Western University

Scholarship@Western

Digitized Theses Digitized Special Collections

2011

GENERATION OF LONG-LIVED DENDRITIC CELLS FOR A
DENDRITIC CELL-BASED THERAPEUTIC HIV VACCINE

Ryan Nicholas Buensuceso

Follow this and additional works at: https://ir.lib.uwo.ca/digitizedtheses

Recommended Citation

Buensuceso, Ryan Nicholas, "GENERATION OF LONG-LIVED DENDRITIC CELLS FOR A DENDRITIC CELL-
BASED THERAPEUTIC HIV VACCINE" (2011). Digitized Theses. 3390.
https://ir.lib.uwo.ca/digitizedtheses/3390

This Thesis is brought to you for free and open access by the Digitized Special Collections at
Scholarship@Western. It has been accepted for inclusion in Digitized Theses by an authorized administrator of
Scholarship@Western. For more information, please contact wiswadmin@uwo.ca.


https://ir.lib.uwo.ca/
https://ir.lib.uwo.ca/digitizedtheses
https://ir.lib.uwo.ca/disc
https://ir.lib.uwo.ca/digitizedtheses?utm_source=ir.lib.uwo.ca%2Fdigitizedtheses%2F3390&utm_medium=PDF&utm_campaign=PDFCoverPages
https://ir.lib.uwo.ca/digitizedtheses/3390?utm_source=ir.lib.uwo.ca%2Fdigitizedtheses%2F3390&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:wlswadmin@uwo.ca

GENERATION OF LONG-LIVED DENDRITIC CELLS FOR A DENDRITIC
CELL-BASED THERAPEUTIC HIV VACCINE

(Spine title: GENERATION OF LONG-LIVED DENDRITIC CELLS)

(Thesis format: Monograph)

by

Ryan N. Buensuceso

Graduate Program in Microbiology and Immunology

A thesis submitted in partial fulfillment
of the requirements for the degree of
Master of Science

The School of Graduate and Postdoctoral Studies
The University of Western Ontario
London, Ontario, Canada

© Ryan N. Buensuceso 2011




_ THE UNIVERSITY OF WESTERN ONTARIO
SCHOOL OF GRADUATE AND POSTDOCTORAL STUDIES

~ CERTIFICATE OF EXAMINATION

Sup ervisor TR S e

Dr. bGrf;go:ry Dekaban L e Dr Ewa Caimls’ :
Supervisory Committee .+ . | Dr.Robert Gros'

Dr. Stephcn Barr | - Dercent Morris’
Dr. joé Mymryk

* The thesis by °

 Ryan Nicholas Buensuceso
entitled: .
\ AR IR
- Generation of long-lived dendritic cells for a dendritic cell-based
therapeutic HIV vaccine

is accepted in partial fulfillment of the
requirements for the degree of

~ Master of Science
RN /\; . t AT

Date

Chair of the Thesis Examination Board

ii




Abstract

Despité advances in therapy, acquired immune deficiency syndrome
(AIDS) continués to be a global problem. New therapeutic avenues are being
explored, including dendritic cell (DC)-ba‘sed im’munotherapy./While DCs can
éfficiently promdte an immune response, theirnlimited lifespan within the lymph

node represents an obstacle to efficient immunotherapy.

)

We éxamined different gene transfer methods, observing lentiviral
transduction"to be the most effective. Transduction using generated lentiviral
transfer vectors encoding M11L and EGFP were used to determine effects on
cellular viability. We did not observe significant differences in viability following
apoptosis induction in transduced L cells. In primary I?C._cultures,"trans‘d_uction
with and without M11L did not influence DC maturation or longevity in either the
,short or long térm,‘ though transduction was more efficient in the immature DC
popUIétion; These results demonstrate that transduction is effective for gene
transfer into ‘DCs. However, techniques for dual gene expression must be further

réﬁned.
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~ Overview

Slnce the dnscovery of acquured lmmune defrcnency syndrome (AIDS) ’
the 19805 it has evolved from a dlsease assomated prlmarlly wrth the
homosexual populatlon to a gIobaI pandemlc Accordmg to the 2010 World h
Health Organlzat|on AIDS epldemlc report approxrmately 33.3 m|II|on people
worldwide are living with Human Immunodeficiency Virus (HIV): In 2009, 1.8
million deaths were attributed to AIDS while 2.6 million new cases were':

described (1).

The rncrease ln people Irvmg wrth HIV can be in part attrlbuted to
Improvements In therapy, as of 2008 42% of mfected mdrvnduals had access to
therapy This therapy does not however clear any HIV reservorrs and
lnterruptlons in therapy are foIIowed by rapld lncreases in viremia. Furthermore |
various socraI economlcal and medrcal reasons result in problems in patrent
compllance to therapy As such development of an alternatlve means of HIV
therapy is requrred in order to limit our reliance on antrretrovrral therapy |
Unfortunately, development of HIV vaccines usrng tradltlonal approaches has

been lneffectrve to date As a result aIternatlve methods are belng assessed

lntrodu‘cti‘on_ o

Human Immunodeficiency Virus
| HIV,“the ga;'satage ‘agén{ of Aros,' was fret fooluted In 1681 ). .Initl.ally, it

was characterized by two independent groups as a retroviral infection caused by

a virus similar to human T cell leukemia virus (HTLV)-1, and causing



2

. lymphadenopathyvand physical weakness. The virus was termed HTLV-Ill by the
group of Robert Gallo (3), and Iymphadenopathy—associated virus (LAV) by the

| group.of Luc Montagnier (4). Further studies eventually revealed that the two

viruses were indeed the same, and in 1986, they were named HIV. The virus was

classified into the genus Lentivirus, part of theRetroviridae family. . -

h The virus possesses a number of both structural and non- structural genes
that allow it to subvert an anti-HIV immune response and to persust in the body
These genes are all encoded on the genomlc posmve sense RNA WhICh exists
as a homodlmer wnthln a mature virion. The three maln reglons of the HIV \
genome are termed gag, pol, and env (5) The gag reglon encodes prote|ns that
are respon5|ble for prowdmg the physmal lnfrastructure of the vurus ThIS
mfrastructure mcludes caps:d and nucleocaps:d protelns that comprise a conical
shell :tha.t'enoases the genomic RNA homodimer (6). ‘The poql gene enoodes'the
viral enzymes reverse transcriptase, integrase, and the protease that cleaves
‘newly synthesized polyproteins. The env region encodes gp160, the precursor to
the envelope proteins gp120 and gp41. Also within the HIV genome are oodtng
regions for different non-structural proteins. Regulatory proteins such as tat and
rev.are responsible for a number of steps in the viral life cycle, ranging from
increasing the level of transcription of HIV RNA to manipulation of viral nucleio-
acid export (7,.8). Lastly, other accessory proteins such as vpr, vif, nef, and vpu

can function to subvert normal host immune function and cause the release of

newly synthesized viral particles (9). ..



Infection by HIV begins by transmission of the virus through several
identified routes. The most common of which is through sexual contact where
secretions from an infected individual come into contact with mucosal
membranes of uninfected persons (10). However, transmission through blood-
‘and blood products is also common, such as fhrough practices,of‘needle sharing
among intravenous drug-users or bad hygienic practice including the reuse of
needles (11). Infected mothers can also transfér the virus&vertically to the fetus or
during pregnancy (12, 13). Following transmission, the vivrus attaches to the . -
| target cell via an interaction between gp120 and host cell CD4, using CCR5 and
- CXCR4 chemokine receptors as a coreceptor (14). Further studies have shown,
however, that gp120 is also capable of using other cell surface molecules as a
“ receptor, including heparan su[fate, galagtosyl ceramide,v DE0205, ‘and‘DC- .

SIGN. The latter two molecules are expressed on dendritic cells (DCs) (15-18).

Following binding of the virus, it then enters the cells. The predominant
belief is that this occurs by fusion of the cellular lipid membrane and the lipid
envelope of the virus, releasing the nucleocapsid into the target cell (19). \
However, more recent studies have described an alternate mechanism where
bound virus is endocytosed by the cell in a clathrin dependent manner (20).:
Following entry, the capsid is disassembled and reverse transcriptase mediates
reverse transcription of the genomic RNA into single stranded cDNA, then into
double stranded linear form, and lastly into a double stranded linear form, which
is imported ihto the n‘u_cleus_and is integ_ra’ted into the t‘argetv cell by the__\(iral

integrase. After integration, the provira_l DNA is transcribed to genomic and



: sui)genomic mRNA, spliced, and translated by the standard cel].ular machinery,
Ieading to production of Tat and Rév;-The production of Tat leads to the
| upregulation of proviral transcription, while Rev allows for the export of unspliced
mRNA. The unspliced mRNA is used to generate Gag, which encases the full-
length RNA genome,“aﬁd Env bolyproteih. The HIV protease processes the Env
polyprotein to gp41 and gp120 subunits which are transported to the plasma
membrane. Gag and Gag-Pol polyproteins QSso'Ciate‘with the HIV genomic RNA
at the plasma me‘mbrane in areas enriched for the HIV En\fprotein “as the virus
begins to bud off from infected cells, ultimately released by Vpu. Maturation of
the virionis completed as the viral broteaseiprocesses the polyproteins into their

functional forms.

S Followmg .ithjécti;)‘r'!, the Eindi'v‘idual enters the acuté stage of infection, This
is dﬁafat.:téi'izredrby a phase o.fj robust \klivrAus;re;}l)]’iicati;on, a'ccompaf‘]ied'With a
farked dropln CD4" T cells (21) In the abute bﬁaé;é, cDs* T ;:eils are weékly

mobilized, which provide small amounts of control of infection (22). After several
WEéks, infected ihdivAid’uaIs;éh‘tér the latent p"h'as;é’of’ infection. This Is -
éﬁyaracte‘rizjéd"by a steady increaée in viral load and a decrease in CD4" T cell
count, When CD4* T cell levels drép to below 200 gczells/pL‘ from the normal rénéé
of 800-1050 cells/yL he infected individual is said to pr'ogre";s"ta AIDS (23, 24).
i;léfe,"CD4+: ‘médiaféd ’im’munit‘y;i's.; no rlonger‘veffective,'resulting in a large

increase in susceptibility to normally innocuous infections.

- Methods to counteract infection or disease progression fall into two -

categories, prophylactic or therapeutic. Whereas the ultimate goal in prophylaxis



is the prevention of infection,therapeutics serve to control an existing infection.
To date, in the context of HIV infection, the options available in either case are
limited; Currently, a number of problems inherent to HIV have prevented the = -

‘formulation of an effective prophylactic treatment. The greatest hurdle to a -
prophylactic vaccine has been the incredible diversity of HIV (25). A number of
factors contribute to the high degree of heterogeneity of HIV. Firstly, the reverse
transcrrptase enzyme that generates the cDNA for lntegratron lacks proofreadmg
abrlrty resultlng in an error rate of 30 mutatlons per 1x106 base pairs (26 27)
Th|s is further enhanced by a hrgh rate of vrral turnover and by a hlgh vrrus - |
burden wrthln an |nd|V|dual (28 29) Secondly, HIV is prone to antrgenlc shlft
comfectron W|th vrruses belongrng to drfferent phylogenetlc lrnes can recomblne

| durrng the strand transfer mvolved In reverse transcrrptlon Ieadlng to alteratlons

|n ftness and vrrulence (30 31) As a result of the hlgh vanabrlrty, envelope

glycoprotelns that would be most accessrble to neutralrzrng antrbodles drsplay an

astonlshmg 20% varrabllrty in amino acrd sequence within a grven clade (32)

- When comparmg isolates across clades, this number increases to greater than |
35% (32). Consequently, prophylactic treatments would have to be capable of
inducing ‘an immune response against all of the different HIV subtypesacross the
many phylogenetic’b’ranch'es." Because of the difficulties in doing so, more focus
has been‘place‘d on the treatment Ofexisti\ngzinfection. Faer

.4Colntrol of HIV rRep;Ii_cation | ’_

.. Generally, the immune response to virus infection utilizes both a humoral

‘and cell mediated response. The humoral response generates antibodies which



can bind to free virus particles and prevent further infection (33). The cellular -
response utilizes cytotoxic cells, CD8" T cells or natural killer cells, to destroy
infected cells expressing viral antigens (34, 35). While the goal of a prophylactic
vaccine wquld serve_»to increase the ‘major histocompatibility complex (MHC)-
ll/CD4+, humoral axis of the response, therapeutic vaccines should increase the

MHC-1/CD8" cellular axis.

Activation ef‘a cytotoxic T lymphocyte (CTL) response is dependent-on an
interaction between the CD8" T.cells and a peptide-MHC-I. Upon infection, viral
peptides synthesized by infected cells can be loaded onto MHC-I during transit to
the plasma membrane. The peptide-MHC complex can then be presented to- -
CDB8" T cells leading to their activation and effector function. DCs, the most -
potent antigen presenting cell (APC) are capable of eliciting strong cellular -
_responses.. However, their interactions with CD4* T cells represent a double-

edged sword, in that they. can also facilitate transmission of the virus (36).

The CD8 T cell response appears to be very lmportant in the control of

lentnv:ral repllcatlon and dlsease progressmn Durmg acute infection, the CTL

| response follows the increase in plasma vnral load (37, 38). The peak of the CTL
response is concordant with a drop in virus ‘load“.’A;stUdy:Using’ a primate simian
immunodeficiency virus (SIV) infection model showed that depletion of CTLs
during the acute phase of infection leads to failure of early HIV control (39).

| TranSIent depletlon of CD8 T cells dunng the chronlc phase of |nfect|on resulted
in lncreased V|rem|a whlch was eventually suppressed wrth reappearance of

CD8*'T cells (40) Further evidence of the |mportance of CD8 T cells is



observed in long term nonprogressors (LTNPs). These individ’uals are infected
with. HIV, but maintain a very low viral titer and prolonged time before
progression to AIDS. CTL levels in this group are similar to those in other HIV -
infected,individu‘als; however, the difference lies in the effector-capacity of the
CTLs. In LTNPs, Ieyels of perforin, a pore forming protein directed by effector
CTLs towards target cells, are increased (41).* R DR AR A F

| As a conseduenCe 'oykaD‘4+ T ce;lld}epletion,y'insult tothe h'dmoral:immdne
vr'esp’on‘se i‘s.ob.ser\'/edl as well Hovyeyer,‘ ln contrast to acellul‘ar response",a”{'
neutraliz‘in'lg} antibodyresponse"was'not;obseryed to play a role i.n HIV "
suppressron in ellte controllers and those on long-term hlghly act|ve ant|retrov1ral
therapy (HAART) treated patlents (42) Furthermore the generated antlbody
| response has been observed to be unable to match the rate of virus escape and
to be Iacklng in breadth (43 44) Th|s may be a result of effects of HIV on the B
cell response as the d|m|n|shed responses are assocrated wnth abnormal B cell
phenotypes (45) Recently, new neutrallzmg antlbody clones have been
observed followmg screemng of 1800 mfected donors as well as a class of
mdrvrduals termed ellte neutrallzers (46 47) These ﬂndrngs demonstrate that
an effectlve neutrallzmg response is possrble and that it may be harnessed for

future therapy.
l-llV”Th‘erapyY
. -Major advances to date in the field of HIV therapy have been the |

d_evelopment of‘pharm:a_cological treatments. The first antiretroviral drugs



targeted the reverse transcriptase enzyme. These were nucleoside reverse
transcriptase inhibitors (NRTIs) that competed with standard nucleotides during
elongation of DNA strands (48). These nucleoside analogs lacked a 3'-OH group,
preventing elongation of the cDNA strand generated during reverse transcription.
Later generations of reverse transcriptase inhibitors were composed of -
nucleotide analogs and non-nucleoside inhibitors (nNRTIs). While nucleotide
analog lnhlbltors funct|on |n the same manner as nucleOSIde lnhlbltors the non-
nucle03|de |nh|b|tors functlon by b|nd|ng dlrectly to the enzyme to |nh|b|t catalytlc
actnvnty (49) Protease |nh|b|tors were the next class of antlretrowrals made
These drugs target the V|raI protease to prevent the processmg of nascent
: polyprotems(50) Th|s targetmg prevents the functlonal protems from belng
mcorporated |nto assembled VII'IOhS Entry lnhlbltors specnflcally fusron lnhlbitors
are one of the newest classes of antlretrowrals wnth the fi rst one being passed
| | by the us Food and Drug Admlnlstratron (FDA) in 2003 (51) These drugs N
functton by targetmg components of the mfect!on synapse between virus and
target cell. The newest class of antiretroviral drug is the integrase inhibitor, f rst
Ilcensed by the FDA in 2007 (52) These drugs prevent the mtegratlon of the

reverse transcribed cDNA into the host genome

These drugs in partlcular NRTIs nNRTIs and protease mhlbltors are‘
used in HAART the current standard of HIV therapy Treatment W|th smgle drugs
|s not used as the hlgh mutatlon rate and heterogenelty of HIV wrthln an infected
|nd|v1dual ultlmately glves rlse toa drug resnstant mutant However by usmg }

comblnatlon therapy, the probablllty of obtalnmg a progeny virion wrth mutatrons



eonveying resistance to all drugs in the cocktail is considerably lower,
Administration of an effective HAART regimen results in an increase.in CD4"™ T
cells and restoration of pathogen-specific immune responses.:Ultimately, full
f’ecovery eannot be echieved;due in part to incomplete control of HIV. replicatidn
as well as the ability of the virus to remain in various cellular reservoirs in the

body (36).

oo It has been demonstfated that although HAART dramatically decreases |
the HIV plasma viral load, iv‘nter,rupt’iwon ef t’herapyl results in a rapid return of high-_
\Ievel yviremi_a (53). ,Re‘servoirs ef latent virqs ere believed ‘to be generefed in CD4;
T cells monocytes/macrophages DCs and some subsets of CD34 o
hematopmetlc stem ceIIs early in the dlsease course (54 57) Itis belleved that
the main compartment for latency is the pppul{atlo_nv of resting memory CD4’ T
cells. Becauee these cells{perform on!y‘theipesic:processee required to s{urvive,‘it
is likely that the virus will simply pers;istuin the proviral forh, without high levels of

virus production.

- Strict-adherence to HAART is required to prevent viral rebound and
emergence o.f drug resistant mutants due to reservoirs of latent virus. The -
International AIDS Society hasﬁrecommendegy,at\!east 95% adherence for optimal
results in antiretroviral therapy, as modest or occasional nonadherence
signiﬁcantly decreases the benefits of HAART (58). However, compliance with an
optimal regimen is difficult. Studies have shown eor}nmon‘reasonsfdr -
'nenvadhe_ren,ce‘ :v‘vere‘,sleeping through _’doksle timee, _difficﬁltieslinffoil‘owin‘g.speciat

instructions, and changes in one's daily habits. Social issues surrounding
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‘nonadherence include the treatment being a reminder of one’s HIV positivity,
| others knowing of one’s HIV status, and a lack of complete understanding of their
own treatment (69-61). These issues are in addition to complications caused by
~ the side effects associated with HAART and the financial burden of treatment.
Although effective, the difficulties of a HAART regimen underline the need for a
simpler therapeutic appvroach. §
\’Iaccine‘ St‘rategies
One of the major goals tn the field of HIV therapy is the development of an
‘effective vaccine. Previous attempts at doing so have made use of tradrtlonal
approaches of vaccme desrgn I:ve attenuated virus, whole kllled vrrus and |
proteln subunlt vaccmes lee attenuated V|rus vaccines make use of virus :
partlcles that have dlmlnlshed pathogenlmty and/or a reduced ab|l|ty to repllcate
Whole killed vuruses whlle also composed of 1ntact V|ral partlcles are non-
mfectlous Thus killed viruses would be unable to lnfect host cells Proteln
subunlt vaccines are composed entlrely of one or more subunlts of an mtact virus
partlcle The subumts used are often those that are normally easﬂy acce53|ble to
neutrahzmg antlbodles There are also a number of novel vaccine strategles that
are bemg assessed These mclude plasmld DNA vaccmes vrral vector based |
vaccmes, and dendrltlc cell based |mmunotherapy. Regardless of the vaccine
strateg;y)u’sed, effective CD8' T cell actil/ation is re'quired.ﬁ : o
B Erelimlnaryresearch employing‘ Iive attenuated vlrus vaccines in an

SIV/macaque model showed that these vaccines do confer a small level of
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brotection (62). An advantage of this type of vaccine is that the attenuated virus
is eapable of infecting host cells‘and generating viral proteins that can be .
presented within the context of MHC-I, leading to the activation of a CD8" T cell
response. However, long term obs‘ervation demonstrated that vaccinated
macagques still exhibited immune dysfunction, T cell depletion, and in some
cases, progression to AIDS. Ult‘imately, the immunocompromised state of the:
host combined with the high level of replication and selective pressure can result
in reversion to virulent progeny (63, 64).;Consequently, this vaccine modality is
not suitable for prophylactic or therapeutic purposes.

i !heeti\/eted \;\ir“u-s:vaccine.s have brovevr‘i"'to be useful |n preventing infection
" in the case of polio and influenza, but have not been effective thus far with HIV
(65-67) These vaccines av‘re'produxjced'by heat or ehemical inactivation of *
infectiouls virus. One of tkﬁemej()r difficulties in the use of this vaccine method in
the context of HIV is the conservation of immunogenicity, particularly when
discussing the structure of the envelope proteins (68). Nevertheless, attempts to
study the feasibility of killed virus vaccines have been assessed in SIV.models.
Separate studies have shown that depending on the method of inactivation,
these vaccines can resultin a-modesf increase in neutralizjng antibody titer,» and
decrease viremia if administered post-challenge (69, 70). In humans, this method
v_vas‘_un‘able.to generate a broad antibody response (66). Furthermore, there was
an inability to. promote a CD8" T cell mediated response due to a lack of -

antigenic epitope presentation through the MHC-I pathway.
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Subunit:.vaccines are also often used for viruses such as he’pavtitisz (71).
These vaccines consist of formulations of highly purified viral proteins, commonly
 the structural glycoprotéins present within the HIV envelope. Initial trials of
subunit vaccines composed of recombinant HIV gp120 have shown an increase
in neutralizing antibo&y titer towards a homologous vaccine strain, but not
against heterologous virus (72, 73). Further studies using a trimeric HIV gp140
(gp120 elongated with the gp41 ectodomain) vaccine in rabbits and macaques
have shownionly low levels of neutralizing antibody towards heterologous virus
(74). The difficulty in all of these methods is an overall inability to account for the
high level of variability in the HIV envelope glycoproteins (75, 76). To address
this problem the use of cocktails of HIV envelope glycoproteins from prevalent
HIV strains has been explored (77). While this method did elicit neutralizing'
antibody responses, further studies have to be undertaken t_b better understand

Fa

the breadth of these responses.

~ -DNA vaccines are composed of plasmid vectors engine‘ered to encgde
immunoge_nic‘ proteins, The immunogenic_properties o‘f‘DNA v'ac‘ciinzes were first
observed whﬂgav,n mice ‘vaccinatéd with pla'smidé‘ ehcodingkt‘h.e hﬁrﬁgnérowfh |
hoizr&none‘ge"r.ié, rather than s.hvai.ng incﬂreas“ed huméﬁvgfc;lwith hgrfﬁdh.é .
projcj'uctIOn, \:N,efe observed tqprbducéa'p,tibogéstva‘rge;(in‘g the _vl.n{_vbrr}hone iéself
(785._Howéver, fu.rtt'ier's.tudie‘s iatér $hdv§%ed wt"ha‘tin ’qr’de:r to obta:n “detectab;lyé
i'mr’nu.ne‘- r.esponseéiin prfmate_é, Iafge‘éméunfs [of plasmld DNA k\}‘Ner‘e requi%ed. As
such ‘resevarc':h in tﬁis lﬁeld IS alfsto’ félpyﬁsilr:\g\ §n thﬂe‘dgvc"aldbmeﬁt’ Qf acllj;J:yant‘s’ and

novel delivery methods to increase efficiency and potency.
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- Viral vectors have also been examined for HIV therapy for their ability to
act as a vehicle of gene delivery (79-81). Vaccines utilizing viral vectors consist
of viruses modified to be safe, exhibit zero to low toxicity, and encode the -

“requisite genes, as a vehicle to deliver the genetic information. As these viruses:
are able to infect target cells and express the foreign proteins, the belief was that
they would be able to elicita T cell response.One of the more publicized HEP
attempts was the Merck STEP trial (82)..This trial attempted to utilize
recombinant adenovirus vectors to deliver the gag, pol, and nef genes and
induce anti-HIV T cell immunity. Infection of human immune cells with the viral -
vectors was intended to result in expression of the viral antigens and a
subseqUent immune response. However, during phase lll clinical trials, no
protection or significant reductions in the-plasrna viral.load post-infection was
observed; rather, the vaccinated group was seen to have an increased number of

new infections relative to the control group (83).
Dendritic Cell Inmunobiology -

DCs are thedq |mmune systém's m.o'st"p:men:t and 'vérs;éﬁté APC. They are
able to qu1ckly sense lnflammatory strmull capture antlgen transport it to
secondary lymph0|d organs and mobrllze antlgen spemfc T cells (84 86) |
Because of thelr rmportant role in immune surve|llance they locallze to penpheral
trssues rncludmg the skm resplratory tract and genlto urlnary mucosa where |
they exrst predommantly as rmmature cells Here they express low levels of
surface molecules mvolved in the co- stlmulatlon and actlvatlon of naive T cells

such as CD80 and CD86. However, they have a high capacity for sampling their
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: extrace'llular environment:for antigens. Upon exposure to pro-inflammatory
molecules such as those involved in tissue damage or pathogen associated
molecular patterns (PAMPs) the DCs are activated and undergo a change in
functron and phenotype (87 88) In thls state endocytic actlvrty decreases whlle
co;stlmulatory mo\lecule‘s increase. ‘F‘urthermore,} the migratory capacity of the |
sz increases permitting them to traﬁ’ic to secondary lymphoid organrs .'l;his is‘ |
medlated by an rncrease in celI surface chemokrne receptors notably CCR? (89).
Wrthln the secondary Iymphord organs the actrvated DCs are capable of driving
Th1 drfferentlatlon through productlon of mterleukln (IL)-12 (90 93) This permits
‘the activated DCs to inltlate an |mmune response along both cellular and -
humoral axes. Due to the Ievel of rnfluence that DCs have on the immune
response they have attracted attentron as a therapeutic target for the treatment

ofdrsease ‘_ _ .

- In addition to the aforementiOned interactions of DCs with CD8" T cells,
DCs are also capable with interacting with CD4" helper T c_ells through an
interaction 4with'l\’/ll-lC-ll. This leads to either cellular immunity mediated byl Th1
cells, ora B cell responsve yia thevTh2 subset. The cytokine environment
inﬂuences the nature of the T helper response, ‘as Thi respo’nses"are‘ prom.oted
by interferon (lFN)—y and IL-12, whereas an IL-4 promotes a Th2 response (93
94) Actrvation of Th1 cells by DCs Ieads to 1ncreased macrophage actrvrty and

proliferationbf ,CD8 T 'cells(95).'ConVersely, actiVated Th2 generate a humoral

response by interacting with antigen bound MHC-II on the surface of B cells
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present in secondary lymphoid organs. The Th2 cells then deliver actiVating

signals to the B cells resulting in their activation and proliferation (96).

| Ultrmately, T cell actrvatlon by DCs is dependent on thelr actlvatlon state
Prevrous research has demonstrated that DCs lackrng the means to respond .
dlrectly to PAMPs retaln the ablllty to be partlally act|vated (termed “matured") via
other hematoporetlc cells (97) In thIS scenario, other hematopmettc cells -
encounter pathogens and following lnteractlons between PAMPs and the
appropriate receptors, release pro-inflyammatorytcytokines that promote DC
maturation. The matured DCs differ from activated DCs in the capacity to
generate effector T cells. Both mature and activated DCs are capable of
providing a costimulatory signal to resting T cells due to upregu_lation of CD80
and CD86, which interact with CD28 on.T cells. Notably, matured DCs fail to
produce IL-12, and are hence unable to drive T cell differentiation (90, 91)..
Furthermore, the mature DCs have been shown to be unable to prime effective

CD8" T cells, resulting in a defective CTL response (98-101).
Dendritic Cell-based Therapeutics

The use of DCs m gene therapy often involves the introduction of a gene
or protein product encoding a given immunogen (102). Initial atte,m_pts at antigen
loading.haye,u‘sed purified peptides, viral vectors for transduction, or antigen
expressing cell extraots. Following loading, theantigen}caﬁn be presented on
surface MHC molecules. Proteins synthesized within the cell are loaded onto

MHC-I, whereas exogeneous proteins are loaded onto MHC-II. Furthermore,
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‘ DCs are also capable of cross-presentation, where they are able to capture
extracellularantigens, process them, and load them onto MHC-I for presentation
to CD8+_:T cells. Antigen presen_ting DCs can traffic to regio:nallymph nodes, and
.present the load’ed antigen to T oells to initiate a response ‘(1‘073‘-‘10'5) Depending
on the context of antlgen presentatlon DCs can actrvate either a Th2 response
Ieadlng to a humoral CD4 T cell response ora Th1 response Ieadrng to a CD8

| T cellular Tesponse.

. Asitis the manner.in which antigen;is presented by DCs that decides on
either a cellular or humoral immune response different strategles of DC
preparatlon can be employed to generate elther response As cellular immune
responses generally depend on the productlon of endogeneous antigen and its
supsequent loading ‘onto MHC-I, and hunjoral responses use exogeneous
derived antige‘n Ioaded onto I\./lHC-II,, different antigen_loa_dingstrategie_s oanw _be
used. to achieve the‘desired response. In the forrner,ﬂ genes encoding the anvtigen
of interest‘can be t_.ransferred_into.‘DCs stroh that they will ‘be abyle to produ_ce the
resultingprotein on their oyirn (106). AFoIlowing1generation ‘o‘f' the protein, |t can be
prooessed and loaded wi_thin.'the cell oﬁnt_o surfacehound MHC-I and stimulate
CTLs l;_oladijng of Ml—lC;ll »c_an be achieved by\_pulsing ‘D‘Cs‘ with .a‘ntigenic; ,.

. peptides. It has been shown that lZle pulsed ex .vivo;\ivith,’cell wall/constitutents
frorn Streptococotls pneumoniae and admiinistered into si/ngenic rnice resolted in

strong B cell response to capsular polysaccharrdes and microblal proterns of the

bacterium (107). Additionally, different subsets of DCs can be used to prepare
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the vaccine. It has been observed that Langerhans cells preferentially prime

cellular immunity, whereas dermal DCs prime humoral immunity (108).

Engrneerlng of DCs for use in vabcrne preparatlons must fulflll a number of
requnrements A sufﬂuent number of DCs must be prepared for purposes of both
manrpulatlon and ensunng that enough DCs wnl be obtalned to traffic to regronal
Iymph nodes They must express lmmunogemc peptrdes within the appropnate
’ MHC context in order to initiate the correct type of immune response Lastly, they

must be actlvated in order to prrme effector cells (109)

On.e of the major advances in the DC immunotherapy ﬁeld was the
discovery that DCs could be easﬂy generated from precursor CD14" monocytes
by cuIturlng in the presence of IL-4 and granulocyte macrophage colony-
stlmu[atmg factor (GM CSF) (110 111) Further refinement of this technique has
allowed for the Iarge-scale generatlon of commerC|aI grade monocyte-derrved
| DCs ltis also possrble to generate myelord DCs usmg CD34" hematoporetrc
stem cells and expand them in a srmllar manner usmg IL-4, GM-CSF, and TNF
in the culture medlum (1 12 113) However the advantages of either CD14
_ denved DCs or CD34 denved DCs over the other in the context of HIV has yet
to be studled In addltlon to using elther CD14 or CD34 precursors drfferent ,\
subsets of DCs can be generated by modrfylng the cytoklne mllleu in culture
(114). These different subsets carry with them different immunostimulatory
properties; however, the exact subset that would be best for HIV therapy is not

clear.
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The DC precursors must also be HIV-free if used to generate large .
populations. As CD14" and CD34" are susceptible to HIV infection, use of
i‘nfected precursor cells can generate HIV infected DCs that would propagate the
virus and exacerbate disease a‘n'HIV-positive individual. Furthermore,‘ research |
‘has shown that interaction between infected DCs and infected CD4* T cells
results in the stimulation of HIV replication and virion synthesis (115,,:1 16).
Because of the hazards of using infectedDCs, it.is important to be able to
generate healthy, uninfected cells. In order to do so, uninfected precursors must
be utilized. These can be cells taken from an infected individual and rigorously

screened, or from an MHC-compatible, uninfected donor.

The DCs must be activated in order to achieve optimal T cell activation.
Otherwise, immature DCs are unable to initiate the appropriate immune response
and may be tolerogenic (117). Thus, in.order to obtain potent, stimulatory DCs,
they are often treated with combinations of toll-like receptor (TLR) ligands and
inflammatory cytokines. A number of studies have made use of poly I:.C (TLR 3
agonist), CpG (TLR 9 agonist), tumor necrosis factor (TNF)a,'interferon\(IFN)y,
IL-6, IL-1B, and prostaglandin.E2 (PGE2) (118). The combination qf cytokines
and TLR ligands can mimic interactions between DCs and pathogens, to promote
increases in costimulatory molecules and chemokine receptors. .

Differehf c.ombihat‘idns of TLR Iiiga'h:ds and cytt'j'ki‘ne’s have been é;s'se'ééed
for clinical use. It has been recently reported that the use of purified TLR ligands
is not without drawbaicks. Purified poly I:C, a TLR3 ligand, when usedina

maturation cocktail has been shown to induce an antiviral state within the DC
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(119, 120). Activation of these innate immune mechanisms may cause RNA
degradation or inhibition of protein synthesis, limiting expression’of introduced "
transgenes. To circumvent this, the use of clinical grade ‘sources of TLR ligands

has been studied, namely cocktails present in existing vaccine formulations such

as the typhoid fever vaccine, a seasonal influenza vaccine, and the bacillus

Calmette-Guerin vaccine (1 18) The ﬁndings here show that the “vaccine
matured” DCs are capable of inducing Th1 polarlzatron but with limited CCR7

expressmn The Ilmltatron in mlgratory capacrty was restored by supplementlng

: wrth PGE2 enhancrng CCR7 expressron to rncrease responsrveness to lymph

node¥asso'Ciated chemokines (121).

A number of‘,stu’dies ha\_/e exa_mined the potential ’ro use DCs as HIV
vaccines. Initial trials made use of allogeneic DCs from HIV negative individuals
and auvt.ologo‘us, DCs. The QCs were loaded with ‘either envelope gp160or ‘
synthetic_peptide_s,corresponding to_HIV-gag or pol. These DCs were injected
into :6 hdman leukocyte antigen (‘HLA‘)‘ identical HIV in,fectevd ‘indi\“/_iduals‘(122). |
One of the recipients of aIIernerc DCs demonstrated increased envelope-
specific CTL and Iymphocyte-proliferatir/e responses accompanied with IFlN-y
and [L-2 productron Another recrprent of allogenerc DCs showed rncreased
envelope specrflc Iymphocyte prollferatlve response A recrprent of autologous
DQs\_eventn:‘a‘lly _showed an |norease rn,peptlde-‘specrﬂc lymphocyte-prollferatlve
responses. However, m all cases, no effect on viryal‘loadeas_ obsery_ed. :Another
trral .u_s;ed monocyte-deri\(ed ,DCS cultured in the presence of GM-CSF and IL-4

(123). Eighteen HIV infected individuals off HAART treatment for at least 6
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months were given DCs loaded w‘ith inactivated HIV and cytokine matured. At
112 days post administration, a decrease in plasma HIV RNA was measured with
8 of the 18 recipients demonstrating a reduction of viral load of over 90%. This
correlated with increased HIV-specific CD4" T cells. These results demonstrated

the efficacy of a DC-based HIV vaccine to control HIV infection. . -
Manipulation of Dendritic Cell Lifespan

. Oneof the key issues surrounding the use of DCs in immunotherapy is
their lif‘espan and persistence wit_hin_the lymph node (1 24) Furth*e_rmore, uptake
of dead D_Cs by ‘i‘mmature DCsmay result in tolerance (l 25). Because the lymph
node is the site of antl.gen presentation lt has been postulated that a limited |
llfespan of DCs places Ilmlts on the duratlon of a T-cell medlated lmmune
response. Characterrzahon of BrdU labeled DCs in the absence of antigen or
.m_rc‘roblal ‘stylmull demonstrated that thﬁey can persist anywhere between 2 and 9
days within lymphoid organs. Following antigenic and microbial stimuli however,
the turnover rate increased (1‘2.6) Other studies using fluorescently-labeled B
allogenelc murine DCs revealed that mjected DCs are short Ilved upon mlgratlon
to the lymph node per5|st|ng for upwards of 7 days wnth peak levels achleved at
day 2 (127) Multlple attempts have been made at c1rcumvent|ng shortcommgs in
DC Ilfespan These rnclude transfectlon wrth a number of cellular antl apoptotlc
factors such as Bcl 2 and Bcl-xL, or S|RNA-med|ated knockdown of the pro- |
apoptotlc factors Bak/Bax ln the latter case knockdown was shown to increase

immune responses (128-131).
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- Manipulation of cellular apoptotic regulators to boost DC longevity is in
iteelf.a double-edged sword. Although they have been shown to successfully
increase longevity, they may aleo be associated with oncogenicity, making
applications involving these difficult to translate to clinical settings (132, 133).
Fljrthermore, depe'nding on the method of transgene introduction, effects of
manipulated apoptotic factors may‘synergize with other proto-oncogenes whose
expression may be altered following gene transfer. Analternetive method makes
use of apoptotic regulators that are viral in nature. The benefits of this method ‘-
exist on two levels. First, it allows for theselection of regulators that are not
known-to have oncogenic potential. Second, as the regulators are viral and
therefore foreign to the body, it is possible for the immune system to eventeally
eliminate eells expressing theyforeig{ni p_rot.eir[j.HTh’ivs;permit_s a temp’orairy increase
in DC Iengevity Wifhout resu'[tinélin oVeeNh_elfﬁing DC activity )orv anexcessjveiy

prolonged lifespan that could contribute to cancer.

~-Myxoma virus encodes M11L, an anti-apoptotic protein encoded by a virus
not known to be pathogenic to humans. It has shown to be importan{ to\myxoma
virus pathogenicity as an M11L deletion mutant virus was markedly less :
pathogenic than wild type virus, being unable to.cause:lethal myxomatosis (134).
Furthermore,' the knockout virus resulted in unusual lesions with vigorous
inflammatory activity, suggesting that M11L performed a function that normally
compromises an effective cellular response. Research later showed that M11L

was localized to the mitochondria (135). Mitochondria are central in the apoptotic

pathway, where it functions in both the intrinsic and extrinsic pathways (136).
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During' apoptosis, the mitochondria swell, as well as changes .in membrane
potential. Pores formed in the mitochondrial membrane result in the release of
cﬁqthonﬁe c vand‘ »subsequent» activation of caspase 9. The pores are formed by
apdﬁtc‘)tib.faétbrs B'a.k énd Baxv, while local anti-apoptotic factors, the Bcl-2 family
of protéihé,gjbreilehts their activation (137, 138). M11L was revealed to be a
structural homolog of Bcl-2, functioning by pk'rév'eh"tirig the conformational
activation of Bak and Bax (139, 140) én'd the subsequent release of cytochrome
¢ (141). Pharmacological induction of apoptosis in immortalized R'a*t2} fibroblasts
infected with an M11L encoding retrovirus resulted in a’2-'f‘old decrease in B

| ‘aipwo‘ptotic: cells over a 5 hour treatment, demonstrating its anti-apoptotic éffec;ts

(135).

In the context of DC-based HIV therapy, anti-apoptotic regulators such as
| M11L may play a pivotal role. It has been demonstrated that the HIV énvélope
glycoprotein gp160 is capable of inducing apoptosis in CD4* T cells (142).
Presumably, DCs engineered to express the same envelope glycoprotein would
meet the same fate. However, the ability of M11L to prevent apoptosis may \
ciréumvént this problem. Previously, it was shown thét inclusion of M1‘1I’_ ih’a
DNA"\'/éctOr-based HIV vaccine was able to préVeht.gpMQ mediated cytoto:xi'ci'ty,'
éS‘WeII‘as’thc'irease the magnitude ofaCD8" T céll resp'on.se (143) This study
made use of a plasmid DNA Vaccine encoding both gp1_40 and M11L. As the

- ultimate fate of the _véctor following administration Was u'nknown,,;it was -

postulated that the vector was endocytosed by DCs. These cells would then
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synthesize and express the HIV glycoprotein while utilizing the anti-apoptotic

effects of M11L to circumvent gp160 mediated cytotoxicity. -
Dendritic Cell Gene Transfer

o DC im,munotherapyrrequiresthat the DCs are en_gineere‘d to pvresent
immunogenic peptides on surface MHC. A number of different methods exist for
gene transfer generally classified as either non-wral or viral vector medlated
Commonly used non—wral medlated transfer methods mclude I|posome or
catlomc-polymer medlated and more recently, Nucleofection Vlral vectors used

for transduction of cells primarlly make use of elther adenovurus or Ientlwrus

| Liposome-mediated transfection entails the use o_f DNA e_nclosed within
po.sitivelycharged vesicles made of a phospholipid bilayer. Upon interaction with
the cell membrane, the two lipid_bilaye’rs .,fus'e," releasing the DNA contents into
the cytoplasm (144) The DNA is then |mported into the nucleus, where it persists
- asan eplsome This method is one of the most common, as it d|splays a high
transfection efficiency in a wide variety of cell lines, and is of low toxicity to the
cell. However, it does not display high transfection efficiencies in primary cells.
Seyeral grotjps have attempted to use this method to transfect mo‘n'o‘cyt'e'-deriyed
D‘Cs, observing transfection efficiencies only as high as 110% (.145)‘;1

’ Cationic polymers mal(e use of charge »differences between p,ositively,_
charged molecular polymers and ne_gatively charged nucleic acid ,(149)' The
polymer and nLicIeic acid complex are endocytosed by the cell. Proton sponge

effects of the cationic polymer buffer the endosomal pH and result in massive
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proton accUmuIation and chloride influx (147). The change in osmotic pressure
across the endosomal membrane eventually causes rupture of the membrane,
releasing the nucleic acid. Plasmid DNA is then imported into the nucleus where
it, as in lipofection, persists as an episome. Studies using this method in AG101
cells, an immortalized’murine DC line, demonstrated a transfection efficiency
below 1% (148).

Nucleofection |sa re'lattve'ly new trahsfeotton method. Rather than
electroooration,‘yvhere aoot‘ioation’ of an electric current pLi'ls'és' nuoletc aoids into
| the-cytoplasm' ’thcbleofectiton puls'es' nucleic acids direotly 'intov'thye'nuceleus‘(149)
, ’ln the case of DNA lt can then be transcnbed faster resultlng in qurcker gene
expressron Furthermore Nucleofectlon demonstrates hlgher transfectlon |
efﬂmency across many ceII types (150) A major dlsadvantage of the system is ltS

propnetary nature and |nab|I|ty to custom|ze parameters of the electnc current.

- Viral \_/.e»otOr-mediateo transduction makes use of viruses engineered to
encode a gene of interestvthat ’i‘nfect the _oe}l!s. _In(generaly, plvasmids enooding,the
transgene and viral components are tra‘nsfe«cted tnto a{»'mammali.an‘cel‘l line that
oackages and releases vial pa’rtivcles,. The viral particles }can then bkehar_vested
and used to transduce the cells of interest. However, as the transduction vehicles
are stitl ytral in nature, a nomber of safe_ty measures are put in»,plyaoe to prevent
pathogeniotty. Q‘f‘ten,» the "vi_‘ruses usect as yectors are either k‘nown to not cause

severe pathology, or are prepared such that they 'are'u_nable to do so (71,_51)._
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. Lentivirus transduction is a popular method of gene transfer. Importantly, -
because Ientiviruses are capable of integration, they are well suited for infecting
dividing cells and propagating engineered transgenes (152). This system utilizes
three separate plasm:ds a transfer plasmld encodlng the lntegratlon cassette a
packaglng plasmld encodlng the gag, poI tat and rev protems to provrde the
cap5|d structure transcnptlon and lntegratlon machlnery (153) and trans-
actlvatrng protelns to drlve expressmn of the mtegratlon cassette and an
envelope plasmld that encodes the veS|cu|ar stomatltls (VSV) G proteln to
pseudotype the recomblnant vnrus The pseudotyplng of the virus permlts an
expanded tropism aIlowmg the Ientlwral vector to be used for transducmg a wide
range of cell types (152) As the natural I|fe cycle of lentlvrruses mvolves the
rntegratlon of the v1ra| genome mto the host genome there are safety concerns
surroundmg thls method In a tnal usmg Ientwrral vectors to }treat X-Imked
adrenoleukodystrophy, transduced CD34 hematoporeuc stem cells yielded
leukocytes of hlgh polyclonallty and no clusterlng of lnsertlons in oncogenes or
growth related genes (154) Conversely, ina tnal usmg Ient|v1ral vectors to treat -
B- thalassemla transduced CD34 stem cells demonstrated clonal domlnance by
transductants containing an actlvatlng lnsertlon in the HMGA2 proto oncogene
(155). Although the abundance of the dominant transduced clone was stable for
months after its discovery, this high,lights the potential for insertional, activation. It
is therefore important to recognize the safety concerns of lentiviral transduction.
Th_e main concerns have been the generation of replication-competent virus and

insertional activation of oncogenes, in part by viral enhancer and promoter.
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sequences. However, further advancement of this technology has resulted in the
development of new safety measures to address some of the concerns.(152, -
156, 157).

i AlfHoUgh HIV |s }in;fe}c}"jt a rﬁeheer of the lentivirus ‘fémuy,‘ j:a'number of
safety measures héve been put in place in the generation of lentiviral ©~ .- -
transduction vectors. In'each progressive generation of lentiviral vector,
researchers have been able ‘to dispense with a number of HIV-1 genes.
Currently, only the genes absolutely required for the initial generation. of the viral
particle and subsequent infection are present (158). Most importantly, the newer
generation lentivirus vectors are self-inactivating (157). The transfer plasmid
codi‘ng for the gene of interest possesses a deletion in the 3’ long terminalv repeat
(LTR).‘After assembly of the virus particles and subsequent infection into target
cells, the deletion is copied into the 5’ region during the reverse transcription
phase of infection prior to integration. As a result, the integrated provirus lacks a
complete 5 LTR cépable of driving transcription and therefore is unable to
support production of lentiviral transcripts capeb!e of being packaged in.to

progeny virions. Therefore no new infectious virus can be produced.
Dual Gene Expression

" For gene therapy, it may be necessary to express multiple transgenes if
more than one gene s required to establish the intended effect. Introduction of
multiple genes can be achieved either by the use of multiple vectors, or by a

single multicistronic vector. However, if multiple monocistronic vectors are used,
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—only a fraction of the target cells will-acquire all of them, resultingina. .
heterogeneous population of unequal gene expression. For this reason, a-single
\multicistronic vector is appealing asvtarget cells taking up the vector will result in

a largely homogeneous population of transgene-expressing cells. -

Some virus;es have evolyed’way’s} to ini‘tiatetranslation in the absence ofa
5'.cap, permitting translation from within an mRNA transcript. This is achieved by
the presence of an lnternal rlbosome entry S|te (IRES) (159) Further research _
has demonstrated the exrstence of thls system wrthm eukaryotrc cells however |
the mechamsm of VIral IRES functron is better understood (160) In general the
IRES functlons by creatlng a scaffold wrthm an mRNA transcrlpt to permlt protern
translatlon mdependent of a 5 cap or a number of cellular translatlon rnltratlon
factors the exact mechamsm however |s dependent on the or|g|n of the IRES
The Ievel of expressron of the second gene under control of the IRES can be |
varlable in the case of the encephalomyocardltrs virus !RES expressron can ’.
range anywhere between 6 and 100% that of cap- dependent translatlon from the
cytomegalowrus (CMV) promoter dependrng on cell type and the gene rn |

quest|on (161)

- Another method of dual gene synthesis is to have each gene under the
control of its own promoter. However, the use of different promoters can result in
protein expression levels that are also dependent on cell-type: Furthermore, c

| promoter interference can occur, where the transcription from one promoter can
interfere with that of the other (162, 163). Recently, Amendola et al. described

the use of a synthetic bidirectional promoter for use in a lentiviral transfer vector
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(1’64). The synthetic promoter consisted of an ‘efficient’. promoter, either the -

' humanubiquitinC or phosphoglycerate kinase (PGK) promoters, joined in-
opposite orientation to a minimal core promoter derived from,CMV..The upstream
elements contained in the ‘efficient’ promoter, effectively flanked by two core

promoters, could then drive transcription in both directions.
Project Rationale -

A prev:ous study from our Iaboratory descrlbed the pHERO DNA plasm|d
vaccine system (143) The plasmld backbone encodes genes promotlng | |
, eplsomal stabrl:ty allowmg it to repl:cate in leldlng cells In thls study, the
pHERO plasmld encoded M1 1L as weII as gp140 a secretable form of HIV
gp120 also contalnlng the gp41 ectodomaln IncIusnon of lVI1 1Lin thls vector
resulted in decreased Ievels of HIV envelope glycoproteln medlated apopt03ls
as well as an increase HIV-specrfc CD8 T ceII response (143) In conjunction
With"boosting with a canarypox virus encoding the HIV envelope glycoprotein,
gag, and a portion of the protease gen.e, the effects were further increased. The
presence of M1 1 L also stlmulated expanswn of the central and effector memory
CD8 T ceII populatlons In thls study, the DNA vector was admlnlstered ‘_
mtramuscularly followmg cardlotoxm treatment Cardlotoxm treatment caused
Iocal lnflammat|on promotlng lnflltrat|on of |anammat|on responswe cells It was
postulated that the |nf|Itrat|ng ceIIs namely DCs were responS|ble for uptake of
the DNA vector and subsequent synthesns of lmmunogemc peptldes and
presentatlon to Th1 ceIIs in the context of MHC I Furthermore as gp140 is a

secretable form of HIV Env |t is p033|ble that muscle cells that took up the
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- vac;:ine subsequently produced and secreted gp140. Regional APCs would then
be able to take up the secreted protein and cross-presentit to T cells in the -
lymph node while increases in longevity mediated by M11L may.increase
persistence withih the lymph node. This would then Iead«t_o increased antigen

presentation, and the stronger.immune response. = . -

o In'dfder to recajpyitUIét'e this effect specifically in DCs, it is necessary to find
an efficient method to transfer the appropriate genes into them. Furthermore,
because coordinate expression of multiple genes is desired, the vector of choice

“must be multicistronic. In the case of a lentivirus vector, the two genes can be
under the control of two promoters functioning bidirectionally, or a single
promoter and an IRES between the genes. Different methods of both gene
transfer and vector organization have to be assessed in order to determine the
most effective way of obtaining suitable HIV gene e‘xpression and

transfection/transduction efficiency.
" Hypothesis and Objectives R

Based on what has been shown about M1 1L and the previous.findings
concerning its use in the pHERO system, | hypothesize that expression of M11L
in DCs results in increased DC longevity. To test my hypothesis, | have set a
humber of research objectives for this project. First, | will identify an effective
method of gene transfer into DCs. By assessing a number of different gene
transfer methods, | should arrive at one that‘ provides sufficient gene transfer

efficiency while also preserving cell viability. Secondly, | have to optimize
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-c’mn&itidhs coordinate dual-gene expression. Lastly, | will assess the effects of
lentiviral transduction on DCs in culture from both a short-term and long-term
berspeéﬁve. Refinement of this system can demonstrate a novel method of
boostiné éhtigen presénzt‘a‘tic'm',"es'pfe‘cially"i"h» caSeé such as HIV wﬁéré‘
immunizing beptides m'é';/ be cytotoxic. This ¢an serve as a foundation for future

studies of DC-based therabi_es.'
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Materials and Methods -~ -
Cell Culture

HEK293T (human embryonic kidney cells) and L_ cells (rat fibroblasts)
were maintained in’reconstituted powdered_Dulbecco’s Modiﬁed Eagle’s Medium
(DMEM; Invitrogen) prepared according to manufacturer’s instructions and. .
supplemented with 10% FBS, 10mg/mL penic‘illin-strep_tomycin, and 200mM L-

glutamine (complete DMEM).

. DC2.4 (immature C57BL/6 mouse DCs) cells (165)were maintained in
Roswell Park Memorial Institute (RPMI) 1640 culture medium supplemented with
0% fetal calf serum non- essentlal amino aCIdS L-glutamlne sod|um pyruvate

pemcallln-streptomycm, and B-mercaptoethanol (complete RPMI 1640).

Transfectlon _ |

Non-viral transfection methods were carried out in DC2.4 cells, an -
immortalized immature murine DC cell line (165). Transfection with =«
| Lipofectamine (lnvltrogen)’was‘ carried out according to manufacturer's
_instructions. Briefly, 2 x 10° cells were placed into each well of a 6-well plate in
1.5mL of complete RPMI 1640 Plasmid (4 ug) and 10pL of Lipofectamine were
each mixed into 250uL of serum free RPMI 1640 After 5 mlnutes of lncubatlon
the d|luted DNA and Llpofectamlne were comblned and mcubated for 20
mmutes The llposome DNA complexes were then added dl‘Olese to each well
After 24 hours medla was removed and replaced wrth fresh complete RPMI

1640 Al’lalySlS was performed 48 hours after transfectlon
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- Transfection with Turbofect (Fermentas) was performed according to the
manufacturer’s instructions with some minor modifications. "Twenty-four hours
prior'.to transfection approximately 2 x 10 DC2.4 cells were plated in 4mL of
complete RPMI 1640. At the time‘of.transfection, 4ug of plasmid DNA was diluted
in 400uL serum free RPMI 1640. Six microliters of Turbofect was. then added to
the diluted DNA sample, vortexed, and incubated at room temperature for 20 .
minutes. The DNA-polymer complexes were then added dropwise to the wells.

Analysis was performed 48 hours after transfection.
Nucleofection
Nucleofectlon was performed accordlng to manufacturers lnstructlons

using the mouse DC Nucleofector kit (Lonza) Approxmately 2, 5 X 105 cells were
resuspended |n 100uL nucleofect|on solutron 2pg of DNA was then added to the
cell suspensnon and transferred to an Amaxa certlfled cuvette. The cells were

transfected Wlth the program Y-001for |mmature DCs Pre-warmed (400|JL)
complete RPMI 1640 was added after Nucleofectlon to each cuvette The . "

transfected cell suspensron was added to 400uL of pre-warmed complete RPMI

1640 ina 48 well plate AnalyS|s was performed 24 hours after Nucleofectlon |

J’

Generation of Lentiviral Transfer Vectors

- IRES containing vectors were based on the pCCL-rHER2/neu-IRES-M1 1L
transfer vector provided by the laboratory of Dr. Jeffrey Medin at the University of
Toronto. ,TQ generate the pCCL-EGFP vector, the rHERZ/neu gene and the .

IRES-M11L fragment were excised using Asc | and Sal I-HF (New England
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Biolabs), and purified the vector backbone by agarose gel electrophoresis - |
followed by.gel extraction using a QIAquick Gel Extraction Kit (QIAGEN).‘The ‘
enhanced green fluorescence protein (EGFP) gene was amplified from the
PEGFP-N1 expression vector (Clon"etech) using primers containing a 5" Asc | site
and a 3'Sal | site (GAGGGCGCGCCATGGTGAGCAAGG and =+
AGGGTCGACTTACTTGTACAGC).-The PCR product was.then ligated into the
linearized pCCL vector backbone. The assembled plasmid was electroporated
into Stbl-4 electrocompetent E. coli cells (Invitrogen), and correctness verified by

restriction digest, PCR, and DNA sequencing. -

To generate the pCCL-EGFP-IRES-M1L fragment, the IRES-M11L
cassette was amplified by PCR from the original pCCL-rHER2/neu-IRES-M11L
vector usmg primers contalning a 5' and 3 Sal I S|te | . |
(TTCTTGTCGACGCCCCTCTCCCTCCCCCCCCC and o
TTCTTGTCGACGCGGCCGCCTAGGTCCCTCGGT) The pCCL EGFP vector
' was Iinearlzed usmg Sal I and treated wrth caIf mtestinai alkaline phosphatase
(invrtrogen) to prevent self-ligation The treated Iinear piasmid was purified by .
phenol chloroform extraction The ampllfied iRES M11L fragment was dlgested.
with Sal i and Iigated into the dephosphorylated iinear pCCL-EGFP vector
|mmed|ately downstream of the EGFP coding region. The assembled plasmid
was eIeCtroporated into Stbl-4 E. coli eIectrOcompetent'celIs and Veriﬁed by

restriction digest, orientation speoifio PCR, and DNA seq‘uencing’.‘ :

‘ Generatlon of the pCCL EGFP m1nCMV—hPGK—M1 1 L vector began wrth

the pCCL EGFP mmCMV—hPGK—Luc bidlrectional transfer vector supplied by the
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Iaboratory;of Dr. Jeffrey Medin.‘The M11L fragment was amplified from a purified
IRE‘S-Mt 1L fragment using PCR with primers containing a 5'Pst [ site and a 3'Sal
I (AGGCCTGCAGATGATGTCTCGTTTAAAGACGG and GGTAGTCGACC - -
TAGGTC_CCTCGGTACCATTTT)-slte. The luciferase gene was excised from the
starting plasmid usiné Pst | (Invitrogen) and Sal I-HF (New England Biolabs), and
the vector backbone was punfled by agarose gel electrophoresis followed by
extractlon using the PureLmk Quick Gel Extraction Kit (Invitrogen). The M11L
fragment was ligated into the linearized backbone and transformed into
chemically competent DH5a E. coli cells (Invitrogen). The plasmids were verified
by restriction digest and DNA seq'uenclnd. A S
l;"rotein Exytra’ction avnd' Imrnu\no‘blottvi‘ng
- Transfected or transduced cells were vlfashed twice W|th lce cold ‘
phosphate buffered sallne (PBS) and lysed on the plate W|th RlPA buffer ~
' supplemented wrth 1 tablet of 50x complete protease |nh|b|tor After |ncubat|on
on ice for 20 mlnutes cell Iysates were centnfuged at 16000 X g for 10 mlnutes at
. 4 C Supernatants were transferred to new tubes and proteln concentratlon was

quantlﬂed by BlO Rad protem assay usmg an Ascent Multlskan (Thermo

Scnentlﬂc) Samples were stored at 80 C

- Soluble proteins (20ug) were subjected to SDS-PAGE using a 16%
denaturing gel and transferred to a polyvinylidene difluoride FluoroTrans W. .
membrane (Pall Scientific). Immunoblotting was performed using a 1:100 dilution

of rabbit anti-M11L polyclonal antibody (134), and a 1:5000 dilution anti-GAPDH
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antibody (Sigma), followed by 1:10000 dilutions of a goat-anti-rabbit or goat-anti-
mouse secondary antibody conjugated to 800nm and 680nm infrared dyes
respectively (LiCor Biosciences, donated by the laboratory of Dr. Stephen Barr,
University of Western Ontario). Proteins were visualized using a LiCor Odyssey

Infrared Imaging System.
Production of Len.tiviral .Vectors:

The construct pMDG was used to generate the VSV-G viral envelope
proteln while the gag, pol and rev genes were expressed from pCMV The

transfer vectors used were the generated pCCL EGFP pCCL EGFP IRES-

M1 1 L, pCCL EGFP hPGK-mmCMV—Luc and pCCL EGFP hPGK—mmCMV—MHL

In brief,_ ‘15c/m21tissue culture treated dishes were seeded with
approidmately 15}’.x 108 low passageHE;K:293_T_‘ oells6 hours prior‘to transfection
in complete DlVlEM‘. The envelope plasmid (le?_G; 3,8_pg), packaging pla.smid
(19.01ug), and transfer plasmid (19.01ug) were suspended using 150mM NaCl
to‘a)volume of 1;125mL, and added 126nmol of polyethylenimine (Sigma Aldrich)
Fdissolved in a total of 1.125rnL. The transfection mixture was vortexed, added to
the cells, and incubated overnight at 5% CO; and 37°C. The next morning, media
was discarded and replaced with 15mL of fresh complete DMEM. At 25 hour
intervals following the initial media change, culture supernatants were collected
and replenished up to 3 times. Collected supernatants were filtered through a

0.45um filter, and stored at 4°C prior to concentration.
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To concentrate virus, 30mL of supernatant was subjected to' .
ultracentrifugation for 2.5 hours at 4°C and 25 000rpm in an SW-28 rotor using a
Beckman LM-8 ultracentrifuge. Pellets were resuspended in 100pL of Hank’s
buffered saline solution (HBSS) supplemented with 5% bovine serum albumin
(BSA; HBSS/BSA)‘.Pe—lIets were pooled, re-aliquoted in 100pL volumes, and .
stored at -80°C. To avoid re’petitiye freeze-thaw cycles, all thawed‘ vials were

subsequently stored at 4°C for further use.

Totiter concentrated and unconcentratwedvirus, approximately 8 x 1Q5
HEK293T cells were seeded onto 6-well plates at least 4 hours prlor to
transductlon At the tlme of transductlon medla was removed and replaced with
‘lmL of medla contalnlng serlal 10 fold dllutlons of virus and 8pg/mL of protamme
sulfate. Followmgovermght rncubatron‘, »medlal was removed and replaced with -
4mL of complete DMEM After an addltronal 24 hours virus was t|tered by |

countrng of EGFP posmve focn by ﬂuorescent mlcroscopy
Cell Transduction

‘ 'Transduction of primary bone marrovl; derived ‘D‘C\s (BMDCs) was.L
performed lmmedlately followmg DC enrlchment Two million BMDCs were
added to each well of a 6 well plate Lentrvnrus was added at a multlplrmty of
rnfectlon (MOI) of 5 supplemented 10pg/mL with DEAE dextran, in a culture

“volume of 1mL of complete RPMI plus 4ng/mL IL-4 and 1000U/mL GM-CSF. At
16 hours after infection, 3mL of complete RPMI plus IL-4 and GM-CSF was _

added to cells.
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. . Transduction of_L cells was performed by adding 2 x 10° cells to each well
of a 6 well plate. Cells were given at least 6 hours to adhere to the plate. Media
was then removed and virus was added at an MOI‘of 5 supplemented with
8pg/mL of protamine,sulféteé(Sigma Aldrich) and complete DMEM to a total .
culture.volume of 1mL. At 16 hours post ihfection; media was removed and 4

replaced with 2mL of fresh DMEM.
Induction of Apoptosis

L célls were transduced with pCCL-EGFP or pCCL-EGFP-IRES-M11L at
an MOI of 5. After- 48 hours, cultures were treated with staurosporine (STS; “
‘ lh\)itrogen) dissolved in dimethyl sulfoxide (Bioshop; DMSO) at a final 5
concentration of 4uM for 8 hours. Following the treatment time, supernatants and
floating cells were retained, and attachéd cells were washed with PBS and lifted
using 0.25% trypsin-EDTA. All cells were washed 2 times with PBS, once with 1X
binding buffer (BD Pharmingen) and resuspended to make 100uL-aliquots in flow
cytometry tubes. Levels of apoptosis were assessed via staining for 7- = -
aminoactinomcin D (7-AAD; 1:20, BD Pharmingen) and annexin:V-PE (1:20; BD
Pharmingen). Excess stain was washed once and resuspended in 400pL of 1X
binding‘buffer.»"Stained cells were run.through a BD FACS Calibur and analyzed

using FlowdJo software V(TreeStar).
Mbuse Bone Marrow DC Isolation and Culture

Mice were used in accordance with protocols approved by the University

of Western Ontario Animal Care and Use Subcommittee. Bone marrow was
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is‘olated from femurs'and tibias of 6 to 8-week old C57BI/6 mice as previbusly
described (166). Briefly, bone marrow cells were cultured for 4 days in complete
RPMI ‘supplemented with the 1000 U/mL of GM-CSF and 4ng/mL of IL-4
(donated by Schering-Plough via Dr. Peta J. O’'Connell). At day 4, dend.ritic cells

-

were enriched by cenfrifugation“over a 13.5% histodenz gradient (25 min, 500 x
Q).
Cell Staining and Flow Cytometry

Celis were prepared for flow cytometry by washing approximately 2 x 10°
cells in a 6-well plate with ice cold HBSS syuppleménted with 1% BSA. Lightly
attached cells were removed by gentle pipetting. Cells were then washed 3 times
with HBSS+BSA and 5 minute 500 x g centrifugations. Cell pellets were
resuspended ih"1mL HBSS/BSA and blocked with 50uL normal goat serum. Cells
were then washed, and resuspended to make 100uL aliquots into flow cytometry
tubes. Cells were then stained with CD86-PerCP (1:400; BioLegend), CD11c-PE
(1:600; BioLegend), and Far Red Live/Dead Viability dye (1:4500; Invitrogen).
Excess antibody was washed, and pelletted cells were res_uspended in 300uL
HBSS, and fixed with an additional 100pL of 4% paraformaldehyde dissolved in
PBS. Stained cells were run through a BD FACS Calibur and analyzed with -

FlowJo Software (TreeStar).
Statistics

GraphPad Prism 4 software was used to perform one way analysis of

variance (ANOVA) testing with Tukey's post test when comparing 3 or more
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: gro‘ups, two way ANOVA testing with Bonferroni post test in two variable
experi.ments, and student’s T test 'when} qqm.paring 2 groups. Data are presented
és groub means with» * étandard erfor. Uhlels‘s otherwise kstéted, data are
representative of n=3 where n represents the number of independent
éxpériments pefformed: A P-value <0.05 was deemed to be statistically |

significant. -
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Results ~
Non-viral Transfection Methods Are Not Effective in DCs

To asses the efficiency of gene transfer into DCs, a number of non-viral
vector-mediated transfection methods were attempted. To perform these studies,
I used DC2.4 cells, an immortalized line of immature murine dendritic cells (165).
| tested three of the more common transfection methods: cationic ponmér
transfection, liposome mediated transfection, and nucleofection. In order to
obtain both gp140 and M11L expression, | used the previously characterized
pHERO-M11L-gp140-CpG-EGFP (143) in conjunction with a control EGFP
expression vector, pPEGFP-N1. In the case of nuc|eofection,. the control vector
used was the manufacturer’s supplied pMAX-GFP expression vector. EGFP
expression was determined by flow cytometry, and viability was assessed by

staining with 7-AAD.

Cationic polymer-mediated tra'nsfection was performed on DC2.4 cells
using Turbofect, a new transfection reagent marketed by Fermentas (Fig. ‘\I). The
reagent control resulted in a viability of 86.1+4.3%. Viability following transfection
with the control pEGFP-N1 was seen to be 61.8+16.8%. When the pHERO-
M11L-gp140-CpG-EGFP vector was used, vfability dropped further to |
55.2+£19.4%. Statistical analysis proved these differences to nof be significant.
However, there did appear tp be a slight trend towards a lower viability upon
transfection of the expression plasmids. To determine transfection efficiency, |

gated on viable 7-AAD" cells and the sizes of the EGFP+ populations were
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Figure 1 — Cationic polymer mediated transfectioh does not result in significant
levels of pHERO transfection in DC2.4 cells. DC2.4 cells were transfected with
pEGFP-N1 or pHERO-M11L-gp140-CpG-EGFP using the cationic polymer
solution, Turbofect. Forty-eight hours following transfection, cells were collected
and analyzed for viability and GFP expression by flow c&tometry. (A)
Representative flow cytometric density plots showing viable (7-AAD’ cells) and |
pooled data from 3 independent experiments showing the mean + standard error.
(B) Representative flow cytometric plots showing GFP expressing cells as a
plercentage of viable cells as gated in A, and pooled da‘talfrom 3 independent,
experimehts. One way ANOVA testing was performed to determine any

significant differences between groups.
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assessed. More transfectants were observed when using the pEGFP-N1 control
vector, with approximately 9.4+7.0% of viable cells being transfected. However,
use of the pHERO-M11L-gp140-CpG-EGFP vector resulted in a lower, though
statistically insignificant, level of transfection, as only 2.2+1.0% of viable cells

expressed EGFP as determined by one way ANOVA.

Liposome mediated transfection was performed in DC2.4 cells using the
commercially available reagent Lipofectamine 2000 from Invitrogen (Fig 2). This
reagent is among the most common used for transfection, normally capable of
transfecting a wide variety of cell lines. As in the case of the Turbofect reagent,
treatment with Lipofectamine alone did not result in a large loss in viability
(93.5+1.7%). When the pEGFP-N1 vector was used in transfection, viability
decreased significantly to 77.3+5.5%. The drop in viability was more evident
when transfecting the pHERO-M11L-gp140-CpG-EGFP vector, as viability
decreased to 73.4t4.1%. | then examined the percentage of viable cells that also
expressed EGFP. As | observed with the Turbofect reagent, the pEGFP-N1
vector was transfected at a slightly higher efficiency than pHERO-M11L-gp140-
CpG-EGFP, 7.5£3.8% compared to 2.411.4%. However, this difference was not

observed to be statistically significant as determined by one way ANOVA.

| also attempted to use Nucleofection developed by Amaxa due to its
reputation of being able to transfect “hard-to-transfect” cells (Fig.3). However, it is
important to note that Nucleofection utilizes the smallest number of starting cells
(2.5 x 10%). As a transfection control, | utilized the pMAX-GFP expression vector

supplied by Amaxa. Nucleofection of DC2.4 cells in the absence of plasmid was



Figure 2 — Liposome mediated transfection does not result in significant levels of
pHERO transfection in DC2.4 cells. DC2.4 cells were transfected with pEGFP-N1
or pHERO-M11L-gp140-CpG-EGFP using the liposome solution, Lipofectamine
2000. Forty-eight hours following transfection, cells were collected and analyzed
for viability and GFP expression by flow cytometry. (A) Representative flow
cytometric density plots showing viable (7-AAD" cells) and pooled data from 3
independent experiments showing the mean + standard error. (B) Representative
flow cytometric plots showing GFP expressing cells as a percentage of viable
cells as gated in A, and pooled data from 3 independent experiments. One way
ANOVA testing was performed to determine any significant differences between

groups. *P < 0.05.
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Figure 3 — Nucleofection is not effective in DC2.4 cells. DC2.4 cells were
transfected with pMAX-GFP or pHERO-M11L-gp140-CpG-EGFP via
Nucleofection. Twenty-four hours following transfection, celis were collected and
analyzed for viability and GFP expression by flow cytometry. (A) Representative
flow cytometric density plots showing viable (7-AAD" cells) and pooled data from
3 independent experiments showing the mean + standard error. (B)
Representative flow cytometric plots showing GFP expressing cells as a
percentage of viable cells as gated in A, and pooled data from 3 independent
experiments. One way ANOVA testing was performed to determine any

significant differences between groups. *P < 0.05, **P < 0.01




7AAD

FL-2

Untransfected

pMAX-GFP

pHERO-M11L-

gp140-CpG-EGFP

10

107
107
10 -‘
100
800 1000 g
19* 1t

I
pris

% %
75+ '
——
50«
254
0 Y
Untreated -M11L

Untreated

-M11L +M11L

Ly



48
shown to result in 69.2+2.3% viability, suggesting that the pulsing is more
cytotoxic than both Lipofectamine and Turbofect alone. Inclusion of any of the
plasmids significantly reduced viability, as nucleofection of pMAX-GFP resulted
in 46+6.1% viability, énd 35.8+2.1% when using pHERO-M11L-gp140-CpG-
EGFP. Nucleofection of the GFP control plasmid occurred at an efficiency of
72.5+14.9%. However, there was a large decrease in transfection efficiency
when using the pHERO-M11L-gp140-CpG-EGFP, as only 0.6+0.1% of viable

cells expressed EGFP.
Generation of Lentivirus Transfer Vector

In addition to non-viral methods of gene transfer, | also attempted to use
lentiviral vectors to transduce the DCs. This method necessitated the
construction of transfer vectors encoding the integration cassette to be included

into the virus particle.

IRES-containing vectors were constructed starting from the pCCL-
rHer2/neu-IRES-M11L vector obtained from Dr. Jeffrey Medin's laboratory
(University of Toronto). The integration cassette of this vector contained
rHer2/neu downstream of the elongation factor 1 alpha (EF1a) promoter, flanked
by a 5’ Asc | site and a 3’ Sal | site, and an IRES-M11L fragment immediately
downstream of rHer2/neu, flanked at both 5’ and 3’ ends with an Asc | site. |
excised both fragments by Asc I/Sal | double digest, and amplified the EGFP
gene from the pEGFP-N1 vector, including a 5" Asc | site and 3’ Sal | site. The

EGFP fragment was ligated to the pCCL backbone. PCR amplification of the



Figure 4 — Generation of pCCL-EGFP lentiviral transfer vector. The pCCL
backbone was obtained by digesting a pCCL-rHer2/neu-IRES-M11L lentiviral
transfer vector. EGFP was ligated downstream of the EF1a promoter. (A)
Agarose gel electrophoresis of PCR amplification products using EGFP-specific
primers. Red square denotes clone used in sequencing. L represents DNA size
ladder. C represents control pEGFP-N1 vector. (B) Sequence comparison of

selected clone and EF1a sequences.
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EGFP insert revealed an 850bp fragment in lanes 7, 11, 12, and 13, consistent
with the size of gene (Fig. 4A). Further verification of the promoter was done by
sequence alignment of the sample in lane 7 with the consensus sequence of the
EF1a promoter (Fig 4B). Although gaps in the sequence were observed, the

presence of the correct nucleotides was verified using alternate primers.

To generate pCCL-EGFP-IRES-M11L, the obtained pCCL-EGFP vector
was linearized using Sal | and treated with calf alkaline phosphatase to prevent
self-ligation. The IRES-M11L fragment was generated by PCR amplification
containing Sal | sites at both 5" and 3’ ends. After ligation, presence of the insert
was determined by PCR amplification using primers at the 3’ end of EGFP and
the 3’ end of M11L (Fig. 5A). As expected, | observed a band at a size of
approximately 2kb in lane 10. DNA sequencing was performed and that of the
generated vector was aligned with the sequence of the IRES-M11L fragment
(Fig. 5B). Errors were observed in the IRES sequence, possibly influencing levels
of M11L expression.. However, misread nucleotides and sequencing gaps may
also be a product of the complex secondary structure inherent to the IRES
region. The cloned M11L was, however, seen to match the consensus sequence
(Accession number: M93049).

In addition to the IRES containing vectors, | generated a bicistronic
transfer vector (pCCL-EGFP-minCMV-hPGK-M11L) utilizing a bidirectional
promoter. We amplified the M11L gene from a previously purified IRES-M11L
fragment adding a 5’ Pst | site and 3’ Sal | site. Starting from a pCCL-EGFP-

minCMV-hPGK-Luc vector, the luciferase gene was excised using Pst | and Sal I.



Figure 5 — Generation of pCCL-EGFP-IRES-M11L lentiviral transfer vector. The
IRES-M11L fragment was amplified by PCR and ligated into pCCL-EGFP
immediately downstream of EGFP. (A) Agarose gel electrophoresis PCR
amplified IRES-M11L using orientation specific primers. L corresponds to DNA
size ladder. Red box denotes clone selected for sequencing. (B) Sequence
comparison of IRES-M11L sequence with the selected pCCL-EGFP-IRES-M11L

clone.
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I then inserted the M11L fragment, whose presence was verified using M11L
specific primers. The insert was verified by DNA sequencing and compared to

the consensus EGFP sequence (Fig. 6; accession number U55762).

To show that both genes were being expressed, | transduced HEK293T
cells with each transfer vector. EGFP expression was assessed by flow
cytometry, while M11L expression was detected by western blotting (Fig. 7). As
expected, | observed EGFP expression in all of the vectors examined (Fig. 7A).
The pCCL-EGFP vector was observed to have the highest MFI of all vectors,
126.1+53.7. Furthermore, the level of EGFP expression was lower but not
significantly when transducing with pCCL-EGFP-IRES-M11L, which had an MFI
of 40.3. Interestingly, the pCCL-EGFP-minCMV-hPGK-Luc vector displayed an
MFI1 of 106.5, similar to that of pPCCL-EGFP. However, it did trend towards a
lower difference with its companion pCCL-EGFP-minCMV-hPGK-M11L than with
the IRES containing vectors (Fig. 7A top graph). The high variability in the level
of EGFP expression may be explained by the use of different virus stocks in each
attempt. When assessing M11L expression, | included the pHERO-M11L-CpG-
gp140-EGFP vector as a control, which was shown previously to express M11L
(143). Both the pCCL-EGFP-IRES-M11L and pCCL-EGFP-minCMV-hPGK-M11L

vectors expressed M11L (Fig. 7B).
Effect of M11L On Staurosporine-induced Apoptosis

| next wanted to examine if M11L transduction resulted in protection from

apoptosis. As rat L cells were previously used in the characterization of the anti-



Figure 6 — Sequence analysis of pCCL-EGFP-minCMV-hPGK-M11L lentiviral
transfer vector. The M11L gene was inserted downstream of the hPGK promoter.
Sequencing was performed using an outward N-terminus EGFP sequencing
primer. Shown is the alignment of the hPGK promoter controlling M11L

expression, and the M11L gene.
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Figure 7 — Protein expression in transduced HEK 293T cells. HEK 293T cells
were transduced with the designated lentiviral vector at an MOI of 5 and
analyzed 48 hours later. (A) Representative data showing the level of EGFP
transduction and intensity in cells transduced with the designated viral vector.
Upper graph compares EGFP expression in paired experiments in transduced
cells. Horizontal bar represents mean of data. Bottom graph shows pooled data
representative of n=3 (pCCL-EGFP and pCCL-EGFP-IRES-M11L) or n=2 (pCCL-
EGFP-minCMV-hPGK-Luc and pCCL-EGFP-minCMV-hPGK-M11L) independent
experiments. Student’s t test was used to compare pCCL-EGFP with pCCL-
EGFP-IRES-M11L and pCCL-EGFP-minCMV-hPGK-Luc with pCCL-EGFP-
minCMV-hPGK-M11L. (B) Western blot showing M11L expression in transduced

cells.
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apoptotic properties of M11L (143), , | transduced rat L cells with pCCL-EGFP or
pCCL-EGFP-IRES-M11L at an MOI of 5. Transduced and non-transduced cells
were treated with 4uM STS or a DMSO control for 8 hours, 48 hours following
transduction. STS functions as a general kinase inhibitor, leading to apoptosis
through the intrinsic pathway. In order to specifically examine the population of
transduced cells, | gated on EGFP" cells (as shown on Figure 8A Column 2).
Levels of viability and apoptosis were determined by staining using annexin V
and 7-AAD. Exclusion of both dyes represents viable cells, annexin V' cells are

early apoptotic, and annexin V* 7-AAD" cells are late apoptotic or already dead.

| first observed viability and apoptosis profiles in transduced and
untransduced cell populations 48 hours after infection, in the absence of an
apoptotic inducer (Fig 8). Untransduced cells were 95.3+0.8% viable (annexin V'
7-AAD’), whereas pCCL-EGFP and pCCL-EGFP-IRES-M11L transductants were
90.8+1.7% and 86.2+7.4% viable respectively. The high initial viability was also
reflected in a small population of early and late apoptotic cells. Untransduced
cultures were 2.4+0.4% annexin V" 7-AAD", in comparison to the pCCL-EGFP
transductants, 5.3+1.2%, and pCCL-EGFP-IRES-M11L transductants which were
7.7+4.4%. Examination of the late apoptotic population showed sizes of
1.120.4% in untransduced cells, 2.41+0.6% in pCCL-EGFP transductants, and
5.0+2.2% in pCCL-EGFP-IRES-M11L transductants. None of the differences
were observed to be significant following two way ANOVA testing. These results
show that the transduction process did not result in any significant insult to

viability of the cells.



Figure 8 — Viability profiles of transduced L cells following staurosporine induced
apoptosis. Mouse L cells were transduced with pCCL-EGFP or pCCL-EGFP-
IRES-M11L at an MOI of 5. Two days following transduction, L cells were
cultured in complete DMEM containing 4uM STS for 8 hours. Following this, cells
were washed and stained using 7-AAD and annexin V to detect apoptosis.
pCCL-EGFP and pCCL-EGFP-IRES-M11L cells were previously gated on the

EGFP" population. (A) Representative data showing viability profiles of treated

cells. Column 1 shows viability profile of untransduced cells. Column 2 shows
gating of EGFP” populations in transduced cell populations. Column 3 shows
viability profile of total cell population in transduced cultures. Column 4 shows
viability profile of EGFP" cells only in transduced populations based on gating in
column 2. (B) Graph of pooled data. Representative of n=3 independent
experiments. Two way ANOVA testing was performed to determine any
significant differences and interactions between drug treated and transduced

groups.
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Next | examined the effects of STS treatment on the untransduced and
transduced cultures (Fig. 8A rows 2 and 4). Treatment with STS resulted in a
large decrease in viability in all cells. Untransduced cultures were 43.0+5.1%
viable, 40.7+15.5% early apoptotic, and 2.6+0.9% late apoptotic. The pCCL-
EGFP transductants decreased to 33.0+3.6% viable, an increased to
50.3+14.3% early apoptotic and 4.6+1.4% late apoptotic. Similarly, the pCCL-
EGFP-IRES-M11L transductants were 25.4+6.6% viable, 53.4£11.0% early
apoptotic and 4.5+1.1% late apoptotic. However, | did not observe significant
differences in viability or apoptosis levels between untransduced and transduced

populations.
Short Term Effects of M11L Transduction

As mature DCs are required for immunogenicity, | wanted to determine if
the transduction process affected the relative proportions of mature and
immature DC populations, and if it decreased viability of these populations in the
short term. This determination would allow us to observe if the transduction
process resulted in an alteration of the cytokine environment that in turn would
influence viability or the maturation profile independently of the genes being
transduced. To do so, bone marrow cells were isolated from femurs and tibias of
mice, cultured in IL-4 and GM-CSF and from these cultures, BMDCs were
enriched 4 days later. Immediately following enrichment, DCs were transduced
with the lentiviral vector. To begin, my studies focused on the pCCL-EGFP or

pCCL-EGFP-M11L vectors. Infection proceeded for 24 hours, following which
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effects of virus treatment on the BMDC populations were assessed by examining

viability and maturation via CD11c and CD86 expression.

As viability was a major problem using non-viral vector-mediated
transfection, | first assessed whether transduction also had the same negative
effects (Fig. 9, top row). To measure this, the BMDC cultures were stained with a
fluorescent vital dye taken up by dead cells and whole culture viability was
examined by flow cytometry. Untransduced cultures were 92.7 % viable.
Transduction did not appear to have an effect on viability, as viability levels of
92.4% and 90.6% were observed when using the pCCL-EGFP and pCCL-EGFP-

IRES-M11L vectors respectively.

Since the maturation state of the BMDCs is relevant to their capacity to
activate T cells, | examined the relative proportions of immature CD11¢"CD86
and mature CD11¢"CD86" in total DC cultures described above (Fig. 9B).
Untransduced DCs were seen to be 76.6% mature and 19.3% immature.
Transduction with either vector did not appear to have a large impact on
maturation, as pCCL-EGFP transduced cultures had a mature to immature ratio
of 77.7% to 18.0%. Additionally, M11L expression did not appear to increase
maturation as pCCL-EGFP-IRES-M11L transduced cultures were seen to be
79.3% mature and 15.5% mature. These results suggest that transduction with
these vectors had little to no effect on viability or the proportion of mature and

immature cells in the total DC population.



Figure 9 — Lentiviral transduction process does not affect DC maturation or
viability. Primary murine BMDCs were isolated and transduced with pCCL-EGFP
or pCCL-EGFP-IRES-M11L. Cells were harvested 24 hours following
transduction and analyzed by flow cytometry for EGFP expression, viability and
cell markers CD86 and CD11c¢. (A) Representative data showing analysis of
viability of the DC cultures. At right, pooled data representative of n=2
independent experiments. One way ANOVA testing was performed to determine
any significant differences. (B) Representative data showing the gating of mature
and immature DC populations based on CD11c and CD86 expression. Graph at
right shows pooled data. One way ANOVA testing was performed independently
on CD86™ and CD86" populations to determine any significant differences from
the use of any vectors. (C) Representative data showing histograms of GFP
expression in mature and immature DC fractions of pCCL-EGFP and pCCL-
EGFP-IRES-M11L treated cultures. Scatter plot at right shows data from 2
experiments. Lines connect matched pairs. Horizontal bar represents means of

data.
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| also examined the level of EGFP expression in the mature and immature
fractions (Fig. 9C). | observed that the pCCL-EGFP lentiviral vector transduced
51% of CD11¢"CD86" cells and 18.7% of CD11¢"CD86" cells. The pCCL-EGFP-
IRES-M11L vector also displayed an increased level of transduction in immature
cells, 43.5%, compared to mature cells, 14.5%. Although the differences were
not seen to be statistically different, there is a consistent trend towards

transduction of predominantly immature cells.
Long Term Culture of Bone Marrow-derived DCs

Owing to the potential ability of M11L to protect BMDCs from apoptosis, |
performed long term cultures of primary BMDCs to observe any effects of M11L
transduction on longevity in vitro. To do so, bone marrow was harvested from
femurs and tibias of mice, and differentiation into DCs was induced with IL-4 and
GM-CSF and enriched for DCs 4 days later. Inmediately following enrichment,
cells were transduced with pCCL-EGFP and pCCL-EGFP-IRES-M11L. The
transduced cells were then maintained in culture up to day 13, with media and
cytokines (GM-CSF and IL-4) replenished every 3 days after enrichment. At days
7, 10, and 13, cells were harvested and analyzed based on viability, and
maturation state via flow cytometry. | analyzed the effects of transduction from
two perspectives. Firstly, | determined if there were long-term effects of the
transduction process on the total culture. Secondly, | specifically examined
EGFP” cells to determine the effects of M11L transduction on longevity of the

BMDCs.
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To determine if the virus transduction process affected maturation of the
cultures in long-term, | examined the proportions of CD86™ and CD86"
populations in untransduced and transduced cultures (Fig. 10). To do this, |
gated on viable cells CD11c¢” and examined the distribution of CD11¢* CD86”
and CD86 cells. In the untransduced cultures, the immature CD86" population
initially comprised approximately 25.9% of total viable cells while the mature
population comprised 63.2% of viable cells. The mature population steadily
decreased over the course of the culture, eventually falling to approximately
21.1%. Conversely, the immature population comprised more of the total viable
cells by day 13, making approximately 61.7% of viable cells. Transduction with
either virus did not appear to influence the maturation profile. Cultures
transduced with pCCL-EGFP were initially 69.0% mature and 21.8% immature.
At day 13, the profile switched to 15.6% mature and 57.9% immature. In the case
of pCCL-EGFP-IRES-M11L transduced cultures, the initial profile was 64.9%
mature and 26.1% immature. As with the other cultures, there was a shift
towards the immature fraction, becoming 12.6% mature and 67.3% immature.
These results may suggest increased cell death among the mature population.
As | observed in the short-term study, there does not appear to be any lingering

effects of the transduction process in the long-term study.

Due to the importance of maturation state in a DC vaccine, | examined the
levels of EGFP expressing CD11¢” CD86" and CD11c* CD86" cells based on the
gates shown in figure 10 over the time course to see the levels of transduction in

mature and immature fractions in the total culture (Fig. 11). The percentage of



Figure 10 — The process of virus transduction does not have a detectable affect
on DC maturation in the long term. Primary murine BMDCs were isolated and
transduced 4 days later with pCCL-EGFP or pCCL-EGFP-IRES-M11L. Cells
were examined at days 7, 10, and 13 post transduction by flow cytometry for
CD11c and CD86 expression. (A) Representative data showing CD86 and
CD11c staining in DC cultures collected at the time point shown (days post
BMDC isolation). (B) Graph representing pooled data. Day 7 and 10 are
representative of 2 experiments. Day 13 representative of 1 experiment. One
way ANOVA testing was performed between the three groups on each day to

determine any significant differences.
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immature EGFP* pCCL-EGFP transductants increased from 55.0% to 68% by
the end of the culture. However, there was a greater increase in the percentage
of EGFP* mature cells, which increased to 70.1% from 30.9%. In the case of
pCCL-EGFP-IRES-M11L transduced cultures, the level of EGFP* immature cells
showed an overall decrease to 21.2% from an initial level of 30.2%. Conversely,
the level of EGFP" mature cells increased from 14.7% to 21.7%. Repeats were
performed using different virus stocks, possibly resulting in the variable levels of
transduction. However, consistent to all trials was the difference in EGFP MFI
observed when comparing pCCL-EGFP transduced cells to pCCL-EGFP-IRES-

M11L transductants.

To determine if transduction of DCs with M11L resulted in less cell death, |
examined the change in viability of both transduced and untransduced
populations over the 13 day time course in the same population of cells analyzed
in Figures 10 and 11 (Fig. 12A, top graph). | first examined the rate of death in
the total culture to see if globally, all cultures were dying at approximately the
same rate. To do so, | gated on total CD11c” cells. The untransduced culture
decreased in viability from 80.3% to 46.5% at day 13. The transduced cultures
also had a similar day 7 viability, 79.6% for pCCL-EGFP and 76.3% for pCCL-
EGFP-IRES-M11L). As with the untransduced cultures, there was a drop in
viability by day 13, as pCCL-EGFP transduced cultures were 43.4% viable, and
pCCL-EGFP-IRES-M11L transduced cultures were 47.3% viable. This suggests

that from a general outlook, each culture was dying at the same rate. Following



Figure 11 — The level of GFP" mature DCs increases over time. Primary murine
BMDCs were isolated and transduced 4 days later with pCCL-EGFP or pCCL-
EGFP-IRES-M11L. Cells were examined at days 7, 10, and 13 post transduction
by flow cytometry for EGFP expression in the mature CD86" and immature
CD86" populations. (A) Representative data showing the level of EGFP
expression in pCCL-EGFP and pCCL-EGFP-IRES-M11L mature and immature
cells. (B) Graph representing pooled data. Day 7 and 10 are representative of 2

experiments. Day 13 representative of 1 experiment.
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this observation, | wanted to see specifically how levels of transduced EGFP*

cells related to the decrease in total culture viability.

| next examined the persistence of transduced EGFP* DCs in the culture
(Fig. 12B). To do so, | gated on viable CD11c¢” cells and measured the level of
transductants up to day 13. The pCCL-EGFP transductants comprised 36.7% of
viable CD11c” cells at day 7, and increased to 69.7% at day 13. Conversely,
pCCL-EGFP-IRES-M11L transductants were initially 28.0% of viable CD11c”
cells, increasing to 42.0%. However, the sizes of both EGFP" populations appear
to trend towards an increase as the average population size nearly doubles. It
would appear as though in the long term study, the transduced cells persist

longer; however M11L expression does not appear to have a significant effect.
DC Maturation Cocktail Does Not Appear to Increase Mature Transductants

The importance of mature DCs in modulating the immune response is well
understood. However, | have observed in my transduction studies that the level
of EGFP* CD11c" CD86" population was lower than that of the EGFP* CD11c’
CD86". Therefore, | attempted to see if the application of a maturation cocktail to
the DC cultures following transduction would increase the number of mature
transductants. To do this, | treated the cells with a previously characterized
maturation cocktail consisting of IL-18, TNF-q, IL-6, CpG, and PGEZ2, 24 hours
after transduction; thus, transduced immature cells would undergo maturation.
The DCs were subjected to the maturation cocktail for another 16 hours prior to

analysis by flow cytometry.



Figure 12 — Effect of M11L expression on DC viability in vitro. Primary murine
BMDCs were isolated and transduced 4 days later with pCCL-EGFP or pCCL-
EGFP-IRES-M11L. Cells were examined at days 7, 10, and 13 post transduction
by flow cytometry for EGFP expression in the mature CD86" and immature
CD86" populations. (A) Representative data showing gating of viable CD11¢*
cells at each day, and graph shows pooled data from n=2 independent
experiments. (B) Representative data showing EGFP expression in viable
CD11c’ populations. Graph shows pooled data from n=2 independent

experiments
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| observed that administration of the maturation cocktail did not affect
viability of the cells (Fig. 13A, top row). Untransduced DCs treated with the
cocktail were observed to be 92.7% viable. Transduction with pCCL-EGFP
resulted in 91.4% viable cells, and pCCL-EGFP-IRES-M11L treated cultures
were 91.1% viable. As these numbers are similar to viability levels of DC cultures
24 hours post-transduction, it appears as though the cocktail did not affect
viability. As expected, the maturation cocktail resulted in a shift towards a CD86"
state (Fig. 13A, bottom row). Untransduced cultures shifted to 88.2% mature and
7.5% immature. The pCCL-EGFP transduced cultures were 87.0% mature and
8.3% immature. Lastly the pCCL-EGFP-IRES-M11L transductants were 87.8%

mature and 7.5% immature.

Next, | examined the level of EGFP expression in the mature and
immature fractions from a standpoint of transduction efficiency and level of EGFP
expression by MFI (Fig. 13B). | observed that regardless of the lentiviral vector,
higher numbers of transductants were seen in the immature fraction. In cultures
without the maturation cocktail, the pCCL-EGFP vector transduced 60.1%
immature cells and 28.9% mature cells. The pCCL-EGFP-M11L vector displayed
a much lower transduction efficiency, at 14.4% mature cells, and 9.1%mature
cells. In cocktail treated cultures, the pCCL-EGFP vector transduced 54.4% of
immature cells and 32.7% of mature cells. The pCCL-EGFP-M11L vector overall

again transduced fewer cells, 12.4% immature compared to 9.1% of mature cells.

The MFI resulting from pCCL-EGFP transduction was also higher in all

cases. Taken together, these results demonstrate that the inclusion of the IRES-



Figure 13 — Administration of a maturation cocktail does not greatly increase the
level of mature GFP* BMDCs. Primary murine BMDCs were isolated and
transduced 4 days later with pCCL-EGFP or pCCL-EGFP-IRES-M11L. Twenty-
four hours following transduction, BMDCs were cultured in the presence of a
maturation cocktail consisting of IL-18, TNF-a, IL-6, CpG, and PGE2 for 16
hours. Cells were then collected and analyzed by flow cytometry for viability,
GFP, CD11c, and CD86. (A) Representative data showing gating of viable cells,
and of mature and immature DC populations. (B) Histograms depicting GFP
expression in pCCL-EGFP and pCCL-EGFP-IRES-M11L transduced cells in the

presence and absence of cocktail. Data is representative of one experiment.
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M11L sequence negatively affects the level of transduction by the lentiviral
vectors. Furthermore, regardiess of the expression vector used, there appears to
be a bias towards the infection of immature DCs. Use of the maturation cocktail

does not appear to greatly influence the proportion on mature transductants.
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Discussion

The high capacity of DCs to initiate an immune response makes them an
attractive option for immunotherapy. However, an efficient gene transfer method
is required in order to efficiently introduce the antigen into DCs for vaccination
purposes. | have assessed both non-viral and viral vector-mediated methods of
gene transfer and observed that viral-vector mediated gene transfer provided the
best balance between viability and efficiency of what??77?.. Using the pCCL-
EGFP vector, | observed upwards of 40% transduction efficiency 48 hours after
infection in BMDCs. However, the IRES-containing bicistronic vector appeared to
transduce DCs far less efficiently, transducing slightly more than 10% of DCs at
48 hours post-infection. Curiously, | observed that pCCL-EGFP-IRES-M11L
expressed EGFP at considerably reduced levels as compared with pCCL-EGFP.
From my results, it is unclear if this is a direct result of M11L expression, the
presence of an IRES, or the size of the integration cassette. Transduction with
any of the viral vectors did not result in a large decrease in viability. Conversely, |
have shown that conventional transfection reagents such as Lipofectamine or
Turbofect do not mediate a high transfection efficiency of DCs. In my trials, |
never observed transfection efficiencies greater than 5% with either method,
while viability was a major problem also. Nucleofection resulted in the highest
transfection efficiency of the three methods tested. However, it also had the
lowest viability. This result coupled with the limited number of cells one can use

in a single transfection, greatly limits the overall number of transfected cells that
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' expression by Langerhans cells results in the maturation of these cells, their
migration to the Iymvph nv‘odes, and induction of an HIV-specific Th1 immune. "
response. The system was initially characterized using a simian HIV-based DNA
construct, which showed a decrease in"viral‘rebound when administered with
HAART therapy (181). Later studies}showed that DermaVir was capable of -
inducing HIV-specific CD8" effector and central memory responses (182). This
form of therapy has shown clinical potential, as it has been cleared for Phase I
~ clinical trials.

 In order 'to'ésses’:s i the level of M11L éXpressioﬁ in the generated vector
is‘suffié‘iénf for protectidn from apoptoéis,ﬁl used phé.rmacologi'c‘él induction of
épdptbs"i‘s.The pre\)idus Cha.‘ra‘cteri‘zétion'o} M11L fUr‘iCti.ohum;de use of | |
imm(‘)rr‘)taiizédl cells treated with STS to induce apoptosis (141). | observed that
transduction with my viral vectors-did not result in a decrease in viability of the:
target L cells. Following STS treatment,:M11L expression did not appear to result
in any protective effe‘ct‘as viability levels appeared to decrease but not ‘
significantly. Population sizes of the primary apoptotic (annexin V* 7—AAD') and
secondary apoptotic (annexin V' 7-AAD") were also examined. | did not notice
any significant differences arising from STS treatment following transductio»n in
ejthér population. Howe.ver, the late apoptotic population in pCCL-EGFP-IRES-
M11L transductants did not appear to change following STS treatment, whereas
the same population in untransduced and pCCL-EGFP transduced cells.

increased nearly 2-fold. This result may suggest a slight protective role'by M11L.
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. In future experiments, the STS treatment experiment can be replicated in
primary BMDCs. Although DCs in vivo are triggered to undergo apoptosis via the
éxtrinSic pathway due to Fas-FasL interactions with CD8" T cells, induction of
apoptosis may result in clearer observations than the long term culture. A step
further than this would be to use the Fas-FasL interactions in DCs to consolidate
the effects of M11L on the intrinsic and extrinsic apoptotic pathways. However,
as the intrinsic and’extrinsic péthways‘ converge at the level of the mitochondria,”
it wbuld be expected that both STS treatment and Fas-FasL interactions in DCs
would have similar reéults.'Alternatively', apoptosis levels may also be measured
by examining the levels of mitochondrial proteins associatedAwith apoptosis,
inéluding cytochrome ¢ Which'is-released into the cytoplasm due to fhe effects of

Bak and Bax. . -

The discovery of an efficient and safe method of gene delivery to DCs is
only one 6bs_tacle in the generation of DC-based vaccines. The immune
résponse generated from such a vaccine ultimately depends on maturation and
activation of the genetically engineered DCs. Firstly, | observed that tra;lsduction
of a primary BMDC population did not have an effect on the proportion of mature
versus immature cells. This is in agreement with findings from other groups that
also performed phenotypic studies of lentivirus transduced DCs (183). In 6ne
study, they made use of the same three plasmid Jéystem, includinga GFP. -
expression transfer vector. They observed no increase in the mean fluorescence
of total cplturéj CD86. Secondly, transduction wifh M11L did not influence the

maturation state either. Interestingly, | consistently observed a greater portion of
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: the EGFP" cells residing within the immature CD86" population. This may be
explained by as of yet unknown restriction factors present within the mature .
| C.D86+ population or a bies towards the infection of immature cells. Similar -
mechanisms are observed in CD4" T cells; where their activation state can
influence susceptibility to ihfection by HIV-1 (184). Research conducted in 2007
‘by Dong et al. demonstrated that HIV-1 infection may be restricted in some -
subsets of mature DCs (184). Specifically, they found that LPS or TNF-o-matured
DCs restrict HIV infection post—entry,‘ at the level of reverse transcripﬁon and
integration. Other groups have reported the selective infection of a subset of
nonmaturing DCs in human blood, and the prevention of maturation by reducing
antigen,expression in infected cells. If a similar-process exists in murine DCs, it -

may be responsible for preventing efficient transduction of mature DCs. -

| performed a Io'ng4term'DC culture in order to determine if transduction or
the exbression of M11L would have ahy effects on kthye'DCé'up to 13 ‘d*ays o

following isolation. Inmy observations, all trensyddctahts“éppeérjed to persist

~

N

longer than non-transduced cells. In the total DC populations, | observed a
geheral decline in total culﬂire’ viajbi‘lity‘. Hc‘)wie'vi'er,‘at' Iatek' time‘ poi’hts;‘ the sizes of
the transduced cell populations ifricire;a.sed:reﬁlat!ive to the size of the viable
CDT‘IC’” popﬁiétion; H‘owever; these effe'c':ts‘appeer to be}h{iﬁimel‘iﬁ these
ekeerimeﬁ:t‘s as sfétieficel :skignific‘:‘af—r'ice‘ was ﬁotiebeerved.: Itfi's ‘po's‘si'ble,k dee\}er," :'
that'_fUr"cjhe'r di.ff.erence':.‘s‘ me"y eriee'at later t|me pOinie. : |

To circum\)enf pro’blerﬁs With drirect infectien of fnetufe 'DCs, I

administered a previously characterized maturation cocktail. The rationale behind
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 this was that immature DCs would first be transduced with the viral vectors. The
experiment | performed consisted of an initial transduction, followed 24 hours
Iater by admrnrstratton of the maturatlon cockta|I Because of the HlV—restrlctlve
nature of TNF - matured DCs (184) it appears unlrkely that a reversal of the
order of transductlon and cocktall admrnlstratron would increase EGFP CDS6 ‘
cells Followrng thls admrnlstratlon of the maturatlon cocktall would push the
transduced rmmature cells lnto the mature fractlon As expected there was a
shrft in the overall DC populatlon towards a CD86 mature state seen in both
transduced and untransduced populattons lnterestlngly, I observed an Increase
ln EGFP CD86 cells in the populat|ons transduced w1th pCCL-EGFP Th|s was
concordant wrth a sllght decrease in the EGFP CD86 populatlon Another study
by Toscano et al. showed that LPS treatment followmg Ientrvrrus transductron of
DCs resulted ina greater than 4 fold increase in CD86 expressron (183) ThlS
may in part be explarned by the fact that they assessed CD86 wrthln the whole
culture rather than spec‘lt” cally those DCs that vvere__transduced. fl.'hrs_, .
phenomenon was not observed in cells transduced wrth pCt:l.—EGFP-Mt 1 L'
rather the proportlon of CD86 and CD86 cell populatlons drd not change
Potenttally, M1 1 L may be exertlng prewously unknown effects on DC maturatlon
Such phenomena have yet to be examlned as thrs is the flrst study that has
attempted to express M1 1 L in dendrltlc ceIIs However it has been observed that
pox viruses can lnhlblt DC maturatlon (185 186) ln order to determrne the

effectlveness of M11L mclusron it will be necessary to determine if it has an
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* additional role in preventing DC‘maturaticin,.as this has not been previously
studied..
As the rnatura’ti:on state of the DCs will dictate its effe‘ctiveiness in
lmmunotherapy, rt is |mportant to determlne a method that is suitable to mature
or actlvate a large number of DCs A recent method makes use of an mducnble
CD40 system (187) CD40 a TNF famlly receptor normally |nteracts wrth |ts |
cognate lrgand CD40L expressed on CD4 T helper cells The CD4O CD40L o
lntera_ctlon results in rncreased antlgen presentatlon and costimulatory capacity,
_ as well as the synthesis of cytokines and anti-apoptotic molecules that all serve
to enhance DC-mediated activation of CD8". T cells. In 2005, the group of Hanks
et al. engineered an‘ind_ucible CD40 system consisting of the cytoplasmic tail
fused to a membrane bound drug binding domain (188). They demonstrated that
primary BMDCs transduced with an adenovirus Vector encoding the inducible
receptor significantly increased levels of polarizing IL-12. Furthermore, use of
inducible CD40 in a DC-based vaccine against OVAepeptide resulted in~ i
decreased EG.7-OVA tumor size. Co-expression of inducible CD40, Mt\1"L;r’and‘ o
an immunogenic protein should provide an extremely robust immune response.
However, one of the difficulties here would be the number of genes that have to
be fransferred. As observed in my studies, as well as others, gene transfer of one
gene is already difficult. As such, it is'still necessary to revise existing gene -

transfer methods to allow for triple gene synth’esis; ‘

Expressron of M1 1 L from the lRES may be resultlng |n levels that are too

low to be effectrve (161) A possrble cause for thls may be the errors present in |
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~ the IRES sequence as this may affect IRES functionality. If the sequence
variations occur in critical regions of the secondary structure formed by the IRES,
Ioading of the translation initiation factors may be altered, potentially decreasing
the level of translatron Based on my observatrons in HEK293T cells however
complete IRES functron dld not appear to be abrogated as expressron of M11L
»was verlf' ed in transduced cells To venfy that effectlve levels of M11L are belng
produced M1 1 L transductron can occur in parallel wrth myxoma vrrus rnfectron to

determine if M1 1L expresslon is comparable.

~In order to examine this possibility, | have begun to study a second
transfer vector system that makes use of two separate promoters oriented in-
opposite direction (164). Characterization of this system showed increased
-expression of the second gene. This may translate to an increased expression of
M1 1 L. Also, depending on the relative amounts of eXpression; it may also be
possible to reverse the order of the genes encoded within thelREScontaining :
transfer vector. In practice, this would depend on the level of expression required
of an |mmunogenrc peptlde In the case of GFP studres have reported detectable
levels of GFP expressron when under the control of the EMCV IRES A thlrd
pOSSlbllIty would be to use the foot and mouth dlsease vrrus (FMDV) proteln 2A
(189 1 90) The 2A reglon acts as an mtergenlc cleavage srte Furthermore the
cleavage event does not requwe addltronal proteases rather |t is belreved to
occur due to conformatronal straln placed at the srte of the 2A sequence dunng
translatlon However when decrdrng on the method of dual gene expressron |t is

rmportant to note that overexpressron of M1 1L may also be cytotoxrc As such it
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" may be n.ece'ssary to explore other possible anti-apoptotic genes. Selecting the
appropriate method for gene expression is not srmply the one that results in the -

highest level of expression, but rather a fine balance must be obtained.

Two pomts raised by the transductron ot these cells are the mrgratory
capacnty of the transduced DCs as well as their actual perSIstence WIth[n o
reglonal Iymph nodes. A phenotyplc study of Ientlwrus transduced DCs showed
that foIlowmg transductlon and LPS treatment, CCR7 expressron lncreased, ‘ e
mak’ing the cells more »responsive to.lrryrnph nodeeassociated chyemokine CCL19
suggestlng normal mrgratory functlon (183) A separate group transduced DCs
wrth an adenovnra[ vector expressrng both EGFP and a hyperactlve Bcl-x. mutant
and assessed both.migration and persistence of the transduced DCs within the
lymph node"(127). They observed higher accumulation of DCs transduced with
the Bcl-x_ mutant resulting in prolongation of the duration of DC presence within
the Iymph;node. In agreement with previous studies, they.also noted a decline in

DC accumulation at the lymph node beginning 2 days after injection.

Once M1 1 L expression i‘s‘(\‘/eriﬁed;andtleuels of both‘g’enes within the
transfer vector are optimi’zed, further ekpe'rtmentisoan be pen‘ormed.to examine
mtgratton, persis_tence, and immunogenioit); of the transgenchCs P'r:e:t/ious |
researoh frorn my.'lalb‘oratorsr has shown that following footpad injection, PKH-
green labeled DCs migrate to popliteal lymph nodes and persist for upwards of 4
days, peaking at day 2 post-injection Avsimilar schema can be performed using
the transduced DCs In orderto separate transduced non-transduced and

endogeneous DCs, the DC population to be injected can be labeled wnth PKH
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~ red, prior to injection. | would expect to see results similar to those observed by
the group of Yoshikawa et al. in 2008; similar migration levels of transduced and
untransduced DCs were observed, but with increased persistence within the
lymph node in the case of the former population (127). However, different -
methods of analysis can be performed to overcome the shortcomings of their
quantitation techniques. While EGFP is necessary for the initial characterization'
and analysis of migration and persistence, it will be replaced with gp140 in order
to aseess immunogenioity of the DC vaccine in BALB/C mice, which exhibit
known immune responses to the HIV envelope. Work here has begun as the -

appropriate pCCL-gp140 lentiviral vector has been generated.

To assesstlmmunogenlmty of the virus, |t W|Il be possnb]e to use a variety
of dlfferent protelns However due to the antl apopto’uc effects of M11L, the |
system should be able to accommodate what are normally cytotoxw proteins
“when overexpressed, notably the HIV env gene. The findings from the pHERO
system demonstrate that M11L is able to increase immunogenicity of gp140 in
the context of a DNA vector vaccine (143). In order to do this, the same schema
can be performed as with the migration studies. However, instead of imaging
lymph nodes, effector activity of splenic or lymph node T cells agains‘t the model

epitope can be assessed ex vivo.
‘Summary

In my studies, | have observed the inefficiency of DC transfection using

non-viral methods. As such, viral transduction was required in order to generate
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transgenic DCs on a large enough ‘s_cale. Consistent with previous findings,
transdqction_of DCs does not appear to greatly affect viability and maturation.
However, I‘ha}ve:l bbsngéd an inéreased propensity for the Iéntjviral vectors to -
transdube énd exist in the immature DC p‘c_jp,ulatiqn. M11L 't»ran;sductioh did not -
appear‘ t§ inﬂu\e’ncemz the relati\)e proportions of mature and ir’n;ma'ture populati'ohs.
Howevér, its présénée ih the vector with the IRES }d'id appear to,decreééé‘EGFP
expression wifh res"be’;ctit’o MF1 and th_e"_n'umber of trlzla'_nSdUic':‘tants_ M11L e
éxpreséion did not appéaf to have any majbr impaét in viajbility in ft_hé_‘lb_hg term
culture, and thisA observation méy h_avé resulted from a level of expression too
lowto be ‘effe‘ctivé. As avres'ult,"l havé‘begun studyin;g’] anofher biqist;onib vec‘:tor‘
that shbﬁld pérmif'greafer‘eXpressii‘;)‘n és it mékes use of _‘anot_hervpromoter rather
than an,IRES.‘ Optimizétion of the/,}bi‘c‘i.stronic Qéctor and exbression level of M11L

will open doors for future studies making use of this DC-based system. -
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