple plasmids, which
enables safe and efficient production of largeescgalantities. Parker and colleagues
have shown successful transduction of rat, shedphaman corneam vitro, with
long term gene expression in a rat model of cortraakplantation using the Anson
lentiviral vector:®® For these reasons, Anson’s lentiviral vector welscied for use

in this project.

3.2.c. CD4 as a target for T cell activation

The most common mechanism involved in corneal gegdiction is a DTH response,
mediated by CD4+ T celf§.As part of this process, antigen presentation éetwan
APC and a CD4+ T cell triggers an immune insulttioa graft, which can lead to
rejection. CD4 was selected as the molecule talgeted in this project, because it
Is critical to the process of T cell sensitisataomd is expressed on the surface of T
cells. Systemic delivery of a whole antibody aga@B4 has already been shown to

prolong survival of corneal grafts in rat$.

3.2.d. ScFv as a potential treatment to the cornea

Genetic engineering has allowed for the isolatibthe genes encoding the variable
heavy and variable light domains of antibody bigdsites and their covalent linkage
into a scFv (Figure 1.5). ScFvs are approximatéykPa, which is significantly
smaller than a whole antibody (IgG is 146 kB&)ScFvs do not contain the

inflammatory Fc region, which is present in a whatgibody. For these reasons a



Sarah Brice CHAPTER 3: Construction ahdracterisation of lentiviral vectors 103

scFv targeting the T cell molecule CD4 was sele@sda tool to block T cell

sensitisation.

3.2.e. The Foot and Mouth Disease Virus (FMDV) 2A' s elf-processing
sequence

The Foot and Mouth Disease Virus (FMDV) 2A sequesaeshort (18 amino acids)
self-processing sequence, which cleaves at itgr@htes through a ribosomal ‘skip’
mechanisn?® The self-processing activity of the 2A sequence lteen exploited in
many multi-gene transfer vectors including retralit®%’ AAV, %824 gncolytic
adenovirad** and lentiviral vector§**?*® The FMDV 2A self-processing sequence
was selected for use in this study because omtllsize, and its reported ability to

produce equimolar expression of multiple genesiwighsingle ORE37-239:244

3.2.f. Specific aims

The specific experimental aims of the work desctilmethis chapter were:

(1)  to construct single-gene lentiviral vectors;

(2) to construct dual-gene lentiviral vectors using &% self-processing
sequence;

(3) to compare the different methods of lentiviraldiion;

(4) to assess the effects of long term lentiviral vedtmrage and freeze
thawing;

(5) to quantify transgene expression vitro in cell lines transfected or
transduced with single-gene and dual-gene plasoridentiviral vectors

respectively
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3.3 RESULTS

3.3.a. Construction of lentiviral plasmids

The plasmids that were constructed by others tleaé wsed in this project are listed

below. Additional information about these plasmads be found in Table 2.3 and

vector maps can be found in Appendix 2.

- pBS-CD55-F2A-CD59 was a kind donation from ProfesBeter Cowan, St
Vincent's Hospital, Melbourne, Victoria, Australia.

- pHIV-eYFP was a kind donation from Associate Professor Donrafon,
Women'’s and Children’s Hospital, Adelaide, Soutls#alia, Australia.

- pBLAST41-hEndoKringle5 is a commercially availabkxpression vector
purchased from InvivoGen, San Diego, CA, USA.

- pHIV-EK5 was cloned by Ms Lauren Mortimer, Dept Qfphthalmology,

Flinders University, Adelaide, South Australia, Anadia.

The plasmids constructed as part of this thesidistesl below. The construction of
pHIV-CD4scFv can be found in Appendix 3 and the starction of the other

plasmids will be described in this chapter.

pHIV-CD4scFv

- pHIV-CD4scFv_F2A_eYFP
- pHIV-eYFP_F2A_CDA4scFv
- pHIV-CD4scFv_F2A

- pHIV-CD4scFv_F2A _EK5
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3.3.a.1. Construction of pHIV-CD4scFv_F2A _eYFP

A dual-gene plasmid carrying anti-rat CD4 scFv aNé&P was constructed using the
FMDV 2A sequence (19 amino acids, including the8line at the C-terminus of

2A) with a furin cleavage site (arginine, alanirgsine, arginine) immediately

upstream of 2A (F2A). Fang and colleagues have shbtwat the addition of a furin

cleavage site upstream of 2A was able to succégskihove the 2A amino acids

attached to the C-terminus of the protein upstr@arBA during post-translational

modification in the Golgi apparatd®

SOE-PCR was performed to assemble the anti-rat$£b4 F2A fragment using the
methods described in Section 2.2.J. and a diagrarmmmgpresentation is shown in
Figure 3.1. Firstly, the anti-rat CD4 scFv withotst stop codon and the F2A self-
processing sequence were amplified from pHIV-CD#sCFRable 2.3, Appendix 3)
and pBS-CD55-F2A-CD59 (Table 2.3; Appendix 2) respely (Figure 3.2). These
PCR products were joined together using SOE-PCRu(Ei3.2). The anti-rat CD4
scFv_F2A SOE-PCR product was ligated into the pdWFP plasmid (Table 2.3;
Appendix 2) between the SV4@romoter and eYFP at the Clal site and
electroporated into DHbelectrocompetenk. coli (Figure 3.3). A PCR screen was
performed on 22 colonies and 14 were detected ataioing the anti-rat CD4
scFv_F2A insertion in the pHIV-eYFP plasmid (Figuse4). Colony 4.11 was
randomly selected for sequence analysis and wasdféo have the anti-rat CD4
scFv_F2A insertion in the correct orientation amdthe correct reading frame
(Appendix 4). The pHIV-CD4scFv_F2A _eYFP plasmidgiite 3.5) was used for

lentiviral vector production.
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A Clal_fHSS for CD4_2A for
Anti-rat CD4 scFv
CD4_2A Rev 2 i Clal_2Arev 3 =
pHIV-CD4scFv pBS_CD55_F2A CD59

complementary
region

Clal_FhSSs for
C | Clal | Anti-rat CD4 scFv Bz2Z:8 Clal |

Clal_2A Rev 3

Figure 3.1: Diagrammatic representation of the asse mbly of the
anti-rat CD4 scFv_F2A fragment using splice-overlap extension
(SOE-PCR). (A) Anti-rat CD4 scFv without its stop codon and F2Argvamplified
from pHIV-CD4scFv and pBS-CD55-F2A-CD59, respediivéhe Clal_fHSS for
primer was designed to add a Clal site 5’ of aatiscFv. The Clal_2A rev 3 primer
was designed to add a Clal site 3’ of the F2A seqgedrefer to Table 2.5 for primer
sequences)B) The first three SOE-PCR cycles were performed whth products
from (A) without the addition of primers. This aled for the two templates to
anneal at their complementary region (highlightedjiey-striped area). The strands
were completed using a DNA polymerase with proadieg activity (represented by
dashed arrows)C) The external primers Clal_fHSS for and Clal_2A ewere
added to the reaction to amplify the full lengthuble stranded PCR product for the
remaining 35 cycles. Primers are indicated as slidlegd arrows alongside their

binding region.



Sarah Brice CHAPTER 3: Construction ahdracterisation of lentiviral vectors 107

Anti-rat CD4 scFv F2A

T
?
)
®
&
|5
<

F2A

0.1 kb

Figure 3.2: An agarose gel showing the anti-rat CD4 scFv PCR product
(0.9 kb bp), the F2A PCR product (0.1 kb) and the a nti-rat CD4 scFv_F2A
SOE-PCR product (1 kb ). Non specific bands are present in the anti-rat €G€Hy
(<0.1 kb) and anti-rat CD4 scFv_F2A (0.15 kb) lartag at lower abundance than

the expected species. The lane marked M contaireed-tog DNA ladder.
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pHIV-eYFP

Digest Digest + SAP

Linearised
e={ Ant-rat 04 scr IR \E pHIV-eYFP R
\ /

C l Ligation

- X <>
pHIV-CD4scFv_F2A eYFP Sectoporation -

Figure 3.3: Diagrammatic representation of the cons truction of

pHIV-CD4scFv_F2A eYFP. (A) The anti-rat CD4 scFv_F2A SOE-PCR product
was digested with Cla(B) pHIV-eYFP was digested with Clal and then treat#t
Shrimp Alkaline Phosphatase (SAP) which de-phospated the ends of the
plasmid to prevent self re-ligatioC) The SOE-PCR product was ligated into the
plasmid to create pHIV-CD4scFv_F2A _eYFP which wekteoporated into DHb

electrocompetertt. coli.
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Colony 4.1]*

Colony 4.1
Colony 4.2
Colony 4.3
Colony 4.4
Colony 4.5
Colony 4.6
Colony 4.7
Colony 4.8
Colony 4.9
Colony 410
Colony 4.12
Colony 4.12
Colony 4.14
Colony 4.15
Colony 4.16
Colony 4.17
Colony 4.18
Colony 4.19
Colony 4.20
Colony 4.21
Colony 4.22

1Kb—»

0.1 Kb —»

Figure 3.4: A PCR screen revealed 14 from 22 coloni es contained the
anti-rat CD4 scFv_F2A insert. The primers used in the PCR screen were CD4
2A for and CD4 2A rev 2 (refer to Table 2.5 forrpar sequences). The expected

product size was 0.1 kb. Colony 4.11) (was randomly selected for sequence

analysis from the colonies that amplified the ccirseze product.
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SV40 Promoter

RREX‘1 pHIV-CD4scFv_F2A_eYFP

7602 bp

anti-CD4 scFv ) % \\<
_d “ \ 4 3'LTR
/q -

gag primer amplicon 4%

5'LTR

Figure 3.5: pHIV-CD4scFv_F2A eYFP vector map. Sequences of interest are
marked with arrows. Expression of anti-rat CD4 s¢&wi-CD4 scFv), the F2A self-
processing sequence and eYFP were all controllethéynternal SV40 promoter.
The 5 and 3’ long terminal repeats (LTRS), theeexied rev response element

(RREXxt) and the gag primer amplicon are also hgjtiéd.
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3.3.a.2. Construction of pHIV-eYFP_F2A CD4scFv

A dual-gene plasmid, pHIV-eYFP_F2A CD4scFv, camgythe same transgenes as
pHIV-CD4scFv_F2A eYFP, but in the reverse order KEYfollowed by anti-rat
CD4 scFv), with the F2A sequence in between, wastcocted. For the construction
of pHIV-eYFP_F2A CD4scFv, the experimental desigaswrepared by me and
laboratory assistance was provided by Mr Yazadi,lr@phthalmology, Flinders

University, Adelaide, South Australia.

SOE-PCR was used to assemble the eYFP_F2A fragmmgng the methods
described in Section 2.2.j. The eYFP sequence with® stop codon was amplified
from pHIV-eYFP using primers that attached a Céstriction site at its 5’ end. The
F2A sequence was amplified from pBS_CD55 F2A CDShgi primers that

attached a Clal site to its 3’ end. The eYFP_F2ASXCR product was ligated into
the pHIV-CD4scFv plasmid at the Clal site and etgmbrated into DH&

electrocompetent E. coli.

A PCR screen on 9 colonies revealed 4 with a singdertion of the eYFP_F2A
fragment in the correct orientation (Figure 3.6pldDy 3 was randomly selected for
sequence analysis, which revealed an identical m@tdhe predicted sequence of
eYFP_F2A (Appendix 4). The pHIV-eYFP_F2A_CD4scFagrhid (Figure 3.7) was

used in lentiviral vector production.
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Figure 3.6: A PCR was performed on selected colonie s to screen for
those containing a single eYFP_F2A fragment in the correct orientation
within the pHIV-CD4scFv plasmid. The primers used for the PCR screen were
pHIVSV for2 (within the SV40 promoter) and eYFP 2efwithin the insert) (refer to
Table 2.5 for primer sequences). The expected ptosize was 0.6 kb. The lane
marked M contained the 2-log ladder. NTC = no tatgpktontrol (water). Colony 3
(*) was randomly selected for sequence analysis then¥ colonies that amplified
the correct size product. The PCR screen was mpeeidrby Mr Yazad Irani,

Ophthalmology, Flinders University, Adelaide, Sodilstralia, Australia.
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cppt SV40 Promoter
RRExt

;\\

gag primer amplicon a !\ - eYFP
Y \\%m

\\
5 LTR A \ anti-CD4 scFv
L

pHIV-eYFP_F2A_CD4scFv | |
|

’\3' LTR

7585 bp

113

Figure 3.7: pHIV-eYFP_F2A CD4scFv vector map. Sequences of interest are

marked with arrows. The expression of eYFP, the B8l processing sequence and

anti-rat CD4 scFv (anti-CD4 scFv) were all contwdll by the internal SV40

promoter. The 5" and 3’ long terminal repeats (LY,Rbe central polypurine tract

(cppt), the extended rev response element (RRExt)l@e gag primer amplicon are

also highlighted.
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3.3.a.3 Construction of pHIV-CD4scFv_F2A

A single-gene anti-rat CD4scFv lentiviral plasmpdH(V-CD4scFv) was constructed
(Appendix 3). However, expression of the anti-r&4CscFv was very low from this
construct when it was used to transfect HEK-293Ws deata not shown). The dual-
gene pHIV-CD4scFv_F2A eYFP plasmid produced strergression of anti-rat
CD4 scFv when transfected into HEK-293A cells (Fegg3.19), so an alternative
single-gene plasmid was developed from this coostas a control vector for further

experiments.

The new single-gene anti-rat CD4 scFv plasmid wassitucted by removing the
eYFP sequence from pHIV-CD4scFv_F2A_eYFP by rasincadigestion with Xmal
and Ndel, leaving anti-rat CD4 scFv and F2A (Fig®&). The incompatible
cohesive ends of Xmal and Ndel were filled using Klenow fragment of DNA
polymerase | to create blunt ends. The blunt engl® Wgated together to form the
pHIV-CD4scFv_F2A  construct which was electroporatethto DH%u
electrocompeteriE. coli. Cleavage of the furin cleavage site after tramsia(in the
Golgi apparatus) will result in the removal of leenaining F2A residues attached to
the C-terminus of the anti-rat CD4 scFv, so theyew®t removed from the plasmid.
In addition, the anti-rat CD4 scFv gene in the pH3IW4scFv_F2A construct does
not encode a stop codon, thus the transcript vall attached to the ribosome during

translation.
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Xmal Ndel

Anti-rat CD4 scFv F2A eYFP

pHIV-CD4scFv_F2A_eYFP

l Digest with Xmal + Ndel to remove eYFP

B Ndel Xmal
Linearised pHIV-CD4scFv_F2A
Anti-rat CD4 scFv
[

Incompatible cohesive ends were
filled using the Klenow fragment of
DNA polymerase |

Ligation of blunt ends

Xmal/Ndel

Anti-rat CD4 scFv

NN
Electroporation

pHIV-CD4scFv_F2A

Figure 3.8: Diagrammatic representation of the cons  truction of
pHIV-CD4scFv_F2A. (A) The pHIV-CD4scFv_F2A_eYFP plasmid was digested
with Xmal and Ndel restriction enzymes to removeFEY(B) The incompatible
cohesive ends of Xmal and Ndel were filled using Klenow fragment of DNA
polymerase | and were ligated togeth€) The pHIV-CD4scFv_F2A plasmid was

electroporated into DHbelectrocompetent Eoli.
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A PCR screen on potential pHIV-CD4scFv_F2A colomegealed all 20 colonies
lacked eYFP (Figure 3.9). Colony 1 was selectedsguence analysis, which
confrmed the removal of eYFP from the vector (Apg& 4). The
pHIV-CD4scfv_F2A construct (Figure 3.10) was used lentiviral vector

production.

3.3.a.4 Construction of pHIV-CD4scFv_F2A_EK5

A dual-gene plasmid encoding anti-rat CD4 scFv &b with an F2A self
processing sequence situated in between the twisgemes was constructed. A
diagrammatic  representation  outlining the consioact of  pHIV-
CD4scFv_F2A_EKS5 is shown in Figure 3.11. The pHIR43cFv_F2A _eYFP
plasmid was digested with the Xmal and Ndel restmcenzymes to remove the
eYFP sequence. However, the EK5 gene contains aal Xite within its sequence,
so, using PCR techniques, an Agel site (with theesaohesive ends as Xmal) was
added onto the 5 end of the EK5 PCR product (whicks amplified from
pBLAST41-hEndokringle5; Table 2.3; Appendix 2) aama Ndel site was added to
the 3 end. EK5 was ligated into the digested pidsnand the pHIV-
CD4scFv_F2A EKS5 construct was electroporated inté5® electrocompetenE.

coli.

A PCR screen on potential pHIV-CD4scFv_F2A_EK5 oads revealed 16 of 20
colonies had successful insertion of EK5 (FiguE3R. Colony 12 was selected for
sequence analysis, which confirmed successfulitigaif the pHIV-CD4scFv_F2A
plasmid and EK5 (Appendix 4). The pHIV-CD4scfv_FZX5 construct (Figure

3.13) was used in lentiviral vector production.
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Figure 3.9: A PCR was performed on 20 colonies to s creen for those
that had successful removal of eYFP, to create the pHIV-CD4scFv_F2A
construct. The primers used for the PCR screen were pHIV1S¥ tnd C+D
Ndeln rev (refer to Table 2.5 for primer sequenc€&lg expected product size was 1
kb. The control templates in the PCR screen wel&/fgED4scFv_F2A eYFP which
amplified a 1.8 kb product (that contained anti€&24 scFv, F2A and eYFP) and
pHIV-CD4scFv which amplified a 0.9 kb product (tltainsisted of the anti-rat CD4
scFv sequence without F2A). The lane marked M doedbathe 2-log ladder. NTC =
no template control (water). Colony I)(was randomly selected for sequence

analysis from the colonies that amplified the ccirseze product.
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cppt SV40 promoter
RRext
\\\\ anti-CD4 scFv
Gag amplicon
. %/FZ A
5'LTR kB' LTR
pHIV-CD4scFv_F2A

6859 bp

Figure 3.10: pHIV-CD4scFv_F2A vector map: Sequences of interest are
marked with arrows. Expression of anti-rat CD4 s@iwi-CD4 scFv) and F2A were
controlled by the internal SV40 promoter. The 5daB long terminal repeats
(LTRs), the central polypurine tract (cppt), thetezxded rev response element
(RRExt) and the gag primer amplicon are also hightéd. Note: F2A residues
attached to the C-terminal end of anti-rat CD4 seiiV be removed during post-

translational modification in the Golgi by cleavagedhe furin site.



Figure 3.11: Diagrammatic representation of the con  struction of
pHIV-CD4scFv_F2A EK5. (A) Endostatin::kringle-5 (EK5) was amplified from
the pHIV-EKS5 plasmid. The forward primer (Agel EK&r; refer to Table 2.5 for the
primer sequence) was designed to add an Agel eesitrisite to the 5’ end of the
PCR product and the reverse primer (Ndel EKS5 referrto Table 2.5 for the primer
sequence) was designed to add an Ndel restrictients the 3’ end of the PCR
product and these restriction sites were digestd®) The pHIV-
CD4scFv_F2A eYFP plasmid was digested with Xmal ldddl restriction enzymes
to remove eYFP. The digested plasmid was treateth @hrimp Alkaline
Phosphatase (SAP) to prevent rejoining of the pidsmithout an insert(C) The
Agel and Xmal sites from the PCR product and thasmid respectively, had
compatible cohesive ends and were ligated togetlomig with the Ndel sites on the
PCR product and the plasmid. The pHIV-CD4scFv_F2R5 Eplasmid was

electroporated into DHbelectrocompetert. coli.
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Figure 3.12 : A PCR was performed on 20 colonies to screen fort  he EK5
insertion, to create pHIV-CD4scFv_F2A EK5. The primers used for the PCR
screen were EK5 for2 and C+D Ndeln rev (refer tbl&&.5 for primer sequences).
The expected product size was 0.7 kb. The negateatrol template
(pHIV-CD4scFv_F2A_eYFP) amplified nothing. The lamarked M contained the
2-log ladder. NTC = no template control (water).lddy 12 ¢) was randomly

selected for sequence analysis from the colonias @mplified the correct size

product.
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SV40 promoter
cppt anti-CD4 scFv
RRext e F2A

Gag amplicon Endostatin
Endostatin::Kringle-5
‘\‘/ .
pHIV-CD4scFv_F2A_EK5 - Kringle-5
5'LTR

7801 bp ‘\
3'LTR

Figure 3.13: pHIV-CD4scFv_F2A EKS5 vector map: Sequences of interest are
highlighted. Expression of the anti-rat CD4 scFnti&D4 scFv), F2A and the
endostatin::kringle-5 fusion protein were driventhg internal SV40 promoter. The
5 and 3’ long terminal repeats (LTRs), the centpalypurine tract (cppt), the
extended rev response element (RRExt) and the gagemp amplicon are also

highlighted.
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3.3.b. Analysis of lentiviral vector titration

3.3.b.1. Lentiviral titration by quantifying report er gene (eYFP)

expression

The established method used in our laboratoryttatei eYFP-expressing lentiviral
vectors involved the transduction of A549 cellshngt small amount of a lentiviral
vector (0.1 and 0.5 ul), culture of the cells fordays and quantification of the
number of eYFP-expressing cells using flow cytomeithe number of lentiviral

particles was expressed in TU/ml. A detailed mettend be found in Section 2.5.d.1.

An experiment was performed to determine whetheerekng the period of time
that the transduced A549 cells were in culture, [dkduave an effect on eYFP
expression from these cells, and subsequently, hehethis would affect the
calculated titre. To test this, a preparation @f léntiviral vector LV-eYFP was used
to transduce A549 cells. The transduced cells wexe cultured for either 5 days or
4 weeks. The lentiviral titres calculated afteraysiand 4 weeks were very similar to
each other, (Table 3.1), indicating that 5 daysuliure was sufficient to produce a

reliable titre using this method.

Table 3.1:Titration of LV-eYFP by reporter gene (eY FP) quantification on

Ab549 cells. Mean values are shown with standard deviation, n=3.

5 days (10° TU/ml) 4 weeks (10° TU/ml)

2.43 £ 0.45 2.41 £ 0.24
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3.3.b.2. Titration of lentiviral vectors by quantif ~ ying proviral integration
Previously, the standard method used in our laboyafor titration of lentiviral
vectors that do not express a reporter gene, iedothie transduction of A549 cells
with a small amount of a lentiviral vector (0.1 ah® pl) and culture of these cells
for 5 days. The genomic DNA (gDNA) was then hargdsfrom these cells and
gPCR using primers specific for the gag sequence pexformed to quantify
integration of proviral DNA into the transduced Isg|Section 2.5.d.2.). However,
this method of titration produced titres that wereonsistent, hard to replicate and

were not comparable to the titres obtained fronorip gene quantification.

Considering this, it was hypothesised that extemdime period of time that the
transduced cells were in culture before quantifypngviral integration, might result
in more consistent titres. To test this, three i@l vectors were titrated by
guantifying proviral integration after 5 days andvdeks in culture (Table 3.2). For
all three lentiviral vector preparations, the ctoed viral titres were higher after 5
days, than they were after 4 weeks and there wasmmitarity in the fold difference
between the 5 day and 4 week titres amongst tlee tlentiviral vector preparations
(Table.3.2). The number of calculated copies/cealied greatly amongst all three
lentiviral vector preparations after 5 days, withedentiviral vector calculated as
having greater than 100 copies/cell (Table 3.2)wéieer, by 4 weeks, the calculated
copies/cell was less than 4 for all three lentiwrector preparations and the 4 week
titres were comparable to each other and weresmméar range to the viral titres

calculated by reporter gene (eYFP) quantificatibab(e 3.1).



Table 3.2: Proviral integration titration of lentiv iral vectors on A549 cells. Mean values are shown with standard deviation, n=6.

5 days 4 weeks 5 weeks
Lentiviral vector 10° TU/ml copies/cell 10° TU/ml copies/cell  10° TU/ml copies/cell
LV-CD4scFv 35.3 £ 10.3 46.1 £ 38.46 3.46 £ 0.88 3.88 £ 2.61 n/a n/a
LV-CD4scFv_F2A_eYFP 90.6 £ 23.7 112.28 £93.32 1.25+0.17 1.46 £1.04 n/a n/a
LV-eYFP 187 £ 198 39.17 £ 45.58 2.38 £ 0.67 0.58 +£0.31 1.71 £0.59 0.66 +£0.17

n/a, not applicable
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Furthermore, when one of these lentiviral vectoas wultured for an extra week (5
weeks in total), the viral titre (1.71 x LTU/mI |) was similar to the titre calculated
after 4 weeks (2.38 x 1dTU/mI) (Table 3.2). These results suggested thaedks in
culture was long enough to produce stable and stami titres by quantifying

proviral integration.

3.2.b.3. Comparison of titre methods

Next, | wanted to directly compare the provirakgmation method of titration to the
reporter gene quantification method of titrationitration was performed by
quantifying eYFP expression (using flow cytometayld proviral integration (using
gPCR on gDNA) on the same transduced A549 celkr &tdays and 4 week in
culture (Table 3.3). After 5 days in culture, titom using the proviral integration
method produced a viral titre much greater thant theoduced by eYFP
quantification. However, after 4 weeks of cultutiee proviral integration titre was

comparable to the eYFP quantification viral titre.

Table 3.3: Titration of LV-eYFP using the proviral integration (QPCR)
and reporter gene (eYFP) quantification methods on the same A949

cells. Mean values are shown with standard deviatief3, n

5 days 4 weeks
eYFP qPCR qPCR eYFP qPCR qPCR
(10°TU/ml)  (10°TU/mlI) (copies/cell) (10°TU/ml)  (10°TU/mI) (copies/cell)

2.43 £0.45 187 + 198 39.17 £45.58 2.41 +£0.24 2.38+0.67 0.58 +£0.31
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3.3.b.4. Long-term storage of a lentiviral vectora t-80T

The effect of long-term storage of lentiviral vastat -80°C was tested. A lentiviral

vector (LV-eYFP) was titrated initially after itsquuction in September 2006 on

A549 cells after 5 days of culture using flow cy&tny. The same viral batch was
titrated once again, 21 months after the initimbhtion (June 2008), using the same
method as before and a 10 fold decrease in lealtiparticles was observed (Table
3.4). So, thereafter lentiviral preparations tharevused 6 months after production

were re-titrated prior to use.

Table 3.4: Reporter gene (eYFP) titration of LV-eYF P after 21 months in

storage on A549 cells. Mean values are shown with standard deviation, n=3.

Date of titration 10° TU/ml
Sep-06 1.33 £ 0.34
Oct-08 0.18 £ 0.06

3.3.b.5. Titration of previously thawed then refroz  en lentiviral vector
preparations

To determine whether freeze-thawing would redueestttivity of lentiviral vectors,
two aliquots of the same non-eYFP-expressing leativector (LV-CD4scFv), were
titrated on A549 cells after 4 weeks in culturangsgPCR (Table 3.5). One aliquot
had been thawed and refrozen previously and ther atlas a fresh aliquot of the
same virus. There was no difference in the numbkmnaiviral particles calculated in
the aliquot which had been previously thawed aricdbzen compared to the fresh

aliquot, indicating that a single freeze-thaw hatinreduced the activity of the virus.
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Table 3.5: Proviral integration titration of fresh and previously thawed
then refrozen LV-CD4scFv aliquots on A549 cells aft er 4 weeks in

culture. Mean values are shown with standard deviation, n=6.

Sample 10° TU/ml copies/cell
Fresh 3.46 £ 0.88 3.88 £ 2.62
Previously thawed then refrozen 3.28 £ 1.54 3.47 £ 2.13

3.3.c. Transgene expression from single-gene and du  al-gene vectors
3.3.c.1. Expression of proteins targeted to differe  nt cellular

compartments

3.3.c.1l.a EYFP expression from single-gene and dual-gene vectors
Experiments were performed to characterise theesspyn of eYFP from dual-gene
constructs carrying the F2A sequence, LV-CD4scFA-EXFP and
LV-eYFP_F2A CD4scFv, compared to expression fronsiragle-gene construct
(LV-eYFP). HEK-293A cells were transduced with lgimal vectors at an MOI of 5
for 24 hours, and the cells were cultured for 5sd&ix biological replicates were
performed for each vector in a 6 well plate. Flsoence microscopy was used to
visualise eYFP expression of the transduced deitgi(e 3.18A) and flow cytometry
was used quantify the number of cells expressitrgaellular eYFP (Figure 3.18B
and Figure 3.18C). When comparing the expressia¥&iP from the two dual-gene
vectors, eYFP expression was approximately 2 fajthdr in cells transduced with
the vector which had eYFP positioned upstream &f {2/-eYFP_F2A CD4scFv),
compared to expression of eYFP from cells transdlwegh the vector which had
eYFP positioned downstream of F2A (LV-CD4scFV_F2X¥Fe) (p=0.005). Also,

eYFP expression



Figure 3.18: EYFP expression from HEK-293A cells tr ansduced with
lentiviral vectors. HEK-293A cells were transduced with lentiviral vest at an
MOI of 5 for 24 hours, and cultured for 5 day$) Representative fluorescence
images of eYFP positive cells were taken using & @Bjective lens(B) Flow
cytometry was used to quantify the number of eYBBipre cells from each well
and representative histograms are shown (n€5).The eYFP-flow cytometric data
was quantified. The biological replicates were aged (mean), (n = 6). Error bars
represent one standard deviation from the mean. Statistically lower eYFP
expression from cells transduced with LV-CD4scRAFRZYFP compared to cells
that were transduced with LV-eYFP_F2A CD4scFv (p668), and compared to
expression from cells transfected with LV-eYFP (88®) (unpaired Student T-test).
** = Statistically lower eYFP expression comparedexpression from LV-eYFP

(p<0.005) (unpaired Student T-test).
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was 2 fold higher from cells transduced with thegk-gene eYFP vector (LV-
eYFP) compared to expression from LV-eYFP_F2A_ CB4gp=0.005) and almost
4 fold higher when compared to expression from LD4GcFv_F2A_eYFP

(p<0.005).

In summary, eYFP expression was significantly lofwem each dual-gene vector
compared to expression from the single-gene ve#lso, eYFP expression was

lowest when positioned downstream of F2A in a dyeale vector.

3.3.c.1.b. Anti-rat CD4 scFv expression from single-gene and dual-gene

vectors

Next, expression of anti-rat CD4 scFv from the eyghe constructs containing the
F2A sequence, pHIV-CD4scFv_F2A eYFP and pHIV-eYRRA RCD4scFv was
compared to expression from a single-gene constpltity-CD4scFv_F2A). HEK-
293A cells were transfected with the plasmid camcds for 16 hours and then
cultured for 5 days, and five biological replicatesre performed for each construct
in a 6 well plate. Secretion of anti-rat CD4 schtoithe culture supernatant was
detected by flow cytometry on rat thymocytes (whetpress CD4 highly on their
cell surface) (Figure 3.19A). A serial dilution bécterially-produced anti-rat CD4
scFv was used to quantify the amount of scFv pteseaach supernatant (Figure
3.19B). Comparable levels of anti-rat CD4 scFv egpion were detected in cells
transfected with the single-gene anti-rat CD4 segEgtor (pHIV-CD4scFv_F2A)
compared to expression from the dual-gene veatowhich the anti-rat CD4 scFv
was situated upstream of F2A (pHIV-CD4scFv_F2A _e)Kp>0.05). However

expression of the anti-rat CD4 scFv



Figure 3.19: Anti-rat CD4 scFv detection in culture supernatant of HEK-
292A cells after plasmid transfection. Flow cytometry on rat thymocytes was
performed to detect the anti-rat CD4 scFv via tistidine tag.(A) Representative
histograms (green) show the expression of antC24 scFv from transfected cells.
The mean fluorescence intensity (MFI) is labelled each histogram. The
untransfected cell supernatant (which is negatige dnti-rat CD4 scFv), is
represented on each panel in r@8i) Anti-rat CD4 scFv expression was quantified
from a standard curve prepared from serial diliohbacterially produced anti-rat
CD4 scFv. The biological samples were averaged ifine@ = 5). Error bars
represent one standard deviation from the meanStatistically lower expression of
anti-rat CD4 scFv from cells transfected with pHYFP_F2A CD4scFv compared
to expression from cells transfected with  pHID43cFV_F2A _eYFP (p=0.012)
and compared to expression from cells transfectéth WwHIV-CD4scFv_F2A

(p=0.007) (unpaired Student T-tests).
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from the dual-gene construct in which the anti-@D4 scFv was situated
downstream of the F2A sequence (pHIV-eYFP_F2A_CBdgowas 20 fold lower
when compared to expression of the anti-rat CD4s obim the dual-gene vector
which had the anti-rat CD4 scFv situated upstrearh 2A (pHIV-

CD4scFv_F2A_eYFP) (p=0.012). Anti-rat CD4 scFv egsion was also 20 fold
lower from cells transfected with pHIV-eYFP_F2A Cfofv, compared to
expression of the anti-rat CD4 scFv from cells d¢faoted with the single-gene

vector (pHIV-CD4scFv_F2A) (p=0.007).

In summary, anti-rat CD4 scFv expression was lowdstn the anti-rat CD4 scFv
was positioned downstream of F2A in a dual-gendgovetiowever, when anti-rat
CD4 scFv was positioned upstream of F2A, anti-r&i4CscFv expression was

comparable to the expression from the single-getiaa CD4 scFv vector.

3.3.c.2. Expression of proteins targeted to differe  nt cellular

compartments

It was postulated that the reduced detection ofptieéein downstream of F2A may
have been due to “slip-streamirfd®?*> which occurs when both proteins within a
dual-gene 2A construct are translocated throughettoxytic pathway, even when
the protein upstream contains a leader sequenctharptotein downstream does not
(i.e., the anti-rat CD4 scFv had a secretory leadguence and was targeted for
secretion, whilst eYFP lacked a leader sequence ranaghined cytoplasmic).
Therefore, the next experiment was performed t@rdehe whether a dual-gene
vector carrying two proteins targeted for secretitime anti-rat CD4 scFv and EK5),
would express similar levels of the protein sitdatownstream of F2A (EK5),

compared to a single-gene EK5 construct, becauteari-rat CD4 scFv and EK5
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would be targeted to the same cellular compartmEmttest this, CHO cells were
transfected with plasmid constructs for 16 hourd #en cultured for 5 days. Each
plasmid was used to transfect triplicate wells i@ aell plate. Secretion of anti-rat
CD4 scFv into the culture supernatant was detetiedlow cytometry on rat
thymocytes and a serial dilution of bacterially-gmoed anti-rat CD4 scFv was used
to quantify the amount of scFv present in each swgtant (Figure 3.20). Secretion
of EKS5 into the culture supernatant was quantifgcELISA (Figure 3.21). Anti-rat
CD4 scFv was situated upstream of the F2A sequeimcethe pHIV-
CD4scFv_F2A_EKS5 vector, and expression of the attiCD4scFv from cells
transfected with this construct produced similavels of anti-rat CD4 scFv
compared to the expression from cells transfectiéld thve single-gene anti-rat CD4
scFv vector (pHIV-CD4scFv_F2A) (p>0.05) (Figure 3.2 EK5 was located
downstream of the F2A sequence in the pHIV-CD4séRPA EK5 vector, and
expression of EK5 from cells transfected with tb@sstruct was approximately 10
fold lower than expression from cells transfectethwhe single-gene EK5 construct

(pHIV-EKS5) (p=0.00001) (Figure 3.21).

These results reveal that regardless of whetheptbieins either side of the F2A
sequence are targeted to the same or differentl@etompartments, expression of
the protein downstream of F2A appears to be reduteh compared to expression

of the same protein from a single-gene construct.



Figure 3.20: Anti-rat CD4 scFv detection in the cul ture supernatant of
CHO cells transfected with plasmid constructs. CHO cells were transfected
with plasmid constructs for 16 hours and cultur@d5 days. Flow cytometry on rat
thymocytes was performed to detect the anti-rat GERv via the histidine tagA)
Representative histograms (green) show the expressi anti-rat CD4 scFv from
transfected cells. The mean fluorescence inten@¥frl) is labelled on each
histogram. The untransfected cell supernatant (wiscnegative for anti-rat CD4
scFv), is represented on each panel in (BYl.Anti-rat CD4 scFv expression was
guantified from a standard curve prepared fromasedilutions of bacterially
produced anti-rat CD4 scFv and triplicates wererayed (mean). Error bars
represent one standard deviation from the mean, pm=3.05, (unpaired Student T-

test).
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Figure 3.21: Endostatin::Kringle-5 (EK5) detection in culture

supernatant of CHO cells transfected with plasmid ¢ onstructs. CHO cells

were transfected with plasmid constructs for 16reoand cultured for 5 days.
Secretion of EK5 within the culture supernatant waantified using a commercially
available ELISA kit (R&D Systems, Minneapolis, MNJSA) designed to detect
human endostatin. Error bars represent one stan@aidtion from the mean, n=3. *
= statistically lower expression of EK5 comparedetgression from pHIV-EKS,

p=0.00001 (unpaired Student T-test).
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3.4: SUMMARY AND DISCUSSION

3.4.a. Summary

In this chapter, | described the construction @mdtion of single-gene and dual-gene
lentiviral vectors. Transgene expression from thesgors was characterisgudvitro

on adherent cells lines. Functional titration aftieiral vectors on A549 cells by
reporter gene (eYFP) detection yielded comparabestafter 5 days and 4 weeks in
culture. When titration was performed by quantifyroviral integration, the 5 day
titre produced much higher titres when compareithéoe YFP titres, however, after 4
weeks in culture, the proviral integration titra®pgped to comparable levels to the
eYFP titres. Long term storage of lentiviral vestat -80°C produced a one-log drop
in activity. However, a single freeze-thaw did radtect the activity of a lentiviral

vector.

The expression of eYFP from LV-CD4scFv_F2A _eYFP antVv-
eYFP_F2A CD4scFv was significantly lower, 2 folddad fold respectively,
compared to expression of eYFP from the single-gewor (LV-eYFP). EYFP
expression was also 2 fold higher when expresseah fthe dual-gene construct
where it was positioned upstream of F2A  (LV-&/IF2A_CD4scFv) compared to

when it was positioned downstream of F2A (LV-CD4sdR2A_eYFP).

It was proposed that the reduced expression of eigl? have been due to “slip-
streaming”, which occurs when both proteins withidual-gene 2A construct are
translocated through the exocytic pathway. This@arur when the protein upstream

contains a leader sequence and the protein dowansiiees not. However, the
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expression of two proteins (each with secretorgdéeaequences) from a dual-gene
construct (pHIV-CD4scFv_F2A EK5), showed 10 foldvér expression of the
protein positioned downstream of F2A (EK5), whempared to expression from a
single-gene vector (pHIV-EK5). Therefore, the resthadetection of the protein
downstream of F2A within a dual-gene vector waskeht to have been caused by

“slip-streaming”.

The expression of anti-rat CD4 scFv from the pHIB4ScFv_F2A_eYFP construct
was comparable to expression from the single-gemeinterpart (pHIV-
CD4scFv_F2A). However, expression of anti-rat CD4Fw from pHIV-
eYFP_F2A CD4scFv was 20 fold lower compared togkgression from a single-
gene vector (pHIV-CD4scFv_F2A). Therefore, thevivo experiments described in
the following chapter were performed using the pHIW4scFv_F2A eYFP
construct, because it produced strong expressitimeaherapeutic transgene (anti-rat
CD4 scFv), even though the expression of eYFP filasvector was too low to be
used to determine transduction efficiency, to penf@YFP quantification for vector

titration or to track transduced celisvivo.

3.4.b. Titration of lentiviral vector preparations

There are several methods currently used to &mnéviral preparations (Table 3.6)
and most can be categorised into two main groups:fanctional and functional
titration method$*® Non-functional titration is performed directly ahe lentiviral
vector preparations, whereas functional titratiequires transduction of a cell line

followed by quantification of transgene expression.
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Table 3.6: The methods used to titrate lentiviral v ectors

Method of titration

Quantification of RNA in viral supernatant

Quantification of gag (p24) in viral supernatant

Quantification of reporter protein expression

Drug resistance

Quantification of mMRNA expression of a transgene

Quantification of integrated proviral DNA

Non-functional/
Functional
Non-functional

Non-functional

Functional

Functional

Functional

Functional

References

250
265
270
259
264
256
254
261

271
251
254
261

252
255
264
251
256
257
261
254

260

263
256
266
254
247

253
267
268
248
262
264
256
249

141
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Non-functional titration methods include the quacdtion of viral
RNAZ°0256:259.261264-265.270 g 094 proteiftt2**2%1271 within lentiviral vector
preparations. While non-functional titration metbBogdroduce rapid results, they
grossly overestimate functional titre due to thespnce of defective interfering
particles and inhibitors of transduction within tieal preparation§>°?**It has also

been shown that only between 0.1-1% of a typicadl\particles present in a viral

preparation are actually infectioffS.

Functional titration methods traditionally invol#tee transduction of a cell line with
a lentiviral vector followed by quantification of aeporter gene by flow
cytometry?>1252255-%51.261.264 3_qa|actosidase  stainify or drug  resistance’

Functional titres are highly reliable and produoasistent titres.

The development of lentiviral vectors carrying #y@utic transgenes rather than
reporter genes has created a need for functianation methods that do not rely on
reporter gene expression or drug resistance. Fegethentiviral vectors, mRNA
expression of a transgene can be quantified udRi-RCR. This titration method
has been proven to be a reliable alternative wheeaparter gene is not present,
producing viral titres comparable to those yieldsdreporter gene quantification

using flow cytometry>*2°°

Functional titration of lentiviral vectors that dot express a reporter gene can also
be determined by calculating the number of integtaproviral particles per
cell 2°°2%4| demonstrated that after 5 days in culture, pedintegration titres were

much higher than eYFP flow cytometric titres on Hagne viral preparation (Table
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3.3). The high copies per cell calculated aftea$sdn culture are most likely due to
carry-over of plasmid DNA from the transfection pess. Anson revealed that
treatment of viral preparations with nucleases il remove contaminating DNA
(Anson, personal communication). A possible exgianamay be that the DNA used
in the transfection is bound with the calcium phadp co-precipitate, which is
protects the DNA from nuclease attack. On the offaerd, Sastrgt al. showed that

<0.01% of contaminating DNA in lentiviral prepamats is transferred to cells during
transductiorf>* The variation in plasmid contamination betweerdigts may be due

to differences in the cell lines used for virusgarction and titration, the transduction

conditions, and the amount of contaminating DNAspr# in the viral preparation.

Other studies have also reported higher titres frgoantification of proviral
integration compared to quantification of reporggme (GFP) expression on the
same viral preparation after less than a week lue@®®?**and after 2 weeks in
culture?®® The conclusions made by these authors were teatefporter gene titres
were lower than the proviral integration titres daehe lack of GFP expression by
some of the integrated lentiviral particles andhat a significant proportion of the
viral vectors integrated into areas of the genohst were not amenable to gene
transcriptior™®***However, in this chapter, proviral titration orllsehat had been
in culture for 4 weeks produced viral titres congide to the reporter gene (eYFP)
titres (Table 3.3). Also, the copies per cell dreghrom 39 after 5 days in culture to

<1 after 4 weeks in culture (Table 3.3).

Functional titration methods rely on the transductof a viral vector into cellsn

vitro. Several variables need to be carefully monitaneorder to produce consistent
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results. Zhang and co-workers studied the effettsoatrolling parameters when
transducing cell lines with lentiviral vectd™®. They demonstrated that factors such
as the volume of viral inoculum used, the numbel tgpe of cells being transduced,
and the susceptibility and viability of these cellere all variables that affected the
transduction of the target cefi€ They also found that the exposure time to the vira
vector and the vector half-life were other paramsetbat must be kept consistent in

order to produce comparable transduction conditimiereen experiments?

A number of groups have compared different lerdgivivector titration methods
(Table 3.7). Delenda and Gaillard published a c&in@nsive review of the literature
on gPCR methods of titration, such as RNA quartifcsn in viral preparations,
MRNA transgene expression and proviral integraiad came to the conclusion,

that proviral integration is the most accurate rogtbf titration using qPCR®

The findings from this chapter strongly suggest thhen the transduced cells are
cultured for 4 weeks, prior to testing, provirategration is a reliable functional
titration method, and produces titres that are @raigle to titres obtained by reporter

gene quantification.



Table 3.7: Studies that have compared two or more m

Viral components assayed

RNA in viral supernatant + reporter protein expression

RNA in viral supernatant + reporter protein expression

RNA in viral supernatant + reporter protein expression

RNA in viral supernatant + reporter protein expression

mMRNA transgene expression + reporter protein expression

mMRNA transgene expression + reporter protein expression

Proviral integration + reporter protein expression

Proviral integration + reporter protein expression

p24 in viral supernatant + reporter protein expression

p24 in viral supernatant + reporter protein expression

p24 in viral supernatant + RNA in viral supernatant

Proviral integration + mRNA transgene expression

Reference

264

256

261

254

256

254

264

256

261

254

261

256

ethods of lentiviral titration

Conclusions

Quantification of RNA in viral supernatant overestimates functional titre due to presence
of defective lentiviral particles.

Quantification of RNA in viral supernatant overestimates functional titre due to presence
of defective lentiviral particles.

The novel hybridisation assay developed to quantify RNA in viral supernatant produced
consist titres, but they were not comparable with the reporter protein expression titres.

Cannot predict functional titre by quantifying the RNA in viral supernatant because
functional titre is dependent on vector construct and the cell type transduced.

mRNA transgene expression showed a strong correlation with reporter protein
expression.

Quantifying the mRNA transgene expression is a good alternative for non-fluorescent
transgenes.

GFP titres were consistently 1-log lower than proviral integration titres.

Titres calculated by reporter protein expression were 20 fold lower than proviral
integration.

Titres calculated from p24 quantification in viral supernatant were higher than titres
calculated from reporter protein expression

Cannot predict functional titre by quantifying the p24 protein in viral supernatant
because functional titre is dependent on vector construct and the cell type transduced.

Titration of p24 in viral supernatant quantified the total number of viral particles (both
empty and packaged with RNA genomes) and subsequently calculated higher titres than
titres that quantified the RNA in viral supernatant

Proviral integration produced higher titres than those that quantified mRNA transgene
expression
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3.4.c. Multigenic expression using the 2A self-proc  essing sequence
Picornaviruses are positive strand RNA viruses #ratode all their proteins in a
single ORF in the form of a 225 kDa polyprotéih.In some genera of the
picornavirus family, including the enterovirus arfdnovirus, primary cleavage of
the P1 capsid protein precursor and the replicadmmains of the polyprotein are
cleaved by a virus-encoded proteinase P(QAwhich is ~17 kDa. However,
aphthoviruses, such as the FMDV, encode a relgtisatall 2A self-processing
sequence (18 amino acids) which undergoes selepsing in between the 2A C-
terminal glycine and the 2B N-terminal proline ckg in an enzyme-independent
mannerr’*?’® FMDV 2A-like sequences with self-cleavage activinave been
identified in other organisms, including other pitaviruses, Type C rotaviruses,
insect viruses, parasitic protists and a bactefitfrithe cleavage of 2A and 2A-like

sequences occurs in only eukaryotic ribosomes ahihmprokaryotic ribosome<?®

The mechanism of 2A self-processing has been fikhtias a translational
‘skipping’ of peptide bond formation between the Blcine and the 2B proline
residues at the ribosom&?” In its native state, 2A/2B cleavage is complete,
however, many studies have shown incomplete cleavagan artificial setting
ranging from 5-20% accumulation of uncleaved pay@in productg?®:240-242.275.277-
2’8 Cleavage of 2A can be enhanced by the additiothefFMDV 1D sequence
upstream of 2&29242217218 The addition of 5 1D amino acids reduced the
accumulation of uncleaved material and the additib@4 1D amino acids resulted
in complete cleavag€’ The addition of 39 1D amino acids has been shawesult

in complete cleavage in an artificial setting. Hoee the additional residues

attached to the upstream protein interfered withtinction?** These results indicate
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that the upstream protein structure within the sdooal exit tunnel plays a role in the

processing of 2A.

To reduce and/or eliminate interference of the @sidues that remain attached to the
C-terminus of the upstream protein, some groupe laked a 3 amino acid spacer
(glycine, serine, glycine) between 2A and the wgastr proteiff****and others have
added a furin cleavage site which causes the relnodvthe attached 2A residues by
furin cleavage in the Golgi apparafii€?**The dual-gene vectors constructed as part
of the work described in this chapter, consistetheffirst transgene followed by the
F2A sequence, which consisted of a furin cleavage ®cated immediately
upstream of 5 FMDV 1D residues, 18 FMDV 2A residaged the FMDV 2B proline
residue. The second transgene was positioned deeanstof the F2A sequence

(Figure 3.22).

| discovered that a dual-gene vector carrying astrepm transgene with a secretory
sequence (anti-rat CD4 scFv) and a downstreamgeaeswithout a signal sequence
(eYFP) showed reduced expression of the downstteamsgene after transduction
into HEK-293A cells, when compared to a single-geiéP vector (Figure 3.18).

Also, a dual-gene vector carrying the same trareg@mthe reverse order was used
to transfect HEK-293A cells. In this vector the tipam transgene (eYFP) lacked a
signal sequence and the downstream transgene medtdhe secretory sequence
(anti-rat CD4 scFv). Once again there was lowerresgon of the downstream

transgene (this time it was anti-rat CD4 scFv), parad to expression from a single-

gene vector (Figure 3.19).
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F2A sequence

( \

SVZRl  Genel |Furin |ID | 2A [l o

Figure 3.22: Schematic of the dual-gene open readin g frame (ORF) used

in this study. The first gene was positioned upstream of the Fedusnce. The

F2A sequence consisted of a furin cleavage sitelwhias upstream of 5 FMDV 1D
residues, followed by 18 FMDV 2A residues and tMDV 2B proline residue. The

second gene was positioned downstream of the F2puesee. Expression was

controlled by the internal SV40 promoter.
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It was also noted that both anti-rat CD4 scFv ariBRe expression was lower when
positioned downstream of 2A compared to when thegevsituated upstream of 2A
(Figures 3.18 and 3.19). It was postulated thalipstreaming’ effect was the cause
of lower expression of the downstream protein.p&lieaming’ occurs when the
protein upstream of 2A (carrying a signal sequenasll the protein downstream
protein of 2A (lacking a signal sequence), are lithslocated through the exocytic
pathway*****To test whether ‘slipstreaming’ was causing lowetedtion of the
downstream protein, an additional vector was congd,
pHIV-CD4scFv_F2A_EKS, whicleontained the anti-rat CD4 scFv and EKS5, both of
which carry secretory signals and should therebaréargeted for secretion into the
culture supernatant after transfection. Expressibthe transgene downstream of
F2A, EK5, was approximately 10 fold lower compatedthe expression of EK5
from a single-gene vector (Figure 3.21). On theeothand, expression of the
transgene upstream of F2A (anti-rat CD4 scFv) veesparable to the expression of
anti-rat CD4 scFv from the single-gene vector (Fég8.20). These results suggest
that it was not the ‘slipstreaming’ effect which svaausing lower detection of

proteins positioned downstream of F2A.

Furthermore, eYFP expression was lower when postaipstream of 2A in a dual-
gene vector, compared to expression from a singhe-gonstruct. However, anti-rat
CD4 scFv expression was comparable from a dual-geéor when positioned

upstream of 2A compared to expression from a siggle construct. A possible
explanation for the differences in expression df-eat CD4 scFv and eYFP when
situated upstream of F2A could be that not all padyeins undergo self-cleavage at

the 2A sequence during translatfGn?’® If this were the case, then folding of the
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upstream protein might be affected and the eYFRepranight be more sensitive to
misfolding than the anti-rat CD4 scFv, and subsetiyemight therefore not be

detectable under blue light.

Multiple studies have reported equimolar ratios foteins upstream and
downstream of the 2A self-processing sequérit&’?**However, there also have
been reports of an imbalance of protein expressiben using 2A to express two
transgenes within a single ORF, with the proteistigam of 2A being expressed at
higher levels than the protein downstream of?2X*?"°The molar excess of the
upstream protein was the initial inspiration foe thA ribosomal ‘skip’ mechanism
hypothesis?®?”° The hypothesis stated that molar excess of theiprapstream of
2A may be caused when the translational ‘pauseurscat the ribosome. In this
ribosome ‘skip’ model there are three proposedmugs. The first outcome results
in no ‘skip’ between the 2A glycine and 2B prolingroducing an uncleaved
polyprotein. The second outcome results in a ‘paase a break in the peptide bond
between the 2A glycine and the 2B proline, follovisdresumption of translation of
the downstream protein after the 2B proline. Theltbutcome results in termination
of translation at the 2A glycine/2B proline bondhid model accounts for the
imbalance in the downstream and upstream 2A protsnwell as the small amount
of uncleaved produét®?”°Funstoret al. also reported a molar excess of the protein
upstream in a dual-gene construct containing a FMI2Y but not in a dual-gene

construct encoding a porcine teschovirus 2A-likgusace**

In summary of my own data, regardless of whether upstream or downstream

protein contains a secretory signal sequence, tisecensistently lower expression
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(between 2 and 20 fold) of the downstream protemmared to a single-gene vector
carrying the same transgene, or when the samegaess located upstream of 2A
in the reverse-order construct. The molar imbalashegcribed above may explain
these findings. One possible explanation for thdamexcess observed in some
studies and not others, may be that the upstreateipris influencing the ‘skip’

mechanism (the importance of the sequence upst@&a@A has already been
discussed). Another explanation may be that sontlgoeiare assuming equimolar

expression of both transgenes, when this may ni@ictbe the case.

Other methods that have been used to express faultgnsgenes from a single
construct include the use of internal ribosome yesttes (IRESf31?8%2internal

promoteré®! and bidirectional promotefé? The expression of multiple genes from
vectors containing either 2A or IRES sequences e directly compared. The
first gene produced similar expression levels fribath 2A and IRES constructs,
however expression of the second gene was higloen A construct§?:244243

Also, a 2A dual-gene vector produced higher expomas®f both genes when

compared to a dual-gene vector using internal pterad*

Amendolaet al. have developed a dual-gene construct using aelottbnal promoter
consisting of a minimal core promoter from elemeotshuman cytomegalovirus
joined upstream and in opposite orientation to afficient promoter,
phosphoglycerate kinase (PGK). These bidirectiooahstructs produced more
efficient expression of both gene products than @AIRES constructs and both
transgenes were expressed at levels comparabiegie-gene counterparts vitro,

ex vivo andin vivo.?*?
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Multi-gene transfer vectors have been used forréetyaof functions, such as the
expression of a therapeutic gene coupled to a tepgene for simple detection of
transduction efficiency and vector titratfdh**® or to track the location of gene
delivery in vivo.?*°?* Dual-gene vectors have been used to confer afgmative
potential upon transduced céffs and to express various subunits of a large

mOleCU|92.37_239'244'283

The results described in this chapter suggestthieaie is reduced expression of the
transgene situated downstream of 2A. However othavs shown that expression of
the downstream transgene is still higher using &fpared to dual-gene vectors
carrying internal promoters or IRES. The use ofrbitional promoters appears to
be a more efficient method of dual-gene expressiomever for expression of three
or more transgenes within a single construct, 2peaps to be the best choice
currently. Quad-gene 2A vectors have already beseldped using 2A sequences

from different viruse$>’

In summary, even though there is reduced expressfoa protein when it is
positioned downstream of 2A in a dual-gene vectomgared to a single-gene
counterpart vector, expression of the downstreastepr might still be adequate for
its intended function. Further testing should b&qened to determine the level of
expression required for a particular protein todoice a desired outcome. In tire
vivo experiments described in the following chaptes, phIV-CD4scFv_F2A _eYFP
construct was used because it produced strong ssipre of the therapeutic

transgene (anti-rat CD4 scFv), even though theesgoon of eYFP from this vector
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was too low to be used to determine transductiditiefcy, to perform eYFP

guantification for vector titration or to track treduced cellgn vivo.



CHAPTER 4: EXPRESSION OF ANTI-RAT CD4 SCFV AT

POTENTIAL SITES OF ANTIGEN PRESENTATION
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4.1 ABSTRACT

Aim: To investigate the anatomic site of antigen priegEm during corneal
transplantation in the rat. To achieve this, an-@tCD4 scFv was delivered in a
lentiviral vector (LV-CD4scFv_F2A_eYFP) to sitesiaoterest, including the donor
corneal endothelium, the anterior segment of theeand the cervical lymph nodes.
Methods: Transduction of the donor corneal endothelium withV-
CD4scFv_F2A eYFP was performed immediately priccdmeal transplantation by
eXx Vvivo transduction. Transduction of both the donor amdipient corneal
endothelium 5 days prior to grafting was achievgdabterior chamber injection of
the lentiviral vector. LV-CD4scFv_F2A eYFP was rttgd into the cervical lymph
nodes of recipient rats 2 days prior to corneahdpdéantation. A group of rats
underwentbilateral lymphadenectomy of the cervical lymph nodes 7 daysr to
corneal transplantation. Corneal allografts wererest daily for signs of rejection,
inflammation and neovascularisation. Expressionth&f anti-rat CD4 scFv from
transduced tissues was detected using flow cytgnaettl PCR. ResultSignificant
prolongation of corneal allograft survival was em@eced by rats that receivest
vivo transduction of the donor corneas with LV-CD4sdR2A eYFP immediately
prior to corneal transplantation. However, delivedfythe lentiviral vector 5 days
prior to corneal transplantation by anterior chambgction into both the donor and
recipient, did not prolong corneal allograft sualivintranodal injection of LV-
CD4scFv_F2A_eYFP did not affect the survival of toeneal allografts and neither
did bilateral lymphadenectomy of the cervical lymph nodes 7 qaysr to corneal
transplantation. Conclusion®either expression of the anti-rat CD4 scFv in the
cervical lymph nodes nor the removal of these nodas able to prolong corneal

allograft survival in rats, suggesting that antigeesentation can occur elsewhere,
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even though extensive evidence from other studasshighlighted the critical role
these lymph nodes play in corneal allograft reggcin mice. Expression of the anti-
rat CD4 scFv from the donor corneal endotheliwas able to prolong corneal
allograft survival. These results suggest antigessgntation does occur within the
anterior segment of the eye as expression of theanCD4 scFv from the donor
corneal endothelium was able to modulate antigesgmntation. However, because
all corneal allografts did eventually reject, sugjgehat rejection was merely delayed
and that antigen presentation could also occumblees in the body. Potential sites
include the conjunctiva-associated lymphoid tis§GALT), the cervical lymph

nodes or other secondary lymphoid organs.

4.2 INTRODUCTION

4.2.a. Corneal graft rejection

In Australia, human corneal grafts experience haghvival rates of >90% at one
year post surger}’ However, the survival rate drops considerably initlen years
post surgery, with a ten-year Kaplan Meier corngalft survival of 6093 In
addition, there have only been modest improvemtentse survival rates of corneal
allografts over the last 20 years, mainly becalsedpproach for preventing and
treating corneal graft rejection has not changedificantly over this period® For
these reasons, it is evident that a novel therapythie prevention of corneal graft

rejection is necessary.

4.2.b. Regional immunosuppression
A novel approach to prevent corneal allograft répeccould be to use a regional

Immunosuppressive strategy. This might be achigweddelivering an antibody
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fragment to the actual site where the immune respas being generated. Regional
immunosuppression has the potential to have a rpotent effect, be more cost
effective and may further reduce any potential sffects compared to systemic
delivery of an antibody fragment. Regional immurnmgmession can only be
performed if the site of antigen presentation hasnbidentified. Currently, this is
uncertain. As discussed in Section 1.6,dtBe cervical lymph nodes have been
reported to be essential for corneal allograftatije in mice*®® Their role in rat
corneal allograft rejection is not currently knovimowever the work of Tilnéy® and
the McMenamin group’®**’has provided insight into the drainage of ocuteigen

in the rat, which appears to follow a similar patte that seen in the mouse (into the

cervical lymph nodesy®*%

Another potential site of antigen presentation dobé within the ocular tissue.
Infiltrating T cells, NK cells and APCs have bedentified within the rat and human
cornea at the time of rejectidfi® Moreover, Rosenbaum and colleagues have
reported the interaction of stationary APCs withbite T cells within the iris? and
Dullforce and colleagues have reported that uvesdttAPCs do not appear to
migrate after antigen uptakE.For these reasons it is believed that antigen

presentation might be occurring within the cornethe uveal tract.

In summary, the potential sites of antigen predmmtain response to corneal
transplantation might be within the cervical lympiodes, or in the ocular
environment, including the cornea, or the antesegment of the eye. The work

described in this chapter aimed to identify whi¢hhese sites (if any) were involved
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in antigen presentation in response to corneaspiantation in the rat, by expressing

an anti-rat CD4 scFv in these tissues.

4.2.c. Anti-rat CD4 scFv as an immunosuppressive ag  ent

The anti-rat CD4 scFv is a suitable immunosuppvesagent to investigate the site
of antigen presentation in response to cornealsplantation for several reasons.
CD4 is abundantly expressed on T cells and bec@l®k is essential for antigen
presentatiorf°> inhibiting its function will prevent T cell actian and prolong
corneal allograft survival (Table 1.1). In additidoy inhibiting the function of CD4
with the local expression of an anti-rat CD4 sclwve actual site of antigen
presentation can be identified, because CD4 isesgpd on T cells and not on

migratory or stationary APCs.

An anti-rat CD4 scFv has been shown to inhibit @ibdiferation in a mixed
lymphocyte reaction (MLRJ** However, when the anti-rat CD4 scFv was delivered
to the corneal endothelium of donor corneas usingdenoviral vector immediately
prior to corneal transplantation in rats, there wes prolongation of allograft
survival??* Further, when the donor corneas were transducéu tve adenoviral
vector carrying the anti-rat CD4 scFv three daysrgo corneal transplantation (by
anterior chamber injection into the donor rat, Isat the scFv was being expressed at
the time of grafting), there was still no prolorigatof corneal allograft survivaf’
Adenoviral expression of the anti-rat CD4 scFv pebKk-5 days after transduction
and by day 8-14 very little anti-rat CD4 scFv wastedted®®’ Thus sustained
expression of the anti-rat CD4 scFv may be requioegrolonged corneal allograft

survival, or alternatively, antigen presentationynmot occur within the eye, but
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rather in the cervical lymph nodes or other secondmphoid organs. Another
explanation could be that the immunogenicity of #uenoviral vector might have

counteracted the immunosuppressive ability of titerat CD4 scFv.

It is hypothesised that sustained expression ofatiterat CD4 scFv at the site of
antigen presentation using a viral vector with miai immunogenicity (such as a
lentiviral vector), will prevent antigen presentsti and T cell activation and

subsequently prolong corneal allograft survival.

4.2.d. Specific aims

The experimental aims of the work described in dhapter were to investigate the
site of antigen presentation in response to cortr@asplantation in the rat. To
identify the actual site of antigen presentationaati-rat CD4 scFv was expressed at
potential sites, including the donor corneal endidim and the cervical lymph
nodes of the recipient. Successful inhibition dfigen presentation was assessed by
comparing the survival of the corneal allograftgats treated with the anti-rat CD4
scFv, to the survival of unmodified corneal alldtga A lentiviral vector was
selected for gene transfer of the anti-rat CD4 st-\target tissues because (1)
lentiviral vectors produce long term stable tramsgeexpression in transduced

S’L79,226

cell and (2) lentiviral vectors have low immunogenigityocular tissué’®
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4.3 RESULTS

4.3.a Lentiviral transduction of the corneal endoth elium

4.3.a.1. Optimisation of lentiviral transduction ti me for corneal

transplantation

Initial experiments were performed to optimise theubation time required for a
donor rat cornea to be efficiently transduced wéthlentiviral vector, without
compromising the quality of the cornea for transtdéion. Rat corneas were
transduced with a lentiviral vector carrying th@ader gene eYFP (LV-eYFP) at a
MOI of 400, for either 3 or 24 hours and culturet 6 daysin vitro. Corneal
flatmounts were stained with the nuclear dye, Hee®@3258, and visualised under
UV light at the fluorescence microscope, where difeerent layers of the cornea
could be seen distinctly, including the epitheliume stroma and the endothelium
(Figure 4.1). Endothelial cell densities were chlted by counting the cell nuclei in
5 central fields (each 0.15 mMnUnmodified corneas had a mean endothelial cell
density of 2103 + 445 mm(n=3). EYFP expression was visualised at the
fluorescence microscope under blue light (Figug) 4nd the percentage of eYFP
positive endothelial cells was determined by cowgnthe number of eYFP positive
endothelial cells divided by the endothelial dgnsithe percentage of eYFP positive
cells expressed from a transduced cornea represthadransduction efficiency of a

given lentiviral vector.

There was no significant difference in the mean pemnof eYFP positive endothelial
cells expressed in corneas transduced for 24 Hd6e% + 30) compared to 3 hours
(49% £ 13) (p > 0.05) (Figure 4.3). The mean enelidh cell density for corneas

transduced for 24 hours was 1653 + 204°mrhich was not significantly different
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Figure 4.1: Hoechst 33258 staining of a transduced rat cornea.  Cell nuclei
were detected in various layers of the cornealmitatnts including(A) the
epithelium(B) the stroma an{C) the endothelial monolayer. Original magnification

of all panels: 20X.
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Figure 4.2: Representative eYFP expression from the rat corneal

endothelium after a 3 hour transduction with LV-eYF  P. Rat corneas were
transduced with LV-eYFP at an MOI of 400 for 3 h®wand cultured for 5 days.
Corneal flatmounts were stained with the nuclear, diyoechst 33258. Fluorescence
images were taken dfA) the cell nuclei (under UV light) and ¢B) the eYFP
expression (under blue light), within the samedfigDriginal magnification of all

panels: 20X.
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Figure 4.3: Quantification of eYFP expression from rat corneas after a

24 or 3 hour transduction with LV-eYFP.  Rat corneas were transduced with
LV-eYFP at an MOI of 400, for either 24 hours oh@urs and cultured for 5 days.
Rat corneas were stained with the nuclear dye, ke83258, flatmounted and
fluorescence images were taken. The endothelidl deisity was calculated by
counting the number of endothelial nuclei stainathwoechst 33258 in 5 central
fields (each 0.15 mfih The percentage of eYFP positive cells was detexthby
counting the number of eYFP positive cells dividedthe endothelial density in
each field. Error bars represent one standard tienirom the mean, n = 3 corneas.

p>0.05, (unpaired Student T-test).
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to the mean endothelial cell density of corneasstlaced for 3 hours, which was
1346 + 189 mrh (p>0.05) (Figure 4.3). When comparing the mearpémalial cell
density of unmodified corneas to corneas transdugttdientivirus, (for either 24 or

3 hours), there was also no significant differefoe).05).

Thus in summary, a 3 hour transduction was asieffias the 24 hour transduction,
as it produced a comparable percentage of eYFResging endothelial cells. In
addition, the corneas appeared to be in a condstintable for transplantation (with
no oedema) after the 3 hour, but not after the @dr hransduction. Subsequent

experiments were performed using a 3 hour trangmuetith a lentiviral vector.

4.3.a.2. Expression of anti-rat CD4 scFv fromratc  orneas transduced

with lentiviral and adenoviral vectors

A previous study showed that when the rat cornedbthelium was transduced with
an adenoviral vector, strong expression of anrantCD4 scFv was achieved for 4-5
days®*! However, expression was transient and by days, 8€ir# little anti-rat CD4
scFv was expressed from the transduced corneasddition, allografts that were
transducedaex vivo with the adenoviral vector carrying the anti-rad4-scFv did not
experience prolonged corneal allograft survi7alin another study, a rat corneal

isograft showed reporter gene expression 60 days [@mtiviral transduction,

indicating long-term, stable transgene expresSion.

An experiment was performed to compare the expessi the anti-rat CD4 scFv
after transduction of the rat corneal endotheliumhweither a lentiviral vector

(LV-CD4scFv_F2A eYFP) at an MOI of 400, or an adera vector
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(Adv-CD4scFv) at an MOI of 320. Rat corneas wemnsduced with the viral
vectors for 3 hours and cultured for 11 days. Thkuce supernatant was collected
and replaced every three days and secretion drtheat CD4 scFv into the culture
supernatant was detected using flow cytometry dntlgmocytes (as CD4 is

expressed highly on the surface of rat thymocyéigjure 4.4).

Significantly higher levels of the anti-rat CD4 sciwere detected in the culture
supernatant of rat corneas transduced with thecattah vector, compared to the
lentiviral vector from days 2-8 (p<0.05), with a 1dld difference seen at day 5
(Figure 4.4). By day 11 post transduction, the edéhce in anti-rat CD4 scFv
expression was not significant between the rat easnransduced with either the
adenoviral or the lentiviral vector (p>0.05) (Figu#.4). Anti-rat CD4 scFv

expression was detected from adenoviral-transducedheas 2 days after
transduction, whilst lentiviral-transduced corndabnot express detectable levels of
anti-rat CD4 scFv until day 5 post transduction.trdnsduced corneas did not
produce detectable expression of the anti-rat C&#4s fas expected) (Figure 4.4).
These results reveal a more rapid and strongeression of the anti-rat CD4 scFv
from rat corneas transduced with the adenoviratoremompared to the rat corneas

transduced with the lentiviral vector.

4.3.a.3. Ex vivo transduction of rat corneas prior to transplantation

4.3.a.3.a LV-eYFP corneal isograft

A previous study reported long term transgene esgpoe in rats after transduction of
the donor corneal endothelium with a lentiviral tee¢®® To replicate this and to

confirm functionality of the LV-eYFP vector, a sieglonor cornea was transduced
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Figure 4.4: Anti-rat CD4 scFv expression from rat ¢ orneas transduced

with LV-CD4scFv_F2A eYFP and Adv-CD4scFv. Rat corneas were
transduced with lentiviral (MOI of 400) and ademaVvi(MOI of 320) vectors for 3
hours and cultured for 11 days. Culture supernatastcollected and replaced every
3 days from day 2. Flow cytometry on rat thymocyissg culture supernatants was
performed to detect anti-rat CD4 scFv via the Hisg tag. Error bars represent one
standard deviation from the mean, n=3 corneas. répresents p<0.0005, **

represents p < 0.01 and * represents p < 0.05a{tegp Student t-test).
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with LV-eYFP prior to transplantation as an isogrdihe corneal isograft remained
clear for the duration of the experiment (60 daysjer 60 days, the LV-eYFP-
tranduced corneal isograft was flatmounted and Histe83258 stained (Figure 4.5).
Images were taken in 5 central fields to visudtieth Hoechst 33258-stained nuclei
and eYFP expression. Five percent of the endothalb@olayer was seen to express
eYFP after 60 days and the endothelium appeardthizeeth a cell density of 2699

cell/mn? (n=1).

4.3.a.3.b. Transduction of the donor corneal endothelium with viral vectors
carrying the anti-rat CD4 scFv

Donor corneas were transducedvivo with a lentiviral vector carrying the anti-rat
CD4 scFv (LV-CD4scFv_F2A eYFP) at an MOI of 400,r fthree hours,
immediately prior to corneal transplantation obghafts. The control groups for this
experiment included unmodified allografts, allogsafransduced with LV-eYFP at
an MOI of 400, and allografts transduced with Ad43cFv at an MOI of 320

(which previously was shown not to be able to prgloorneal allograft survivaff!

To detect successful transduction of the donor easnusing the lentiviral and
adenoviral vectors carrying the anti-rat CD4 sdhRe,remaining donor corneal tissue
left over after surgery (the donor corneal rimsgrevcultured for 5 dayand flow
cytometry on rat thymocytes was used to detectrahtCD4 scFv (via the histidine
tag) in the culture supernatants. Anti-rat CD4 sekpression was detected in every
donor corneal rim that was cultured, indicatingtthi®e donor corneas had been

successfully transduced with both adenoviral anthizal vectors (Figure 4.6).
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Figure 4.5: An isograft transduced with LV-eYFP sho ws eYFP
expression after 60 days. The donor cornea was transduced with LV-eYFP prior
to transplantation. After 60 days, the cornea vatsnbunted and the endothelial cell
nuclei were stained with Hoechst 332%58) A representative image of the Hoechst
33258-stained endothelial nuclei, visualised undsr light. (B) A representative
image of eYFP expressing-endothelial cells visedlisinder blue light. Original

magnification of all panels: 20X.
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Figure 4.6: Anti-rat CD4 scFv expression from donor corneal rims

transduced with either LV-CD4scFv_F2A eYFP or Adv-C  D4scFv. Flow
cytometry on rat thymocytes was performed to detett-rat CD4 scFv (via the
histidine tag) in the culture supernatant of trarcedl donor corneal rims after 5 days
in culture. Expression of anti-rat CD4 scFv wasedtdd in all donor rims in this
experiment. Error bars represent one standard timvikom the mean. The number
of corneal rims in each group is marked on the lyrafhere was no significant
difference in anti-rat CD4 scFv expression betwibentwo groups, p>0.05 (unpaired

Student t-test).
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Prolonged survival was observed in allografts thagére transduced with
LV-CD4scFv_F2A eYFP with a median day of rejectmin22 days, compared to
allografts transduced with Adv-CD4scFv which hach@dian day of rejection of 17
days (p=0.018) (Table 4.1). Prolonged survival \eés0 observed from corneal
allografts transduced with LV-CD4scFv_F2A eYFP wheompared to the
unmodified allografts and allografts that were s@dunced with LV-eYFP (both had a
median day of rejection of 17 days) (p=0.004) (€adll). All of the corneal
allografts transduced with LV-CD4sFv_F2A eYFP didemtually reject. Ocular
inflammation was also assessed daily on a 0-4 noalescale with 0.1 increments.
Ocular inflammation was similar amongst all groupsm days 1-10 post
transplantation, however, at day 15, LV-CD4scFv_F@AFP-transduced allografts
showed significantly less inflammation than alldtgatransduced with Adv-
CD4scFv (p<0.005), or allografts transduced with-&YFP (p<0.01) (Table 4.2).
The median day of blood vessel infiltration inte thrafted tissue was comparable

amongst all groups (Table 4.1).

4.3.a.4. Anterior chamber injection of lentiviral vectors

4.2.a.4.a. Anterior chamber injection of LV-eYFP

Data presented in Figure 4.4 revealed a 5 dayrdaanti-rat CD4 scFv expression
from corneas transduced with the lentiviral vect®mce there was a moderate
prolongation of graft survival observed when dooomeas were transducex vivo
with a lentiviral vector carrying the anti-rat C34Fv (Table 4.1), the next set of
experiments were performed so that corneal trantgilan was performed when
donor corneas were actively expressing the ant@4 scFv, i.e. 5 days after

transduction.



Table 4.1: Summary of rat corneal allograft surviva | after ex vivo transduction with viral vectors prior to transplan tation

Median day of vessel Median day of

Lig=z e St n infiltration into graft Dl ol (R rejection
Unmodified allograft 10 10 11,12, 14, 15, 16, 18, 19, 19, 20, >60" 17
LV-eYFP allograft 10 10 10, 11, 14, 15, 16, 18, 19, 19, 27, 30 17
LV-CD4scFv_F2A_eYFP  allograft 8 10 17, 20, 20, 21, 22, 25, 27, 38 22%
Adv-CD4scFv allograft 8 11 13,13, 14, 16, 17, 18, 21, 22 17

n = number of animals used in analysis

A = graft did not reject

* = statistically significant compared with Adv-CD4scFv (p=0.018, Mann Whitney U test, corrected for ties) and compared to the unmodified and LV-eYFP
allografts, p=0.004, (Kruskal-Wallis, corrected for ties with Bonferroni adjustment)
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Table 4.2: Summary of the ocular inflammation in al lografts after ex
vivo transduction with viral vectors prior to corneal t ransplantation.
Inflammation was scored daily on a 0-4 numericalesavith 0.1 increments. This
table summarises the median inflammation scoredags 1, 5, 10 and 15 post

transplantation for each group.

Treatment Median inflammation scores

n Day1l Day5 Day 10 Day 15
Unmodified 10 0.5 0.6 0.4 0.1
LV-eYFP 10 0.8 0.9 0.2 0.5
LV-CD4scFv_F2A_eYFP 8 0.65 0.75 0.3 0.05%
Adv-CD4scFv 8 0.7 0.7 0.15 0.9

* = statistically different compared to the Adv-CD4scFv group (p<0.005), and the LV-eYFP
group (p=0.01), at day 15 post transplantation (Mann Whitney U tests, corrected for ties).
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Because rat corneas are not in a condition suifablansplantation after 5 days in
culture, to achieve active expression at the timhegmafting, anterior chamber

injections were performed.

Initial experiments involved the injection of LV-&P (5 x 18 TU/injection) into the
anterior chamber of 15 rats. Eyes were harvesteldys after injection, fixed in
buffered formalin and the cornea, iris and retirerevstained with the nuclear stain
Hoechst 33258, and the tissues were flatmountedr&$cence microscopy was use
to detect eYFP-expressing cells within the flatntsusand their corresponding cell

nuclei within the same field.

EYFP was expressed in the cornea, iris and retftex anitial anterior chamber
injection of LV-eYFP (Table 4.3; Figure 4.7). Vang degrees of traumatic damage
occurred in some rats after anterior chamber iigecwith 4 of 15 rats developing

cataracts (Table 4.3).

Table 4.3: EYFP expression from rat eyes 5 days aft er receiving an
anterior chamber (AC) injection of LV-eYFP (5 x 10  ® TU/injection).

Total number of eYFP+ eYFP+ eYFP+ No. of
AC injections corneas irides retinae cataracts

15 11/15 7/15 4/15 4/15




Sarah Brice CHAPTER 4: Expression of anti-rat GDBv at potential sites of antigen presentatioh/4

A
cornea

Figure 4.7: Detection of eYFP-expressing cells with in the eye after
anterior chamber injection of LV-eYFP (5 x 10 ° TUlinjection). Five days
post injection, eyes were harvested and fixed iffiebed formalin. The cornea, iris
and retina were Hoechst 33258 stained, flatmouatedimages were taken using the
fluorescence microscope to visualise Hoechst 332&fed cell nuclei (under UV
light) and eYFP expression (under blue light), witthe same field. Panefs C and

E show Hoechst 33258 stained cell nuclei. PaBeld andF show eYFP-expressing

cells. Original magnification of all panels: 20X.
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EYFP-expression was observed in 11 of the 15 cerradter anterior chamber
injection of LV-eYFP (Table 4.3). However, transddccells were not uniformly
spread throughout the cornea. EYFP-expressing wélgn the cornea were mainly
observed around the injection and paracentesis, sitigh bright eYFP-expression
observed within the central area of the corneasé@hells were a combination of
endothelial cells and cells with the morphology ACs (Figure 4.7B). Fainter
eYFP-positive cells (in both the endothelium anel stroma) were observed within
the peripheral region of the cornea (data not shoMmost half the total number of
eyes that received an anterior chamber injectiob\6EYFP had detectable eYFP
expression within the iris (Table 4.3). The eYFpwessing cells had the
morphology of APCs and were uniformly dispersedotighout the iris (Figure
4.7D). Expression of eYFP in the retina was pat@fgure 4.7F) and was only
detected in 4 of the 15 rats that received anterimmber injection of LV-eYFP
(Table 4.3). The eYFP-expressing cells within teéna are likely to be retinal
ganglion cells. To determine the actual phenotyph® eYFP-expressing cells with
APC morphology, future experiments will involve immnmophenotyping using anti-

leucocyte mADbs.

4.3.a.4.b. Anterior chamber injection of a lentiviral vector carrying the anti-rat
CD4 scFv prior to corneal transplantation

Preliminary experiments revealed that it was pdsdib transduce the cells within
the cornea, iris and retina with a lentiviral vecsdter anterior chamber injection.
The next step was to determine whether injectidgnéiviral vector carrying the

anti-rat CD4 scFv (5 x fOTU/injection), into both the donor and recipientexior
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chambers, 5 days prior to corneal transplantatiould modulate corneal allograft

survival.

All recipient rats that received anterior chambgegtions of LV-eYFP developed
some degree of lens damage; 4 exhibited minor daraad 4 developed cataracts.
The cataracts were only mild and these rats maiethdeep anterior chambers with
no lens swelling observed and were subsequently inshe allografting experiment.
All of the recipient rats tHha received anterior chamber injections of
LV-CD4scFv_F2A_eYFP showed minor lens damage frbeinjections, however
no cataracts formed, which might have been a tafle®f improved technique as

time went by.

Allografts performed in rats that received anterichamber injection of
LV-CD4scFv_F2A eYFP, had a median day of rejectodnl3 days, which was
comparable to the survival of rats that receiveder@or chamber injection of
LV-eYFP, which had a median day of rejection of ddys (p>0.05) (Table 4.4).
There was no significant difference in graft sualibetween the two anterior
chamber injected-allograft groups, compared toutiodified allografts, which had
a median day of rejection of 17 days (p>0.05) (€ab#). The median day of vessel

infiltration into the donor tissue was similar angshall groups (Table 4.4).

Inflammation scores at day 1 and 5 after graftiregeshigher in the recipients that
received anterior chamber injection of LV-eYFP camgu to recipients that
received anterior chamber injection of LV-CD4scFRAFeYFP (p<0.01) (Table

4.5), indicating that the anti-rat CD4 scFv mighté inhibited inflammation



Table 4.4: Summary of rat corneal allograft surviva

donor and recipient eyes.

Treatment Graft n
Unmodified allograft 10
LV-eYFP allograft 7

LV-CD4scFv_F2A_eYFP allograft 7

Median day of vessel
infiltration into graft

10
11

10

Day of rejection

11, 12, 14, 15, 16, 18, 19, 19, 20, >60"
9,10,11, 11, 14, 15, 22

11,12,12, 13, 14, 22, 33

| data after anterior chamber injection of lentiviral vectors in both

Median day of
rejection

17
11

13

n = number of animals used in analysis
A = graft did not reject
p > 0.05 (Kruskal-Wallis, corrected for ties)
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Table 4.5: Summary of the ocular inflammation in al lografts after
anterior chamber injection of lentiviral vectors pr ior to corneal
transplantation. Inflammation was scored daily on a 0-4 numericalles with 0.1
increments. This table summarises the median imflation scores at days 1, 5, 10

and 15, post transplantation for each group.

Anterior chamber injection Median inflammation scores

n Dayl Day5 Day10 Day 15
Unmodified 10 0.5 0.6 0.4 0.1
LV-eYFP 7 1.15% 1* 1 0.6
LV-CD4scFv_F2A_eYFP 7 0.3 0.4 0.2 0.1

* = statistically significant difference compared to the anterior chamber injection of
LV-CD4scFv_F2A eYFP at days 1 and 5 (p<0.01, Mann Whitney U test, corrected for ties).



Sarah Brice CHAPTER 4: Expression of anti-rat GDBv at potential sites of antigen presentatioh79

triggered either by the trauma of the injectiortransplantation. Another possibility
could be that the eYFP transgene was immunogealmving rejection, the cornea
(both the donor button and recipient bed), iris aetina from rats that received
anterior chamber injection of LV-eYFP, were flatmted and residual transduction
was assessed (Table 4.6). All donor corneal buttmmsained eYFP-positive cells
and 2 of 7 recipient corneal beds showed eYFP-pestells. Two types of eYFP-
expressing cells were observed (similar to what stesvn in Figure 4.7), in both the
donor corneal buttons and the recipient corneas bedFP-positive endothelial cells,

and eYFP-positive cells that resembled APCs withenstroma (Figure 4.8).

Table 4.6: eYFP expression in rats with rejected gr afts after anterior

chamber injection of LV-eYFP.

No. of No. of grafts No. of rats with eYFP No. of rats with No. of rats with
grafts expressing eYFP in expression in eYFP expression eYFP expression in
performed donor tissue recipient bed in the iris the retina
7 7/7 2/7 a4/7 1/7

After rejection, PCR analysis revealed expressibthe anti-rat CD4 scFv mRNA
from 5 out of 7 corneas that had received antecbamber injection of

LV-CD4scFv_F2A eYFP (Figure 4.9), indicating susfak transduction of cells
within the corneal tissue in these animals. Somaeas only amplified a very faint
band using the anti-rat CD4 scFv primers, indigatimat only low levels of anti-rat
CD4 scFv were detected in these corneas at the dfmesjection. All corneas
amplified the correct size product when using prsn& amplify ARBP (the

housekeeping gene). It is important to note thavas not technically feasible to

distinguish between the donor corneal tissue aaddtipient bed in the PCR.
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stroma

Endothelial

endothelium

Figure 4.8: Representative images showing the diffe  rent types of cells
transduced with LV-eYFP within both the donor corne al button and the
recipient corneal bed after rejection. Fluorescence images were taken of
Hoechst 33258 stained cell nuclei (under UV ligim)the same field as eYFP-
expressing cells (under blue light). PanglandC show Hoechst 33258 stained cell
nuclei. Panel8 andD show eYFP-expressing cells. Panels (A) and (B)raeges
taken from within the peripheral stroma of a resiibed. Panels (C) and (D) are
images taken of the endothelium of a donor but@nginal magnification of all

panels: 20X.
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Figure 4.9: Anti-rat CD4 scFv mRNA expression from rejected corneas
from rats that received anterior chamber injections of
LV-CD4scFv_F2A eYFP. Primers specific for anti-rat CD4 scFv and the
housekeeper rat ARBP (refer to Table 2.5 for prirmequences) were used in
separate reactions. Anti-rat CD4 scFv cDNA was #mglin 5 from 7 treated
corneas, with nothing amplifying from the untreatsmtnea cDNA or in the no
template control (NTC; water). Rat ARBP (housekegpenplified in all cDNA-

containing reactions (as expected). The lane mavkedntained the 20 bp ladder.
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4.3.b. Lentiviral transduction of the cervical lymp h nodes

Local immunosuppression by expression of the attidD4 scFv from the donor
corneal endothelium aftezx vivo lentiviral transduction, resulted in a moderate
prolongation of allograft survival, but eventuadli} allografts did reject (Table 4.1).
Some studies have shown lymphatic drainage frometfeeto the cervical lymph
nodes in rodents (section 1.6%4}°*%"'1The next set of experiments involved
expressing the anti-rat CD4 scFv, using a lentiviractor, within the cervical
(superficial and facial) lymph nodes in the ratg(lfe 2.1) (named as reported by

Tilney),'%

prior to corneal transplantation.

Preliminary experiments involved the injection ofVACD4scFv_F2A eYFP
(5 x 1@ TU/injection) into the cervical lymph nodes (beemet-6 lymph nodes) in 3
rats. Expression of the anti-rat CD4 scFv was datedby qRT-PCR after 2, 5, and
14 days post injection from each individual lympbda. Similar levels of anti-rat
CD4 scFv expression were measured at days 2 aodt3npection, however, by day

14 no anti-rat CD4 scFv was detected (Figure 4.10).

Anti-rat CD4 scFv mRNA was detected 2 days afteramodal injection (Figure
4.10), therefore it was decided that corneal treamgation would be performed 2
days after intranodal injection of a lentiviral w&c(5 x 16 TU/injection). Allograft
survival in rats that received intranodal injectioh LV-CD4scFv_F2A_eYFP
showed comparable graft survival to allograftsats ithat had received an intranodal
injection of LV-eYFP, with a median day of rejectiof 18 and 17 days respectively
(p>0.05) (Table 4.7). The survival of corneal afbfts in rats that had received

intranodal injection of either LV-CD4scFv_F2A eYBPLV-eYFP was also
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Normalised anti-rat CD4 scFv
expression

day 2 day5 day 14

Figure 4.10: Anti-rat CD4 scFv expression in the ce  rvical lymph nodes,
after injection of LV-CD4scFv_F2A eYFP (5 x10 ° TU/injection). Three rats
were injected with LV-CD4scFv_F2A_eYFP into four-dymph nodes. At each
time point (days 2, 5 and 14 post injection), aglrrat was euthanised, all injected
lymph nodes were collected, RNA was extracted amdrat CD4 scFv mRNA was
detected by qRT-PCR in each individual lymph noflati-rat CD4 scFv expression
was normalised to the housekeepers ARBP and HR&dr (o Table 2.5 for primer
sequence). Error bars represent one standard ideviibm the mean of the
biological replicates (the different lymph nodesnfr a single rat). > lymph nodes

from a single rat.



Table 4.7: Summary of the survival of corneal allog

prior to transplantation into the cervical lymph no

des.

rafts in rats that had received injections of lenti

viral vectors 2 days

Treatment Graft Tn?’ﬁi?gt%iyir?tfovgeiasfil Day of rejection Mesei?encggz i
Unmodified allograft 10 10 11, 12, 14, 15, 16, 18, 19, 19, 20, >60" 17
LV-eYFP allograft 10 10 15, 16, 17, 17, 20, 21, 24 17
LV-CD4scFv_F2A_eYFP allograft 8 10 12,15, 16, 17, 19, 19, 20, 23 18

n = number of animals used in analysis
A = graft did not reject
p>0.05 (Kruskal-Wallis, corrected for ties)
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comparable to the survival of corneal allograftthe unmodified animals, with a
median day of rejection of 17 days (p>0.05) (TaWl&). The day of vessel
infiltration into the donor cornea was similar argenall groups (Table 4.7). There
was also no difference in inflammation at any tipeint post transplantation

between groups (p>0.05) (Table 4.8).

To detect circulating anti-rat CD4 scFv, blood wad#lected from recipients once a
week after grafting until rejection. PBL were ideld, and flow cytometry was
performed to detect anti-rat CD4 scFv bound toutaiing leucocytes. To detect
soluble anti-rat CD4 scFv, flow cytometry using pdaisma was performed against
rat thymocytes. No cell bound (Figure 4.11) or bt#u(Figure 4.12) anti-rat CD4

scFv was detected within the circulation of anypient rat at any time point.

It is important to note that there is backgroundofescence present in the
phycoerythrin (PE) channel of the flow cytometever® when the anti-histidine
antibody is not used (Figure 4.11). This is moselii non-specific binding of the
mouse anti-biotin antibody. Positive anti-histidibending on CD3+ T cells was
detected over this background, when rat PBL washated with the anti-rat CD4

whole antibody (OX35) (Figure 4.11D).

4.3.c. Bilateral lymphadenectomy of the cervically = mph nodes
A previous study has shown that removal of the icaltviymph nodes prior to
corneal transplantation resulted in indefinite eairallograft survival in all mic&®

To determine whether the cervical lymph nodes weeeential for the rejection of
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Table 4.8: Summary of the ocular inflammation in al lografts after
intranodal injection of lentiviral vectors into the cervical lymph nodes
prior to corneal transplantation. Inflammation was scored daily on a 0-4
numerical scale with 0.1 increments. This table manises the median inflammation

scores at days 1, 5, 10 and 15, post transplant&tieach group.

Intranodal injection Median inflammation scores

n Day1 Day5 Day 10 Day 15

Unmodified 10 0.5 0.6 0.4 0.1
LV-eYFP 10 0.6 0.7 0.1 0
LV-CD4scFv_F2A_eYFP 8 0.6 0.4 0.2 0.1

p>0.05 at each time point between all groups (Kruskal-Wallis, corrected for ties).
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Figure 4.11: Representative histograms revealing th e absence of cell
bound anti-rat CD4 scFv in rats that received intra  nodal injection of
LV-CD4scFv_F2A eYFP into the cervical lymph nodes. Peripheral blood
lymphocytes (PBL) were isolated from rats weekljeafintranodal injection and
flow cytometry was performed to detect the preseoiceell-bound anti-rat CD4
scFv via the histidine tag. PBL were incubated vath antibody against histidine
(visualised by phycoerythrigPE)-fluorescence) and an antibody against CD3 (an
antigen abundant on most T cells) conjugated tcCF(A) PBL incubated with the
anti-histidine antibody and anti-CD3 FITC. No cbbbund anti-rat CD4 scFv was
detected(B) PBL incubated with the CD3 FITC alor(€) PBL incubated with anti-
histidine alone.(D) Positive control: PBL incubated with an anti-rat £€@vhole
antibody (OX35). A population of CD3+ T cells widound anti-rat CD4 scFv was
detected. Representative histograms are of rat SHI6 collected 3 weeks after

intranodal injection of LV-CD4scFv_F2A_eYFP.
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Figure 4.12: Representative histogram revealing the absence of soluble
anti-rat CD4 scFv in the circulation of rats that r  eceived injection of
LV-CD4scFv_F2A eYFP into the cervical lymph nodes. Blood was
collected from each rat immediately prior to coineansplantation (baseline) and
weekly there after until rejection. Plasma wasem#d from blood samples and flow
cytometry on rat thymocytes was performed to detelitble anti-rat CD4 scFv. The
positive control was bacterially-produced anti-@&id4 scFv incubated with the rat
thymocytes. Histograms are of rat SB46 plasma (laafrom one representative

rat).
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corneal allografts in our WF into F344 rat model cofrneal transplantation, 4-6
contralateral and ipsilateral cervical lymph nodes were removed 7 days before

corneal transplantation.

Rats that underwetilateral lymphadenectomy exhibited a median day of rejectio
of 15 days, which was comparable to the medianadagjection of the unmodified
controls, which was 17 days (Table 4.9). This sstgythat the cervical lymph nodes
are not essential for corneal allograft rejectiorour rat model. There was also no
difference in blood vessel infiltration into therdw tissue (Table 4.9). The degree of
ocular inflammation in the grafted eyes (Table 4.0 rats that underwent the
bilateral lymphadenectomy was significantly less at day b8t gdransplantation,
compared to unmodified controls (p=0.008), suggegstnat trafficking of infiltrating

leucocytes to the eye may have been reduced.

4.4 SUMMARY AND DISCUSSION

4.4.a. Summary

The experiments presented in this chapter desthideoutcomes of expressing an
anti-rat CD4 scFv (using a lentiviral vector) iretborneal endothelium, the anterior
segment of the eye, and the cervical lymph nodes:; fo corneal transplantation in
the rat. Ex vivo transduction of donor corneas with LV-CD4scFv_F2XFP
significantly prolonged corneal allograft survivampared to controls (p=0.004). In
contrast,ex vivo transduction of donor corneas with Adv-CD4scFv dal prolong
corneal allograft survival compared to unmodifidldgrafts (p>0.05). Inflammation

was significantly lower in allografts transducedwiLV-CD4scFv_F2A eYFP



Table 4.9: Summary of corneal allograft survival da  ta from rats that underwent bilateral lymphadenecto my of the cervical

lymph nodes.

Treatment Graft Mef:han _day_ B Day of rejection Medl_an c_iay el
infiltration into graft rejection

Unmodified allograft 10 10 11, 12, 14, 15, 16, 18, 19, 19, 20, >60" 17

Removal of lymph nodes allograft 8 11 12, 14, 14, 14, 15, 18, 21, 27 15

n = number of animals used in analysis
A = graft did not reject
p>0.05 (Mann-Whitney U test, corrected for ties)
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Table 4.10: Summary of the ocular inflammation in a llografts after
bilateral lymphadenectomy of the cervical lymph nod es prior to corneal
transplantation. Inflammation was scored daily on a 0-4 numericalles with 0.1
increments. This table summarises the median imflation scores at days 1, 5, 10

and 15, post transplantation for each group.

Treatment Median inflammation scores

Day 1 Day 5 Day 10 Day 15
Unmodified 0.5 0.6 0.4 0.1
Removal of lymph nodes 0.6 0.35 0* 1.5

* = statistically significant difference (p=0.008, Mann-Whitney U test, corrected for ties)
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compared to allografts transduced with Adv-CD4sahR# allografts transduced with
LV-eYFP. Anterior chamber injection of a lentiviraéctor into recipient and donor
eyes was able to transduce cells within the cornnigaand retina, but delivery of the
anti-rat CD4 scFv into the anterior segment usimg method, did not prolong
corneal allograft survival (p>0.05). However, sigrantly reduced ocular
inflammation was observed in rats after anterioancher injection with LV-
CD4scFv_F2A eYFP compared rats that received antelnamber injection of LV-
eYFP, 1-5 days post transplantation (p<0.01). trgecof LV-CD4scFv_F2A eYFP
into the cervical lymph nodes did not prolong cainalograft survival and neither
did bilateral lymphadenectomy of these nodes prior to corneahsplantation
(p>0.05). However, 10 days after transplantatiaiular inflammation was lower in
allografts performed in rats that underwent bikatelymphadenectomy of the

cervical lymph nodes, compared to unmodified cdstfp=0.008).

4.4.b. Immunosuppression produced by the corneal en dothelium

The results presented in this chapter indicate thamodest but significant
prolongation of corneal allograft survival can lahiaved afteex vivo transduction
of the donor corneal endothelium with a lentivivalctor carrying an anti-rat CD4
scFv immediately prior to corneal transplantatiocompared to unmodified allografts
and allografts that were transduced with LV-eYFRQ(P04) (Table 4.1). Despite
expression of the anti-rat CD4 scFv being approtetgalO fold higher from
adenoviral-transduced corneas compared to lentivaasduced corneas after 5 days
in culture (Figure 4.4), donor corneas transducgl alentiviral vector carrying the
anti-rat CD4 scFv showed prolonged allograft suavzompared with donor corneas

transduced with an adenoviral vector carrying tinéi-@at CD4 scFv (p=0.018)
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(Table 4.)}. Allografts transduced with a lentiviral vectorigang the anti-rat CD4
scFv showed significantly lower levels of inflammoat 15 days post transplantation,
compared to allografts transduced with an adenbviator carrying the anti-rat
CD4 scFv and allografts transduced with LV-eYFRQ(91) (Table 4.2). Similar to
what has been reported previou&ly,ex vivo transduction of the donor corneal
endothelium with an adenoviral vector carrying ati-eat CD4 scFv did not prolong
corneal allograft survival compared to unmodifidbgrafts (p>0.05) (Table 4.1).
These results suggest that the immunogenicity @fttenoviral vector might be off-
setting the immunosuppressive abilities of the-aattiCD4 scFv, and preventing the
modulation of corneal allograft survival. On théat hand, these results reveal that
sustained expression of an antibody fragment taget T cell from the donor
corneal endothelium (even at low levels), can prgl@orneal allograft survival,

when expressed from a lentiviral vector.

It is conceivable that if stronger expression o #nti-rat CD4 scFv could be
achieved from the donor corneal endothelium, themoge pronounced prolongation
of allograft survival might be experienced. Tramsgexpression from all lentiviral
vectors used in this study was controlled by thestitutive SV40 promoter. The use
of a stronger constitutive promoter such as cytatwgus (CMV) (Clarke,

personal communication) could increase expressidheoanti-rat CD4 scFv and a

greater prolongation of corneal allograft surviraght thereby be achieved.

The results described in this chapter suggestdkptession of anti-rat CD4 scFv
from the donor corneal endothelium is able to matulT cell sensitisation and

subsequently delay allograft rejection. Whether dh@-rat CD4 scFv is remaining
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within the ocular tissue or draining to other are&she body remains unclear. The
fact that all of the corneal allografts did evetijueeject indicates that sensitisation

and the generation of an effector cell responsedur, but with delayed kinetics.

Rosenbaum and colleagues have described the roigrattiT cells into the anterior
chamber after intravitreal injection of antigennmice® T cells were seen in close
proximity of the resident APCs within the iris, g@gting that T cell sensitisation
may occur within the eye before sequestration ® gbcondary lymphoid tissues
such as the cervical lymph nodé&%X°7 119 he mesenteric lymph nod&8;*% or

even within CALT, which is induced in response twnea transplantation in the

rat®!

APCs within the eye have been well documented, WABPCs detected in the
cornea’® %72 38%3nd the uveal traét;’"#"%8?%hether ocular APCs are involved
in the generation or the suppression of an immaspanse remains unclear. There is
evidence to suggest that ocular APCs are involweonmune deviation responses
within the eye (ACAID)*****1¥whilst the data presented in this chapter suggests
that antigen presentation may be occurring witheadnterior segment, as low levels
of the immunosuppressive anti-rat CD4 scFv expredsem the donor corneal
endothelium was able to prolong corneal allografisal. This implies that ocular
APCs might be activating the CD4+ T cells withire tAnterior segment which can
lead to a DTH response and corneal allograft nejectlt is possible that ocular
APCs are involved in both the generation and siggwa of an immune response,
depending on what cytokines are present withindbar tissues and within the

aqueous humour at the time of antigen exposure.
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4.4.c. Immunosuppression within the anterior segmen t

Expression of the anti-rat CD4 scFv from cornedsrdéntiviral transduction was
detected 5 days post transduction (Figure 4.4yalt consequently hypothesised that
if transplantation of the donor cornea were perarwhen expression of the anti-rat
CD4 scFv was already occurring, then this may &mrgbrolong allograft survival,
compared to when the donor cornea was transducetedmately prior to corneal
transplantation. It was also hypothesised thahdf surrounding tissues within the
anterior chamber (such as the iris) were expregsia@nti-rat CD4 scFv at the time
of transplantation, then this might further supprés cell sensitisation to donor

alloantigen.

To achieve this, anterior chamber injection ofrail@ral vector carrying the anti-rat

CD4 scFv was injected into both the donor and renipanterior chamber 5 days
prior to corneal transplantation. The survival bégde corneal allografts was not
significantly different to the survival of the cools (Table 4.4). Ocular inflammation

was significantly higher in recipients that receivanterior chamber injection of LV-

eYFP, compared to recipients that received antecimmmber injection of the

lentiviral vector carrying the anti-rat CD4 scFvijthin the first 5 days post

transplantation (p<0.01) (Table 4.5). A possiblplaration for the increased ocular
inflammation after anterior chamber injection of ¥ FP could be that the eYFP
protein is immunogenic. In support of this theofable 4.2 reveals that allografts
transducedex vivo with LV-eYFP also showed increased ocular inflarhora

compared to allografts transduced with LV-CD4scRRAFeYFP.
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There are several possible explanations for whyramt chamber injection of a
lentiviral vector carrying the anti-rat CD4 scFwdiot modulate corneal allograft
survival. Firstly, the transduction efficiency mighave been too low to produce
levels of the anti-rat CD4 scFv sufficient for aethpeutic effect.Ex vivo
transduction of LV-eYFP showed uniform expressidneFP throughout the
corneal endothelium (Figure 4.2 However, after anterior chamber injection of
LV-eYFP, eYFP-expression from transduced cells way bright near the injection
site and the paracentesis (in both the endotheindhthe stroma) (Figure 4.7), but
the number of eYFP-positive cells was sparse inother areas of the cornea, and
the expression of eYFP from these cells was lowkingatransduction efficiency
difficult to calculate. Also, the number of lential particles injected into the anterior
chamber (5 x 10TU/injection) was 5 times less than the numbeviddl particles
used in theax vivo transductions to the corneal endothelium withrdiv@al vector
(2.5 x 10 TU/cornea). The limiting factor for the number lehtiviral particles
injected into the anterior chamber was volume (Ml maximum volume injected
being 5 pl). Improvements in lentiviral vector pessing and concentration could
permit for an increased number of viral particlegcted into the anterior chamber,

and this might improve the transduction efficiemdyen using this method.

Furthermore, transduced cells were detected inmdtuea of some rats after anterior
chamber injection with LV-eYFP, indicating that tlemtiviral vector spread outside
the anterior segment. This suggests, that injectibma lentiviral vector into the

anterior chamber, can drain to other areas (inolythe retina), therefore potentially

reducing the number of cells within the anteriggraent transduced by this method.
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In addition, inflammatory signals have been showmptomote the upregulation of
MHC class Il expression in resident immature APGthiw the corneas of mic®.
The results described in this chapter showed thi@t anterior chamber injection of
LV-eYFP, eYFP-expressing cells with a dendriform rptmlogy were observed
within the central region of the corneal stromay(ffes 4.7 and 4.8). The expression
of MHC class Il on these APCs might have been ugetgd in response to the
trauma of the anterior chamber injection, and cquestly, these resident corneal
MHC class I+ APCs might have been ready to phatpseyantigen from the donor
cornea at the time of transplantation. A futureezxpent could involve injecting a
lentiviral vector carrying the anti-rat CD4 scFvymto the anterior chamber of the
donor rat, and grafting into an unmodified recipigdowever, if there are MHC
class ll+ APCs within the donor cornea, these aaidd potentially present antigen
to recipient T cells via the direct pathway andlddead to corneal graft rejectiéh.

In summary, anterior chamber injection of a leméVivector carrying an anti-rat
CD4 scFv was not able to prolong corneal allogsaftiival. The possible reasons for
this might be that (1) the transduction efficienegs too low to produce therapeutic
levels of the anti-rat CD4 scFv after anterior cbhaminjection of the lentiviral
vector, (2) the lentiviral vector drained outsides tanterior segment after anterior
chamber injection, and this might have reduced nbhmber of cells transduced
within cornea and the iris or (3) the APCs in tloenea might have been expressing
high levels of MHC class Il after the trauma caud®d the anterior chamber
injection, and were thus able to take-up and pdesor antigen immediately after

grafting.
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4.4.d. Immunosuppression within the cervical lymph nodes

The main pathway for aqueous outflow from the aotesegment of the eye is
reportedly through the Schlemm’s canal into theutation and to the spleéff
However, recent studies have revealed that oculdgen from the anterior segment
can leave the eye through an unconventional pathwaych drains through the
ciliary body into the suprachoroidal space, thejwactiva and into thepsilateral
cervical lymph nodes (uveoscleral drainaé)°’**°In the mouse, an antigen-
specific increase in the number of activated Tscellthin theipsilateral cervical
lymph nodes occurred within 3-6 days of antigenasxpe in the ey&’!% These

activated T cells expressed IL-2, suggesting theld@ment of a Th1 respon&¥.

In this study, an anti-rat CD4 scFv was deliver@dhieipsilateral andcontralateral
cervical lymph nodes prior to corneal transplaotain the rat, with the intention of
inhibiting sensitisation to the corneal allograftowever, injection of a lentiviral
vector carrying the anti-rat CD4 scFv into the ezl lymph nodes 2 days before
transplantation did not prolong corneal allografirveszal compared to controls
(p>0.05) (Table 4.7). Transduction of the cells hmt the lymph nodes was
successful, however, expression of the anti-rat CiofFv was transient, and
sufficient scFv may not have been expressed witiencervical lymph nodes at the
time when T cell sensitisation was occurring. Itswansidered that the transient
expression of the anti-rat CD4 scFv might have bdaa to migration of the
transduced cells into the circulation. Howeversotuble or cell bound anti-rat CD4
scFv was detected in the blood of any recipierdgrgt time point (Figures 4.11 and
4.12). Another explanation for the transient expies of anti-rat CD4 scFv after

intranodal injection, was that the transduced dedid died, as bone-marrow derived
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DCs located within the peripheral lymph nodes havarnover of approximately 10

days?®’

Antigen-bearing APCs have been observed within ifisdateral cervical lymph
nodes as early as 6 hours after corneal transpilamtand were still detected 3 days
after transplantation in mic&'% If the migration of antigen-bearing APCs to the
draining lymph nodes in our rat model of corneahsiplantation was similar to that
observed in micé®'®then the anti-rat CD4 scFv should have been espdeat the
same time the antigen-bearing APCs were presetiteiipsilateral cervical lymph
nodes. Therefore, it seems unlikely that the temtsexpression of anti-rat CD4 scFv

was the main contributing factor for the failurept@long corneal allograft survival.

Another plausible explanation for why intranodajection of a lentiviral vector
carrying the anti-rat CD4 scFv into the cervicahjyh nodes did not prolong corneal
allograft survival, may be that antigen presentati@s occurring elsewhere, such as
in the anterior segment of the eye, or in othepsdary lymphoid tissues including
the mesenteric lymph nod&$;'% or in the CALT®! In support of this possibility,
rats that underwerdilateral lymphadenectomy of the cervical lymph nodes pioor
corneal transplantation did not show prolonged eafmllograft survival compared
with controls (p>0.05) (Table 4.9). However, inflaration was reduced in these
allografts 10 days after transplantation, compdoednmodified controls (p=0.008)
(Table 4.10), suggesting that trafficking of infiting leucocytes to the eye might

have been reduced.
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The corneal allograft survival data from this stuslyat variance with those obtained
from some studies in mice, in which prolonged atidigsurvival after removal of the
cervical lymph nodeswas observed!®'? Yamagamiet al. showed indefinite
survival of all allografts aftebilateral removal of the cervical lymph nodes when
corneal transplantation was performed into normaipient corneal beds in miée,
and significant prolongation of graft survival washieved when grafting into
vascularised bed$! In these studies, the onset of DTH was del&yedr
inhibited?° PIskova and colleagues discovered that in micémanmune response to
a corneal allograft was generated within a spegitiperficial cervical lymph node
(referred to as the submandibular lymph ndd®)This study found that both
bilateral andipsilateral removal of the superficial cervical lymph nodegn#icantly
prolonged corneal allograft survival, and the atghmoncluded that corneal allograft
acceptance after bilateral lymphadenectomy was tduenmunological ignorance
rather than tolerance, as the site at which antigesentation may occur was

removed (i.e. the draining superficial cervical pimodes}®

The difference in corneal allograft survival aftalateral lymphadenectomy of the
cervical lymph nodes, between the different stydeesild be due to the different
strengths of the immunological barriers betweenitheed strain combinations used
in each study. The murine model described by Yamagh al. grafted C57BL/6
donor corneas into BALB/c recipients:**! This is a weak immunological barrier in
which approximately 50% of untreated corneal atiigrdo not undergo rejectiof?
The large proportion of corneal allografts that exgnce indefinite survival using
the C57BL/6 to BALB/c murine model has been weltaimented by others;*’ and

the high acceptance rate of unmodified allograftthis murine model might be the
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reason why such successful corneal allograft satwisas achieved after the removal

of the cervical lymph nodes.

In contrast, in the rat model of corneal transg@tah described in this chapter, only
10% of unmodified allografts remained clear afterddys, which represents a strong
immunological barrier (Table 4.1). No prolongatioh corneal allograft survival
occurred in rats after bilateral lymphadenectomytloé cervical lymph nodes.
Furthermore, in a C3H to BALB/c mouse model of aaintransplantation, which
represents a strong immunological barrier in whathunmodified corneal allografts
did reject, bilateral lymphadenectomy of the ceavigmph nodes prior to corneal
transplantation did not significantly prolong thensval of corneal allografts
compared to untreated mitE. The evidence suggests that the strength of the
immunological barrier between the donor and reaipistrains might influence

allograft survival after bilateral lymphadenectoofithe cervical lymph nodes.

In summary, when using inbred rodent strains, akwmamunological barrier
between the donor and recipient can lead to higheeptance of corneal allografts.
The rat model described in this thesis is a stiomgunological barrier, and is likely

to reflect the rejection process seen in an outbpeties such as humans.

4.4.e. Regional immunosuppression for corneal trans plantation in the

rat

The results presented in this chapter suggestégatnal immunosuppression using
an anti-CD4 antibody fragment is possible when esged from the donor corneal

endothelium. However, all corneal allografts didece with delayed kinetics,



Sarah Brice CHAPTER 4: Expression of anti-rat GDBv at potential sites of antigen presentatiod02

suggesting that antigen presentation may occur siteaother than the anterior
segment of the eye. It is possible that antigensegr@ation during corneal

transplantation is occurring at multiple sites/uling within the anterior chamber of
the eye as well as in the in the secondary lymphssdies such as the cervical lymph

%197 the mesenteric lymph nod€%™” or CALT®* An immunosuppressive

nodes,
strategy that targets multiple sites of antigerspngation simultaneously might be
more effective at inhibiting antigen presentatiarrésponse to corneal alloantigens

and may result in indefinite survival of cornedbgtafts.

4.4 1. Splenectomy prior to corneal transplantation

It is well established that the spleen is critifml the induction of ACAID?® Thus,
future experiments could involve the removal of theleen prior to corneal
transplantation. If the spleen is playing a criticale in the presentation of corneal

antigens, then its removal will result in prolongmatneal graft survival.



CHAPTER 5: FINAL DISCUSSION
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This project investigated the potential of regiomamunosuppression for corneal
transplantation by using an integrative lentiviralector to deliver an
Immunosuppressive transgene to various anatomiatitots within the rat. The

following sections will discuss the major findingsthis project.

5.1 SUMMARY OF THE MAJOR FINDINGS FROM THIS THESIS

In this project dual-gene vectors were designedaiotain an immunosuppressive
transgene (anti-rat CD4 scFv) and a reporter gerd-R) using the F2A self-
processing sequence. These vectors had the potémtimodulate an immune
response (through the expression of anti-rat CORVv)sevhilst expression of the
reporter gene eYFP had the potential to permit Emnjration of the lentiviral
vector, quantification of transduction efficiencydatracking of transduced celis
vivo. | first examined the levels of transgenic prategxpressed from dual-gene
vectors carrying the F2A self-processing sequehasgenes situated downstream
of the F2A sequence expressed from dual-gene &eptoduced significantly lower
levels of protein (between 2 and 20 fold lower) witempared to expression of the
same protein from a single-gene vector. This oecuin three individual dual-gene
vectors. Expression was also significantly lowerewla transgene was positioned
downstream of F2A compared to when the same traesgas positioned upstream

of F2A in a different dual-gene construct.

A major aim of this project was to determine theatamic site of antigen
presentation in response to corneal transplantatiohe rat. Modest, but significant
prolongation of corneal allograft survival was atveel afterex vivo transduction of

donor corneas with a lentiviral vector carryingaani-rat CD4 scFv. However, when
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the lentiviral vector carrying the anti-rat CD4 scWwas injected into the anterior
chamber in both recipient and donor rats 5 daysr ppoi corneal transplantation, no
prolongation of graft survival was observed. Inodal injection of the lentiviral

vector carrying an anti-rat CD4 scFv into the ceavlymph nodes 2 days prior to
corneal allografting did not prolong graft survivéfloreover, when the cervical
lymph nodes were removed from recipient rats 7 dsgfere corneal allografting,
graft survival was not prolonged. These resultsceted that the cervical lymph
nodes were not essential for corneal allograftctea in the WF into F344 rat strain
combination. However, expression of an anti-rat GioBv from the donor corneal
endothelium was able to inhibit sensitisation amilgng corneal allograft survival,

suggesting that antigen presentation might ocaallyp

In this final chapter | will discuss how multi-geneectors using the 2A self-
processing sequence can be used to develop novalegés to prevent
immunological rejection of corneal allografts. Thkisapter will also explain how the
findings discussed in this thesis add to the kndgdeof antigen presentation during

corneal transplantation in rodents.

5.2 MULTI-GENE EXPRESSION USING THE 2A SELF-PROCESSING
SEQUENCE

5.2.a. Expression of multiple transgenes from a sin  gle lentiviral

construct

Until recently, the expression of multiple transgerirom a single construct could
only be achieved using individual promoters to oainthe expression of each

transgene. However, when using integrative vedoch as lentivirus, this can cause
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variations between the sites of integration of eaicthe transgenes and the number
of copies integrated into the genofi&which can lead to further issues, including
transgene separation after successive generatiothsaalack of coordination of

transcriptional activity of the transgenes.

The development of IRES greatly improved the dejivad multiple transgenes from

a single construct. IRES are able to direct ribas®to initiate translation at internal
sites within the mRNA and have been used extensteetxpress multiple transgene
from a single vecto™® However, IRES are large (approximately 500 bp) and

produce much lower expression of the second &JRF.

The 2A self-processing sequence derived from th®W%¥Mas enabled the expression
of multiple transgenes within a single ORF by theertion of the 2A sequence
between transgené€ The FMDV 2A self-processing sequence is a sh@tahino
acid) region that is hypothesised to undergo a ueigrocessing event during
translation at the ribosome. This processing igebetl to involve translational
“skipping” of the peptide bond formation betweer 2A glycine and the 2B proline
residues’® A number of studies have reported equimolar ratbshe proteins

situated upstream and downstream of 2A within rgdtie constructs*237-239.244

Amendola and colleagues have recently developedia-gene vector using a
bidirectional promoter consisting of a minimal ca@moter element of the human
CMV joined upstream and in reverse orientation noeéficient promoter PGK*

Strong expression of both the upstream and dowvarstnperoteins has been shown

when using a bidirectional vectar vitro andin vivo.?*? In fact, these bidirectional
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constructs produced more efficient expression ¢ bi@nsgenes than 2A-containing

dual-gene vectors in at least one sttitfy.

In summary, the use of the 2A self-processing secgi@as improved the expression
of multiple transgenes from a single constructhwéports of equimolar expression
of both the upstream and downstream proteths’ >*****However, the results

described in this thesis reveal significantly lowexpression of the transgene
downstream of the 2A sequence compared to expressithhe same transgene when

positioned upstream of 2A. The next section wiladiss this finding in more detail.

5.2.b. Stoichiometry of upstream and downstream pro  teins expressed

from 2A vectors

The original model proposed by Ryan and colleagoeducidate the process of 2A
self-processing during translation at the ribosomes based on the imbalance
between the expression of proteins situated doeastrand upstream of 2A when
using cell-free translation systems (rabbit reticyte lysatesi*®?’® Several studies
have since reported equimolar expression of th&regrs and downstream proteins

from mammalian cells and animafé:>37-23%244

The results reported in this thesis revealed soamtly lower expression (between 2
and 20 fold) of a transgene when positioned dowastr of 2A compared to when
the same transgene was positioned upstream of 2Aluml-gene constructs.
Furthermore, using three separate dual-gene caistrihe expression of the
downstream transgene was considerably lower wherpared to the expression of

the same transgene from a single-gene vector.
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Critical assessment of the studies that reportedhemjar expression of the upstream
and downstream proteins when using the 2A selfggsiog sequence revealed that
some of these studies did not report quantitatate tb validate their clainfg 239244
and these studies did not directly compare theesgmwn of the proteins from the
dual-gene vectors to the expression from singleegmmnstruct$®®*%*?**For these
reasons, it is possible that an accurate assessthempression efficiency was not
made for the proteins expressed from the 2A-comgidual-gene vectors used in

these studie&®239.244

Using multiple 2A sequences, Szymczek al. constructed multi-gene vectors
containing two to four transgenes per veéfdrin this study equimolar ratios of
proteins were reported from multi-gene vectors gisimestern blot analysfs’
However, the authors did not compare the expressi@ach protein from the multi-
gene vectors to the expression of the same prdtein a single-gene vect6t’
therefore expression efficiency from the multi-geseetors could not be accurately

assessed.

Lorens et al. reported similar expression of proteins from aalejene vector

compared to expression from single-gene constfdttdowever, based on the data
provided in the paper, it is difficult to reach ghconclusion. According to my
interpretation, the protein situated upstream of 2appeared to show lower
expression compared to expression from a single-geounterpart vectdr?

Furthermore, although the authors stated that pheguced comparable levels of the
protein downstream of 2A using a dual-gene vecmmmared to a single-gene

vector, no data was presented to back up this d&im
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At least two studies have compared transgenic praepression from multi-gene
2A-containing vectors to the expression of the samatein from single-gene
construct$*??**Chinnasamyet al. constructed dual-gene and tri-gene vectors using
various combinations of 2A and IRE$.Transgene expression from the multi-gene
constructs was compared to the expression fromesgene vectors. The authors
reported between 2.2-2.5 fold lower expression obtgins when they were
positioned downstream of 2A in either dual-genériegene vectors, when compared
to expression from a single-gene constfdtin a separate study, Amendola and
colleagues also compared expression of the dovemsty@otein from a dual-gene
2A-containing construct to the expression from rglgi-gene vector. The authors
reported significantly lower expression of the piotsituated downstream of 2A
compared to expression from a single-gene véttoFhus the results reported by
Chinnasamyet al.**® and Amendolat al.?* are similar to the findings described in
this thesis, which show lower expression of a pnop®sitioned downstream of 2A

compared to expression from a single-gene vector.

In summary, the findings described in this thebmwged that when using the 2A self-
processing sequence to construct multi-gene vedtwprotein situated downstream
of 2A consistently expressed at a significantly éovievel when compared to the
expression of the same protein situated upstrea@Apfor when the same protein

was expressed from a single-gene vector. Howelerfact that there have been so
many successful reports of multi-gene transferguhie 2A self-processing sequence
suggests that in many instances, equimolar expressight not be required for the

intended biological outcome to be achieved.
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5.2.c. The use of the 2A self-processing sequence t 0 prevent corneal
allograft rejection

The 2A self-processing sequence has been used #fory nbiotechnological
applications, recently reviewed by de Felipe antieagues®® The reason for the
development of the dual-gene 2A-containing vectiascribed in this thesis was to
couple the expression of a therapeutic transgemerég CD4 scFv) with a reporter
gene (eYFP). However, because the expression oPeN&s extremely low when
positioned downstream of the 2A sequence in a geiaé vector, lentiviral vector
titration, quantification of transduction efficignor the tracking of transduced cells
invivo, by way of eYFP expression was not possible. kesd reasons the dual-gene
vectors constructed as part of this study wereused for their intended purpose.
Nevertheless, many other studies have reportedubeessful use of 2A for their
intended purposed? suggesting that reduced expression of the dowarstygrotein

still might be at functional levels.

In light of this, multi-gene vectors using the 2@8lfgprocessing sequence might be
useful in the context of preventing corneal allégreejection in the future.

Irreversible immunological corneal allograft rejeat occurs through the erosion of
ocular immune privilege, which is achieved througgveral independent but not
mutually exclusive mechanisms, including inflamraati neovascularisation, T cell

activation and the generation of a DTH response.

Disrupting one of these mechanisms, (as was peenm this study), can prolong
corneal allograft survival. However, in most ingtes graft acceptance is not

universal and rejection is only delayed in somemats, which do eventually
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undergo corneal allograft rejection. The reasomgHis might be that blocking only
one arm of the rejection process is not enoughrévgnt failure of the corneal
allograft. Therefore, blocking multiple mechanismok rejection might have the

potential to have a more powerful impact on thevisat of a corneal allograft.

It is possible that a multi-gene vector containtransgenes that can prevent each
process known to be involved in the immunologiclure of a corneal allogratft,
could prevent rejection. A recent review by Parkeral. has summarised the
transgenes which have been able to prolong coraéagraft survival in animal
models when used individually as gene therdpyThese transgenes include
immunosuppressive molecules targeting antigen ptasen and early T cell
activation (CTLA-lg), immunomodulatory moleculesattcan modulate the effector
immune response (IL-10, IL-4) and anti-angiogenioleaules that can prevent
neovascularisation of the cornea (sflt-1 and EHKB)s proposed that a multi-gene
construct (using the 2A self-processing sequerteg)dontains transgenes targeting
each potential mechanism of corneal allograft teyaacould be a successful strategy

to prevent corneal allograft rejection.

5.3 ANTIGEN PRESENTATION DURING CORNEAL TRANSPLANTA TION
5.3.a. Antigen travels from the eye to the secondar y lymphoid organs in
soluble form

There is evidence to show that in rodents, antdgivered to the eye via topical
application, injection into the anterior and postechamber, or shed from a corneal

allograft can travel to the secondary lymphoid uess either through the

ril.06—107,111—112 8,91,100,106—107,110—112
)

circulatio or through lymphatic drainad where
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antigen-specific T cell priming and expansion canuw!® Hoffman and colleagues

have shown that 16% of the aqueous outflow drarthe cervical lymph nodes in
mice, whilst the remaining aqueous outflow draims ithe circulatiort’® A detailed
discussion on lymphatic drainage from the eye wdérvical lymph nodes can be

found in Section 1.6.d.2.

The form (soluble or cell-bound) in which antigeaves the eye and arrives at the
secondary lymphoid tissues such as the cervicaplymodes (a potential site of
antigen presentation), can determine the proce$scefl sensitisation (either via the
direct or indirect pathway), and is an importanttéa to be considered when
investigating the site of antigen presentationelatron to corneal transplantation. In
this section | will discuss how in rodents (in mostances), antigen drains from the

eye in soluble and not cell-bound form to the sdeoy lymphoid tissues (Table 5.1).

Cameloet al. investigated the pathways of antigen drainage filee eye in rats and
discovered that antigen injected into the antesftmmber mimicked the drainage of
antigen injected into the subconjunctival sp#€ahe majority of antigen drained to
the ipsilateral cervical lymph nodes and a smakmy of antigen reached the
spleen and the mesenteric lymph nodes. Bilateralaocinjection of different

coloured antigen showed dual uptake of the flu@esantigen by resident APCs
within the cervical lymph nodes, indicating thatigen drained in soluble form from

the anterior segment of the eYe.



Table 5.1: Evidence for antigen drainage to the sec

Species Type of Ag

Rat CB-Dx

Fluorescent

OVA +
Mouse
fluorescent
latex beads
Mouse C5' and eGFP
DNA plasmids

Method of delivery

Bilateral injection of CB-Dx
into the AC

Injection of fluorescent OVA
or fluorescent latex beads
into the AC

DNA plasmids were applied
to donor cornea as droplets
after mild epithelial abrasion
prior to grafting

ondary lymphoid organs in soluble form

Findings

Bilateral injection of different coloured antigen into the AC
showed dual uptake of the fluorescent Ag by resident APCs
within the CLN

Soluble Ag was detected in the CLN and the spleen after AC
injection. Phagocytosis by uveal tract APCs was observed after
Ag inj into AC, however these Ag-loaded cells did not appear to
migrate.

Donor MHC class II+ APCs were identified in the central
cornea. However, donor MHC class II+ APCs did not migrate to
the CLNs. Instead, Ag-loaded recipient APCs were detected in
the CLN and in the spleen.

Reference

106

91

100

CB-Dx, cascade blue dextran, 70 kDa; OVA, Ovalbumin peptide; AC, anterior chamber; CLN, cervical lymph nodes; Ag, antigen
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Dullforce and co-workers have monitored antigerakptby uveal tract APCs after
the injection of fluorescent antigen into the aistechamber using intravital time-
lapse videomicroscopy in mi¢&This study reported phagocytosis of the fluorescent
antigen by uveal tract APC5However, the fluorescently-labelled APCs withire th
anterior segment failed to move during multipleeriation times; suggesting that
antigen-loaded APCs within the uveal tract do nagrate after antigen uptake. The
authors of this study also identified soluble amigvithin the cervical lymph nodes 6
hours after antigen exposure, however there wasigm of cell-bound antigen in

these node%t

In mice, Kuffovaet al. identified a donor MHC class I+ APC populationtlwimn

corneal allografts and showed no evidence thatetliesior APCs draining to the
cervical lymph nodes at any time point after graffi’® Instead, donor-derived
antigen was associated witkcipient APCs within the cervical lymph nodes within 6
hours of grafting, and antigen-specific T cell @ation and expansion was
subsequently detected within these nodes and pebkédeen 4-6 days after

transplantatior®

It should be noted here, that a study by Liu angvodkers identified MHC class I+
donor APCs in the cervical lymph nodes in mice withinh6urs after corneal
transplantation, and the trafficking of the dond@s increased when allografts were
performed in high-risk corneal beds (which had bgevascularised prior to corneal
transplantationj® However, these donor APCs had reduced allostimyldtinction
compared to splenic APCs in MLR experimefitShe fact that the donor APCs had

reduced allostimulatory function suggests that ldeludonor antigen may have
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drained to the cervical lymph nodes, and that renipAPCs may have been
involved in indirect allorecognition and corneakfjrrejection. It is unclear why
migration of donor APCs to the cervical lymph nodess detected by Liet al.?®

and not by Kuffovaet al.'® as both studies used the C57BL/6 into BALB/c meirin

strain combination.

In summary, based on the findings discussed inseision, | suggest that in rodents,
under most circumstances, antigen delivered tatherior segment of the eye drains

to the secondary lymphoid organs in soluble ratih@n cell-bound form.

5.3.b. Evidence for antigen presentation within the anterior segment of

the eye

The results described in this thesis revealed aesto(b days), but significant
(p=0.004) prolongation of corneal allograft sur¥iva rats when an antibody
fragment targeting CD4 (a molecule expressed orells avhich is known to be
essential for antigen presentation), was expresBeth the donor corneal
endothelium. These data suggest that antigen pgeggencan occur within the

anterior segment of the eye and can be inhibitethbyexpression of the anti-CD4
antibody fragment. However, all allografts did etwetly reject, implying that the
rejection process was merely delayed. In a separgieriment, when the cervical
lymph nodes were removed from recipient rats ptmrcorneal transplantation,
corneal allograft survival was comparable to ratst twere unmodified, indicating
that antigen presentation can occur at a lsédes the draining cervical lymph

nodes.
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To support the hypothesis that antigen presentatamn occur within the anterior
segment of the eye, a recent study by Rosenbaumcaltehgues reported the
interaction of a migrating T cell with an antigevatled APC within the iri& This
study used videomicroscopy to visualise the intevacof a T cell with an antigen-
loaded APC within the irides of murine eyes aftdravitreal injection of fluorescent
antigen (OVA) and lipopolysaccharide (to inducdanfmation within the eyef T
cells lingered when adjacent to antigen-loaded APStggesting that they were
physically interacting. This T cell “interaction” as observed with most T cells
within the iris during a single observation perimdean 99 minj? This study is the
first to report the interaction of a T cell with amtigen-loaded APC within the
anterior segment, and provides evidence that anpgesentation might occur at this

site.

To further support the hypothesis that antigen garegion can occur within the
anterior segment of the eye, Kuffova and colleagugge reported infiltration of
macrophages, DCs and neutrophils into a cornedt gvahin 24 hours after
transplantation and T cells within 2 days aftenggdantation, in both isografts and
allografts®® The fact that this cellular infiltration occurréd both allografts and
isografts suggests it was initiated by an innatenuime response triggered by the
trauma of surgery’ It is possible that within the infiltrating T cgdlopulation were
naive antigen-specific CD4+ T cells, that could embially interact with either
antigen-loaded recipient APCs within the anteriegreent or mature MHC class 11+

donor APCs from within the donor cornea.
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In summary, the studies described in this sectigygsest that antigen presentation
can occur within the anterior segment of the eyasel on these findings, | propose a
model of how and where antigen presentation odoursdents following orthotopic

corneal transplantation, which will be discussethmnext section.

5.3.c. A proposed model of antigen presentation dur ing corneal
transplantation in rodents

A diagrammatic representation of the proposed motlahtigen presentation during
corneal transplantation in rodents is shown in f@gh.1. It is proposed that the
iImmune response against the donor corneal allogsafnitiated by an innate
inflammatory response brought on by the traumauedexy>® This innate response
causes the infiltration of inflammatory cells t@tyraft including macrophages, DCs
and neutrophils within 24 hours of transplantafforithese inflammatory cells
release proinflammatory cytokines such as IL-1,-4Fahd TNFe,*! which start an

assault on the corneal allogratft.

The first arm of this model proposes that proinflaatory cytokines trigger the
infiltration of T cells to the site of inflammatiofi.e. the corneal allograft}.
Amongst this population of infiltrating T cells &sub-population of naive CD4+ T

cells with specificity for donor-derived antigéf!.Once at the site of inflammation,



Figure 5.1: Diagrammatic representation of the prop  osed model of
antigen presentation during corneal transplantation in rodents. (A) The
innate inflammatory response against the corndagralft releases donor-derived
antigens in soluble form, which either remain witkhhe anterior segment of the eye,
or drain to the secondary lymphoid tissue througé ftymph to CALT and the
cervical lymph nodes (CLN), or through Schlemm’salaand into the circulation to
the spleen (involved in deviant immune responses) @mesenteric lymph nodes
(MLN). (B) The inflammatory response also stimulates thdtriafion of naive T
cells to the corneal allograft and naive CD4+ Tisceécirculate through to the
secondary lymphoid tissu€C) Direct processing takes place within the anterior
segment and the donor APCs activate the antigerifgpecD4+ T cells. (D)
Recipient APCs within the anterior segment and gskeondary lymphoid tissue
phagocytose and process antigen and present pedcpsptide to naive CD4+ T
cells, causing their activation via indirect pragiag. (E) Activated T cells from the
anterior segment are sequestered to the seconghaphoid tissue via the lymph and
the circulation(F) Clonal expansion of the activated CD4+ T cellsupsavithin the
secondary lymphoid tissue af@) a DTH response against the corneal allograft is

generated and can lead to rejection.
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indirect processing through the interaction betweemaive CD4+ T cell with
specificity for donor-derived antigen associatethva recipient APC, occurs within

the anterior segmeft,thus activating antigen-specific CD4+ T cells.

Moreover, the inflammatory cytokines also stimuliie up-regulation of MHC class
Il and costimulatory molecules such as CD40, CD86 @D86 on donor APCS.

The migrating naive CD4+ T cells with specificityr fdonor-derived MHC epitopes
interact with the donor APCs and antigen preseontatakes place via the direct

pathway.

T cells activated via both the indirect and theedirpathways are sequestered to the
secondary lymphoid tissue including CAYTand the cervical lymph nod&%!®
through the lymph and the circulation. Within thengcal lymph nodes and other
secondary lymphoid tissues, a DTH response is g&tethrough the release of Thl
cytokines®®*® (such as IL-2 and IFN) which can lead to corneal allograft
rejection’®® Activated CD4+ T cells can also amplify the CD8+cdll responsé®

which can subsequently aid in the rejection ofdbmneal allograft’?

The second arm of the proposed model hypothesls#ssbluble donor-derived
antigen within the aqueous humour leaves the amteggment and travels to the
secondary lymphoid tissues using two separate spuia the uveoscleral pathway to
CALT® and the cervical lymph nod88§%100:106-107.109-12gaction 1.6.d.2) or via
Schlemm’s canal into the circulation and thus te 8pleef®711M2ang the
mesenteric lymph nodé®*%” where it is taken up and processed by recipient

APCs!® Naive CD4+ T cells within the secondary lymphoistes are
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subsequently activated by antigen-loaded recipds via the indirect pathway of
antigen presentatiofi’ A DTH response is then generated through theseleaTh1
cytokines (such as IL-2 and IFN°'%®and the activation of CD8+ T cells can also
occur through help from the activated CD4+ T c&lt&€** These immune responses

can consequently lead to corneal allograft rejectit*®

This proposed model hypothesises that the diretttwzgy of antigen presentation
occurs primarily within the anterior segment of thee, rather than in the secondary
lymphoid tissues. It should be noted that thetweisveen 100-fold to 1000-fold more
CD4+ T cells that can recognise foreign MHC on dofABCs for direct processing,
compared to CD4+ T cells with specificity for a sibie foreign-peptide complexed
with recipient MHC for indirect processiigy The direct pathway of antigen
presentation is much stronger than the indirechyay at mounting an immune
response against alloantigen. Moreover, in rodeotefs of renal and cardiac
transplants, the number of alloreactive T cellsc8mefor donor APCs decreases
with time!% This suggests that the direct pathway of antigersentation may be
most critical for sensitisation shortly after trptetation and that sensitisation
through the indirect pathway may occur at a latages after transplantation. This
proposed model hypothesises that the most potemtuima response against the
corneal allograft is likely to occur within the anbr segment shortly after
transplantation via the direct pathway and theredi processing appears to take
place at a later stage after transplantation andocaur within the anterior segment

or within the secondary lymphoid tissues.
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In summary, this model proposes that two indepentéemnches of the immune
response work concurrently to survey and eliminfaeign antigen within the
anterior segment of the eye. The premise is that#CDcells can be activated within
(1) the anterior segment of the eye by antigenegmtasion via both indirect and
direct pathways, and (2) within the secondary lymghtissue via the indirect
pathway of antigen presentation after drainage adfitde donor-derived antigen
through the lymph and the blood to these tissues. liypothesised that disrupting
one arm of the antigen presentation process hapdtential to delay the course of
corneal allograft rejection. However, to abolish ahtigen presentation during
corneal transplantation, disruption of both armghaf antigen presentation process

must take place to achieve universal corneal albgicceptance.

5.3.d. Inhibition of antigen presentation with anti -CD4 antibodies and
antibody fragments in rodents

Experiments described in this thesis showed thatession of an anti-CD4 antibody
fragment from the donor corneal endotheliwas able to significantly prolong the
median day of rejection by 5 days in rats, indiggtihat antigen presentation within
the anterior segment of the eye was suppressedevémwrejection did occur in all
recipients, also suggesting that antigen presentaian occur elsewhere. If antigen
shed from a corneal allograft were to travel to seeondary lymphoid tissues in
soluble form, whilst also remaining locally withthe anterior segment of the eye,
then expression of the anti-CD4 antibody fragmerdmf the donor corneal
endothelium is likely to suppress only the immumesponse within the anterior
segment and is unlikely to modulate antigen predgemt in the distant tissues.

Consequently, only one branch of the antigen ptesen process would be
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inhibited, and sensitisation and DTH would occuthim the secondary lymphoid
tissues, which could then lead to corneal allogmgtction. This may be the reason
why expression of the anti-CD4 antibody fragmenonfr the donor corneal

endothelium was only able to delay corneal alldgegéction in my experiments.

It is possible that the anti-rat CD4 scFv expres$emn the donor corneal
endothelium may travel to the secondary lymphos$ues, in a similar way as
soluble antigen does when it is delivered to therdr chamber***1%’However, if

a small amount of scFv were able to reach the slegriymphoid tissues, it is likely
to be cleared rapidly from the tissd88and is unlikely to have an impact on antigen

presentation.

Previous studies in mice and rats have revealedsisiemic delivery of anti-CD4
mAbs have been able to significantly delay cornaHlbgraft rejection after
transplantation into healthy recipient corneal b84%**** Using strong
immunological strain combinations where no unmedifi allografts survived
indefinitely, a proportion of recipients that reasil the systemic delivery of the anti-
CD4 mAbs survived indefinitely in all studies, seggng that antigen presentation
had been suppressed in these recipients. Althowdgfinite survival was reported in
some rats in each study, there were also repotsraeal allograft rejection in each
study. When applying my proposed model of antigegsg@ntation during corneal
transplantation to explain these findings, it kely that systemic delivery of the anti-
CD4 mAbs would reach most secondary lymphoid organsugh the vasculature
and the lymphatics. Therefore, the indirect pathwhyntigen presentation within

these tissues was possibly suppressed and inhibitadever, the systemic delivery
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of the anti-CD4 mAb might not have been able taihethe anterior segment of the
eye and antigen presentation via either the intlioeadirect pathway might have
occurred locally. If this were the case, it wouldpkin why rejection was not

completely suppressed in all animals but rathepbirdelayed.

Vitova and colleagues reported prolonged survivelcorneal allografts after
systemic delivery of an anti-CD4 mAb in mice thadlprevascularised corneal beds
prior to transplantation. However, rejection diceetually occur in all allografts?
This study shows that in a high-risk setting systedelivery of the anti-CD4 mADb
was not able to abolish T cell sensitisation, bighhhave been able to inhibit at
least the one arm of the process (i.e. antigeneptagon within the secondary

lymphoid organs).

In summary, | hypothesise that in the rat, expoessif an anti-rat CD4 scFv from
the donor corneal endothelium using a lentiviratteg coupled with the systemic
delivery of an anti-CD4 mAb (which will be retaingdthin tissue for longer than a
scFv), will inhibit sensitisation within the anterisegment and within the secondary
lymphoid organs. This immunosuppressive strategytha potential to completely
eliminate sensitisation of alloantigens and migheréfore lead to complete

acceptance of all corneal allografts indefinitely.

5.3.e. The outcome of corneal allograft survival af ter bilateral
lymphadenectomy of the cervical lymph nodes in rode nts
Bilateral lymphadenectomy of the cervical lymph esdprior to corneal

transplantation has proven to be a successfuleglyaio prolong corneal allograft
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survival in some studie¢Table 5.2.®'?' Yamagamiet al. reported indefinite
survival in all mice that received allografts imormal recipient corneal bed?,
whilst Plskova reported prolonged survival in a i&m study'® Bilateral
lymphadenectomy of the cervical lymph nodes was alsle to prolong corneal
allograft survival in recipients with prevasculadscorneal bed$%* but not in
presensitised mick? These studies suggest that the cervical lymph sade a site
of ocular antigen drainage, as their removal défagsd even prevert® the onset

of DTH to alloantigen.

However, in my experiments bilateral lymphadenegtaifithe cervical lymph nodes
prior to corneal transplantatiaid not prolong corneal allograft survival in the WF
into F344 rat strain combination. A study by Scaettal. also showed that mice that
underwent bilateral cervical lymphadenectomy ptmrcorneal transplantatiodid

not experience prolonged corneal allograft survival.

A possible explanation for the differences betwéam different studies may be
because antigen presentataes not occur within the eye when using the C57BL/6
into BALB/c strain combination (used by Yamagamd awlleagues) and this might
be why this study showed indefinite survival of atbrneal allografts after the

bilateral removal of the cervical lymph nodéS.

If antigen presentation did not occur within thee ayhen using the C57BL/6 into
BALB/C strain combination, this would account fdret prolonged survival of the
corneal allografts when the cervical lymph nodesememoved?® because these

nodes would be the main site of antigen presematiohese recipients. To support



Table 5.2: Corneal allograft survival outcome after

Species

Rat

Mouse

Mouse

Mouse

Mouse

Mouse

Mouse

Mouse

Donor
strain

WF

C3H

C57BL/6

C57BL/6

C57BL/10

C57BL/10

C57BL/10

C57BL/10
(H-2b)

Recipient
strain

F344

BALB/c

BALB/c

BALB/c

BALB/c

BALB/c

BALB/c

BALB/c
(H-2d)

Corneal bed

Healthy

Healthy

Healthy

Vascularised

Healthy

Vascularised
Presensitised with
corneal allograft

Presensitised with
skin graft

Corneal allograft

survival

Not prolonged

Not prolonged

Prolonged*

Prolonged

Prolonged

Prolonged

Not prolonged

Not prolonged

Survival of
unmodified allografts

10%

0%

50%

0%

0%

0%

0%

0%

bilateral lymphadenectomy of the cervical lymph no

Additional information

Increased aqueous outflow found
in the blood, liver and spleen

C57BL/6 donor is able to induce
ACAID

C57BL/6 donor is able to induce
ACAID

des

Reference

Table 4.9

111

120

121

118

119

119

119

* = Indefinite survival of all corneal allografts; ACAID, anterior chamber-associated immune deviation

Note: All rodent strain combinations had MHC and multiple minor histocompatibility mismatches
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this hypothesis, the removal of the cervical lympbdes appeared to have the
greatest impact on sensitisation and subsequemeabrallograft survival in the
C57BL/6 into BALB/C mouse modéf’ when compared to other rodent strain
combinations (Table 5.2). Plskova and colleaguse &ported prolonged corneal
allograft survival after bilateral removal of thercical lymph nodes in a different
murine strain combination (C57BL/10 into BALB/c raj¢*®**'° however indefinite
survival in all corneal allografts was not reporiadhese studieS®** It could be
speculated that the C57BL/10 into BALB/c strain camation might haveeduced
ability for antigen presentation within the antersegment, but not to the same
extent as the C57BL/6 into BALB/c strain combinatiavhich might explain how

corneal allograft survival was prolonged in thekBlset al. studies.®**

The C57BL/6 into BALB/C strain combination is knovwn produce between 50-
60% indefinite survival of unmodified allografts gfle 5.2F>*"*?°*21Tq further

support the hypothesis that antigen presentati@s @ot occur within the eye when
using the C57BL/6 into BALB/C strain combination,aimiada and co-workers
revealed that the C57BL/6 into BALB/C strain condiion more readily induces

ACAID compared to other murine strain combinatiéhs.

In summary, | suggest that the strength of the imohagical barrier between the
recipient and the donor when using inbred rodenirst can determine the anatomic
site at which antigen presentation occurs durintheal graft rejection, and can
subsequently affect the outcome of corneal allégairvival after bilateral
lymphadenectomy of the cervical lymph nodes. Simamans are an outbred species

it is likely that the immune response that occurgiumans is more similar to the
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immune response that occurs when using a strongimalogical barrier, such as the
WEF into F344 rat strain combination, compared ® ithmune response that occurs
when using a weaker immunological barrier suchhes €57BL/6 into BALB/C

murine strain combination. Therefore, the resultdaimed when using a strong
immunological barrier may be more reflective of thenan immune response during

corneal transplantation.

5.3.f. Regional immunosuppression for human corneal transplantation

This project aimed to identify the anatomic siteenghantigen presentation occurred
in response to corneal transplantation for the psef identifying the most suitable
location for a regional immunosuppressive therapyptevent corneal allograft
rejection. The findings described in this thesisevebd that in the rat, moderate
success was achieved when the donor corneal etidatheras transduced with a
lentiviral vector carrying an anti-CD4 antibody draent prior to corneal
transplantation. These recipients experienced nogeslongation of corneal
allograft survival compared to controls. Howevet| eorneal allografts did
eventually reject, suggesting that the immune nespavas merely delayed, and that
sensitisation to the corneal allograft occurrea aite other than within the anterior

segment of the eye.

Several studies have identified the cervical lymmpldes as another potential site of
antigen presentation during corneal transplantatioodentg’®100-111-112,118-121,123,292
and the systemic delivery of anti-CD4 mAbs has &leen able to prolong corneal

allograft survivat®**** In humans, systemic delivery of CAMPATH-1H, (a
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humanised mAb against CD52), reduced ocular inflatron in patients including

those with corneal grafts, with no adverse sideatéf observetf’

| propose that in order to abolish sensitisatiorcéoneal allografts in humans, a
regional and systemic immunosuppressive strateggdsired. This could involve
regional immunosuppression by transducing the deoaneal endothelium prior to
transplantation with a lentiviral vector carrying anti-CD4 antibody fragment, in
addition to systemic delivery of an anti-CD4 mAbh{ah will be retained within the
tissue for longer than a scFv) to the recipientis ®trategy would be adjunctive to
the topical administration of glucocorticosteroidsis strategy has the potential to
inhibit antigen presentation and early T cell aation at all potential anatomic sites.
Expression of the anti-CD4 antibody fragment frdra tlonor corneal endothelium
may inhibit sensitisation within the anterior segrnef the eye and systemic delivery
of the anti-CD4 mAb may reach the secondary lymglaygans via the circulation
and the lymphatics where sensitisation may alsanbéited. In summary, this
regional and systemic immunosuppressive strategytla potential to completely
eliminate the generation of an immune response toraeal allograft and could

potentially prevent corneal allograft rejection.
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Al.1 Chrome-alum-subbed microscope slides
Prepare 0.05% Cr(S§3.12H20 w/v in DDHO. Submerge glass microscope slides

for 5 min. Allow to dry.

Al.2 DEPC-H,0
1ml diethylpyrocarbonate (DEPC)

Upto 1L DDHO

Al1.3 DMEM (high glucose)
1 sachet DMEM powdered medium (Multif&l# 50-114-PA,
ThermoElectron, Melbourne, Australia)
3.7¢9 NaHC®

39 D-glucose (anhydrous)

Al.4 Eosin stain

Stock: 19 eosin Y
20 ml DDHO0
80 ml 95% ethanol

Add 25 ml eosin stock to 75 ml ethanol (80%). Immagaly prior to use add 0.5 ml

glacial acetic acid.
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Al1.5 FACS fixative

10g D-glucose
13 mi formaldehyde
625 pul 4M sodium azide

Up to 500 ml PBS

Adjust pH to 7.3. Protect from light and store &C4

Al.6 GelRed ™ agarose plates

1lg agarose

100 ml DDHO
Combine and melt in the microwave. Add 10 pl Gel®e@L0 000X; Biotium Inc,
Hayward, CA, USA) and swirl to mix. Pour into gahk with comb placed at top of

tank to set wells. Allow gel to set before loadiDyA into wells.

Al.7 Haematoxylin solution

125¢ haematoxylin powder

75 ml glycerol

0.25 ml sodium iodate

125¢g aluminium potassium sulphate
0.5 mil glacial acetic acid

2-4 ml absolute ethanol

175 mI DDHO

Stir alum in 100 ml water over gentle heat untilfotms a paste and then add
remaining HO. Dissolve in ethanol. Cool and add haematoxybwger. In fume
hood, addsodium iodate, acid and glycerol. Store at RT toeast 24 hours. Filter

through Whatmans No 1 (Whatman, Maldstone, UK)moaise.
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Al1.8 HEPES-buffered RPMI medium
1 sachet RPMI 1640 medium (GiB¥#23400-021, with L glutamine,
25 mM HEPES buffer, no NaHGQInvitrogen, Vic)
2049 NaHCQ

up to 1L DDHO

Al1.9 HEPES-buffered Saline

HEPES 2.39¢
MgCl 0.406 g
Sucrose 209
NacCl 6.65 g

NaOH (10 M) 0.8 ml
Upto 1L Water for irrigation (Baxter)

Adjust pH to 8.0

A1.10 LB medium

10g Bactoc Tryptone (Becton, Dickinson and Comp&parks,
MD, USA)
50 Bacto™ Yeast extract (Becton, Dickinson and@any)

Up to 1L DDHO

Adjust pH to 7.0 with NaOH and autoclave.
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Al.11 LB agar plates

15¢g Bacto™ Agar (Becton, Dickinson and Company)

100 ml LB
Combine and autoclave. Allow to cool until bottlancbe held. Add appropriate
antibiotic and pour into Petri dishes. Allow platesset and dry before sealing and
storing at 4°C. Leftover agar can be stored at RI raelted in microwave prior to

use.

Al1.12 Low salt LB medium

59 Bacto™ Tryptone (Becton, Dickinson and Company
25¢g Bacto™ Yeast extract (Becton, Dickinsod @ompany)
25¢g NacCl

Adjust pH to 7.0 with NaOH and autoclave.

A1.13 PBS (10x)
28.55¢ NaHPO,.2H,0
(or 22.85g) NgHPO)
6.26 g NaHPOy.2H,0
709 NaCl
uptollL DDHO

Autoclave
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Al.14 PBS-azide
4 M sodium azide stock
10X PBS stock

DDHx0

Al1.15 RBC lysis solution (10X)

16.52 g NHCI
29 KHCQ
0.074 g EDTA

Make up to 200 ml with water for irrigation; adjystl to between 7.3-7.5 with 1 M

NaOH and autoclave.

Al1.16 SOC medium

29 Bacto™ Tryptone (Becton, Dickinson and Company)
05¢g Bacto™ Yeast extract (Becton, Dickinson @odhpany)
0.06 g NaCl

0.08¢g KCI

0.25¢g MgSQ.7H,O

up to 100 ml DDHO

Adjust pH to 7.0 and autoclave. Add 2 ml sterileagise (1 M) and 1 ml sterile

MgCl, (1 M).

Al1.17 Sodium azide 4M stock
26 g NaN

up to 100 ml DDHO
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A1.18 TBE (10x)

108 g Tris base
55¢ Boric acid
40 ml 0.5MEDTApH 8

Dissolve in 1L DDHO and autoclave. Dilute in DD# prior to use.

A1.19 Trypan blue stock
19 Trypan Blue
Up to 100 ml DDHO

Filter through Whatman No 1 paper and store’&t #se at 1:10 in PBS.

A1.20 Trypsin-EDTA

05¢g trypsin (1:250)
029 EDTA

100 ml PBS (10X)

UptollL DDHO

Filter sterilise (0.2 um) and store at °20n 20 ml aliquots. Store af@ during use.
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A2.1: pBS-CD55-F2A-CD59 vector map

Refer to Chapter 2, Table Z& more details.

hCD55 ORF

PBS-CDSS-F2A-CD59 I

4631 bp ~—
[ FeA

/-
w hCD59 ORF

Figure A2.1: pBS-CD55-F2A-CD59 vector map:

238

Sequences of interest are

marked with arrows including the human CD55 opedieg frame (ORF) (hCD55

ORF), the FMDV 2A self-processing sequence (F2AJ #re human CD59 ORF

(hCD59 ORF).
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A2.2: pHIV-eYFP vector map

Refer to Chapter 2, Table 2.3 for more detalils.

RRExt

gag primer amplicon cppt

SV40 Promoter
5'LTR

eYFP

pHIV-eYFP

st ‘\3' LTR

Figure A2.2: pHIV-eYFP vector map: Sequences of interest are marked with
arrows. The internal SV40 promoter controls expoes®f eYFP. The 5 and 3’
long terminal repeats (LTRS), the central polypertract (cppt), the extended rev

response element (RRExt) and the gag primer amphce also highlighted.
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A2.3 fHSSOX38scFv in pAdtrackCMV vector map

Refer to Chapter 2, Table 2.3 for more detalils.

fHSS
VL region

CMV promoter

linker

VH region
HIS6 tag
Right AdV homologous arm

fHSSOX38scFv in pAdtrackCMV
9809 bp

Ori

Figure A2.3: fHSSOX38scFv in pAdtrackCMV vector map

240

: Sequences of

interest are shown with arrows. The anti-rat CDBvsgene consists & variable

light (VL) domain and a variable heavy (VH) domaoined together with a 20

amino acid linker sequence. The anti-rat CD4 scéweghad a factor H secretory

sequence (fHSS) at its amino terminus and a 6dimstitag (HIS6) at its carboxyl

terminus. The origin of replication and the Right\Ahomologous arm are also

highlighted.
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A2.4 pHIV-EKS5 vector map

Refer to Chapter 2, Table Z& more details.

gag primer amplicon RRExt

cppt

5'LTR SV40 Promoter

pHIV-EK5

6360 bp .
| Kringle 5

3'LTR

Figure A2.4: pHIV-EK5 vector map: Sequences of interest are shown with
arrows. The internal SV40 promoter drove expressioBndostatin::Kringle-5. The
5 and 3’ long terminal repeats (LTRs), the centpalypurine tract (cppt), the
extended rev response element (RRExt) and the gagempamplicon are also

highlighted.
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A2.5 pBLAST41-hEndoKringle5 vector map

\

pBLAST41-hEndoKringle5 | |
=

3986 bp v

Figure A2.5: pBLAST41-hEndoKringle5 vector map: This commercially
available expression vector contains the hEndost#till::Kringle5 fusion protein

(InvivoGen, San Diego, CA, USA).
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The anti-rat CD4 scFv sequence was amplified fromSSOX38scFv in

pAdtrackCMV (Table 2.3; Appendix 2) using primelat added a Clal restriction
site to the 5’ end of the PCR product and an Ndsiriction site to the 3’ end of the
PCR product (Figure A3.1). The anti-rat CD4 scFygussce was ligated into the
pHIV-eYFP plasmid (Appendix 2) using the Clal andé\ restriction sites and

electroporated into DHbelectrocompetent E. coli (Figure A3.1).

A PCR was performed on the plasmid DNA from poednpiHIV-CD4scFv clones
and all eight clones were seen to contain therahtcD4 scFv insert (Figure A3.2).
Clone 7 was randomly selected for sequence anadysiswas found match the
predicted sequence for anti-rat CD4 scFv in thereobrorientation within the
plasmid (Figure A3.3). The pHIV-CD4scFv plasmid giiie A3.4) was used to
construct the pHIV-CD4scFv_F2A_eYFP plasmid (Sectid3.3.a.1.), the
pHIV-eYFP_F2A_CD4scFv plasmid (Section 3.3.a.2.9l avas used for lentiviral

vector production.



Figure A3.1: Diagrammatic representation of the con  struction of
pHIV-CD4scFv. (A) Anti-rat CD4 scFv was amplified from the fHSSOX8Bsg in
pAdtrackCMV plasmid. The forward primer (Clal fHS&; refer to Table 2.5 for
the primer sequence) was designed to add a Claictem site to the 5’ end of the
PCR product and the reverse primer (Ndel scFvnefer to Table 2.5 for the primer
sequence) was designed to add an Ndel restrictients the 3’ end of the PCR
product and these restriction sites were digestB)l. The eYFP sequence was
removed from the pHIV-SV40-eYFP plasmid by digestioith Clal and Ndel
restriction enzymes. The digested plasmid was ddeawith Shrimp Alkaline
Phosphatase (SAP) which de-phosphorylated theartie plasmid to prevent them
from self re-ligation(C) The Clal/Ndel digested anti-rat CD4 scFv PCR pobdund
the Clal/Ndel digested pHIV-SV40 linearised plasmvere ligated together and

electroporated into DHbelectrocompetent Eoli.
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7 Clal Ndel
Anti-rat CD4 scFv
CD4_pAdTrackCMV
pHIV-eYFP
lPCR
lDigest + SAP

Anti-rat CD4 scFv
Clal Ndel

lD‘ge“ [evip ]
pHIV-eYFP
Anti-rat CD4 scFv
Clal Ndel

N _/

+ Ligation

Anti-rat CD4 scFv

PHIV-CDAscFy X, o
Electroporation v
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Clone 7>('

Clone 1
Clone 2
Clone 3
Clone 4
Clone 5
Clone 6
Clone 8

&
BN vV

Figure A3.2: Detection of the anti rat CD4 scFv ins ert (0.9 kb) in
pHIV-CD4scFv clones. Anti-rat CD4 scFv amplified in all plasmid DNA eatts
from potential pHIV-SV40-CD4scFv constructs usingl@HSS for and Ndel scFv
rev2 primers (refer to Table 2.5 for primer seq@sjcClone 7*%) was randomly

selected for sequence analysiane M contained 2 log DNA ladder.



Figure A2.3: Clone 7 sequencing results show insert  ion of anti-rat CD4
scFv into the pHIV-SV40 plasmid in the correct orie ntation. (A)
Sequencing reactions were performed using threeepsi (as seen in diagram; refer
to Table 2.5for primer sequences) to determine the exact seguefhthe anti-rat
CD4 scFv insert.(B) Alignment of the predicted sequence against thieiahc
sequence of the anti-rat CD4 scFv insert in cloreeshown. Numbers represent base
pair count and coding regions of interest are a@du| represents exact nucleotide

matches. VL, variable light; VH, variable heavy.s
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A

S\V/40) [ fHSS | VL | linker VH

pHIVSV for2 —» seqVH_back ———»
<+——seqVL_for

B fHSS

predicted 1 CGATCAAAAA ATGAGACTTCTAGCAAAGATTATTTGCCTTATGTTATGERG

i T
pHIV-SV40-CD4scFv_clone_7 1 CGATCAAAAAATGAGACTT  CTAGCAAAGATTATTTGCCTTATGTTATGGG 50

predicted 51 CTATTTGTGTAGCAGAAGATCICGAGGCCCAGCCGGCCATGGCGGAC 100

LULLLTTIOTOREIY L T
PHIV-SV40-CD4scFv_clone_7 51 CTATTTGTGTAGCOEAAGA TTGCCTCGAGGCCCAGCCGGCCATGGCGGAC 100

predicted 101 TACAAA GACATTGTGCTCACTCAGTCTCCAGCCACCCTGTCTGTGAISNCC

LLLLLTTITOOEIY [T
PHIV-SV40-CD4scFv_clone_7 101 TACAAAGACATTGTGCTCA CTCAGTCTCCAGCCACCCTGTCTGTGACTCC 150

predicted 151 AGGAGATAGCGTCAGTCTTTCCTGCAGGGCCAGCCGAANTATTAGDBAACA

LLLLLTTIOTOOEIY AR
PHIV-SV40-CD4scFv_clone_7 151 AGGAGATAGCGTCAGTCTT TCCTGCAGGGCCAGCCGAANTATTAGCAACA 200

predicted 201 ACCTACACTGGTATCAACAAAAATCACATGAGTCTCCAAGGCTTCTCASBC

i I
pHIV-SV40-CD4scFv_clone_7 201 ACCTACACTGGTATCAACA AAAATCACATGAGTCTCCAAGGCTTCTCATC 250

predicted 251 AAGTATGCTTCCCAGTCCATCTCTGGGATCCCCTCCAGGTTCAGN&BCAG

i RO
pHIV-SV40-CD4scFv_clone_7 251 AAGTATGCTTCCCAGTCCA TCTCTGGGATCCCCTCCAGGTTCAGNGGCAG 300

predicted 301 TGGATCAGGGACAGATTTCACTCTCAGTATCAACAGTGTGGAGACI®AAG

i I
pHIV-SV40-CD4scFv_clone_7 301 NGGATCAGGGACAGATTTC ACTCTCAGTATCAACAGTGTGGAGACTGAAG 350

predicted 351 ATTTTGGAATGTATTTCTGTCAACAGAGTAACAGCTGGCCGTACAGBUTC
pHIV—SV40—CD4SCFU!|(‘!IIL|II’!!|_”7“l 351 ATTTTGGAATGTATTTCTG !Il@w/ﬂ@wgwglllgggéGCTGGCCGTACACGTTC 400
predicted 401 GGAGGGGGGACCAAGCTGGAAATTRBA TGGTGGTGGTTCTGGTMES0
pHIV—SV40—CD4SCFU!|(‘!IIL|II’!!|_”7“l 401 GGAGGGGGGACCAAGCTGG wﬂwjllwlﬁl‘wﬂl(!glll'gGTGGTGG\}I’HGGTTCTGGTGG 450

predicted 451 TGGTGGTTCTGGCGGCGGCGGCTCCGGTGGTGGCBABSTCGAAGCS500

LLLLLTTITOOEIY TR
PHIV-SV40-CD4scFv_clone_7 451 TGGTGGTTCTGGCGGCGGC GGCTCCGGTGGTGGTGGATCCGAAGTGAAGC 500

predicted 501 TTGAGGAGTCTGGCCCTGGGATATTGAAGCCCTCACAGACCCTCABUCTG

i e
pHIV-SV40-CD4scFv_clone_7 501 TTGAGGAGTCTGGCCCTGG GATATTGAAGCCCTCACAGACCCTCAGTCTG 550

predicted 551 ACTTGTTCTTTCTCTGGGTTTTCACTGAGCACTTCTGGTATGGGTGEOOGG

i I
pHIV-SV40-CD4scFv_clone_7 551 ACTTGTTCTTTCTCTGGGT ~ TTTCACTGAGCACTTCTGGTATGGGTGTAGG 600

predicted 601 CTGGATTCGTCAGCCTTCAGGGAAGGGTCTGGAGTGGCTGGCACBEMATTT

i [T
pHIV-SV40-CD4scFv_clone_7 601 CTGGATTCGTCAGCCTTCA GGGAAGGGTCTGGAGTGGCTGGCACACATTT 650

predicted 651 GGTGGGATGATGATAAGTACTATAACCCATCCCTGAAGAGCCAGCIDACA

LULLLTTITOOEY [T
PHIV-SV40-CD4scFv_clone_7 651 GGTGGGATGATGATAAGTA CTATAACCCATCCCTGAAGAGCCAGCTCACA 700

predicted 701 ATCTCCAAGGATACCTCCAGAAACCAGGTATTCCTCAAGATCACCABOGT

LULLLTTITOOEY [
PHIV-SV40-CD4scFv_clone_7 701 ATCTCCAAGGATACCTCCA GAAACCAGGTATTCCTCAAGATCACCAGTGT 750

predicted 751 GGACACTGCAGATACTGCCACTTACTACTGTGCTCGAAATTATGABDACG

LULLLTTITOOEY [
PHIV-SV40-CD4scFv_clone_7 751 GGACACTGCAGATACTGCC ACTTACTACTGTGCTCGAAATTATGATTACG 800

predicted 801 ACGGGTACTTCGATGTCTGGGGCGCAGGGACCTCAGTCACCGTCBRILTCG

i TR T A
pHIV-SV40-CD4scFv_clone_7 801 ACGGGTACTTCGATGTCTG GGGCGCAGGGACCTCAGTCACCGTCTCCTCG 850

predicted 851 GCCTCGGGGGCCGATCATCATCACCATCATTAGCATATED2

i iy
pHIV-SV40-CD4scFv_clone_7 851 GCCTCGGGGGCCGATCACC ATCATCACCATCATTAGCATATG 892
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RREXxt cppt
SV40 Promoter

gag primer amplicon o fHSS
\\ .
j VL region

@nker

5'LTR }\VH region

pHIV-CD4scFv k“'%
3'LTR

6772 bp

Figure A2.4: pHIV-CD4scFv vector map. Sequences of interest are shown with
arrows. The anti-rat CD4 scFv gene consista adiriable light (VL) domain and a
variable heavy (VL) domain joined together with @ &mino acid linker sequence.
The anti-rat CD4 scFv has a factor H secretory eecel (fHSS) at its amino
terminus and a 6 histidine tag (HIS6) at its cagthd&rminus. The internal SV40
promoter controls the expression of anti-rat CDBvsd’he 5 and 3’ long terminal
repeats (LTRs), the central polypurine tract (cpphe extended rev response

element (RRExt) and the gag primer amplicon are laighlighted.
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Figure A4.1: Colony 4.11 sequencing results show in  sertion of the anti-

rat CD4scFv_F2A SOE-PCR product into the pHIV-SV40  plasmid at the

Clal restriction site. (A) Sequencing reactions were performed using three
primers (as seen on the diagram; refer to Table f@5primer sequences) to
determine the exact sequence of the SOE-PCR pro@BtAlignment of the
predicted sequence against the actual sequencelarfyc4.11 is shown. Refer to
Section 3.3.a.1. for the construction of pHIV-CDAgcF2A eYFP. Numbers
represent base pair count and coding regions efdst are colour coded. Exact

nucleotide matches are represented by *.
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APPENDIX 4: Sequence analysis

A4.1 Sequence analysis of pHIV-CD4scFv_F2A eYFP

pHIVSV_for2 ——»

B

predicted
HIV-SV-CD4_F2A_eYFP_colony_4.11

FkkE AR FR AR RIRE

predicted
HIV-SV-CD4_F2A_eYFP_colony_4.11

kKA IR AR RIRE

predicted TACAAAGA
HIV-SV-CD4_F2A_eYFP_colony_4.11

ko k kR kk

predicted
HIV-SV-CD4_F2A_eYFP_colony_4.11

Fkkkkkkk kA ok

predicted
HIV-SV-CD4_F2A_eYFP_colony_4.11

Fkk kAR R AR

predicted AAGTATGCTTCCCA

HIV-SV-CD4_F2A_eYFP_colony_4.11

Fkkkkkkk ko ok

predicted
HIV-SV-CD4_F2A_eYFP_colony_4.11

ko kkkk ko ok

predicted
HIV-SV-CD4_F2A_eYFP_colony_4.11

FkkE AR RR AR RIRE

predicted
HIV-SV-CD4_F2A_eYFP_colony_4.11

FkrEAFRRA AR

predicted
HIV-SV-CD4_F2A_eYFP_clone_4.11

ko k kR kk

predicted
HIV-SV-CD4_F2A_eYFP_colony_4.11

Fkkkkkkk kA k

predicted
HIV-SV-CD4_F2A_eYFP_colony_4.11

Fkkk A KRR

predicted
HIV-SV-CD4_F2A_eYFP_colony_4.11

ko kkk ko ok

predicted
HIV-SV-CD4_F2A_eYFP_colony_4.11

Fkrk AR KRR

predicted
HIV-SV-CD4_F2A_eYFP_colony_4.11

Fkrk A FRRA AR

predicted
HIV-SV-CD4_F2A_eYFP_colony_4.11

ok kkkk ko ok

predicted
HIV-SV-CD4_F2A_eYFP_colony_4.11

ko kkkk kA Aok

predicted
HIV-SV-CD4_F2A_eYFP_colony_4.11

Fkkk AR KRR

predicted
HIV-SV-CD4_F2A_eYFP_colony_4.11

Fkkkkkkk ko ok

predicted
HIV-SV-CD4_F2A_eYFP_colony_4.11

Fkkkkkkk ko k

253

<4— seqVLfor

seqVHback——»

Clal fHSS
CGATCAAAAAATGAGACT TCTAGCAAAGATTATTTGCCTTATGTTATGGG 50
CGATCAAAAAATGA GACTTCTAGCAAAGATTATTTGCCTTATGTTATGGG 50

CTATTTGTGTAGCAGAAGATCICGAGGCCCAGCCGGCCATGGCGGAC 100
CTATTTGTGTAGCA GAAGATTGCCTCGAGGCCCAGCCGGCCATGGCGGAC 100

anti-rat CD4 scFv
CATTGTGCTCACTCAGTCTCCAGCCACCCTGTCTGTGAGOCC
TACAAAGACATTGT ~ GCTCACTCAGTCTCCAGCCACCCTGTCTGTGACTCC 150

AGGAGATAGCGTCAGTCTTTCCTGCAGGGCCAGCCGAANTATTRGCAACA
AGGAGATAGCGTCA GTCTTTCCTGCAGGGCCAGCCGAANTATTAGCAACA 200

ACCTACACTGGTATCAACAAAAATCACATGAGTCTCCAAGGCTC@ECAT
ACCTACACTGGTAT CAACAAAAATCACATGAGTCTCCAAGGCTTCTCATC 250

GTCCATCTCTGGGATCCCCTCCAGGTTCAGNGGCAG 300
AAGTATGCTTCCCA GTCCATCTCTGGGATCCCCTCCAGGTTCAGNGGCAG 300

TGGATCAGGGACAGATTTCACTCTCAGTATCAACAGTGTGGAGAISDIGAAG
TGGATCAGGGACAG ATTTCACTCTCAGTATCAACAGTGTGGAGACTGAAG 350

ATTTTGGAATGTATTTCTGTCAACAGAGTAACAGCTGGCCGTACAQGTTC
ATTTTGGAATGTAT TTCTGTCAACAGAGTAACAGCTGGCCGTACACGTTC 400

GGAGGGGGGACCAAGCTGGAAATAAAACGTGGTGGTGGTGGTBEIGGTGG
GGAGGGGGGACCAA  GCTGGAAATAAAACGTGGTGGTGGTGGTTCTGGTGG 450

TGGTGGTTCTGGCGGCGGCGGCTCCGGTGGTGGTGGATCCGABMII GAAGC
TGGTGGTTCTGGCGG CGGCGGCTCCGGTGGTGGTGGATCCGAAGTGAAGC 500

TTGAGGAGTCTGGCCCTGGGATATTGAAGCCCTCACAGACCCTEBBGTCTG
TTGAGGAGTCTGGC CCTGGGATATTGAAGCCCTCACAGACCCTCAGTCTG 550

ACTTGTTCTTTCTCTGGGTTTTCACTGAGCACTTCTGGTATGGGBBIAGG
ACTTGTTCTTTCTC TGGGTTTTCACTGAGCACTTCTGGTATGGGTGTAGG 600

CTGGATTCGTCAGCCTTCAGGGAAGGGTCTGGAGTGGCTGGCARBACATTT
CTGGATTCGTCAGC CTTCAGGGAAGGGTCTGGAGTGGCTGGCACACATTT 650

GGTGGGATGATGATAAGTACTATAACCCATCCCTGAAGAGCCAGOUCACA
GGTGGGATGATGAT AAGTACTATAACCCATCCCTGAAGAGCCAGCTCACA 700

ATCTCCAAGGATACCTCCAGAAACCAGGTATTCCTCAAGATCACT3GTGT
ATCTCCAAGGATAC CTCCAGAAACCAGGTATTCCTCAAGATCACCAGTGT 750

GGACACTGCAGATACTGCCACTTACTACTGTGCTCGAAATTATGBOTACG
GGACACTGCAGATA CTGCCACTTACTACTGTGCTCGAAATTATGATTACG 800

ACGGGTACTTCGATGTCTGGGGCGCAGGGACCTCAGTCACCGTEDCCTCG
ACGGGTACTTCGAT GTCTGGGGCGCAGGGACCTCAGTCACCGTCTCCTCG 850

F2A
GCCTCGGGGGCCGATCACCATCATCACCATCAIAGTCAAACGCSOD
GCCTCGGGGGCCGA  TCACCATCATCACCATCATTCTAGAGCCAAACGCGC 900

TCCCGTGAAGCAGACCCTGAACTTTGACCTTCTGAAACTTGCCEBOGACG
TCCCGTGAAGCAGA CCCTGAACTTTGACCTTCTGAAACTTGCCGGCGACG 950

Clal
TCGAGTCCAACCCTGGCCCCGATRGATA82
TCGAGTCCAACCCT  GGCCCCGGGACATCGATA 982

Fkkkk ok k kR ok k kAR



Figure A4.2: Colony 3 sequencing results show inser  tion of eYFP_F2A
SOE-PCR product into the pHIV-CD4scFv plasmid at th e Clal restriction
site. (A) Sequencing reactions were performed using thriseeps (as seen on the
diagram; refer to Table 2.5 for primer sequenc@).Alignment of the predicted
sequence against the actual sequence of colongl®isn. Refer to Section 3.3.a.2
for the construction of pHIV-eYFP_F2A CD4scFv. Qugliregions of interest are

colour coded. Exact nucleotide matches are repregdiy*
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A4.2 Sequence analysis of pHIV-eYFP_F2A CD4scFv

eYFP (no stop) Anti-CD4 scFv

pHIVSV_for2 ——»

< anti-CD4 scFv rev 2

<4—— eYFP2rev

B Clal eYFP

predicted ATCGATGCCACBTGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTG
eYFP_F2A ATCGATGCCACCATGGTGAGCAAGGGCGAGGAGGTTCACCGGGGTGGTGCCCATCCTG

predicted GTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTGGGGBGAGC
eYFP_F2A GTCGAGCTGGACGGCGACGTAAACGGCCACAAGIAGCGTGTCCGGCGAGGGCGAGGGC

predicted GATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCTERIIGGTI G
eYFP_F2A GATGCCACCTACGGCAAGCTGACCCTGAAGTTCAOTGCACCACCGGCAAGCTGCCCGTG

predicted CCCTGGCCCACCCTCGTGACCACCTTCGGCTACGGCCTGCAGTGGLIAGCCC
eYFP_F2A CCCTGGCCCACCCTCGTGACCACCTTCGGCTACGGTGCAGTGCTTCGCCCGCTACCCC

predicted GACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAABZHNRAGAG
eYFP_F2A GACCACATGAAGCAGCACGACTTCTTCAAGTCCQCATGCCCGAAGGCTACGTCCAGGAG

predicted CGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGQRE®AGGEAG
eYFP_F2A CGCACCATCTTCTTCAAGGACGACGGCAACTACABACCCGCGCCGAGGTGAAGTTCGAG

predicted GGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTEAASEEMNBC
eYFP_F2A GGCGACACCCTGGTGAACCGCATCGAGCTGAAGGATCGACTTCAAGGAGGACGGCAAC

predicted ATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTAIIRGBTGAC
eYFP_F2A ATCCTGGGGCACAAGCTGGAGTACAACTACAACATCACAACGTCTATATCATGGCCGAC

predicted AAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAAGATGGAAGC
eYFP_F2A AAGCAGAAGAACGGCATCAAGGTGAACTTCAAGAICGCCACAACATCGAGGACGGCAGC

predicted GTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGATGCGTECTS
eYFP_F2A GTGCAGCTCGCCGACCACTACCAGCAGAACACCCBTCGGCGACGGCCCCGTGCTGCTG

predicted CCCGACAACCACTACCTGAGCTACCAGTCCGCCCTGAGCAAAGARNTEAMITGC
eYFP_F2A CCCGACAACCACTACCTGAGCTACCAGTCCGCCGAGCAAAGACCCCAACGAGAAGCGC

predicted GATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCABTGB2EGAG
eYFP_F2A GATCACATGGTCCTGCTGGAGTTCGTGACCGCC@E&GGGATCACTCTCGGCATGGACGAG
F2A
predicted CTGTACAAAGAGCCAAACGCGCTCCCGTGAAGCAGACCCTGAACTTTGACCTTCTGAAA
eYFP_F2A CTGTACAAGAGAGCCAAACGCGCTCCCGTGAAGGACCCTGAACTTTGACCTTCTGAAA
Clal
predicted CTTGCCGGCGACGTCGAGTCCAACCCTGSRTDTT

eYFP_F2A CTTGCCGGCGACGTCGAGTCCAACCCTGGCCCCBEBAT

*kkk




Figure A4.3: Colony 1 sequencing results show remov  al of eYFP, to
create the pHIV-CD4scFv_F2A construct. (A)  Sequencing reactions were
performed using two primers (as seen on the diagrafer to Table 2.5 for primer
sequences)B) Alignment of the predicted sequence against tiheahsequence of
colony 1 is shown. It is important to note thatréhes no stop codon after the anti-rat
CD4 scFv gene or the F2A sequence therefore titamshaill continue on. Refer to
Section 3.3.a.3. for the construction of pHIV-CDBgscF2A. Coding regions of

interest are colour coded. Exact nucleotide matahesepresented by *.
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A4.3 Sequence analysis of pHIV-CD4scFv_F2A

A

| CD4 scFv (nostop) | _F2A  [131 7R
pHIVSV_for2 ——»

B

pHIVSV_rev2 ¢—

F2A
predicted AGAGCCAAACGCGCTCCCGTGAAGCAGACCCTGAACTTTGACCTOU&E2ABGC
F2A_3'LTR AGAGCCAAACGCGCTCCCGTGAAGCAGACCCTGRATTGACCTTCTGAAACTTGCCGGC

Partial Ndel 3'LTR
predicted GACGTCGAGTCCAACCCTCGGCECTATETATGGATCTTAGCCACTTTTTAAAAGAAA
F2A 3'LTR GACGTCGAGTCCAACCCTGGCCCCGGTATGCTATRATCTTAGCCACTTTTTAAAAGAAA

predicted AGGGGGGACTGGAAGGGCTAATTCACTCCCAACAAAGACAAGATIGIEITTAC
F2A_3'LTR AAAGGGGGGACTGGAAGGGCTAATTCACTCCCAMRAGACAAGATCTGCTTTTGCCTAC

predicted TGGGTCTCTCTGGTTAGACCAGATCTGAGCCTGGGAGCTCTCTGEEIASAICC
F2A_3'LTR TGTGGGTCTCTCTGGTTAGACCAGATCTGAGCCTGGAGCTCTCTGGCTAGCTAGGAACC

predicted ACTGCTTAAGCCTCAATAAAGCTTGCCTTGAGTGCTTTAAGTAGTBTGTGTGTT
F2A_3'LTR ACACTGCTTAAGCCTCAATAAAGCTTGCCTTGAGTGCTTTAAGTAGTATGTGCCCGTCTT

predicted GTGTGACTCTGGTAACTAGAGATCCCTCAGACCCTTTTAGTCAGPATGGEAAG
F2A_3'LTR GTGTGTGACTCTGGTAACTAGAGATCCCTCAGACCTTTTAGTCAGTGTGGAAAATCTAG

predicted CA
F2A_3'LTR CA
*%k
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Figure A4.4: Colony 12 sequencing results show inse rtion of the
Endostatin:Kringle-5 fusion protein (EK5) into the pHIV-CD4scFv_F2A
plasmid at the Xmal and Ndel restriction sites. (A) Sequencing reactions
were performed using two primers (as seen on thgram; refer to Table 2.5 for
primer sequences) to determine the exact sequérthe &K5 insert(B) Alignment
of the predicted sequence against the actual sequ#rColony 12 is shown. Coding

regions of interest are colour coded. Exact nurdeanatches are represented by *.
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A4.4 Sequence analysis of pHIV-CD4scFv_F2A EK5
| Antirat CD4scFv | F2A |

seqVLback —»
4——— pHIVSVrev2

B Agel/Xmal merged EK5
predicted e CCCCGGATGTACAGGATGCAACTCCTGTCTTGCATTGCACTA
pHIV-SV40-CD4scFv_F2A_EK5 ACCCTGGCCCCGGTATGTAC AGGATGCAACTCCTGTCTTGCATTGCACTA

kR TR FRRA K Rk ARk R FRRE IR I RRAEFFRAAE

predicted AGTCTTGCACTTGTCACGAATTCGGCCCACAGCCACCGCGACTTCCAGCC
pHIV-SV40-CD4scFv_F2A_EK5 AGTCTTGCACTTGTCACGAA TTCGGCCCACAGCCACCGCGACTTCCAGCC

IR TR ARRREE KRR AR IR Fkkk kAR kAR KRR R AR FRAEE

predicted GGTGCTCCACCTGGTTGCGCTCAACAGCCCCCTGTCAGGCGGCATGCGGG
pHIV-SV40-CD4scFv_F2A_EK5 GGTGCTCCACCTGGTTGCGC TCAACAGCCCCCTGTCAGGCGGCATGCGGG

IR TR ARRREE KRR F AR Rk kAR R FRR AR FRRAERFIAEE

predicted GCATCCGCGGGGCCGACTTCCAGTGCTTCCAGCAGGCGCGGGCCGTGGGG
pHIV-SV40-CD4scFv_F2A_EK5 GCATCCGCGGGGCCGACTTC CAGTGCTTCCAGCAGGCGCGGGCCGTGGGG

IR TR ARRREE KRR F AR B

predicted CTGGCGGGCACCTTCCGCGCCTTCCTGTCCTCGCGCCTGCAGGACCTGTA
pHIV-SV40-CD4scFv_F2A_EK5 CTGGCGGGCACCTTCCGCGC CTTCCTGTCCTCGCGCCTGCAGGACCTGTA

FR TR ARRREE KRR F AR Fkkk kAR kR AR KRR AR AR FRAAE

predicted CAGCATCGTGCGCCGTGCCGACCGCGCAGCCGTGCCCATCGTCAACCTCA
pHIV-SV40-CD4scFv_F2A_EK5 CAGCATCGTGCGCCGTGCCG ACCGCGCAGCCGTGCCCATCGTCAACCTCA

FR TR ARRREE KRR F AR Rk kAR KR FRR AT RRAERFRAAE

predicted AGGACGAGCTGCTGTTTCCCAGCTGGGAGGCTCTGTTCTCAGGCTCTGAG
pHIV-SV40-CD4scFv_F2A_EK5 AGGACGAGCTGCTGTTTCCC AGCTGGGAGGCTCTGTTCTCAGGCTCTGAG

IR TR ARRREE KRR IR F AR ik k kAR kAR KA AT IR FIAAE

predicted GGTCCGCTGAAGCCCGGGGCACGCATCTTCTCCTTTGACGGCAAGGACG
pHIV-SV40-CD4scFv_F2A EK5 GGTCCGCTGAAGCCCGGGGCACGCATCTTCTCCTTTGACGGCAAGGACG

FkTEA KREEA KRR A B T

predicted TCCTGAGGCACCCCACCTGGCCCCAGAAGAGCGTGTGGCATGGCTCGGAC
pHIV-SV40-CD4scFv_F2A_EK5 TCCTGAGGCACCCCACCTGG CCCCAGAAGAGCGTGTGGCATGGCTCGGAC

IR TR ARRR TR FRA AR F AR B e

predicted CCCAACGGGCGCAGGCTGACCGAGAGCTACTGTGAGACGTGGCGGACGGA
pHIV-SV40-CD4scFv_F2A_EK5 CCCAACGGGCGCAGGCTGAC CGAGAGCTACTGTGAGACGTGGCGGACGGA

IR TR ARRREE KRR F AR Fkk kAR R AR KRR FRR AR FRAEE

predicted GGCTCCCTCGGCCACGGGCCAGGCCTCCTCGCTGCTGGGGGGCAGGCTCC
pHIV-SV40-CD4scFv_F2A EK5 GGCTCCCTCGGCCACGGGCCAGGCCTCCTCGCTGCTGGGGGGCAGGCTCC

IR TR ARRR TR KRR F AR ik k kAR kR FR R FRR AR FRAAE

predicted TGGGGCAGAGTGCCGCGAGCTGCCATCACGCCTACATCGTGCTCTGCATT
pHIV-SV40-CD4scFv_F2A_EK5 TGGGGCAGAGTGCCGCGAGCTGCCATCACGCCTACATCGTGCTCTGCATT

IR TR ARRREE KRR F AR B L

predicted GAGAACAGCTTCATGACTGCCTCCAAGGTACCAGGAGTAGGTACGAATTC
pHIV-SV40-CD4scFv_F2A_EK5 GAGAACAGCTTCATGACTGC CTCCAAGGTACCAGGAGTAGGTACGAATTC

T T FkkkE AR kR F KRR FRRAERFIAEE

predicted GCCTGTTGTCCTGCTTCCAGATGTAGAGACTCCTTCCGAAGAAGACTGTA
pHIV-SV40-CD4scFv_F2A_EK5 GCCTGTTGTCCTGCTTCCAG ATGTAGAGACTCCTTCCGAAGAAGACTGTA

T T B e e

predicted TGTTTGGGAATGGGAAAGGATACCGAGGCAAGAGGGCGACCACTGTTACT
pHIV-SV40-CD4scFv_F2A_EK5 TGTTTGGGAATGGGAAAGGA TACCGAGGCAAGAGGGCGACCACTGTTACT

IR TR ARRREE KRR F AR ok k kAR R FRRE AR F IR FRAEE

predicted GGGACGCCATGCCAGGACTGGGCTGCCCAGGAGCCCCATAGACACAGCAT
pHIV-SV40-CD4scFv_F2A_EK5 GGGACGCCATGCCAGGACTG GGCTGCCCAGGAGCCCCATAGACACAGCAT

T T Fkkk kAR kAR KR I IR FRIEE

predicted TTTCACTCCAGAGACAAATCCACGGGCGGGTCTGGAAAAAAATTACTGCC
pHIV-SV40-CD4scFv_F2A_EK5  TTTCACTCCAGAGACAAATC CACGGGCGGGTCTGGAAAAAAATTACTGCC

IR TR ARRREE KRR F AR Rk kAR R IRRE AR IRRAERFRAAE

predicted GTAACCCTGATGGTGATGTAGGTGGTCCCTGGTGCTACACGACAAATCCA
pHIV-SV40-CD4scFv_F2A_EK5 GTAACCCTGATGGTGATGTA GGTGGTCCCTGGTGCTACACGACAAATCCA

T T ok kAR R AR KRR RR AR FRAAE

predicted AGAAAACTTTACGACTACTGTGATGTCCCTCAGTGTGCGGCCCCTTCATT
pHIV-SV40-CD4scFv_F2A_EK5  AGAAAACTTTACGACTACTG TGATGTCCCTCAGTGTGCGGCCCCTTCATT

IR TR A KR TR KRR IR Fkkk kA kR AR RRE AR IRRAERFRAEE

predicted TGATTAGA :LeI‘JG
pHIV-SV40-CD4scFv_F2A_EK5  TGATTAGCATATG

kTR ARIREE KK
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