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ABSTRACT

Antigen presenting cells (APCs) can efficientlycilispecific T cell immune
responses by presenting pathogen-derived peptidetheo major histocompatibility
complexs (MHCs) to T cell receptor (TCR) on theface of T cells. Currently,
dendritic cells (DCs) have been discavered as thst efficient APCs. Based on these
findings, DCs have been developed as a good.bgergdo activate host’s adaptive
immunity by up-taking antigen, presenting antiged.atimulating T-cells. However,
DCs would be inactivatedn vivo by certain pathogen-derived antigens. Thus,
artificial antigen presenting cells were develop@gesolve this problem. In this study,
a novel immuno-regulatory liposome was' develop@go{PEI-PEG-complex (LPPC)
was a novel liposome could strongly.absorb protensts surface and the bound
proteins could maintain their activities.*By thedwracters, LPPC was designed to
adsorb certain monoclonal antibodies or MHC molesw/hich have the abilities to
regulate immune responses and the immuno-LPPCsuserkas APC.

The results showed that the LPPC adsorbed anti-@iaanti-CD28 monoclonal
antibodies could increase the proliferation andkiyte secretions (IL-2, IFN-and
TNF-0) of mouse splenocytes and human peripheral blomhomuclear cells
(PBMC). In addition, LPPC can promote the abilitefSAPCs to up take antigen,
induce the proinflammatory cytokine expressiong] present antigen. Thus, LPPC
could provide a good adjuvant effect. Besides, tR€C coated with membrane
proteins of DCs performed as APCs to stimulate iipet-cell immune responses.
Moreover, antigen-loaded HLA-A2 molecules and &@ii28 monoclonal antibody
were adsorbed on LPPC and they also maintainedgpecific activities, and induced
the specific immune responses. The immuno-LPPQajispts flexible character and
advantage to regulate immunity by combining certeimuno-regulatory antibodies
and specific-antigen MHC molecules. Therefore, tinemuno-LPPC may be
developed as a good immunoregulatory platform.
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Chapter 1 Introduction

A major aim in immunotherapy is to generate spea#ll-mediate
Immune responses to regulate host immunity. Effibyeresist pathogens
and virus that relies on T cell immune responségsTie optimal T-cell
stimulation requires engagement of the T-cell remefI CR) through the
major histocompatibility complex (MHC) bound to piele, together with
at least one interaction of a costimulatory molecwith an appropriate

ligand on the T cell (2, 3).

The most potent and best-investigated costimulatoniecules are
B7-1 and B7-2, which bind to CD28 (4, 5) 'on the€ll and induce cell
proliferations. In contrast, B7 melecules mightoalsind cytotoxic T
lymphocyte antigen”4 (CTLA=4)rmotfecules on actidaté cells and
induce apoptosis in those T cells. Additional iat#ions might also
regulate T-cell stimulation,” including T-cell sup#y differentiation,
induction of maximal proliferation and preventiohapoptosis. Potential
molecules of these interactions are other costitoryanolecules such as

ICOS, 4-1BBL and OX40 (6-8).

Another major group of molecules are the adhesimiecules,
which include leukocyte function-associated antig¢bFA) and
intercellular adhesion molecule (ICAM) (9, 10). ke molecules
increase the interaction time between the T call ARC, and enhance

efficient activation (11). As discuss above, oVee past decade many

1



new costimulatory molecules have been identifidtbrmg new insights

into T-cell activation and regulation.

Naive T cells are activated to produce armed efficiT cells the
first time they encounter their specific antigen tine form of a
peptide:MHC complex on the surface of an activatetigen presenting
cell (APC). Antigen presentation by APCs, most bhbtanacrophages
and dendritic cells (DCs), and infected B cellgngical for induction of
specific T cells in the form of an adaptive immuasponse (12). Further,
the induction of T cell-mediated immunity is conied by
antigen-presenting DCs, potent stimulators of smedi cell immunity
(13). DCs in essence act as nature’s adjuvantplaydan important role
to generate adaptive immunity. They present immenagepitopes of
antigens in the context of MHC class |/ and classmilecules in
association with costimulatory molecules, and effily activate both

cytotoxic T cells and T helper cells (14).

DCs are both efficient and specialized in antigessentation, and
they control the magnitude, quality, and memoryh&f ensuing immune
response. Because of the exceptional ability of D& sctivate T-cell
iImmunity in response to microbial pathogens andotucells, these cells
have been exploited as ex vivo and in vivo toofsidamunotherapy. For
example, Dr. Lu demonstrate that a therapeutic imacaenade of
inactivated SIV-pulsed DCs can elicit effective lglr and humoral
Immune responses against SIV, allowing the comtf&IV replication in

the secondary lymphoid tissues and the reductictelifassociated viral
2



DNA and cell-free viral RNA in blood of SIV-infealemacaques (15). In
addition, HSP105-pulsed BM-DC vaccine could indsigecific T cells to
inhibit the growth of intestinal tumors overexpiags HSP105 (16).
Moreover, Dr. Aldrich utilized rAAV with human tumoantigen,
carcinoembryonic antigen (CEA), of gene to infe@ Er induction of
specific immunity (17). In another study, the coaustration of DNA
vaccines encoding HPV16 E7 with siRNA targeting kmpapoptotic
proteins successfully prolongs the lives of DCéagtes antigen specific
CD8" T-cell responses, and elicits potent antitumoectf against an

E7-expressing tumor model (18).

As developmentof DC-based application, the chghsnof these
therapies need to.be improved. Several wvirus- aodvirus-based
transduction methods have been used-for DC-basedpyn However, all
strategies result in differentlevels of gene-egpi@n depending on the
transduction efficiency. Therefore, purification ekpressing APCs is
needed to avoid non-expect interaction (11). Initemdd some articles
indicated that pathogens or pathogens-derived factuch aCandida
albicans, Mycobacterium tuberculosis, mycobacterial LAM, and
secretions ofCandida respectively impact on efficiency of DCs and
immune cells, affect cytokine expression and impgairface marker of
DC (19-22). Moreover, mature DCs express high kwélcostimulatory
molecules such as B7.1 and B7.2, which could b¢éacomo CTLA-4, an
immuno-inhibitory ligand that suppresses T cellvation (23, 24). In
addition, many tumors secrete immunosuppressiveéorfacsuch as

TGF{, IL-10, or VEGF, which affect the function of DCs influence
3



the efficiency of DC vaccine (11, 25-27).

As an alternative strategy, artificial antigen-greing cell systems
(aAPC) have been recently developed and are rapixjpanding. They
encompass both cellular-based and acellular-basguhdlogies (28). In
cellular-based, they utilized genetic methods thatsduced into murine
fibroblast cells to express immunoregulatory molesu such as
antigen-loaded MHC molecules and B7 molecules (&9)addition, a
nonspecific cell-based aAPC (K32 cells) has alsenbaeveloped, that
were transfected with the costimulatory moleculdBBL and the

low-affinity Fc gamma receptor CD32 (30).

In acellular-based, they employed chemical methmddnjugate
immunoregulatory molecules.‘'on nanoparticles, beadippsome. For
example, a acellular aAPC was developed that carséé to induce and
expand clinically relevant amaounts of highly enadhpeptide-specific T
cells based on HLA-A2-Ig molecules and anti-CD28 nowonal
antibody (mAb) coupled to a magnetic bead (31, B2)this strategy,
peptide resident in the HLA-Ig molecule with any AdA2-restricted
antigenic peptide can be modified. Thus, a singlatcib of
HLA-A2—-Ig-based aAPCs can be loaded with variodfegnt antigenic
peptides for expansion of cells with different gatiic specificities.
These artificial APC-based strategies certainlyidished the effect of

Immunosuppression.

Our laboratory has developed a novel liposome, {1Bpb-PEG
4



complex (LPPC), that was a biodegradable liposontle the characters
that could strongly and rapidly adsorb proteinsitersurface, and these
proteins could maintain their activities. The pwpaf this study, that
manufacture artificial antigen presenting cells,A8?C-liked liposome,
which were combined the liposome with immunostirtaia molecules
to develop as an immunoregulatory platform. Theeefave exploited
LPPC combined with immunostimulatory molecules dsi@al antigen
presenting cells to activate immunity. Here, we extldanti-CD3 and
anti-CD28 monoclonal antibodies (mAbs), or addittdrDCs’ membrane
proteins, or addition of specific peptide-HLA-A2roplex for the LPPC
adsorption. The results. showed that LPPC indeedbigat ability of
enhancement of the cell proliferations and cytolseeretions of human
peripheral blood mononuclear cells (PBMCs)-and naugplenocytem
vitro. We also showed that' the*LPPC- with immuno-molecutheluced
specific immune responseas’ vivo. Moreover, LPPC might have the
potential of an adjuvant that enhance immune resgwonof APCs. In this
study, we indeed demonstrated that LPPC showedkmpss and good
flexibility to construct an immunoregulatory platio as an artificial

antigen presenting cell.



Chapter 2 Material and method

2.1 Material

2.1.1 Reagent

The following reagents and chemicals were obtaiasdndicated:
RPMI 1640, Fetal Bovine Serum (FBS), and BSA fronvitrogen.
Penicillin/ streptomycin/ amphotericin (PSA) fromokgical industries.
NaCl, Tris-HCI, Triton X-100, from Amresco. Ficdlaqué" Plus from
GE healthcare. Propidium iodide (PI) from CE. EDaAd chloroform
from TEDIA. NaOH, HPO,, KH,PO,, NaHPQO,, tween 20, KHCQ@
NaN;, and KAc from-SHOWA. KCI.from Scharlau. pHPO, from J. T.
Baker. Urea from USP.
2.1.2 Cell lines

P338D1 (Mouse + macrophage-like cell line; ATCC numbe
CCL-46.)
2.1.3 Antibody

The following antibodies were obtained as indicatddouse
anti-human CD3 (OKT3) and Mouse anti-mouse CD3 @Cuere
kindly provided from Dr. Steve R. Roffler (ACADEMIASINICA,
Institute of BioMedical Sciences). Anti-human CD28onoclonal
antibody, and anti-mouse CD28 monoclonal antibodyrewpurchased
from Biolegent.
2.1.4 Kits

The following kits were obtained as indicated: Hmmb-1[3, IL-6,
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IL-8, IL-2, IFN-yand TNF-a ELISA kit, and mouse IL-4, IL-10, IL-2,

IFN- vy, and TNF-a ELISA kit from R&D. MTT assay kit from Promega.

2.1.5 Animals

Six-eight weeks old female BALB/C mice were purcthsrom the
National Laboratory Animal Center, Taipei, TaiwdR,0.C. Six-eight
weeks old female C57BL/6-Tg (HLA-A2.1) mice werendtly provided
from Dr. Shih-Jen Liu (National Health Researchitates).
2.1.6 Others

Peptide-HLA-A2 monomer and one identify epitapediPV type 16
E7 protein (YMLDLQPETT) were kindly from Dr. Shired Liu

(National Health Research Institutes):

2.2 Method

2.2.1 LPPC preparation

Briefly, added each DOPC and DLPC 500 mg/ml) into the
round bottom flask, and then added L@Oénethanol into the same
container and mix well. The mixture was placed toatainer of lipid
mixture to the rotary evaporator (87 without vacuum treatment,
minimum rotary speed) until dry (about 2 days). Fydd the lipid film
by steam (about 37) for 2~3 hours. Added 5ml aqueous medium
(containing 0.675g PEI and 0.22g PEG in 5 ml fdteDDW) gently to
the container of dry lipid and agitating gently.€l¢ontainer was vortexed
violently for 10 minutes. After vortexed, the LPR@s placed at RT
overnight. The turbid medium of LPPC extruded tigltol200nm mesh

7



nine times. The product stored into the contaioefd refrigerator.

2.2.2 Adsorption characters of LPPC
Timing

Added % pg BSA-FITC into 40ug/ml LPPC solution, and then
centrifuged at 10,000 rpm for 5 min at differemei. The fluorescence of
LPPC pellet was estimated by Spectrofluorometer.
Capacity

Added different amounts of BSA into 4@/ml LPPC solution, and
then centrifuged at 10,000 rpmyfor 5_min at 20 nesuThe amounts of
BSA onto LPPC were measured by using coomassier@agent.
Competition

40 ug/ml LPPC prior to adsorb 50g BSA-FITC completely, and
added different folds-of BSA ferrcompetition in 2Gnutes. And then
centrifuged at 10,000 rpm for 5 min, the fluoreseeaf LPPC pellet was
estimated by Spectrofluorometer. Positive contra$ whe fluorescence of
the LPPC solution without adding BSA. Negative cohtwas the

fluorescence of the LPPC alone solution.

2.2.3 PBMC isolation

Peripheral blood mononuclear cells (PBMCs) wereasspd from
human white blood cell solution by using Ficoll-Bed' Plus. Dilute
human white blood cells with equal volume of PBSldAFicoll-Paque
PLUS (6 ml) to the 15 ml centrifuge tube and cdhgfiayer the diluted
blood sample (8 ml) on Ficoll-Paque PLUS. Centrfulge tubes at 400g
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for 40min at 1& . Remove the plasma layer and collect the PBMCrlaye
Wash the cells with 2 volume of PBS for centrifugyat 1500 rpm for 15
min. Discard the supernatant and lyse the red bisdld by ACK buffer
(0.15 M NHCI, 10 mM KHCQ, 0.1 mM EDTA in DDW) at room
temperature for 10min and followed by centrifugeigl500 rpm for 15
min. Discard the supernatant and wash the cell Wit ml PBS.
Centrifuge for another 15 min. Discard the supemiaand count the cell
number. For the cell proliferation of PBMC, cellsene plated in a
96-well at 1 x 10per well. For the cytokine profiles of PBMC, celere
plated in a 24-well plate at 4 x 2per well.

2.2.4 Splenocyte isolation

Mice were sacrificed by dislocation and their spkeavere quickly
harvested in a laminar flow heod. Spleens wereegulas a 28Qum-pored
mesh and chopped by scissors. 10 ml of+*RPMI 1640it{bgen Co.,
USA) supplemented with 10% FEBS, 0.2% NaHCDd 1% PSA. were
slowly added onto the mesh while spleens were bgrognd until the
spleen tissue became white. Single cell suspensem collected in a
Petri dish and recovered by centrifugation at 1,860 at 4C for 5 min.
Supernatant was discarded and 10 ml 1X ACK lysitebwas added for
5 min at room temperature. 1X ACK buffer can lyse ted blood cells
while leaving the rest of the lymphocytes and leytes. The mixture
was then diluted by 10 ml of RPMI 1640 and cellseveecovered by
centrifugation at 1,200 rpm at4for 5 min. After the supernatant was
discarded, the cells were rinsed by 10 ml PBS anoee. Finally, cells

were resuspended in RPMI 1640 and underwent dellileéion by trypan
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blue exclusion. For the cell proliferation of spbegte, cells were plated
in a 96-well at 2.5 x Tper well. For the cytokine profiles of splenocyte,

cells were plated in a 24-well plate at 1 X pér well.

2.2.5 The cytotoxicity of LPPC to PBMCs or splenodgs

PBMC (1x10 cells per well) or splenocyte (2.5%16ells per well)
were respectively dispensed into 96-well culturatgd and then except
for control treated with different conditiosfter 72 hr, the cells were
centrifuged at 400g for 15 min. Removed the mediand added 100l
MTT working solution per well. And then, the 96-Wwelillture plates were
put back incubator with.5% GCat 37C for. 4 hr. The supernatant was
removed, and added*1Q0 DMSO to dissolve the purple crystal. Put
plates on the shaker for 10 min. The optical dgnsds determined by a
microplate reader (Tecan),set'to 595'nm and the wate analyzed by

Magellan5 software.

2.2.6 The activities of monoclonal antibodies adsbed on LPPC

In this study, anti-CD3 monoclonal antibody (2CI1Q@KT3) was
utilized as first signal for activation of T cedind the other monoclonal
antibody, anti-CD28 as second signal was for ofdtamaivation of T cell.
PBMC (1x10 cells per well) or splenocyte (2.5¥1€ells per well) were
respectively dispensed into 96-well culture plaéesl then except for
control treated with different condition. 4@ LPPC pre-adsorbed 109
BSA, and then adsorbed with 214 anti-CD3 mAb or with 2.4ug
anti-CD3 and 2.4ug anti-CD28 mAb into 100ul volume. After

centrifuged, 2.5ul LPPC complex treated PBMCs or splenocytes for
10



72hrs. By using MTT assay, and then the cell peddifion rate was
calculated as O.D. value of sample divide into Qr&lue of PBMC alone

or splenocyte alone.

2.2.7 The stability of immunostimulatory monoclonal antibodies
adsorbed on LPPC in RPMI

40 ug LPPC previously adsorbed 1@ BSA, and then adsorbed
with 2.4 ug anti-CD3 mAb or 2.41g anti-CD3 and 2.4ig anti-CD28
mADb into 100ul volume. After centrifuged, put the LPPC complexoi
RPMI solution in 37C for 30 minutes. After 30 minutes, the solution was
centrifuged divide into LPPC pellet and the suptamia The LPPC pellet
was resuspend into 100 ul DDW. The gl3 PPC complex and the 2,6
supernatant respectively treated PBMCs  (fxtells per well) or
splenocytes (2.5xf0cells; per-well) sin 96-well culture plate, and
estimated the cell preliferation of immune cells favestigating the
efficiency of monoclonal antibodies on LPPC. ByngsMTT assay, and
then the stimulation index was calculated as (@dlue of sample —O.D.
value of PBMC alone or splenocytes alone) / O.Dueaf PBMC alone

or splenocytes alone.

2.2.8 The dose-effect of monoclonal antibodies adbed on LPPC in
immune cells
Cell proliferation

PBMC (1x18 cells per well) or splenocyte (2.5%16ells per well)
were respectively dispensed into 96-well culturatgd and then except

for control treated with different condition. Adidit different amounts of
11



immunostimulatory monoclonal antibodies were coratirwith 1 ug
LPPC to stimulate the proliferation of immune cefiad the cell numbers
was counted by MTT assay at 72 hrs. The cell maifon rate was
calculated as O.D. value of sample divide into Qr&lue of PBMC alone
or splenocyte alone.
Cytokines secretion

PBMC (4x1G cells per well) or splenocyte (1@ells per well) were
dispensed into 24-well culture plates and then @xtar control treated
with different condition. 4ug LPPC adsorbed different amounts of
monoclonal antibodies respectively to treat PBMCspmenocytes. And

the supernatants were collected at 24h-and 72 hframdn at —80°C.
Supernatants concentrations of- FMFIL=2, and IFNywere measured

by Enzyme-Linked ImmunoSorbent Ass& (SA).
Pro-inflammatory cytokine profiles-secretion

PBMC (4x10 cells perwell) was dispensed into 24-well cultptates
and then except for control treated with differeandition. 4ug LPPC
treated PBMCs and then the supernatants were tllet 24 h, 48 h and

72 h and frozen at —80. Supernatants concentrations of IB;1L-6, and

IL-8 were measured by Enzyme-Linked ImmunoSorbessiad ELISA).

2.2.9 The comparison of activities of monoclonal d@ibodies on LPPC
PBMC (1x10 cells per well) or splenocyte (2.5x16ells per well)
were respectively dispensed into 96-well culturatgd for monitoring
cell proliferation. 4Qug LPPC previously adsorbed 100 BSA, and then
adsorbed with 2.41ig anti-CD3 mAb or 2.4ug anti-CD3 and 2.4.g

12



anti-CD28 mAb into 100ul volume. After centrifuged, 2.5 LPPC
complex respectively treat PBMCs or splenocytes, @mparing to the
same amount mADb that free from added into solutidre cell numbers
was counted by MTT assay at 72 hrs. The cell maifon rate was
calculated as O.D. value of sample divide into Qrélue of PBMC alone
or splenocyte alone.

On the other hand, PBMC (4x1@ells per well) or splenocyte (10
cells per well) were dispensed into 24-well cultptates for monitoring
cytokines secretion. 4Q)g LPPC previously adsorbed 10§ BSA, and
then adsorbed with @g anti-CD3 mAb or 6ug anti-CD3 and 6ug
anti-CD28 mAb into 106ul volume. After centrifuged, 1Ql LPPC
complex respectively-treat PBMCs or splenocytes, @mparing to the
same amount mAb that free from added into solutidmd the

supernatants were ‘collected.“at 24h-and 72 h amkrrat —80°C.
Supernatants concentrations of TNFIL-2, -and IFNywere measured

by Enzyme-Linked ImmunoSorbent Ass&} (SA).

2.2.10 The uptake protein ability of P338D1

50 ug BSA-FITC as a green fluorescence protein was ipusiy

adsorbed by 15Qg LPPC or was not adsorbed, and then respectively

co-cultured two hours with 5 x1@nouse macrophage, P338D1. Added
100l trypan blue to quench the green fluorescence BB&A-FITC that

was not uptaken or only adhered to cell surfacd, @RCS analysis was
performed. In addition, 5(g BSA-FITC as a green fluorescence protein

was previously adsorbed by 15%@ LPPC or 10ug LPPC, and then
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respectively co-cultured two hours with 5 X1fouse macrophage,

P338D1.

2.2.11 DC harvest

Balb/C mice were sacrificed by dislocation. Maklerag transverse cut
through the skin in the middle of the abdominalaaf@eflect skin from
the hindquarters and the hind legs. Removed the ded then removed
all muscle from the femurs and tibiae. Separatddfs from the body at
the hip joint (one leg each time). Transfer thedsto a 15 mL centrifuge
tube containing cold RPMI. Place the bones in ackObacterial dish
containing 70 % ethanol“for less 2~5 min for disation, then washed
with RPMI. Separate‘femurs and tibiae. Cut. bothseoidthe bone with
scissors and the marrow flushed with-RPMI10 usir®yange with a 25
G needle. Collect cell suspension in-a 10 cm betteish. Clusters
within the cell suspension~were disintegrated bgokous pipetting.
Transfer the cell suspension to-a 15-mL centrifudee. Centrifuges at
RT, 300g for 5 min and then discard the supernatssd 2 mL of ACK
lysis buffer to lyse red cells for 45 sec. The migtis then added with 10
mL of RPMI10and centrifuges at RT, 300g for 5 nonwtash out ACK.
Discard the supernatant, and then suspend theyeldit and then add
with 10 mL of RPMI. Transfer the suspension to arottube to remove
the settled debris and clumps. Centrifuges at RIDg3for 5 min and
discard the supernatant. Count cell number and BiMeukocytes were
seeded at 2.5xf@er 100 mm dish in 10 mL R10 medium containing 200
U/mL rmGM-CSF. At day 3, another 10 mL RPMI10 medigontaining

200 U/mL rmGM-CSF were added to the plates. At daybkalf of the
14



culture supernatant was collected (10 mL/dish){rdeged at RT, 300g
for 5 min, and the cell pellet resuspended in 10 frash RPMI10
containing 200 U/mL rmGM-CSF/dish, and given baatoithe original
plate. At days 8, half of the culture supernataratsweollected (10
mL/dish), centrifuged at RT, 300g for 5 min, ance tieell pellet
resuspended in 10 mL fresh R10 containing 200 WUmGM-CSF/dish,
and given back into the original plate. At day 910r non-adherent cells
were collected by gentle pipetting. Cells were gliged at 300g for 5
min at RT, and resuspended in 10 mL fresh R16 &0 mL) into a fresh
100 mm tissue culture plastic dish containing 100M&M-CSF and 0.5
ug/mL LPS (-2@, A11, 100ug/mL). Cells were then cultured for 1 or 2
days for further experiment (complete maturatidrije mature dendritic
cells were checked by staining with-anti-mouse Cbddjugated PE and

analyzed by flow cytometry.

Purification of DC membrane protein

Harvested DC cells (1x10cells) were by centrifuging the cell
suspension or culture at 900g for 10 min ‘gt KResuspend the cell pellet
in 10 ml PBS buffer and centrifuged at 900g fomii@ at 4C. Resuspend
the cells in 10 ml HEPES-KOH buffer. Homogenize tadls on ice to
fine homogenate using an appropriate cell homogenikhe cells were
centrifuged at 90009 for 15 min at4 Transfer the supernatant into fresh
ultracentrifuge tubes and discard the pellet. Tresh ultracentrifuge
tubes centrifuged at 500009 &t 4Discard the supernatant, briefly air
dry, and save the membrane pellet. The membraiet pels dissolve in

the PBS buffer. The concentration of membrane prst@as analyzed by
15



using commassie plus test.

Dendritic cell surface marker staining

10° DCs were centrifuged the cells at 4000 rpm forrbriiesuspend
the cells with 50Qul staining buffer (0.5% skim milk in PBS). Staireth
cells with antibody on ice in the dark for 30minftex washing the cells
with 500 ul staining buffer, centrifuge the cells at 4000 rjpon 5min.
Repeat again. Analyze the cells on FACScan withpthiis with quadrant
line. Figure 11 indicated that the surface markgression of DCs, such

as CD11c, MHC II, and CD86.
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2.2.12 The experimental strategy of animal immunizgon

Bovine serum albumin (BSA)

a . > y

- 2 5 ;

ft immunize (1mg/mouse)
l 2 weeks
% boost (1mg/mouse)
l 1 week
" boost (Img/mouse)
l 1 week
'$ boost (Lmg/mouse)

l

Experiment

Six- to eight-weeks old female" BALB/c mice were ¢ghased from
the National Laboratory Center and housed in a &satpre- and
light-controlled room (12L:12D) at the Animal Ma@mance Facility of
National Chiao Tung University. The mice were firstmunized by
subcutaneously (s.c.) injection of 1mg/100ul BSAuksmied in CFA.
The mice were boosted by subcutaneously (s.c.gtioje of 1mg/100ul
BSA emulsified in IFA, and all mice were sacrificpdstchallenge. The
experiment strategy of mice immunization followdabae the protocol.

The negative group was injected with 100°PBS alone.
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Heat shock protein 60 ofHelicobacter pylori

a . & iy

-

v ¥ - o
- B 5

f‘ immunize (10qug/mouse)
l 2 weeks
1 boost (10@g/mouse)
l 1 week
" boost (10@g/mouse)
l 1 week
"4 boost (10Gg/mouse)

}

Experiment

Six- to eight-weeks old female BALB/¢c mice were ¢ghased from
the National Laboratory ‘Center-'and housed in a &zaipre- and
light-controlled room (12L:12D) at the Animal Ma@mance Facility of
National Chiao Tung University. The mice were firstmunized by
subcutaneously (s.c.) injection of 1@3300ul HpHsp60 emulsified in
CFA. The mice were boosted by subcutaneously (smgection of
100ug/300ul HpHsp60 emulsified in IFA, and all mice wesacrificed
postchallenge. The experiment strategy of mice imgation followed
above the protocol. The negative group was injegtgd 300 ul PBS

alone.
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HPV E7 epitope

® By

1% immunize (3Qug /mouse)
l 2 weeks
1 boost (3qug /mouse)
l 1 week

Experiment

Six-eight weeks female C57BL/6<Tg(HLA-A2.1) mice neekindly
provided from Dr. Shih-Jen Liu (National Health Basch Institutes) and
housed in a temperature- and" light-controlled rodraL:12D) at the
Animal Maintenance” Facility. of ‘National Chiao Tuhniversity. The
mice were first immunized by subcutaneously (s.mjection of
30ug/100ul YML peptides emulsified in CFA. The micererdoosted by
subcutaneously (s.c.) injection ofi@100ul YML peptides emulsified in
IFA, and all mice were sacrificed postchallengee EBxperiment strategy
of mice immunization followed above the protocoheTnegative group

was injected with 10Ql PBS alone.
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2.2.13 The enhancement of antigen presentation oP&s by LPPC
Cell proliferation

First, 100ug BSA proteins were adsorbed by 4 LPPC into 10Qul
volume. Splenocytes that isolated from were prmomunized by BSA
(2.5x10 cells per well) were respectively dispensed irien@ll culture
plates for monitoring cell proliferation. The 2,4 LPPC-complex
co-cultured with splenocytes, and MTT assay wasl tigeestimate at 72
hrs. The cell proliferation rate was calculatedGaP. value of sample
divide into O.D. value of splenocyte alone. Negatsontrol was the
splenocytes from naive mice.
Cytokines secretion

First, 100ug BSA proteins were adsorbed by 4§ LPPC into 100

ul volume. Splenocytes that isolated from were phimmunized by
HpHSP60 (16 cells per well).were respectively dispensed irdenll
culture plates for “menitoring cytokines secretioifhe 10 pl
LPPC-complex co-cultured ‘with-splenocytes, and dhpeernatants were

collected at 24h and 72 h and frozen at —80. Supernatants
concentrations of TNJ&, IL-2, IL-10, IL-4, and IFNy were measured by

Enzyme-Linked ImmunoSorbent Ass&L(SA).

2.2.14 Membrane proteins with specific antigen coat LPPC
Cell proliferation

50 ug membrane proteins contained BSA or HpHSP60 amtige
isolated from DCs and 10Qig BSA proteins were for 4@ig LPPC

adsorption into 10Ql volume. Splenocytes that isolated from were prior
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immunized by HpHSP60 (2.5x1Ccells per well) were respectively
dispensed into 96-well culture plates for monitgricell proliferation.
The 2.5ul LPPC-complex co-cultured with splenocytes, andTVaksay
was used to estimate at 72 hrs. The cell prolitenatate was calculated
as 0O.D. value of sample divide into O.D. value pfemsocyte alone.
Negative control was the splenocytes from naivesmic
Cytokines secretion

50 ug membrane proteins contained BSA or HpHSP60 amtige
isolated from DCs and 10Qijg BSA proteins were for 4@ig LPPC
adsorption into 10Ql volume. Splenocytes that isolated from were prior
immunized by HpHSP6Q(2@ells per wéll), were respectively dispensed
into 24-well culture plates;for monitoring cytokssecretion. The 10
LPPC-complex co-cultured with splenocytes,-and dhpernatants were

collected at 24h and 72' h-—-and frozen “at —80. Supernatants
concentrations of TNJ&,/IL-2, IL-10, IL-4;.and IFNy were measured by

Enzyme-Linked ImmunoSorbent Ass&L(SA).

2.2.15 The specific peptide-loaded HLA-A2 adsorbeon LPPC
Cell proliferation

50 ug YML peptide-loaded HLA-A2 molecules and 1@ BSA
proteins were for 4Qg LPPC adsorption into 100 volume. Splenocyte
that immunized by YML antigen (2.5x10cells per well) were
respectively dispensed into 96-well culture plates monitoring cell
proliferation. The 2.5ul LPPC-complex co-cultured with splenocytes,

and MTT assay was used to estimate at 72 hrs. dheroliferation rate
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was calculated as O.D. value of sample divide iGt®. value of
splenocyte alone. Negative control was the spleiesdyom naive mice.
Cytokine secretion

50 ug YML peptide-loaded HLA-A2 molecules and 10g BSA
proteins were for 4Qg LPPC adsorption into 100 volume. Splenocyte
that prior immunized by YML antigen (1Ocells per well) were
respectively dispensed into 24-well culture platies monitoring
cytokines secretion. The 1Ql LPPC-complex co-cultured with

splenocytes, and the supernatants were collectédilatand 72 h and
frozen at —80°C. Supernatants concentrations of TMFL-2, and IFNy

were measured by Enzyme-Linked ImmuneSorbent AGSiahFA).

2.2.16 The animal immunization ofthe immuno-LPPGn vivo

Six- to eight-weeks old.femaletBalb/c mice werecpassed from the
National Laboratory ‘Center and housed in a temperat and
light-controlled room (12L:12D) at'the Animal Ma@mance Facility of
National Chiao Tung University. The 20§ LPPC previously adsorbed
250 pug peptide-loaded membrane proteins. And then thee nwere
immunized by intravenous (i.v.) injection of memteaproteins /LPPC
complex and all mice were sacrificed after two vwseekhe negative
group was injected with 30d PBS alone.

Six-eight week female C57BL/6-Tg(HLA-A2.1) miaeere kindly
provided from Dr. Shih-Jen Liu (National Health Basch Institutes) and
housed in a temperature- and light-controlled rodr@L:12D) at the

Animal Maintenance Facility of National Chiao Tutniversity. The
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200ug LPPC previously adsorbed 2pg peptide-loaded HLA-A2
molecules and 25ug anti-CD28 mAb. And then the mice were
immunized by intravenous (i.v.) injection of LPPGmplex and all mice
were sacrificed after two weeks. The negative graag injected with

300ul PBS alone.

2.2.17 The animal immunization efficiency of immund.PPC in vivo
Cell proliferation

Splenocytes that isolated from were prior immunizéy
immuno-LPPC or PBS (2.5x10cells per well) were respectively
dispensed into 96-well culture plates for monitgricell proliferation.
HpHsp60 or YML peptides (&/ml) were co-cultured with splenocytes,
and MTT assay was.used to estimate at 72 his. dheroliferation rate
was calculated as “O.D. yalue™of sample divide i6t®. value of
splenocyte alone. Negative control was the splelesdyom naive mice.
Cytokine secretion

Splenocytes that isolated from were prior immunizéy
immuno-LPPC or PBS (fcells per well) were respectively dispensed
into 24-well culture plates for monitoring cytokseecretion. HpHsp60
or YML peptides (Rg/ml) were co-cultured with splenocytes, and the

supernatants were collected at 24h, 48 h and #&lHrazen at —80C.
Supernatants concentrations of TMFIL-2, IL-10, IL-4, or IFNy were

measured by Enzyme-Linked ImmunoSorbent AsEhy3A).

2.2.18 Statistical analysis
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All figures are expressed as mearSD. All data were computed by

student-test. All statistical significant was sep & 0.05.
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Chapter 3 Result

3.1 The characters of LPPC

As figure la shown, the shape of LPPC was apprdarisnaound
and the particle size was about 200 nm. In additioa dark shadow of
LPPC was hair-like, which might be PEI and PEG pwys. LPPC is a
cationic liposome, and it was found that LPPC cdsogb proteins on its
surface. Therefore, DLS was utilized to investigtite particle size of
LPPC with or without protein adsorption. The resuhowed that the
diameters of LPPCs with protein adsorption wereual3b8 =+ 16 nm,
which was larger than the LPPC without protein golson (Figure 1b).
Besides, the previous- results have shown the erhpfyCs can be
centrifuged and pelleted (Figure-1c) and the furtteperiments also
indicated the protein. adsorptiongdid—not affect tbharacter. Because
centrifugation is available for LPPC, unbound sabsés could be easily

removed.

3.2 The characters of LPPC for protein adsorption

To understand the kinetic for protein adsorption LUBPC, the
fluorescence of BSA-FITC was used to evaluate wima¢ the LPPC
need to adsorb proteins to their surface. The teshowed that LPPC
could adsorb 80% of proteins in ten minutes andhethe maximal
adsorption in 20 minutes (Figure 2a). Moreover, pietein binding
capacity of LPPC was estimated and the resultsatege¢hat the maximal

adsorption of 40ug LPPC was about 16@Gg BSA (Figure 2Db).
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Surprisingly, the pre-adsorbed BSA-FITC on LPPCladowt be replaced
by the additions of different BSA dose (Figure ZEhe results showed
that the pre-adsorbed proteins on LPPC were irceplale by the

posterior added proteins.

3.3 The activities of immunostimulatory monoclonal antibodies

adsorbed on LPPC

3.3.1 The cytotoxicity of LPPC to PBMCs or splenodgs

LPPC could adsorb proteins stably and remain thetivities as
previous experiments (Table 1). Therefore, to itigagse whether LPPC
could adsorb immunostimulatory. monoclonal antibedand stimulate
immunity was further proceeded. First, the cytatdyi of LPPC was
determined for PBMCs or Splenocytes at next expmmtmThe results
indicated that Jug LPRC.was' an appropriate dosage fot RBMCs or
2.5x10 splenocytes, because the cells could survive withoxic

damage in this concentration (Figure 3).

3.3.2 The effects of the bound antibodies in a daogaxdependent
manner

In this study, anti-CD3 and anti-CD28 monoclondilaodies (mAbs)
were utilized to activate T cell, which were usediétermine whether the
bound protein on LPPC could remain its biofunctidn. order to
understand the regulatory phenomenon of monoclamiibodies on
LPPC for activities, the different amounts of immatmulatory mAbs

were adsorbed on LPPC to stimulate the prolifenatod PBMCs or
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splenocytes. The results showed the cell prolil@natates of PBMCs and
splenocytes were higher as anti-CD3 mAbs were asgeé. It would be
more obvious when the anti-CD3 mAbs combined with-&D28 mADbs
to work on immune cells (Figure 4). Therefore, Hueind antibodies on
LPPC could activate the cell in a dosage-dependanner.

Further, whether the secretions of cytokines waggered by the
bound mAbs on LPPC in a dose-dependent mannernvastigated and
the results indicated that LPPC and the adsorbedumostimulatory
mADbs could stimulate PBMCs or splenocytes to seccgtokines, such
as IL-2, IFNy and TNFe. In addition, the concentrations of cytokines in
media were increased as the anti-CD3 mAbs wereased (Figure 5).
Moreover, the expressions of cytokines were. ina@eds/ the addition of
anti-CD28 mAbs which could proevide ‘the. costimulgtosignal to
enhance the T-cell response as‘previously repddesides, LPPC alone
could activate TNFe secretion of PBMCs-and splenocytes but it could
not trigger any the IL-2 and. IFMsecretions (Figure 5). Therefore, the
LPPC reagent was investigated further to analyzethdr the inductions
of other pro-inflammatory cytokine profiles weréhélresults showed that
the LPPC could stimulate ILRL IL-6 and IL-8 secretions of immune
cells, except for TNFx expression (Figure 6).

Comparing to the activities of unbound mAbs, theurltb mAbs
showed there were no significant differences betweabe cell
proliferation and cytokine secretions (IL-2, IR”N- (Figure 7).
Nevertheless, LPPC with mAbs could enhance TNFecretion
comparing to unbound mADbs, it should be due toltREC’s ability to

facilitate the TNFe secretion.
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3.4 The stability of immunostimulatory monoclonal atibodies

adsorbed on LPPC in RPMI
To investigate the stability of the bound mAbs d*PC in 37C, the

activities of the dissociated antibodies in the imedwere estimated. The
results indicated that the antibodies on LPPC petimained their partial
activities after 37 treatment to induce 90% proliferation for PBMCs or
splenocytes (Figure 8). In addition, the antibodesupernatant only
displayed low activities to cause inferior proldave index for PBMCs
or splenocytes. These results revealed that thiecaits bound on LPPC

would rather stably adhere than dissociate fronp#récle.

3.5 The enhancement of uptake protein ability-by LPC

The previous results indicated-that LPPC alone thasability to
enhance pro-inflammatory cytokine ‘secretions of RBM and
splenocytes (Figure 5, 6). To ‘understand whethdt@.lRas an adjuvant
effect for the enhancement of antigen uptake bygpbtgosis, the
phagocytic rate for the fluorescent antigen wasuawed. As to the ability
of phagocytosis, LPPC/BSA-FITC complexes indeed aanhd the
uptake ability of P338D1 compared to BSA-FITC withoLPPC
adsorption (Figure 9a). In addition, as the add#@loamounts of LPPC
were increasing, the uptake abilities were enhane@td the more
efficiency (Figure 9b) and the results also showreat the phagocytic
rates of P338D1 were in a dose-dependent manrgaré9c).

As far as the ability of presentation is also coned, figure 10
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showed that the addition of BSA alone could bermdkzed by APC and
present to the specific anti-BSA T-cells, which Icbotrigger and increase
the cell proliferation and cytokine secretions {iimicng IL-2, IFN-y,
TNF-a, IL-4 and IL-10). By contrast, the results indedtthat BSA
adsorbed on LPPC could provide more efficacies nduce cell
proliferation and cytokine secretions than BSA withLPPC adsorption
(Figure 10).

3.6 The specificities of the LPPC-bound proteins

Certain immunostimulatory molecules on cell membrasuch as
MHC or B7 molecules could trigger the .specific immeuresponse, so
that DCs’ proteins on“plasma membrane were detednwhether they
could perform their activities on LPPC surface ases as on the plasma
membrane. Before “isolated .the plasma membrane ipso& DCs,
anti-CD11c-PE, anti-MHC 1I-FITC, and. anti-CD86-FIT@ere used to
confirm that the surface markers of DCs performEdjre 11). The
membrane proteins derived from the DCs which weeatéd with
HpHsp60 were bound to LPPC, which could react i splenocytes
derived from the mice had been prior immunized withHsp60 to
induce the cell proliferation and cytokine secnesig¢Figure 12). However,
neither the splenocytes without Hphsp60-immunizemt the DC's
membrane proteins without Hphsp60-treated couldudedthe cell
proliferation or cytokine releases (Figure 12).

Moreover, YMLDLQPETT peptides (YML) derived from NPE7
protein were loaded into the HLA-A2 molecules taifyethe specificity

of the LPPC-bound proteins again. The YML-loadedA-A2 molecules
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on LPPC were interacted with the splenocytes ddrirem naive or
pre-immunizing E7 mice. The results showed that tigedoaded
HLA-A2 molecules on LPPC indeed remained their sSm#tes to

activate the splenocytes of pre-immunizing E7 naoe cause the cell
proliferation and cytokine expressions but did redct with the naive
splenocytes (Figure 13). In addition, the anti-CD2&8bs could facilitate
the immune responses for the splenocytes of predmzing E7 mice but

have no effect on the naive splenocytes (Figure 13)

3.7 The efficiency of immunizationin vivo

The cell proliferations and cytokine expressiaf the splenocytes
which were i.v. immunized by_immuno-LPPC estimaigbether the
induction of specific. Immune responses.  The inductof the specific
anti-HpHsp60 immune responses of splenocytes fremionane proteins
/LPPC complex immunized was more efficient thart them HpHsp60
antigen (Figure 14). In addition, the results iatkc that the splenocytes
form the other immunization methods did not siguaifitly react to
HpHsp6O.

Furthermore, the splenocytes that the LPPC combined
peptide-loaded HLA-A2 molecules with anti-CD28 mAbemunized
were efficiently activated immune responses agaihdt peptides, such
as cell proliferations and cytokine secretions (Fég15). No apparent
Immune responses were observed against YML pepiiddbe other

immunization methods.
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Chapter 4 Discussion

To summarize, we have established a novel platfdion
immunoregulation which utilized the LPPC to combiwgh certain
immunostimulatory molecules, such as mAbs and Mbi&led peptides
molecules, and in this study the LPPC display i¢eptial to be an
artificial APC. First, the LPPC is easily adsorbirgg variety of
iImmunostimulatory proteins and the LPPC-bound pmeteean remain
their activities. Second, the LPPC have an adjuedieicts to enhance
proinflammatory cytokine expression, antigen uptakd presentation of
APC. Furthermore, our study provided the evidernzd the regulatory
molecules/LPPC complexes _dramatically increase thpecific
anti-antigen activities of immune respongesive. As understanding the
mechanism about “immune..‘responses, it is proposaed d¢ertain
immunostimulatory molecules could bet applied instiplatform to
regulate immunity for disease therapy. For examiple,combination of
microbeads with HLA-A2 monomers, anti-4-1BB antiesd and
anti-CD28 antibodies can expand large numbers tifem specific CTLs
(33). Moreover, the addition of anti-LFA-1 mAbs fkitanti-CDS3,
anti-CD28 could enhance the T-cell expansion fapége cell therapy
(34). Therefore, certain ligands or costimulatorplecules might be

utilized for adsorption of LPPC to regulate immuyras artificial APCs.

The major defect for DC-based therapy was thatnthéuration of
DCs was weaken by certain immunosuppressive sulegasuch as

TGF{, IL-10, or VEGF which derived from tumor cells (125-27).
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Moreover,Candida albicans, Mycobacterium tuberculosis, the secretions
of mycobacterial, and the secretionsGzndida respectively impact on
efficiency of DCs and immune cells, affect cytokiegpression and
iImpair surface marker of DC (19-22). Many Comparagur strategy,
previous DC-based therapy strategies were DCs atedbwith antigens
such as tumor antigen HSP105, HPV E7 protein, btaa®r cell lysate,

HIV, or SIV to successfully induce host immunity agmmst tumor or

pathogens (15, 16, 35-37). We modified these pusvgirategies in this
study, the membrane proteins of DCs which wererptieated and
up-take antigens (HpHsp60) were isolated and wdserbed on LPPC,
later the membrane antigen/LPPC complexes woulaskd as antigen to
immunize animals. The results_revealed the LPP@radd membrane
proteins could induce specific immune responsasiefitly (Figure 13).

The modified strategy excludes the usage of aliv@ tO prevent the

above problem.

Moreover, immuno-molecules such MHC molecules arealently
coupled to beads or liposomes and used to expahde€Vivo (38, 39).
However, such chemical modification might impaie triginal functions
or activities of immunoregulatory or targeting nmlé&es (40). In contrast,
mAb non-covalently adsorbed on the nanoparticléasercould provide a
better activity than covalent coupling (41). Insthstudy, the LPPC
provided an ability to strongly adsorb proteinsitsnsurface, which was
proposed that the activities of the bound immunol@gry molecules
could maintain higher activities without chemicalnthge. Moreover,

figure 2c and figure 8 indicated that the pre-aldedrproteins on the
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surface of LPPC may be irreplaceable in serum witlbe dissociated

doubt.

On the other hand, the results in this study irtditdahat the LPPC
had the interesting characters, the effects ofvatju Figure 9 showed
LPPC promoted antigen uptake ability of APC in aseldependent
fashion. In addition, BSA adsorbed on the LPPC pley a better
presentation of APC than free BSA to induce T-gedbliferations and
cytokine secretions (Figure 10). Moreover, LPPCOngtbit could directly
induced PBMCs or splenocytes to secret proinflaromgacytokines,
IL-183, IL-6, IL-8 or TNE®. It is well-known that the function of the
proinflammatory cytokines could recruit or activabacrophage or other
immune cells (42). Similarly, the adjuvant'MPL reag a liposome-like
reagent could also ‘improve the capacity of APCsebiiancements of
antigen uptake and cytokine release (43). Furtheymtheir primary
adjuvant mechanism of cationic liposomes is togtrg the membrane of
APCs and to induce the uptake and increased pegganof antigen (44).

Together these results indicated that the LPPMeangood adjuvant.

In vivo experiments, the figure 13 and figure 14 showed tha
proteins/ LPPC complexes induced a better spetifitune response
than free proteins of immunization. We proposed tha LPPC might
provide a little positive charge to attract immueedls, and the higher
density of the immunoregulatory molecules on th&CRhan free form
of molecules might also provide good affinity. Mover, the LPPC

reagent had an adjuvant effect. Therefore, the LBRd@lild be a good
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immune platform of enhancement of immune response.

Many investigators have started to develop arafidPCs and Dr.
Mathias Oelke classified artificial APCs according cell-based or
non-cell-based in current approaches for immunainer(l). Early,
murine MHC class | molecules with the costimulatonglecules B7-1
and ICAM-1 were co-expressed on drosophila celadtvate T cells,
which resulted in specific killing for tumor cells vitro andin vivo (45).
However, the transfected drosophila cells werealtstin mouse body.
Another cell-based approach was also used. The 3NBH/murine
fibroblast cells were transduced with the. costirrarka molecule B7-1,
ICAM-1 and LFA-3, and a single HLA-peptide compl@tLA-A2) as
APCs. These aAPCs have proved that they ean insjpeeific CTLs to
against tumor cells*when, the -@aAPCwere pulsed withor antigens
MART-1 or hTERT (29, 46): 1n acellular systems, mefic beads were
usually used to assemble as aAPCs, (31, 47, 48ndtition, latex
microspheres (49) or liposomes (32) were also dgesl as aAPC.
Generally, the immunoregulatory molecules on thad®C are MHC
molecules or immunoregulatory antibodies. For imsta HLA-A2-Ig
molecules, biotinylated murine MHC class | or MHG@&ss |l-peptide
molecules have been combined with costimulatoryegwes such as
anti-CD28 antibodies or B7 molecules, which werepted on particle

surface to induce and expand antigen-specific [5 ¢&l, 32, 49).

In this study, the LPPC adsorbing with anti-CD3 ati-CD28

mAbs or peptide—loaded HLA-A2 provided immunoregoitg function
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to stimulate T cells, similar to other acellulasbd APCs. But the
difference between LPPC and other aAPC is that IlSPBE& not need
chemical modification and complicated purificatidn. addition, LPPC
can also adsorb membrane proteins to trigger thexifep T cells
responses (Figure 11 and 13). As our knowledgetiner aAPC coupled
with DC’s membrane proteins to induce specific inmityi Moreover,
figure 11 and 12 showed that neither DC's membrpr@eins nor
peptide-loaded HLA-A2 could induce stronger immuesponses than
these antigens alone except these molecules codhimitie LPPC. Figure
13 also revealed that LPPC/ DC’s membrane proteamaplex could
enhance antigen-induced;Th-1 cytokine releasegdabilities to induce
Th-2 cytokine releasés were as same as antigere atomunization.
Therefore, LPPC should be developed ‘as -a convemiedt efficient

immunoregulatory platform to.mediate“host immunity.

Interestingly, the results showed ‘that LPPC alooeld stimulate
immune cells to release pro-inflammatory cytokiiégure 5 and 6). Its
mechanism may result from PEI, one component of @Q,PRRas been
proved it was an adjuvant effects to enhance tipeessions of both Thl
and Th2 cytokines (50). However, LPPC alone couity anduce the
proinflammatory cytokine releases including TNKFigure 5), IL-B,
IL-6 and IL-8 (Figure 6) but it had no effects dretreleases of Th-1 and
Th-2 cytokines including IL-2 (Figure 5a and 5dFFN-y (Figure 5b and
5e), IL-4 (Figure 10) and IL-10 (Figure 10). Becauke proportion of
PEI in LPPC is 3%, only 1.6@g PEI would interact with immune cells

in our study. In contrast, more than 33 PEI was used in reaction
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(50), the difference between the dosages may resuldifferent
immunoregulation (51, 52). Except for the adjuvasftect, LPPC
preferentially enhance Th-1 responses. Th-1 regsonsuch as
Th1-CD4T cell or CTL have been demonstrated that theyiraportant
and necessary against malignant tumors or intrdaelpathogens. Thus,
the scientists attempted to design the strategfesagcination by
enhancement of Th-1 immunity (53-55). Accordingoto results, LPPC
seem to be a good adjuvant which can be developethe vaccines

against tumor or intracellular pathogens.

In conclusion, we demonstrated that LPPC could shsvilexible
and convenient characters as an._artificial ' APC #tamhulate immune
responses and induce specific immunity vitro and in vivo. The
immuno-LPPC  has immuno-function | by adsorbing certai
immunoregulatory molecules. Except activation ofnumity, the LPPC
may also combine with “immunosuppressive moleculesamoptosis
ligand, such as CTLA-4 and FasL, to provide diffeérdunction to
suppress abnormal immunity (11, 56). In the futdine, immuno-LPPC
may have broad functional immuno-regulatory aleitito treat human

diseases by mediating host immunity.
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Figure 1. The characters of LPPC(a) The TEM photo of LPPC; (b)
The patrticle size distribution of LPPC with proteior without proteins
were estimated by utilizing DLS. The average phtsize of LPPC
without BSA proteins was about 216 + 4 nm, andayerage particle size
of LPPC with BSA proteins was about 358 + 16 nm;T{ze centrifuged
property of LPPC with or without proteins.
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Figure 2
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Figure 2. The properties of LPPC adsorption(a) The time
consumption that LPPC adsorbed BSA-FITC:by utifizin
spectrofluorometer, and.twenty minutes was detexthfor completely
adsorption. (b) To understand the quantity of B8Ald be adsorbed by
LPPC, added different amount.of proteins into LRB(Tition. The result
show that 16(ug BSA was probably-the 'maximal capacity ofi4p
LPPC. (c) Added a great'quantity of BSA for comipati 50.g
BSA-FITC previously adsorbed on 49 LPPC, and the result showed
that fluorescence index was no significant diffeeerven added 400
BSA. Results are representative at least two initg@ experiment.
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Table 1

Proteins Assay method

Bovine serum albumin (BSA)] Coomassie Plus Reagent

FITC-conjugated BSA Spectrofluorometer

Beta-galactosidase Enzyme activity (PNPG)

HRP-conjugated Antibody Enzyme activity (TMB
solution)

Hp Hsp60 OD 280

Urease B OD 280

Table 1. The various preteins were adsorbed by LPP@&dded
different kinds of proteins into LPPC solution;, asehtrifuged to
estimate various proteins whether adsorbed on L&tR©0t. The results
were cited from Yen-Ku Liu (NCTU).
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Figure 3
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Figure 3. The cytotoxicity of LPPC for PBMC and Spénocyte .
Different amounts of LPPC were respectively adad growth medium
containing 16 PBMC (a) or 2.5 x10splenocytes (b), and incubated in
96-well plate at 72 h. Utilized MTT assay to deterewhat dosage of
LPPC treated immune cells without influenced c&lissival. The results
showed that ig LPPC was an appropriate amount for PBMC and

splenocytes next experiment. Results are reprasantd least three
independent experiment.

42



Figure 4
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Figure 4. The dose-dependent effect of cell prolifations was
stimulated by immunostimulatory monoclonal antibodes on LPPC.
For comprehending whether LPPC adsorbed monoctonddodies could
stimulate immune cells proliferation. Addition difent amounts of
iImmunostimulatory monoclonal antibodies were coraliwith 1ug

LPPC to stimulate the proliferation of immune cedlad the cell numbers
was counted by MTT assay. The cell proliferatice raas calculated as
O.D. value of sample divide into O.D. value of PBMIGne or
splenocyte alone. As the result showed, more amafranti-CD3
monoclonal antibody were added, the cell numbeRBMC (a) and
splenocytes (b) were larger, especially combinegt amti-CD28
monoclonal antibody. Results are representatileast three independent
experiment. ¥ : P<0.05; **: P<0.0)
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Figure 5
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Figure 5. The dose-dependent fashion of cytokine pfiles secretion
was activated by monoclonal antibodies on LPP@ombined different
amounts of immunostimulatory monoclonal antiboavwes 4 ug LPPC

to treat PBMC or splenocytes, and the cytokinesuiture supernatants
were measured by ELISA. The results indicated ltR&C adsorbed
immunostimulatory monoclonal antibodies could stete immune cells’
secretion of cytokines, such as IL-2, IkNind TNFe. And the more
dosage of antibodies was added, the higher theeatmration of cytokines
was monitored. Besides, LPPC alone could activBtd®s and
splenocytes TNFe-cytokine secretion. Results are representatileaat
three independent experiment.
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Figure 6
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Figure 6. The induction of pro-inflammatory cytokine profiles was by
the LPPC. Addition of 4ug LPPC treated 4 x}@BMC/well in 24-well
plate, and the cytokines in culture supernatante wellected to measure
by ELISA. The results indicated that the LPPC catichulate immune
cells’ secretion of cytokines, such as IB;1L-6 and IL-8. Results are
representative at least three independent expetiifyen P<0.01; *** :

P<0.00)
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Table 2

(pg / ml)
Cytokine
TNF-a IL-113 IL-6 IL-8
Immune cells
59 10 260 133
) £7 +2 +12 +19
PBMC 900
(:LPPC) 14 323 184
+ 166
2 ** +16++ +15%+
(P<0.0001)
8 2
Splenocyte 45 12
(:LPPC) + 133 28
+13%% 14 *
Cytokine
[L-2 IFN-y IL-4 IL-10
Immune cells
32 0
PBMC | 15 42
(tLPPC) 15 0
* 3 E7)
4 0 2 13
Splenocyte £ 1 £3 +4
(+LPPC) s 7 0 10 21
12 13 15 5

Table 2. The induction of cytokine profiles was byhe LPPC. The
LPPC could induce the pro-inflammatory cytokinersgons (TNFe,
IL-1(, IL-6, or IL-8), but not Th1l and Th2 related cytio& expressions.
(¥ : P<0.01; **#* : P<0.001)
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Figure 7
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(b) Splenocyte
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Figure 7. The activities of immunostimulatory monotonal antibodies
on LPPC.LPPC might adsorb the immunostimulatory monoclonal
antibodies by electric force and non-covalent foi@ecompare the
activities of monoclonal antibodies with LPPC coexas or without
LPPC, the cell proliferations and cytokine secretiavere estimated. The
results indicated that the activities of monoclamatibodies were no
significant difference between them, such as celiferation, IL-2 and
IFN-y secretion. But, LPPC with monoclonal antibodiesld@nhance
TNF-o secretion more than mAbs alone. Results are reptatsve at
least three independent experiment. (anti-nCD3 &@vegll ;
anti-hCD28 60ng/96well) (anti-mCD3 60ng/96well fiamCD28
60ng/96well) (anti-hnCD3 01@/24well ; anti-hCD28 0463/24well)
(anti-mCD3 0.@g/24well ; anti-mCD28 0489/24well)

52



Figure 8
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Figure 8. The stability of immunostimulatory monocbnal antibodies
on LPPC in RPMI. LPPC previously adsorbed monoclonal antibodies,
and then put it into RPMI solution in 87 for 30 minutes. After 30
minutes, the solution was centrifuged divide infFC pellet and the
supernatant. The LPPC pellet and the supernatspécgévely treated
PBMCs or splenocytes, and estimated the cell mrmailifon for
investigating the stability of monoclonal antibaglen LPPC. By using
MTT assay, and then the cell proliferation rate wasulated as O.D.
value of sample divide into O.D. value of PBMC aar splenocyte
alone. The results showed that approximately 909itaes of
monoclonal antibodies in LPPC pellet, in contrdss, cell proliferation of
the supernatant groups were no significant diffecemparing to the
control group. Results are representative at tbasé independent
experiment. (anti-nCD3 60ng ; anti-hCD28 60ng) ifamCD3 60ng ;
anti-mCD28 60ng)
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Figure 9
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Figure 9. The increase of cellular uptake of P338DWas by the LPPC.
To investigate that LPPC might have ability to emdecellular uptake of
antigen presenting cells. LPPC previously coateA-BH C
co-incubated 5 xPOnurine macrophages, P338D1, and then added
trypan blue to quench the fluorescence of LPPC dexes without
up-taken. (a) The result showed that added the sameints of
BSA-FITC, LPPC could enhance the uptake abilit?888D1. (b) The
result indicated that the fluorescence expressiéB888D1 from addition
fifteen fold amounts of LPPC was higher than titatigon one fold
amount of LPPC. (c) The fluorescence cell rate3g88D1 was estimated
by flow cytometer, and the data showed that LPR@dcenhance uptake
ability of P338D1 in a dose-dependent manner. Resuné representative
at least two independent experiment.
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Figure 10
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Figure 10. The enhancement of antigen presentatiasf APC was by
the LPPC. To further understand whether the other adjuvant etiethe
LPPC has, such dlse enhancement of antigen presentation of APC,
using BSA proteins were mimic as one disease antaed then Balb/c
mice were prior immunized by s.c. injection withAfroteins to get
anti-BSA T cells. The results showed that as cosgbarnth addition of
the same amount of BSA, LPPC/ BSA complexes cascedtwith
splenocyte that had been immunized by BSA couidiefftly activate
cell proliferation and induce cytokine secretioResults are
representative at least three independent expetirfierr<0.0s; ** :
P<0.01)
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Figure 11
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Figure 11. The surface marker expressions of dendrt cells.(a) The
average CD1T@xpression of cells were about 80%, and it inditdteat
the population of the cells were 80% DCs; (b) ThHa®/ll expression of
the cells(c) The costimulatory molecules CD86exgimes Figure 11b
and 11c indicated that high level expression of 3Ggace markers
which treated with HpHsp60 and LPS were actuallyunga Black line
was that DCs were harvested with HpHsp60 and LR&geeen line was
that DCs were harvested without treatment, andliRedvas negative
control.
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Figure 12
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Figure 12 The specificties of DCs’ membrane proteins coatddPPC.
HpHsp60 was as one disease antigen, and Balb/cweieeimmunized
by s.c. injection with HpHsp60 proteins. And DC€£mbrane proteins
contained HpHsp60 antigens were isolated for LP&0mtion. The
results showed that LPPC adsorbed membrane protim$iSP60
antigens could stimulate splenocytes which pridd8P60 immunized
cell proliferation and cytokines secretion compaetdPPC with
membrane proteins without HSP60 antigens groupulBesre
representative at least three independent expetiifierr<0.0s; ** :
P<0.01)
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Figure 13
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Figure 13. The specificities of antigen-loaded HLAA2 combined with
anti-CD28 monoclonal antibody on LPPCYML was one identify
epitope of HPV E7 protein, and immunized transgemae previously.
Utilized specific antigen-loaded HLA-A& LPPC, and co-cultured with
splenocytes from previously immunized transgeniceni he results
showed that LPPC could remain the specific acéigiof antigen-loaded
HLA-AZ2 to stimulate cell proliferation and cytokines séiom Moreover,
added anti-CD28 monoclonal antibody as the secymélisof the optimal
T cell activation, the immune responses could liebthan that only
provided for one signal, antigen-loaded HLA-A2 nmikes. Results are
representative at least three independent expetirfierr<0.05)
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Figure 14
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Figure 14. The animal immunization of the bound merbrane
proteins derived from DCs on LPPC.HpHsp60 was as one antigen and
incubated with DCs for uptake and presentatioaddition, DCs’
membrane proteins contained HpHsp60 antigens welated for LPPC
adsorption. Balb/c mice were immunized by i.v. atign with the
membrane proteins /LPPC complex. After two wedks mice were
sacrificed and the splenocytes were isolated tobate with 2ug/ml
HpHSPG60. The results showed that splenocytes frara that i.v.
injection with the membrane proteins /LPPC commexld activate
Immune responses efficiently comparing to the ogneups. { : P<0.05
when compared to HpHsp60 group, and P<0.01; # P<0.01when
compared to HpHsp60 mp group) Results are two gt
experiments.
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Figure 15
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Figure 15. The animal immunization of the LPPC comimed HLA-A2
molecules with anti-CD28 mAb.Utilized YML peptide-loaded HLA-A2
and anti-CD28 mAb bound to LPPC, and then transgaice were
iImmunized by i.v. injection with the the immuno-LERomplex. After
two weeks, the mice were sacrificed and the sphitesavere isolated to
incubate with 2ug/ml YML peptides. The results showed that spletexy
from mice that i.v. injection with the immuno-LPRGmplex could
activate immune responses efficiently comparintipéother groups,
such as cell proliferations and Th-1 cytokine seans, but not Th-2
cytokine. ¢ : P<0.05when compared to HLA and anti-CD28 mAb group,
and* : P<0.01; # P<0.05when compared to LPPC with HLA group and
##: <0.01) Results are two independent experiments.
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