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ABSTRACT

Dendritic cell-mediated cancer immunotherapy employs several waggage
tumor antigens. We have demonstrated both in pre-clinical animal studies and early
clinical trials that dendritomas, highly purified hybrids between dendrilie @ed tumor
cells, are superior activators of anti-tumor immunity. In the present stedgxamined
the expression profile of several inflammatory chemokine and chemokine readptors
dendritomas by RNA microarray and real-time RT-PCR. The results iadicatt
dendritomas made from immature DCs and tumor cells express higher levele3)f CC
CCL5, and CCL22 and lower levels of CCR2 and CCRS5, which mimics LPS matured
DCs, while dendritomas made from mature DCs and tumor cells show a reversed
expression profile of these genes: decreased levels of CCLs and increasedflevel
CCRs. Our data support the notion that dendritomas made from immature DCs and tumor
cells may be more effective in migration from the injection site to drgqulyimph nodes
and therefore make them more effective in stimulating anti-tumor immunity.

Morinda citrifolia (Noni) has been used as a folk remedy to treat a myriad of
ailments, and is gaining in popularity as a modern dietary supplement to enhance the
immune system. Recent studies have shown that Noni juice has anticancer. activit
Studies from our lab demonstrated that fermented Noni juice not only prevents mouse
sarcoma tumor development but also eradicates existing tumors. FermentedriNalsoc
directly engage dendritic cells with B cells. Since Noni contains a widg af
microorganisms, and upon fermentation, all but one are killed, it is presumed to contain a

plethora of degraded microbial products that would serve as microbial stress sWeals



hypothesized that Noni may activate dendritic cells by engagingttitidike receptors
(TLRs), and investigated genes associated with TLR signaling viameaRT-PCR. It
was determined that Noni stimulates early low levels of inflammatdokines,
followed by a latent upregulation of anti-inflammatory mediators. Intrigujrigbni also

appeared to trans-differentiate dendritic cells toward macrophage-like cel
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1. LITERATURE REVIEW
1.1. Thelmmune System and Cancer

In 1909 Paul Ehrlich first hypothesized our immune systems are capable of
destroying initial emerging tumor cells (Ehrlich, 1909); however, rekea this area
had to await the developing field of immunology. Nearly half a century latemgBur
and Thomas separately rebirthed the concept, eventually entitling it
‘immunosurveillance’ (Burnet, 1957) (Thomas, 1959). Experiments furiously followed
aimed at supporting this ideology; however in the late 1970s immunosurveillance was
abandoned due to limited understanding of nude mice at the time, and their inability to
acquire higher amounts of spontaneous tumor formation (Bedn 2002). It is now
acknowledged that nude mice have traceable amounfsDtells as well as NK cells
and other innate effectors. Although several attempts were made to revive the
immunosurveillance concept, it wasn't until the mid to late 1990s that thisvasetully
rejuvenated. At that point it was further defined as ‘immunoediting’ in 2002 to more
accurately describe the intricate balance between host defense agaorstormation
(elimination) and tumor immune evasion (escape) (Daiah, 2003).

Immunoediting is described as a three-pronged process including elonjnati
equilibrium and escape (Dunn, 2003) as shown in Figure 1.1. The first phase implies
aberrant cells are constantly being transformed in a healthy host, andrthiearaystem
duly recognizes and eliminates these cells, hence the title ‘eliminafitve second step
requires the collection of several genetic modifications and a Darwikiausdiection of

tumor cells that have lost their immunogenicity; however, these cells armlayack by



innate immune cells and T cells, which amounts to a state of equilibrium. Thigoselec
of tumor cells that have lost immunogenicity can have detrimental effiécssthese

cells that are capable of escaping immune detection and have the potectaiite all
seven hallmarks of cancer. These hallmarks include: (1) self-sufficexpgtpated
growth signals, (2) alluding anti-growth signals, (3) inflammation, (4) uncoadroll
replication, (5) evading apoptosis, (6) angiogenesis, and (7) metastasisa(@alatt
2009; Montavi, 2009; Hanahanal., 2000). The successful treatment of cancer lies in
the understanding of how the body initially recognizes and destroys tumoasaltl as
how the immune system is commandeered for their protection and proliferation. To
eliminate cancer we must tip the scales back toward tumor elimination and zreitin@i

factors allowing for its immune escape.



Elimination B Equilibrium

. ’0
o

Genetic instability/tumor heterogeneity

Immune selection

(Dunnet al., 2003.Ann Rev Immunol. 22: 329-360)

Figure 1.1.Thethree Esof cancer immunoediting. Cancer immunoediting
encompasses three processes. (a) Elimination corresponds to immunosurveitiance. (
Equilibrium represents the process by which the immune system iterat@lebtts and/or
promotes the generation of tumor cell variants with increasing capacitiesit@sur
immune attack. (c) Escape is the process wherein the immunologically ddulpier
expands in an uncontrolled manner in the immunocompetent host. In (a) and (b),
developing tumor cells (blue), tumor cell variants (red) and underlying seatha
nontransformed cells (gray) are shown; in (c), additional tumor variants (othage)
have formed as a result of the equilibrium process are shown. Different lymphocyte
populations are as marked. The small orange circles represent cytokinesahitethe
flashes represent cytotoxic activity of lymphocytes against tumist. cel



1.2. Cancer Immunotherapy

Cancer immunotherapy hinges on the idea that we can manipulate the body’'s
immune milieu to favor tumor rejection. This idea has developed into one of the most
complex areas of cancer research. With countless immune mediators likaeytoki
growth factors and ‘danger signals’ (pattern-recognition receptmdg), along with
inimitable tumor cell profiles and microenviroments, it is impossible to ideotié
method of treatment effective for all cancer patients; hence the strong tdestvance
the field of personalized cancer therapies (Hayaah, 2009). Several different types
of immunotherapy are currently being studied for cancer treatment, imgloainoclonal
antibody therapy, radioimmunotherapy, and cell-based therapies (adoptivertodisf
cells and dendritic cell-based immunotherapy). In 1997, Rituximab was the firs
monoclonal antibody approved by the FDA and it opened the door for cancer
immunotherapies (Biotechnology Law Report, 1998). Several more monoclonal
antibodies were approved shortly after, and the first radioactive-labelbddntwas
approved in 2002, Zevalin (Schilder, 2002). The first vaccine for cancer prevention,
Gardasil, was approved by the FDA in 2006 (Zawisza, 2006). Itis an immunization
against certain HPVs that are associated with increased cervicat dakcand is the
first drug specifically targeting inflammation-induced cancers.r& hee, however, no
FDA approved cell-based therapeutic cancer vaccines. Here we willrfexém@ine

dendritic cell-based therapies.



1.3. Dendritic Célls

DCs were first discovered in 1868 in the epidermis by Paul Langerhans, thus
termed ‘Langerhans cells’ (Langerhans, 1868). But it was more than a desfomy
they were identified in other tissues and termed ‘dendritic cells’ bgrBém and Cohn in
1973 (Steinmaset al., 1973). Their scarcity proved them difficult to isolate and study.
Consequently, it wasn't until the early 1990s when DC purification improved andghe fir
clinical trial for DC vaccines, published in 1995, showed promising results (Mukherji
al., 1995). DCs are professional antigen-presenting cells poised to bridge innate and
adaptive immunity while directing the balance of immunity and toleranbeir &ross-
talk with natural killer (NK) cells (Fernandetal., 1999), NKT cells (Fujiet al., 2002)
andydT cells (Contiet al., 2005) hastens innate immunity, while synchronistically
presenting antigen to lymphocytes calling for acquired protection. Theoeoither cell
quite as capable of building this union. Because of this unique property, many
immunologists aim to harness the power of the dendritic cell for therapies fnoer ca
treatment and prevention to reversal of type 1 diabetes (Giannoekakis2006) and
AIDS vaccinations (Rinaldet al., 2009). Here we will focus on dendritic cell
involvement with cancer. The dendritic cell is instrumental in deciphering whbthe
immune system will eliminate tumor cells or tolerate their existenesteally leading to
immune escape and malignant progression. What determines this balance? fsat fac
influence the pivotal decision by the dendritic cell? How can we harness thy@ripes

and utilize them against the very disease they are protecting? The nextafecade



dendritic cell-based cancer research will, with anticipation, unravel somesef the
mysteries.
1.4. Dendritic Cellsand Cancer

It has been established that the eradication of cancer cells requires barammhat
adaptive immunity (Chaudhuet al., 2009; Diefenbacht al., 2002), as well as activation
of CD4" and CD8 T cells. DCs are one of the primary cells capable of helping or
hindering this process. Once tumor cells have effectively escaped immugeitieao
the tumor microenvironment favors tolerance, and the surrounding and infiltrating
immune cells are often usurped for the tumors advantage. Indeed, dendstimecel!
cancer patients are functionally compromised (Pinzon-Cleaaly, 2005; Shuriret al.,
2006). Often these DCs are inhibited in differentiation and maturation (Aletahd
2000), which could be due to the over-expression of STAT3 by tumor cells and
subsequent upregulation of STAT3 by DCs, thus reducing their expression of co-
stimulatory and MHC class Il molecules, or by the active recruitment oatarenDCs to
tumor tissues by way of tumor-produced chemokines @aell, 1999). It has been
shown that most tumors have higher numbers of DC infiltrates than surrounding healthy
tissues (Almandt al., 2000), so it would be advantageous to develop a treatment aimed
at reprogramming the capability of DCs to recognize tumor cells aasdideells, then
process and present tumor antigen to surrounding innate and adaptive effector cells,
under an immune stimulating environment.

The most researched immune cells with tumoricidal properties are Nkandlls

cytotoxic T lymphocytes (CTLs). NK cells recognize tumor cells viardegulation of



MHC class | molecules (in the presence of other activating signals) (Budteth, 2004)
and upregulation of stress-induced NKG2D ligands (Raukdt, 2009). Although NK

cells are capable of direct tumor killing, DCs are involved in cross-talk vitloels,

which enhances NK cytotoxicity (Terneeal., 2008). Although CD4T helper cells are
now receiving more attention, cytotoxic T lymphocytes (CTLs) are the neesnehed

cell in the adaptive immune branch accountable for anti-tumor responses. D@s$ prese
antigen to CD8T cells via the endogenous pathway, or in the case of tumor antigens, by
way of cross-presentation. Basedionitro experiments, there are seven defined modes
of cross-presenting tumor antigens to T-cells (Melief, 2008). Transfer géagstmay
occur by 1) phagocytosing antigens from necrotic or apoptotic tumor cells, 2)
phagocytosing soluble antigens bound to heat shock proteins or other chaperonins, 3)
ingestion of soluble proteins secreted from tumor cells, 4) uptake of exosomeésdsecre
by tumor cells, 5) transfer of protein fragments through gap junctions, 6) direghgibbl
of tumor cell plasma-membrane by DCs, and 7) ‘cross-dressing’, where deaccalis
transfer MHC-I:peptide complexes directly to DCs. Regardless of theochefltross-
presentation, if DCs are not properly stimulated, the resulting presentatiotigeihao
either CD4 or CD8 T cells induces tolerance via deletion or regulatory T cell
stimulation (Melief, 2008). It was demonstrated that both DCs and NK cells¢iadss-
talk, were more effective at inducing Thl and CTL responses in both hamarm and

in vivo mouse studies (Kalinskt al., 2005). Thus, DCs play a vital role in recruiting

innate and adaptive tumor-killing cells.



1.4.1. Dendritic Cell Vaccines

Dendritic cells used for cancer vaccines have been researched sineg the m
1990’s. The first whole-tumor cell DC vaccine clinical trial used autologouspbiSsd
ex vivo with the patient’s own tumor antigens and administered subcutaneouslgt (Hsu
al., 1996). This first trial treated four patients with B-cell lymphoma and wgslja
successful. All four patients had measurable antitumor cellular immune respose
three patients had positive clinical responses. As clinical trials begathér types of
DC cancer vaccines, there were less encouraging results. Broad spstatrsiias of the
outcome of all DC vaccine clinical trials yielded an overall clinicgpoase of about 7%;
however, other cancer vaccines not utilizing DCs (tumor cell-only, peptide-onlyabr vir
based vaccines) have only about a 3.5% response rate (Rosardber2004). To
optimize the DC cancer vaccine, researchers have examined antigeg ktagliegies,
maturation of DCs, and route of administration.
1.4.2. Antigen Loading Strategies

Dendritic cell antigen loading strategies can be broken into three btegoas:
RNA or DNA, peptide or protein, and whole tumor loading. Nucleic acid loading of DCs
is capable of utilizing the entire repertoire of tumor antigens, if total RN tracted
from tumor cells (Kaladt al., 2004). This method has the unique advantage of
avoiding unwanted autoimmune reactions by subtractive hybridization with healthy
MRNA (Boczkowskiet al., 1996). Also, it is a promising therapy for patients without
identified tumor-associated antigens (TAAS) or that lack sufficient tuissuds to

qualify for whole-tumor cell vaccine approaches. Several drawbacks to thisdnet



include immunodominance, where viral vector antigens dampen the response to the
tumor antigens; CTL targeting of the transfected DC eliminating thesebedtire
eliciting the desired antitumor response; and a limited number of repeat@thtiacs
due to the anti-viral response (Mitchetlal., 2000) (Terandet al., 2007).

Since most tumor antigens are actually self-derived, they are typtoalsidered
weak antigens; therefore, with the discovery of TAAs (Lesved., 2003) many
researchers began to pulse DCs with synthetic peptide antigens such aseder-2/
MAGE-1, CEA and many other TAAs (Disgsal., 1999; Huet al., 1996; Morset al.,
1999; Nairet al., 1999). The upside to TAA-pulsed DC cancer vaccines is that these
peptides could be synthetically manufactured, eliminating the need for pati@mt tum
samples, and it reduces the possibility of autoimmune induction. This technique is
limited quite heavily, however, with the requirement of tumor immunogenic epitope
identification and HLA-typing, and it only activates cellular immunity. $awidence
has been given, however, to suggest that immunity against tumor cells not cdoeying
particular TAA is possible (Disigt al., 1999; Belloneet al., 1997). To circumvent the
need for defined peptide epitopes and MHC restriction, DCs have also been loaded with
soluble recombinant or purified tumor proteins (Nehal., 2003; Shojaeiad al.,

2009). These proteins are ingested by DCs via macropinocytosis with simple ce-cultur
of DCs and proteins, and although they are primarily presented via MHC claesg &ré

not restricted to a single MHC class (Svahal., 2003). Overall, peptide and protein
pulsing of DCs limits the pulsing antigen to defined TAAs. Unless a potent immune

attack follows, immunosculpting may occur to delete tumor cells with the definad, TA



but leave behind malignant cells not expressing these antigens, allowing foregoape
once again. Because of this, many scientists have pursued whole-tumor antigen
strategies.

It seems whole-tumor antigen pulsing of DCs would present many self-antigens
that would interfere with potent antitumor immune responses, however clinicgahses
of whole-tumor cell DC vaccines are comparable to peptide, protein and nudeic ac
pulsed DCs (Terands al., 2007; Koidoet al., 2007). Whole-tumor antigen DC
vaccines are capable of processing and presenting a wide array ohntigens, both
known and unknown, to effector T cells, NK cells and other tumoricidal immune cells.
This approach appears to have an advantage over the other methods of DC loading since
it has the capacity to activate a much larger population of lymphocytes. Withielthe fi
of whole-tumor antigen pulsed DC cancer vaccines, there are two main methods of
deriving these antigens. DCs can be pulsed with whole-cell tumor lysatesofepoipt
necrotic cells) or DCs can be fused to tumor cells. There is evidence that®@sre
capable of antigen uptake, processing and presentation from necrotic tusyaatadr
than apoptotic cells (Scheffetral., 2003; Sautegt al., 2000). Contrary to this
observation, apoptotic tumor cells elicited a much stronger antitumor T gahsesthan
necrotic cells (Scheffeat al., 2003). This dichotomy could be due to improper methods
of ‘necrosing’ tumor cells. In the body, necrotic tumor cells are in a hypoxic i@s3-st
inducing environment, which would increase the expression of stress signals that
augment DC activation. Most methodologies for preparing necrotic tumsexceilo

employ the freeze/thaw method. This method has recently been shown to diverge from

10



natural necroses in that the cells become necrotic in the absence of satBski@al.,
2008). The lack of stress signals from the cells may dampen their immuntgenici
Indeed, it was observed that freeze/thaw lysates were not capable of prapsulatsty
molecule and MHC class Il induction and suppressed Toll-like receptor maturation of
DCs (Hatfieldet al., 2008). The obvious drawback for this method of antigen loading (as
well as total tumor RNA transfection of DCs) is the potential to incite antoinity;
however, clinical trials to date have not observed detectable autoimmuneng#éztiou

et al., 2009; Hommat al., 2006). Also, there must be a sufficient amount of tumor
tissue available for this therapy, limiting it to patients with solid tumagelanough for
surgical removal and subsequextivo cell culture.

There have been numerous attempts to define whether tumor cell lysate pulsing or
DC-tumor cell fusions are superior. So far there is more supporting evidence for th
efficacy of DC-tumor cell fusions rather than lysate-pulsed DC vacddeed-Lauriet
al., 2004; Shimizet al., 2004; Kacet al., 2005); however, the rationale behind this has
not yet been determined. It is possible that the act of fusion induces enough f a stres
response in DCs that enhances their immunogenicity. Dendritic cell-tufhfursoens
have received much attention for DC-based cancer vaccines since they hle capa
presenting the entire array of tumor antigens, both known and unknown, to T cells via
MHC class | and Il molecules. There are two methods for creating DC-tumor
hybridomas: electrofusion and chemical fusion with polyethylene glycol XPEG
Electrofusion represents a better choice for designing DC fusion vacioesleere is

more control over the process and it gives more consistent fusion rates froéoadiay

11



and between users than PEG-fusion. PEG fusion tends to be highly unpredictable, giving
rise to varying fusion rates critically dependent on constant temperaegcesepr
administration and different administrators. PEG fusion would greatly bé&oefi an
automated system. Regardless of the method of creating DC-tumor fusionselisese c
integrate their cytoplasm, but have separate nuclei, allowing for bothabkspartially
functional and produce TAAs from the tumor cell which can be complexed with DC-
derived MHC molecules (Koidet al., 2004). Several studies have used allogeneic DCs
fused with autologous tumor cells with promising results (Z@l., 2009; Leiet al,
2009); however, one of the clear disadvantages of using allogeneic DCs is the®hmita
of eliciting only CD8 T cell responses. It is becoming more widely acknowledged that
CD4" T cells are necessary for the ultimate antitumor response (Maako2000;
Tanakaet al., 2005). New methods of combining DC-tumor fusions with adjuvants, such
as OK-432 (Koidat al., 2007) and HSP70 (Karyamputial., 2008), or inhibiting T
regulatory cells (Let al., 2007) suggest even more effective strategies for DC cancer
vaccines.
1.4.3. Maturation State of Dendritic Cellsfor Fusion Vaccines

The maturation state of DCs for cancer vaccines has been an areas# inten
scrutiny over the last several years. In general, immature deneéfis@ce more
effective at antigen uptake (Rovesteal., 1998) and mature dendritic cells are capable of
presenting these antigens to effector cells and eliciting strongernolagic responses
(Guermonpre=zt al., 2002). In fact, the presentation of antigens by immature dendritic

cells often skews the immune response toward tolerance (Steaadgr2003). So,

12



presumably, immature DCs would be most effective to utilize when pulsing or fusing
with antigen; however, the vaccine end product should consist of properly matured
dendritic. This clear distinction is not as defined in animal and clinical sethiog®ver.
Indeed, immature DCs were demonstrated to induce potent cytolytic activity b
splenocytes, when fused with MC38 tumor cells (Talet@h, 2003). And other
experiments have shown no attributing difference between the effectivneseature
or mature DC-tumor fusions (Vagral., 2008), while others clearly argue the necessity
of mature DCs for vaccine therapy (Baggeral., 2000). Although general upregulation
of CD80, CD86, CD83, CD40 and MHC class Il molecules correspond with a maturing
DC phenotype, the necessary profile of these proteins and the extent to which they must
be expressed for maximum efficacy has not yet been fully elucidateds, the plasticity
of DCs has been a complicating factor in designing optimal DC vaccines.
1.5. Dendritic Cellsand Chemokines

Chemokines are small chemotactic cytokines that direct the traffiokimgmune
cells, regulate angiogenesis/angiostasis, and can be involved in the promotion of
metastasis. Here we will focus on their chemotactic effect on immusesgcifically
dendritic cells. During an infection or inflammatory response, inflammatognokines
are rapidly produced (CCL2, CCL4, CCL5, CXCLS8) (Sallugtal., 1999). Circulating
immature DCs express inflammatory chemokine receptors (CXCR1, CCR1, CCR2,
CCR5) (Allaveneet al., 2000), which allow recruitment to sites of inflammation to take
up antigen and aid the immune response against infection. As shown in Figure 1.2, when

DCs reach these sites of inflammation and are exposed to maturation stimt0L(CD

13



PRR ligands, inflammatory cytokines), they undergo maturation, decreasmgritigen
capturing abilities and increasing MHC class | and Il and costimulatotgcules, with a
concomitant decrease in inflammatory chemokine receptor expressiorg{Rigul998).
This downregulation of CCRs occurs at both transcriptional and post-transcriptional
levels and is accompanied by an increase in CCR7 expression ¢-tgd@000). This
increase in CCR7 and decrease in inflammatory CCRs allows the mature D@satie
away from the inflamed site toward nearby draining lymph tissues. CCR7 bind9CC
and CCL21, which are constitutively produced on endothelial and stromal cells-in B/T
cell areas of the lymph (Ret al., 2004). This upregulation of CCR7 on mature DCs
brings them into close contact with lymphocytes, specifically T cells, teprastigen
via MHC class | or Il (Ebertt al., 2005). This is the typical process of DC activation,
LN migration and presentation of antigen to T cells, and DC vaccines must Iéecaipa

this migration in order to effectively stimulate antitumor T cell responses
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Figure 1.2.Chemokinereceptor expression from pre-DC to activated DC. Dendritic
cell precursors in peripheral blood express CCR2ese cells, once stimulated with -
CSF, IL-4, FIt3L or other stimulants, differentiate into immat€s expressin
inflammatory chemokine receptors CCR1, CCR2, CGRER6, CXCR1 and CXCR:.
These chemokine receptors allow recruitment of ituneaDCs to sites of inflammatio
following the inflammatory chemokine gradient. @rarriving at inflamed tissue
danger signals and inflammatory cytokines permit&uration.Maturing DCs
undergoautodesensitization of inflammatory chemokine rémeyy with concomitar
expression of inflammatory chemokines. Shortly¢héer, mature DCs express CC
and CXCR4, which allow for their departure fromlamhed tissues (since they no lon
express inmmatory chemokine receptors), and recruitmesetmndary lymph tissus
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1.6. Toll-like Receptors (TLRS)

The immune system is divided into two modes of protection: innate immunity
and adaptive or acquired immunity. The innate branch was long thought to induce non-
specific immunity, while the adaptive branch generated specific immuciBoresavia T-
and B-lymphocytes. The ‘nonspecific’ definition of the innate immune system is being
reconsidered as it is becoming increasingly more apparent that there s degtleof
specificity involved. This modification of our understanding of innate immunity has
been primarily driven by the expanding knowledge of pattern-recognition receptors
(PRRs) and their ligation with pathogen-associated molecular patterP@Aas well
as the continued discovery of novel PRRs and PAMPs. PRRs are a broad class of
receptors that bind stress signals including microbial and synthetic compombeis
include TLRs, CD14, NOD-like receptors (NLRs), RIG-like receptors (RLRs
complement receptors, and C-type lectins (Pailat., 2009). The subgroup TLRs has
probably received the most attention. TLRs have been highly conserved throughout
evolution, attributing to their biological importance. They are a subfamily oétgerl
superfamily including IL-1Rs. Both IL-1Rs and TLRs have cytoplasmic TIRATLell
1R) domains containing three signaling motifs. However, their extracqle@rregions
differ: IL-1Rs have three immunoglobulin-like domains and EC TLR regions cafsist
stacks of leucine-rich repeats (LRRs) that are arranged into a horsesbtee
(lwasakiet al., 2004; Akiraet al. 2004). To date there are ten TLRs identified in humans
and thirteen in mice. TLRs 1-10 are similar between human and mouse; however, the

functionality of murine TLR8 is questioned (Gord#ral., 2006). TLR1, -2, -4, -5 and -6
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are membrane-bound and TLR3, -7, -8 and -9 are located on endosomes within the cell,
which is expected since they recognize nucleic acid structures (mosvioftign Here
we will focus on murine TLRs.
1.6.1. Dendritic Cellsand TLRs

Dendritic cells are important mediators of TLR signaling since thepa@sed at
the interface of innate and adaptive immunity. TLR expression on DCs greatly depends
on the DC subset. CDB®Cs express all murine TLRs except TLR3; CDEs lack
TLR5 and TLR7; CD4CD8 DCs express TLRs1-9 (Edwaresal., 2003; lwasaket al.,
2004); and BMDCs express all TLRs except TLR3 and TLR7 (Deaetrain 2009).
Interestingly, plasmacytoid DCs lack TLR3 which is one of the TLRs mostipent in
IFN-B production. It makes sense that different DC subsets have different TLRsprofile
since they will encounter particular pathogens depending on their anatomidahnlocat
This is yet another way the immune system regulates tailored immune response
1.6.2. Tailored Immune Responsesby TLRs

It is becoming increasingly evident that the complexity of the innate immune
system may reach far beyond that of the adaptive. Each of the TLRs, although simi
induces slightly different combinations of cytokine, chemokine and other immune
mediator profiles. Yet another level of regulation involves refined signaliting wi
different combinations of TLR ligands. These responses may also vary depending on the
type of cell they induce. One such way of regulating TLR responses is thémeatuof
different adaptor proteins to the TLR cascadediRe., 2004). Even within one TLR

ligand, there can be subtle differences that call for quite different respormses. F
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example, it was recently discovered that three different forms of polyriboicos
polyribocytidylic acids (poly I:C) elicit three different gene predilin phenotypically
mature DCs (Avrikt al., 2009). Simultaneous activation of different TLRs can enhance
or even inhibit TLR signaling pathways. It has been shown that TLR8 inhibits TLR7 and
-9 and TLR9 inhibits TLR7 in HEK293 cells (Wam,gal., 2006); this, however, has not
been confirmedn vivo. In essence, different combinations of TLR expression on a
particular cell type, the number of different signaling pathways that cardbeed by
each TLR, and the synergistic or antagonistic effects of multiple TLRdigrettuction
may induce millions of different gene profile combinations. Indeed, the comptéxity
innate immunity intensifies as our knowledge of the field expands.
1.7. Inflammation and Cancer

There has been long standing evidence for the involvement of inflammation and
cancer. Infectious diseases causing chronic inflammation account for apateyione-
fourth of all cancers in developed countries (Balketithl., 2001). Helicobacter pylori,
Hepatitis B virus, Hepatitis C virus, and Epstein-Barr virus infectionsllangagor
contributing risk factors for gastric cancer, hepatocellular carcinoma, and
lymphoproliferative disorders, correspondingly (Coussens, 2002). It was sdtjest
these microbes encouraged oncogene activation, but it has since been recognized tha
chronic inflammation is a major player in increased risk factors foricexaacers
(Coussens, 2002). Most common cancers associated with chronic inflammation include

the aforementioned as well as cervical (Castthd., 2001), lung (Leet al., 2009),
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bladder (Michaud, 2007), esophageal (Dearas., 2006), pancreatic (Farrostal.,
2002) and prostate cancers (Palapettal., 2005).

Along with the correlation between chronic inflammation and cancer, thesois al
an association of decreased risk for certain cancers with the prolonged used oENSAID
(non-steroidal anti-inflammatory drugs), which is linked to the inhibitorycetia NFB
transcription factors (Garber, 2003). Aspirin, the archetype of NSAIDs, has been
demonstrated to play a protective role against colorecal cancer éDalbe2007),
esophageal and gastric cancers (Gonzalez-leeakz 2003), and breast cancer (Zleho
al., 2009). Karin and Greten pointed out that not only does long-term use of NSAIDs
correlate with decreased risk for certain cancers, but the use of gigessgjea,
resveratrol and curcumin also benefit the reduction of cancer occurrencedir,

2005). These compounds all share inhibitory activities on théBN&mily of
transcription factors that are responsible for inducing many of the inflasrynat
cytokines and chemokines (Bhaatial., 2002). So it seems as though inhibiting
inflammation via downregulation of N\B may be the key to decreasing risk factors for
inflammation-associated cancers.

NF«B represents a family of five transcription factors includingeBE
(p105/p50), NikB2 (p100/p52), RelA (p65), RelB and c-Rel. The latter three are all
capable of binding DNA, however, p105 and p100 must be cleaved frafIN&nd
NF«kB2, respectively, to release the corresponding DNA binding subunits p50 and p52
(Caamanat al., 2002). Different combinations of NB subunits dimerize to achieve

tailored responses to specific stimuli. All five members, p50, p52, RelA, RelB ael] c-R
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contain Rel homology domains (RHD) that are responsible for dimerization and DNA
binding; and the RHD is also where inhibitorBl family members interact with NdB
subunits (Ghoskt al., 1998). NkB dimers are held inactive in the cytoplasm b |
proteins. The primary inhibitory proteins includeéb, IkBf, lIkBe, p100 and p105. In
order for the NkB dimers to travel to the nucleus, they must be released fromBke |
Upon appropriate stimulationsB kinases (IKKs) are activated which in turn
phosphorylatedBs. There are three main subunits of the IKK complex,dKKK (3
and IKKy (NEMO). Typically, IKKB is involved with inflammatory cascades, whereas
IKK a is primarily implicated in morphogenic signaling. NEMO is the regulatolbysit
of this complex in that its activation is required for lKl&nd IKKB phosphorylation of
IxBs (Rothwarfet al., 1998). IKKs phosphorylat&Bs making them targets for
ubiquitination and subsequent degradation, releasing tk® N&bunits and allowing
their nuclear translocation.

Tollip, an adaptor protein first discovered in the IL-1R pathway (Beirak,
2000), has since been identified as an inhibitory protein for certain TLR pathways)(Zha
et al., 2002). Induction of IL-1R and most TLRs stimulates pro-inflammatory mediators,
hence Tollip is involved in minimizing or suppressing the induction of inflammation. It
does not act via direct MB inhibition, but rather acts upstream to inhibit IRAK1 (Zhang
et al., 2002). Upon stimulation of TLR ligands, particularly TLR2 and TLR4, IRAK4 is

brought into close proximity with IRAK1 and phosphorylates IRAK1 causing teage
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of Tollip and downstream activation of the TLR pathway. It acts in a similanenan
IL-1R signaling, to suppress IL-1 induced signaling (Buetred., 2000).

NF«B inhibitors are constantly being researched in efforts to develop drugs to
treat such diseases as asthma, autoimmune, arthritis and certain inflamasaticiated
cancers. Many plant-based compounds have been identified to interfere with the
inflammatory pathway by specifically inhibiting MB activation. These include many
antioxidants such as curcumin, quercetin, epigallocatechin 3-gallate (EGCga, fun
products and many other compounds (Nam, 2006). Curcumin has been shown to inhibit
NF«B in a dose-dependent manner, and its mechanism of action may by hinged to the
induced expression of HSP70 (Dunsmetral., 2001). Besides its inhibition of KB
signaling, quercitin has also been shown to reduce constitutikB Bétivation in human
prostate cancer cells (Nam, 2006). EGCG, the most reputable biologicaiéy act
component of green tea, inhibits R by inhibiting degradation okB via inhibition of
IKK activity in both cancer cells and normal cells (Yaa@l., 2001). Three fungal
products, cycloepocydon, gliotoxin and panepoxydone, are knowB Nihibitors.
Umezawa and colleagues tested these thre@BNihibitors for their potential to reverse
the constitutive NkB-induced protection from apoptosis in tumor cells, and their results
were promising for cancer therapies (Umezaia., 2000). These compounds show
potential for the future development of anti-inflammatory drugs as well as

chemopreventive agents.
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1.8. Morinda citrifolia (Noni)

Morinda citrifolia (Noni) has been used for centuries to treat an array of maladies.
It is a small evergreen tree native to South Asia, with elongated leavestwinoilz
flower clusters, and greenish fruits that ripen to whitish-yellow. Its populzas been
on the rise particularly since the relaxed FDA guidelines for dietary suppterf\wWang
et al., 2002) and the advent of Tahitian Noni International. Because of this, scientific
research on Noni has expanded greatly over the last decade. The main objectives a
ensure its safety as a food product and to identify components responsible for its
purported effects. Although its oldest uses primarily involved topical application of
leaves and roots, the fruit has been more popular for modern usage (&aNiuz007).
Fermented Noni is the most traditional method of consumption. Its fruits are bdrvest
collected into glass jars and allowed to ferment for several hours up to sewekal we
(Dixon et al., 1999). The documented, scientifically researched effects of Noni include
anti-inflammatory, antiangiogenic, anticancer, antibacterial anoxaséint. Here we
will focus on the applications and components of Noni fruits and their aforementioned
effects.

Noni has been reported to modulate immune cells and has been implicated in
enhancing the adaptive immune response by activating T and B cells. Thereinggr
concern about the administration of antibiotics to production animals, therefore, new
methods for boosting immune systems of livestock has been hotly pursued. Since Noni
has long standing reports of being an immunomodulator, it is not surprising that it is

being considered for the treatment of neonatal and newborn calves. In one such study,
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Noni was used as a bactericidal supplement for calves and delivered promigitsg res
with enhanced killing oEscherichia coli (Schaferet al., 2008). There is also a patent on
Noni formulations for immunomodulation of T cells in neonatal stock animals, an
important mediator for resisting bovine RSV, a common cause for death of newborn
calves (Darieret al., 2007). A study in 2008 revealed the immunomodulation of B cells
as a result of direct DC stimulation with fermented Noni exudate. Murine D@s wer
treated with Noni for 24 hours, washed, then cocultured with splenocytes. Intgyestin
the population of proliferative splenocytes was primarily B cells; and not onb/Brer
cells stimulated to divide, but they also underwent differentiation and Ig clashisgi
(Zhanget al., 2009). Thus, Noni has obvious effects on the adaptive branch of immunity
and may play an important role in future livestock management.

Traditional uses for Noni have included treatment for sprains, menstrual
difficulties, arthritis, asthma and general swelling (Weing. 2002), all of which are
associated with inflammation. One possible mechanism of the anti-inflanyre#fects
of Noni has been explained by Palu and colleagues. Here it was reported that Noni
activates cannabinoid receptors, specifically,GBa dose-dependent manner (Ralu
al., 2008). CB activation is associated with anti-inflammation. AlStmrinda
morindoides, a close cousin of Noni, was shown to inhibit complement factors, which
substantiates its use for treating rheumatic pains (Cingraja 2003). These two
mechanisms are only part of Noni’'s arsenal for inducing anti-inflammatftegts; the

others may be attributed also to its antioxidant properties.
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Antioxidant activity of Noni has been credited to several compounds, namely
coumarin derivatives, scopoletin, 7-hydroxycoumarin (7-HC) and 4-HC, a novel
anthraquinone, two novel iridoid glucosides, and quercetin (l&eala 2009).

Scopoletin is a well kown antioxidant and has been attributed to antimicrobial and anti-
inflammatory activities (Dengt al., 2007). The novel anthraquinone (2-methoxy-1,3,6-
trinydroxyanthraquinone) was found to be nontoxic at high doses and nearly 40 times
more potent at reducing quinone than the positive control (P&néilis 2005). A

detailed study by Deng and colleagues revealed eight compounds of Noni that inhibited
lipoxygenase. These included scopoletin and two novel lignans, a lactone and (+)-3,3’-
bisdemethyltanegool (Derggal., 2007). In 2005, a novel lignan, Americanin A, was
identified in Noni and it was confirmed to be a potent antioxidan&{8u, 2005).

Based on the recent detailing of the chemical constituents of Noni and theirdanttoxi
activities, science is able to start backing the claims held by Noni osesnituries.

Lastly, Noni has received much attention for its antiangiogenic and ac#ican
properties in both animal models and clinical settings; however, the mechanisms
underlying this effect are largely unknown. The first attempt to identify th@coent
of Noni responsible for its antitumor activities described a water-soluble, ethanol
precipitable, polysaccharide-rich substance from Noni fruit as the immunomodulator
(Hirazumiet al., 1999). Importantly, this report was the first to note the enhanced
chemotherapeutic activities of Noni. Shortly thereafter, Wang and Su ide:MNibiei to
inhibit DMBA-DNA adduct formation (Wanet al., 2001), implicating its protective role

in chemically induced cancers. In 2003, Furusawa and Hirazumi expanded theatresear
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to demonstrate the antitumor properties of Noni precipitate (ppt) were dependent
macrophages, NK cells and T cells and extended its synergistic effectventimere
chemotherapies (Furusawiaal., 2003). Also in 2003, Noni was tested for
antiangiogenic effects and was found to inhibit new vessel sprouts at 5% conmentrati
and induce vessel degeneration at 10% concentration (H&tratk 2003). The most
recent account of antitumor activity by Noni confirmed the necessity oféll&and T
cells for tumor eradication (lat al., 2008). Noni was shown to be effective at both
cancer prevention and treatment within S180 and Lewis Lung tumor models. It is worth
noting, mice that cleared tumor burden were rechallenged after two months, and all
rejected the tumors; five months later the same mice were challaggedand 15 of 16
mice rejected the tumors. The strong animal evidence for anticancerti@®péNoni
has encouraged its research, and with time we are beginning to understand its

mechanisms of action.
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2.1. Abstract

Dendritic cell-mediated cancer immunotherapy employs several waggage
tumor antigens. We have demonstrated in both pre-clinical animal studies and early
clinical trials that dendritomas, highly purified hybrids between dendrilie C) and
tumor cells, are superior activators of anti-tumor immunity. It has beeeddrhowever,
that DC vaccines may be dysfunctional in lymph node migration. In the presgnivetud
examined inflammatory chemokine and chemokine receptor expression as wadlras ot
maturation induced genes in dendritomas produced from either immature or nfasure D
in order to shed light on their capacity to migrate from injection sites to dradymygi
nodes and elicit an appropriate immune response. RNA microarray analgsiseudsto
identify gene expression profiles for inflammatory chemokines and recepidisther
maturation induced genes within dendritomas, lysate-pulsed dendritic cefiatune
DCs and mature DCs. Gene regulation was confirmed with relative quantificabn, r
time RT-PCR in a separate experiment. We found that fusion of immature DCsto tum
cells initiates maturation with respect to inflammatory chemokines, akiamreceptors
and other maturation induced genes in a similar pattern as LPS matured DCs.
Interestingly, we saw a reversed gene profile when mature DCs wedadusenor cells.
LPS matured DCs displayed the chemokine repertoire expected with DC maturat
however, once fused to tumor cells, these chemokines and other maturation induced
genes reverted to levels comparable to immature DCs. It appeansatinaeé DCs used
for dendritoma production result in a de-mature phenotype. Our results indicate that

dendritomas from immature DC/tumor cell fusions may be more effectivegration
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from injection site to draining lymph nodes and, therefore, would be more effective

stimulating anti-tumor immunity.

2.2. Introduction

Dendritic cells (DC) are professional antigen presenting cells, whighapléal
role in stimulating immune responses against infections and tumor cells (Bzmgdie
al., 1998; Hart, 1997; Dunet al., 2002). DC-mediated cancer immunotherapy is aimed
at picking up where the host immune system failed by presenting tumarentginnate
and adaptive effector cells, thus stimulating anti-tumor immunity for immbetherapy
and latent protection (Ullrickt al., 2008; Banchereaat al., 2002; Steinmast al.,
2006). Three basic approaches have been employed to engage DCs with tumus:antige
tumor antigen pulsing, genetic modification with tumor antigen genes or RNA, and
DC/tumor fusion (Schulest al., 2003; Svanet al., 2003). Although all three
approaches have been widely utilized and have successfully increased tugear-ant
reactive T cells in periphery, the DC/tumor hybridoma vaccine has provedlafiective
since this strategy provides a broader diversity of known and unknown tumor antigens as
well as MHC class | and MHC class Il antigens to the immune systard@\al., 2002;

Shimizuet al., 2004).

Most DC hybridoma studies have utilized fusion mixtures as a vaccine due to the
lack of selective markers on fused DC/tumor cells to purify hybrids fromutherf
mixture (Haighet al., 1999). The immune response stimulated by this mixture is

compromised due to the presence of large numbers of unfused cells or self/delf fuse
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cells. In order to solve this problem, we developed a novel hybrid purification
technology that instantly purifies DC/tumor hybrids from the mixture (lésknal.,
2001). Animal studies demonstrated that highly purified DC/tumor hybrids, or
dendritomas (DT), are superior activators to stimulate anti-tumor immeontyared
with fusion mixtures (Let al., 2001). Several clinical trials using dendritoma vaccines
have been conducted; and data shows that DT vaccines stimulate anti-tumor immune
responses in some patients and demonstrate observable clinical responsesl(\Wei
2006; Weiet al., 2007).

On the other hand, although most DC hybridoma vaccines were effective in
preclinical animal studies, clinical trials have shown less encouragntis€Gonget
al., 2008). Consequently, an important field in DC mediated cancer immunotherapy is to
understand and solve the inconsistencies between animal studies and human clinical
trials. The increase of regulatory T cells and tolerogenic DCs found in tufterD&
vaccine administration are two of the major factors suppressing anti-tummomity
(Steinmaret al., 2003; Liet al., 2007; Dannulét al., 2005). Others include DC
procurement, route of administration, and tumor microenvironment (Megkéf, 2008;
Groveret al., 2006). The overall belief is that DCs must be presented with maturation
stimuli and tumor antigen, administered through an appropriate route for diffeneptxa
with mediators aiding their lymph node migration, and have the capacity to peowks
present both MHC | and Il peptides in order to acquire therapeutic and long-term
protective immunity (Uenet al., 2006). Much research has been done to progress DC

vaccination in most of these areas; however, information on the migratorytgagdeC
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vaccines is still needs attention. It is imperative to understand the factorseshuokhe
migration of dendritomas, and other DC vaccines, to the draining lymph nodes where
they encounter and activate effector T cells.

Inflammatory chemokines, such as macrophage inflammatory protein lalpha
(MIP-10) and RANTES (CCL3 and CCLS5, respectively), are predominantly located at
nonlymphatic sites of inflammation where they recruit immune cells tccjpate in
antigen presentation and recognition to ultimately elicit a cell-rtestii@sponse to
infection or tumor cells. Immature DCs (iDC) typically express mfteatory chemokine
receptors CCR1, CCR2 and CCR5 which bring them into contact with antigens at
inflammatory sites (Sozzasi al., 2000). Once antigen uptake has ensued, DCs rapidly
increase production of inflammatory chemokines and lose responsiveness to these CC
a process called autodesensitization (Salletsab., 2000), allowing for reverse
transmigration of activated, mature DCs (mDC) into secondary lymphoid tisbiges w
they present antigen to effector cells. Clearly, the completion of thisgsriecessential
for effective DC vaccines. In the present study, in order to understand whether
dendritomas are capable of effective migration to secondary lymphoidstisgeie
examined the regulation of key chemokines and chemokine receptors along with severa
maturation induced genes. Our microarray and real-time RT-PCR resultssitrate
that fusing tumor cells to iDCs matures them with respeatrtandccl expression, while
fusing tumor cells to mDCs causes the reversatioéndccl expression by mDCs. Our

results implicate immature DCs as better choice for dendritoma productba, a
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migratory mediator adjuvant may be needed when mature DCs are used faiodendri
production.

2.3. Materialsand Methods

2.3.1. Miceand Tumor Cdls

Female C57BL/6J mice at 6-8 weeks of age were purchased from Jackson
Laboratories (Bar Harbor, ME) and housed in our pathogen-free animal facilitie
Animal experiments were carried out in accordance with both Guidelines forrhe Ca
and Use of Laboratory Animals (NIH Publication number 85-23) and institutional
guidelines. Murine acute myeloid leukemia cell line C1498 and murine melandma cel
line B16F0, both C57BL/6J-derived, were maintained in complete DMEM (Gibco BRL,
Grand Island, NY) supplemented with 10% FBS (Hyclone, Logan, UT) and/&t

gentamicin (Gibco BRL) at 37 °C in a humidified atmosphere of 5% CO

2.3.2. Dendritic Cells

Bone marrow derived DCs were cultured as previously describedef altz
1999). Briefly, bone marrow cells flushed from C57BL/6J mouse femurs and tibiae with
RPMI-1640 (Gibco BRL) were filtered through 4@a nylon cell strainers. After the
removal of RBCs by ACK lysate (Lonza, Allendale, NJ), the remaining welle
resuspended in DC medium containing RPMI-1640 supplemented with 10% FBS, 50
ug/ml gentamicin, and 20 ng/ml rmGM-CSF (Sigma, St. Louis, MO) and plated at 4-

5x1@ cells/10 ml in a 100-mm tissue culture dish. On day 4, 10 ml fresh DC media was
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added to each dish. On day 8, non-adherent and loosely adherent cells were harvested,
washed with RPMI-1640 and replated in fresh DC medium containing 10 ng/ml rmGM-
CSF with or without 100 ng/ml LPS (Sigma). On day 10, non-adherent and loosely

adherent cells were collected for further studies.
2.3.3. Pulsing DCswith Tumor Lysate

B16FO0 cells were collected and resuspended in a conical tube in 1x PBS at a
concentration of 1xI@ells/mL. The tube with cell suspension was immersed in a dry-
ice/methanol bath for approximately 3 minutes. Once frozen, the cells \meeslph a
37°C water bath with gentle agitation and thawed completely. The processpeated
for a total of four freeze/thaw cycles. The cells were then centrifuges @0 x g for
10 minutes at 20°C and supernatant was collected. Protein concentration was determined
using the Bio-Rad Protein Assay (Bio-Rad, Hercules, CA). Either iota&Cs (iDC)
or LPS matured DCs (mDC) were incubated withylfdL tumor protein lysate
overnight. Pulsed DCs (LPiDC or LPmDC) were then centrifuged at 300 x deotcol
cells but discard lysate in the supernatant. Cells were washed threentitme2BS prior

to RNA extraction.
2.3.4. Cédl Staining and Fusion

DCs and tumor cells were stained green and red, respectively, using PKH67-GL
or PKH26-GL kits (Sigma) according to manufacturer’s protocol. Stainesiwetle

washed thrice to remove unbound dye and tumor cells were irradiated with 50 Gy. Tumor
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cells and DCs were fused at a ratio of 1:1 or 1:2 using a 50% PEG 10% DMSO solution

(Sigma). After fusion, cells were incubated overnight in DC medium.
2.3.5. FACS Sorting

The fusion mixtures were harvested (both adherent and non-adherent) and
resuspended in PBS at a concentration of 1g&ls/ml. Cells were sorted on a BD
FACSCalibur (Becton Dickinson, San Jose, CA) according to the dual fluorescent colors
Sorted cells, labelled as dendritomas (DT), were resuspended in DC medium and
incubated overnight with or without 100 ng/ml LPS prior to RNA extraction.

Dendritomas exhibited both green and red fluorescence and purity was greater than 95

percent.
2.3.6. Microarray

LPIDC, LPmDC, DT, DC, and tumor cell RNA was extracted using
ArrayGradeTM Total RNA Isolation Kit (SABiosciences, FrederiglD) and was sent
for pathway-focused GEArray service using mouse Dendritic and Antigeanfires
Cell Oligo GEArray (SABiosciences). Analysis was performed usiagxEArray

Expression Analysis Suite software (SABiosciences).

2.3.7. Real-time PCR

Real-time one-step RT-PCR was performed on total RNA via an Eppendorf dyakter
ep Realplek (Eppendorf, Westbury, NY) using QuantiTect Primers optimized for

QuantiTect SYBR Green RT-PCR kit (Qiagen, Valencia, CA). Resultsweenealized
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to p-actin, which was chosen over gapdh 88 as the housekeeping gene, since it was
least affected by treatment. Data was analyzetiAfyt calculations.
24. Results

2.4.1. Tumor lysate maturesiDCs

Overnight incubation of iDC with B16FO tumor cell lysate induced DC
maturation with respect to inflammatory chemokine and chemokine receptors. iDCs
express high levels of inflammatory recept@€R2 and CCR5 and low levels of
inflammatory chemokines: CCL3, CCL5 and CCL22. Upon antigen uptake and
processing, iDCs are induced to decrease levels of inflammatory recegtives
increasing inflammatory chemokine expression. Microarray analysigsdiuonor lysate
pulsed iDCs (LPIDCs) displayed a drastic reductioccn2 andccr5 and an increase in
inflammatory and inducible chemokined3, ccl5 andccl22; their levels were nearly

identical to DCs matured with LPS (Figure 2.1A).

DCs cultured from C57BL/6J mice were matured with LPS on day 8 of culture.
On day 10, they were incubated with B16FO0 tumor lysate and RNA was extracted after
overnight incubation. RNA microarray shows that tumor lysate pulsing of mDCs
(LPmDC) caused no change in expressiocco?, ccrb, ccl3, ccl5, orccl22 compared to

LPS matured DCs (mDC, Figure 2.1B).
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Figure 2.1: Tumor lysate pulsing maturesiDC, but causes no changein mDC

Total RNA was extracted from iDC, LPIiDC, mDC, and LPmDC and was ashlyy
RNA microarray for the indicated chemokine and chemokine receptors. (A) Gene
expression profiles of LPiDC and mDC compared to iDC. (B) Gene expressidagrofi

of LPmDCs compared to mDC.
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2.4.2. Fusion with tumor cells maturesiDC

iDCs were fused with B16F0 tumor cells by PEG in a 2:1 ratio. The fused
hybrids (immature dendritomas or iDT) were purified from the fusion mixtuictuly
fluorescent FACS sorting on day 11. RNA was extracted from iDTs following tiolec
and used for RNA microarray. As shown in Figure 2.2A, iDTs dramatically dettea
expression ofcr2 andccr5, but increasedcl3, ccl5 andccl22 as compared to iDCs.
This pattern is consistent with the expression of mDCs and LPIDCs (Figure 2.1A)
therefore, fusion of iDC with tumor cells instigates maturation with reéspehese
inflammatory chemokines and receptors. To further confirm this finding,inealRT-
PCR was performed to measure the change of expressior2jrecr5, ccl3, ccl5, and
ccl22 in iDTs. The results, as shown in Figure 2.2B, demonstrate a similan péhtte

expression: down-regulation of ccr genes and up-regulation of ccl genes.
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Figure 2.2: Fusion with tumor cells maturesdendritic cells. iDCs were fused with

C1498 or B16F0 tumor cells in a 1:1 or 2:1 ratio using PEG in two separate experiments.
The fusion hybrids (iDT) were generated by FACS sorting based on the DT teghnolog
(see Materials and Methods). Total RNA was analyzed by RNA micyoandhreal-

time RT-PCR for the indicated genes. (A) Microarray analysis of ckiera and

chemokine receptor gene expression by iDTs, iDC = 1. (B) Real-time RT-PGRisna

of chemokine and chemokine receptor gene expression by iDTs, iDC = 1. (*p<0.05,
**p<0.01 ***p<0.001)
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Additional genes associated with LPS induced DC maturation were examined in
two independent microarray experiments in iDTs made from either C1498 tumor cells or
B16F0 tumor cells. As shown in Figure 2.3, acpp, atf4, clec4d, ifitl, il-1b, g1p2, and
prgl were upregulated (Figure 2.3A), while cd209a, f13al, icosl, ifi30, ifngrlGnase
and s100a4 were downregulated (Figure 2.3B), indicating that fusion of iDCs and tumor

cells yields a maturing hybridoma.
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Figure 2.3:Fusion of iDCswith tumor cellsyieldsa similar gene profileto LPS

matured DCs. iDCs were fused with C1498 or B16FO0 tumor cells in a 1:1 or 2:1 ratio
using PEG in two separate experiments. The fusion hybrids (iDT) wereatghby

FACS sorting based on the DT technology (see Materials and Methods). Total &NA w
analyzed by RNA microarray for the indicated genes. (A) Genes uprebbiateth

iDTs and LPS matured DCs compared to iDCs. (B) Genes downregulatedsognDT
LPS matured DCs compared to iDCs.
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2.4.3. Fusion with tumor cellsreversesthe maturation for mDTs

DCs cultured for 8 days were matured with LPS for two days and fused with
B16F0 tumor cells. The hybrids (mature dendritomas or mDT) were purified Hiem t
fusion mixture using the same technology described above. RNA microarralisbsth
the increased expressionaaf 2 andccr5, while the expression efl3, ccl5, andccl22
decreased (Figure 2.4A): a clear pattern of DC de-maturation with réspect
inflammatory ccl and ccr. This finding is in contrast to lysate pulsed mDC®wbe
significant change was observed (Figure 2.1B). Real-time RT-PSoRahfirmed the
change of expression aar2, ccrb, ccl3, ccl5, andccl22 in mDTs. The results, shown in
Figure 2.4B, are consistent with microarray data: ccr genes argul@ied and ccl genes
downregulated. Additional genes of interest analyzed by microarray of niid\wed a
similar pattern compared to iDC&d209a, f13al, marcks, rpl13a, cd207, cdc42, and
pfnl were upregulated (Figure 2.5A), whaepp, atf4, clec4d, il-1b, il-12b, cd36, sod2,
¢d80, pnrcl andtnfsf4 were downregulated (Figures 2.5B), further supporting de-

maturation of mDTs.
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Figure 2.4:Fusion of mDCswith tumor cells(mDT) yields an opposing
chemokine/chemokine receptor pattern to mature DCs. mDCs were fused with

B16F0 tumor cells in a 2:1 ratio using PEG. The fusion hybrids, mDT, were generated
by FACS sorting based on the DT technology (see Materials and Methods) RNétal

was analyzed by RNA microarray and real-time RT-PCR for the indigatees. (A)
Microarray analysis of chemokine and chemokine receptor gene expressnidillsy

mDC = 1. (B) Real-time RT-PCR analysis of chemokine and chemokine receptor gene
expression by mDTs, mDC = 1. (*p<0.05, **p<0.01 ***p<0.001)
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Figure 2.5: Fusion of mDCswith tumor cellsde-matures mDTs. mDCs were fused

with B16FO0 tumor cells in a 2:1 ratio using PEG. The fusion hybrids, mDT, were
generated by FACS sorting based on the DT technology (see Materials drudisjet

Total RNA was analyzed by RNA microarray for the indicated ge(®sGenes

upregulated by both mDTs and iDCs compared to mDCs. (B) Genes downregulated by
mDTs and iDCs compared to mDCs.

42



2.5. Discussion

Tumor lysate pulsed immature DCs (LPIDCs) are mature compared to iDCs.
LPIDCs express increased levels of CD80, CD86, and CD40 costimulatory moksules
well as molecules involved in antigen presentation while decreasing those invdived w
antigen uptake (Paglet al., 1996; Berardt al., 2000). For the first time, we show that
LPIDCs are activated to elevate ccl levels and decrease cs (Biglire 2.1A),
suggesting that antigen-pulsing results in efficient DC activation toateettie
chemokine receptor paradigm switch in the absence of other inflammatomi stim

microbial products such as LPS.

We did not observe any significant change in the genes analyzed by microarray
for tumor lysate pulsed, LPS matured DCs (LPmMDCs, Figure 2.1B). This codicelie
the notion that LPS matured DCs have downregulated antigen-uptake mechanisms, or
compared to microbial danger signals, tumor lysates are weak DC maturation agents
Interestingly, it has been shown that coincubating mDCs with CCR7 ligands
CCL19/ELC or CCL21/SLC, re-stimulates endocytosis by previously matured DCs
(Yanagawaet al., 2003); therefore, it seems plausible to induce mDC uptake of tumor
lysate by concomitant incubation with a CCR7 ligand. Based on our data, it would be
better to use iDCs to engage tumor antigens; nonetheless, it would be interesting to
observe the effects of pulsing mDCs with tumor lysate combined with ELC or SLC.

iDTs, composed of tumor cells and iDCs, express increased leeelsgeines

and decreasettr genes (Figure 2.2). This process is assumed to be mostly due to the
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autocrine action of chemokines on their respective receptors expressed WiKCKi (
et al., 2001; Sozzaret al., 1998); although it has been shown that C5a and fMPL do not
have this autodesensitization effect on DCs (Sozahi, 2000). In addition to thecl
andccr paradigm switch, IDT maturation is also accompanied with up-regulation of
genes such axpp, atf4, clec4d, ifitl, il-1b, glp2, andprgl and down-regulation of
cd209a, f13al, icodl, ifi30, ifngrl, rnase6, andsl00a4 as confirmed in two separate
microarray analyses and also observed in canonical DC maturation when iDCs are
matured with LPS (Figure 2.3). Again, our data points to successful maturation whe
iDCs are fused to tumor cells (iDTs) which is important when designing Dédnesc
Interestingly, we observed that iDTs expressed high levelsl6fin two separate
microarrays, while mDTs expressed non-detectable leveélsl®f(data not shown),
contradicting other reports where both iDC/tumor fusions and mDC/tumor fusions have
elevated levels of IL-10 (Vasat al., 2008). This may implicate the need for
simultaneous addition of a danger signal to overcome IL-10 production when
manufacturing iDTs. More studies are needed to clarify the role of IL-ttisiprocess.
Mature DCs used for fusion oddly de-mature, whereas iDCs are matured with
fusion to tumor cells. Interestingly, tibel andccr expression of mDTs was completely
reversed compared to iDTs and mDCs. There was a significant decreelse in
expression with a compensating increasecirexpression (Figure 2.4), closely
mimicking theccr andccl expression of iDCs. This phenomenon may be due to
complete washing of mDCs before fusion, which frees the supernatant of CCLs, no

longer triggering autodesensitization. Taking this into account, mDTs may not be as
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good as iDTs for migration from injection sites to draining lymph nodes. Not only did
mDTs de-mature with respectd¢or andccl expression, but they also upregulated
cd209a, f13al, marcks, rpl13a, cd207, cdc42, andpfnl, and downregulateacpp, atf4,
clec4d, il-1b, il-12b, cd36, sod2, cd80, pnrcl andtnfsf4 (Figure 2.5) in synchrony with
iDCs. Our data suggest mDTs may need restimulation with CCLs or possiéty ot
danger signals in order to resume proper migratory capacity and antigen prasentati
since they seem to have more genes in common with iDCs than mDCs. It is pbssible t
stimulating dendritomas with microbial danger signals or adjuvants could overeieme t
problem as seen with pre-treatment and post-treatment with OK432 and CpG ODN
increasing the effectiveness of DC fusion vaccinet(al., 2008; Koidoet al., 2007a;
Koido et al., 2007b).

In conclusion, our data unfolds a significant pattern of chemokine expression in
dendritomas depending on the maturation state of DCs and demonstrates they pifistic
LPS matured DCs used for vaccine preparation. Although mature DCs areepréder
reduce tolerance or expansion of regulatory cells, we see here there praplems
with migration and induction of immune response. To circumvent this problem, either
immature DCs should be used for fusion with simultaneous addition of a danger signal
such as LPS, OK432, or CpG ODN to properly mature the DCs and abrogate production
of IL-10; or if mature DCs are used for fusion, it must be investigated to seg dahe
be re-stimulated to secrete CCLs, down-regulate CCRs, and reclaimtioaturarder

to properly migrate and activate an immune response against presented tigeasant
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3. MORINDA CITRIFOLIA (NONI) AS AN IMMUNOMODULATOR
OF DENDRITIC CELLS: INHIBITION OF TOLL-LIKE
RECEPTOR AND NikB PATHWAYS AND PROCUREMENT OF
ANTI-INFMMATORY MEDIATORS
3.1. Abstract
Morinda citrifolia (Noni) has been used for centuries to treat a wide range of
maladies. Its current growth as a dietary supplement to enhance the imnenelss
demanded more scientific research into its purported effects. Whereas mmatgpre
reports have been self-published, recent information has been described sv@vesd
scientific journals on the anticancer, anti-inflammatory, and immunomodultfects
of Noni. Also, fermented Noni exudate was shown to activate dendritic cells, one of the
key players in innate and adaptive immunity. Noni fruit contains a wide variety of
microorganisms, and upon fermentation all but one are killed, resulting in a leag®fr
pathogen-associated molecular patterns (PAMPS), potentially acgjyzttern-
recognition receptors. Since dendritic cells express a wide varietyldikéaleceptors
(TLRs), we hypothesized that Noni-treated dendritic cells would alterdbeession of
inflammatory genes downstream of TLR pathways. The expresstaf) b6, ptgs2,
ccl3 andccl5 were examined in Noni-stimulated bone marrow-derived dendritic cells.
Furthermore, in a second experiment, dendritic cells were treated witloxindot
depleted Noni and 84 genes in the TLR pathway were evaluated. Both experiments wer
carried out by real-time RT-PCR with SYBR green chemistry. FACSsinalso
revealed an intriguing shift from a CD11c+CD83+ dendritic cell population to a much

larger Mac-3+ population. Overall, Noni induced low levels of inflammatory cyéskin

significantly increased anti-inflammatory mediators, and inhibited eleswod TLR
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signaling, specifically NEB. Gradually, Noni’s molecular mechanisms of action on
immune cells are being unraveled, and will hopefully clarify its antitumdrazti-
inflammatory roles for possible drug development.
3.2. Introduction

Morinda citrifolia, commonly known as Noni in the US and Hawaii, is
widespread throughout Polynesia, Southeast Asia, India, and Australia. braveght to
the Pacific Islands more than 2000 years ago as the ancient Polynesians sestond m
popular medicinal herb. Cultures throughout the region have, for millennia, employed
every part of the plant as a food staple and for an immense range of illnesses and
ailments, including bacterial and viral infection, fungus, cancer, AIDS, high blood
pressure, and much more. In all, there are 40 known and recorded uses for the plant in
herbal remedies. In addition, the leaves of the plant have been used to produce dyes for
clothing and other textiles (Wang, 2004; Paveual., 2007).

Noni grows as a small evergreen tree. It reaches 12-15 feet in heidétorated
with large bright green elliptical leaves, columnar white flowers andyuajow fruit,
about the size of a potato. Its seeds have an air sac at one end, giving them the/buoyanc
they need to float across the pacific and take root in islands throughout the regaon, to e
the name “ocean-going Noni,” as the plant has been called in some regiorg, fFieal
Noni fruit can be identified by its rancid odor and foul taste — justifying anotheitgrop
name — the “cheese fruit” (Dixaat al., 1999; Wangt al., 2002)

Extensive research is ongoing to identify both known and novel active

compounds of Noni. These include, but are not limited to, novel anthraquinones,
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saccharide fatty acid esters, glycosides, iridoid glucosides and daniad¢Akthisaet
al., 2007; Guangmingt al., 2001; Stet al., 2005; Hiwasuet al., 1999; and Kamatet
al., 2006). Currently, several potent antioxidants and anti-inflammatory agents have been
extracted and identified (Pawlesal., 2007; Dengt al., 2007; Pawlust al., 2005;
Ikedaet al., 2009; Siet al., 2005). Besides isolated compounds, different fractions of
Noni have been studied for immunomodulatory effects. A polysaccharide-rich
precipitate of Noni juice has been found to have antitumor potential (Hira&tai
1999; Furusawat al., 2003). Raw Noni, or Noni puree, shows antiangiogenic, cancer
preventive and bactericidal properties (Wahgl., 2001; Wanget al., 2002; Wangt al.,
2008; Hornicket al., 2003; Palwet al., 2007; Schafeet al., 2008). Wong reported two
case studies involving patients with adenocarcinoma self medicatingenierited
Noni. The first patient began drinking Noni on his deathbed after refusing medical
treatment, and showed no evidence of disease a year after diagnosecadrftemtient,
who underwent surgery and had metastases in 17 of 28 lymph nodes tested, survived
sixteen years disease-free with the Noni treatment (Véoalg, 2004). This is extremely
significant since less than ten percent of patients survive even five yidathig/level of
metastasis.

Recently, our lab has examined the immunomodulatory effects of fermented Noni
exudate (fNE) in animal models. It was found that dendritic cells (DCsiredltvith
fNE are capable of inducing B cell proliferation, differentiation and evetaks
switching (Zhanget al., 2009). Furthermore, fNE was found to be effective for both

prevention and treatment of mice with S180 sarcomas and Lewis Lung carcihomrtas (
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al., 2008; Furusawet al., 2003). These studies clearly demonstrated that both the innate
and adaptive immune systems are involved in the antitumor effect induced by fNE.

Although fresh Noni fruit has a myriad of microflora, upon fermentation, only one
fungus remains in fNE (personal communication, Marisa Wall, 2009). Ouislab a
found that fNE contains detectable levels of endotoxin (unpublished data). It was
speculated that this novel strain of fungi along with endotoxin in fNE may be rdsjgonsi
for activating several innate pattern recognition receptors (PRRg) would be
responsible for its anti-inflammatory, anticancer and other immune-mouulat
properties. In this study, we tested DCs treated with fNE, endotoxin-remekedEf
fNE), or LPS for expression of genes involved with PRR signaling via realRGR.
We show for the first time that fermented Noni, the most popular traditional method of
Noni consumption, increases several inflammatory mediators at suppres$ed leve
compared to LPS, but upon endotoxin removal, clearly promotes an anti-inflammatory
response from DCs.
3.3. Materialsand Methods
3.3.1. Animals

Female C57BL/6J mice, 6-8 weeks of age, were purchased from Jackson
Laboratories (Bar Harbor, ME) and housed in our pathogen-free animal facilitie
Animal experiments were carried out in accordance with both Guidelines forrhe Ca
and Use of Laboratory Animals (NIH Publication number 85-23) and institutional
guidelines.

3.3.2. Dendritic Cells
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Bone marrow-derived DCs were cultured as previously described €i_aitz
1999). Briefly, bone marrow cells flushed from C57BL/6J mouse femurs and tibiae with
RPMI-1640 (Gibco BRL) were filtered through 4@a nylon cell strainers. After lysing
of RBCs with ACK lysing solution, the cell pellet was resuspended in DC medium
containing RPMI-1640 (Gibco BRL) supplemented with 10% FBS (Hyclong)ghal
gentamicin (Gibco BRL), and 20 ng/ml rmGM-CSF (Sigma, St. Louis, MO) and @dated
a density of 4-5x10cells/10 ml in a 100-mm tissue culture dish. On day 4, 10 ml fresh
DC media was added to each dish. On day 8, nonadherent and loosely adherent cells
were harvested, washed with RPMI-1640 and replated into 6-well plategegthDC
medium containing 10 ng/ml rmGM-CSF. These DC cultures were stimulatadgiter
with either filtered fNE supernatant at 1, 5 or 10% or LPS at 2.5, 12.5, 25 or 100ng/ml
prior to RNA extraction.
3.3.3. Production of Fermented Noni Exudate (fNE)

Production of fNE was previously reported (Zhahgl., 2009). Briefly, ripe
Noni (Morinda citrifolia) fruits were harvested from Kawaihae, Hawaii, thoroughly
cleaned and placed in sterilized containers for fermentation at 24-30°C and humidity
between 45-55%. Fermentation was terminated at 14 days and the seepage eted colle
in plastic bottles and stored at -80°C prior to its use. Before incubation with DCs, the
liquid fermented Noni exudate (fNE) was pH adjusted to 7.0-7.4 with 50% NaOH,
centrifuged to discard debris and sterilized by passing through @n® 2&inge filter.
Endotoxin removal of Noni was performed by Detoxi-Gel™ Endotoxin Removing Gel

(Thermo Scientific) according to manufacturer’s instructions. Briefgtoki-Gel
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columns were regenerated with 1% sodium deoxycholate, then washed with pyssgen-f
DPBS (Lonza) prior to fNE loading. Once fNE was loaded onto the column, it was
allowed to sit at room temperature for one hour before washing through with an equal
amount of DPBS. The endotoxin-depleted fNE flow-through was collected, passed
through a 0.22um filter, and used immediately in cell cultures.
3.34. Real-TimeRT-PCR

Purified total RNA was isolated from stimulated or non-stimulated DCs using t
RNeasy Plus Kit (Qiagen) according to the manufacturer’s protocol aesee
transcribed with QuantiTect Reverse Transcription Kit (Qiagen). Nuateds were
guantified using a Qubit fluorometer and appropriate Quant-it Assay Kitsrdgeit).
cDNA was analyzed for the expression of TIr4, Tnf, 1I-6, Ptgs2, Ccl3 and Ccl5 BRSY
green chemistry real-time PCR using the QuantiTect SYBR GrddQlagen). Real-
time RT-PCR was carried out on the Mastercycler ep Realplex2 (Eppendborf @R
cycles recommended by the primer sets. Primer sequences were purdraseddt
Time Primers, LLC and their sequences are available online at
www.realtimeprimers.com.
3.3.5. PCR Array

Purified total RNA was isolated as described above for use in the PCR arrays;
however, it was reverse-transcribed with?first-Strand cDNA Synthesis Kit
(SABiosciences). Manufacturer’s instructions were followed for running@@wrarray;

briefly, cDNA templates were mixed with the provided PCR master mix ara we
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aliquoted into all 96-wells of the Toll-like Receptor Signaling Pathway& @i
(SABiosciences). The PCR cycling program was set according t&CtRarRay protocol.
3.3.6. Statistical Analysis

Fold change in gene expression for real-time RT-PCR data was calculaigd usi
the Pfaffl method, taking into account varying primer efficiencies. Statisthalyses of
data were performed by analysis of variance (ANOVA) followed by &##ltest using
Graph Pad Prism® 4 software. PCR arrays were analyzed with the comptiniefta
Profiler ™ PCR Array Data Analysis (SABiosciences) which determixes;
calculations normalized to at least 3-5 housekeeping genes, with pacemgarison
between treated and untreated samples.
3.4. Results
3.4.1. Real-timeRT-PCR

Immature DCs (iDCs) were treated with fNE or E-fNE at 1%, 5% or 10% total
media concentration, or LPS at 2.5ng/ml, 12.5ng/ml and 25ng/ml for 2, 24, 48 or 72h.
LPS concentrations were calculated to be equivalent to endotoxin levels of fNE. Tota
RNA was extracted and the expressiofloft and five downstream genes of the TLR4
pathway were assessed by real-time RT-PCR ushk@j method of analysis.
3.4.1.1. Toll-likereceptor 4 (tlr4)

fNE did not affectlr4 gene expression after 2h treatment. At 24 and 48 hours,
5% fNE significantly decreaseflt4, while surprisingly, 10% fNE did not change the
gene expression in these time periods. After 72h treatment, a clear dosdet¢pe

down-regulation oflr4 was observed (Figure 3.1A). Since fNE contains LPS (our un-
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published data), we also tested the effect of LP8&rdrexpression by DCs. LPS in
concentrations equivalent to the amount measured in fNE was used. LPS had no effect
ontlr4 at 2, 48 or 72h. Only at 24h wths? expression significantly downregulated by

12.5 and 25 ng/mL LPS, respectively (Figure 3.1B). Furthermore, since the down-
regulation ottlr4 gene expression induced by fNE was not completely repeated by LPS
treatment, we tested the effect of endotoxin-removed fNE, or E-fNE, on iD@sr. 24f

hours treatment, both 1% and 5% E-fNE significantly downregutbiédwvhile at other

time points (2h, 48, or 72h), there was no effect (Figure 3.1C). These data suggest the
down-regulation oflr4 gene expression by fNE induced DCs is not completely due to

endotoxin.
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Figure 3.1.tlr4 expression by Noni- or endotoxin-depleted Noni-treated BMDCs

compared to LPStreated BMDCs. BMDCs were treated for 2, 24, 48 or 72h with Noni

or endotoxin-depleted Noi at 1%, 5%, or 10% total media concentrations or with
corresponding levels of endotoxin (2.5-, 12.5-, or 25ng/ml LPS). Real-time RT-PCR was
performed on cDNA from the resulting samples. (A) fNE treatment of BME) LPS
treatment of BMDCs; (C) E-fNE treatment of BMDCs. Experimentsevwperfomed in
triplicate and data was analyzed by ANOVA followed by Bartlett's-pest * p<0.05

** p<0.01 *** p<0.001
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3.4.1.2. Tumor necrosis factor-alpha (tnf)

DCs treated with fNE induced a dose-dependent incredskgedne expression at
2h, while at 24h and 48h, only 10% fNE caused a significant increase. At 72h, all three
concentrations induced a significant, albeit small, increase (Figzig. Bimilarly, LPS
treatment of DCs caused a strong, non-dose dependent increasa 2h. At 24h, only
25ng/mL LPS significantly altered the expressiomn@fand by 72h there was no
significant change (Figure 3.2B). E-fNE treatment of DCs, on the othe mduced a
dose-dependent decreasenhexpression at 2h. While 24h and 48h incubations did not
cause a significant change, 72h treatment induced a very significant 6.6-fddstemn
tnf (Figure 3.2C). The increasetmnf by fNE-treated DCs seems to be attributed to the
endotoxin in Noni, since upon endotoxin removal, not ontgfiproduction abrogated,
but it is actually dose-dependently decreased. This fraction of Noni respdasible
decreasingnf is also observed in fNE-treated DCs since 5% fNE treatment only caused a
14-fold increase and equivalent endotoxin concentrations (12.5ng/mL LPS) induced 125-

fold increase innf production; therefore there is some inhibitiorirdfoy Noni.
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Figure 3.2:tnf expression by Noni- or endotoxin-depleted Noni-treated BMDCs

compared to LPStreated BMDCs. BMDCs were treated for 2, 24, 48 or 72h with Noni
or endotoxin-depleted Noi at 1%, 5%, or 10% total media concentrations or with
corresponding levels of endotoxin (2.5-, 12.5-, or 25ng/ml LPS). Real-time RT-PE€R wa
performed on cDNA from the resulting samples. (A) fNE treatment of BME) LPS
treatment of BMDCs; (C) E-fNE treatment of BMDCs. Experimentevwerfomed in
triplicate and data was analyzed by ANOVA followed by Bartlett's-pest * p<0.05

** p<0.01 *** p<0.001
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3.4.1.3. Interleukin-6 (il-6)

fNE treatment caused a dose-dependent increaké production by iDCs at 2h;
however, only 10% fNE remained effective through 72h, where its production peaked at
48h, 633.8-fold higher than untreated DCs (Figure 3.3A). LPS treatment also caused a
non dose-dependent increase at 2h, where it peaked at 985.3-fold greater than the control.
Lower dose-dependent responses were noted at 24h and 48h, with a drastic latent rebound
at 72h where 12.5 and 25 ng/mL LPS treatment incraa$eekpression 717- and 731-
fold above untreated DCs (Figure 3.3B). E-fNE completely abolished the up-t@gulat
of il-6 induced by fNE. Furthermore, a very significant down-regulatioh®bccurred
for 1% E-fNE, dropping 47-fold (Figure 3.3C). fNE significantly increais<sl
expression in DCs, although not as high as LPS. Upon endotoxin removal, E-fNE
ultimately decreases productionibb at 72h. Again, endotoxin seems to be responsible

for the increase ifl-6, while E-fNE actually down-regulatés6 expression.

58



>

24h 48h 72h
ok

700 700 700°

C 2h

.
-5
-151
-251
-351
51
o
5

Fold Regulation
S h AN

1% 5% 10%

Figure 3.3:il-6 expression by Noni- or endotoxin-depleted Noni-treated BMDCs

compared to LPStreated BMDCs. BMDCs were treated for 2, 24, 48 or 72h with Noni

or endotoxin-depleted Noi at 1%, 5%, or 10% total media concentrations or with
corresponding levels of endotoxin (2.5-, 12.5-, or 25ng/ml LPS). Real-time RT-PCR was
performed on cDNA from the resulting samples. (A) fNE treatment of BMDE) LPS
treatment of BMDCs; (C) E-fNE treatment of BMDCs. Experimentsevwerfomed in
triplicate and data was analyzed by ANOVA followed by Bartlett's-pest * p<0.05
**p<0.01 *** p<0.001
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3.4.1.4. Prostaglandin-endoper oxide synthase 2 (Ptgs2)

Treatment of iDCs with fNE caused a dose-dependent increpggs2mat 2h,
followed by a sustained up-regulation through 48h by 10% fNE. Although a lower fold
increase, 5% and 10% fNE significantly upreguld®egs2 expression at 72h (Figure
3.4A). LPS treatment also caused a dose-dependent increase at 2h, followed by an 854-
fold peak at 24h. Levels decreased by 48h, but remained dose-dependently upregulated.
Surprisingly, at 72h 2.5 ng/mL and 25 ng/mL LPS treatments upregplag2635- and
584-fold, respectively, while 12.5ng/ml LPS did not show any effect. Of intereXt, at
the upper level of concentrations for both fNE and LPS treatments inducedya nearl
identical up-regluation gftgs2 at 453- and 445-fold, correspondingly (Figure 3.4B). E-
fNE induced a much smaller scale up-regulatioptgé2, peaking at merely 15.2-fold
above the DC control. At 72h, it began to down-regulate expression, where 1% E-fNE
decreasegtgs2 19-fold (Figure 3.4C). lItis likely that some other component of fNE is
responsible for up-regulating the productiorptgfs2, since upon endotoxin removal, 2h
treatment with E-fNE still induces a dose-dependent up-regulation, altlacinghsient

effect.
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Figure 3.4:ptgs2 expression by Noni- or endotoxin-depleted Noni-treated BMDCs
compared to LPStreated BMDCs. BMDCs were treated for 2, 24, 48 or 72h with Noni

or endotoxin-depleted Noi at 1%, 5%, or 10% total media concentrations or with
corresponding levels of endotoxin (2.5-, 12.5-, or 25ng/ml LPS). Real-time RT-PCR was
performed on cDNA from the resulting samples. (A) fNE treatment of BMJE) LPS
treatment of BMDCs; (C) E-fNE treatment of BMDCs. Experimentsevwerfomed in
triplicate and data was analyzed by ANOVA followed by Bartlett's-pest * p<0.05

** p<0.01 *** p<0.001
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3.4.1.5. Chemokineligand-3 (Ccl3)

At 2h, ccl3 expression peaked with 5% fNE treatment. At 24h, 1% and 5% fNE
did not significantly alter its expression, but 10% fNE induced the highest leceBait
8.13-fold above control. By 48h, 1% and 5% fNE significantly downregutat&d
(Figure 3.5A). LPS induced strongmit3 expression at 2h than fNE, peaking at 26-fold
above control for 12.5 ng/mL; however, no significant change occurred from 24-72h
(Figure 3.5B). E-fNE abolished the effectscof3 up-regulation by fNE and strongly
downregulated its expression at 72h, where 1% E-fNE decredSeskpression as low
as 27.5-fold below control (Figure 3.5C). Overall, fNE and LPS treatment guickl
increased expression ¢dl3 in DCs, but this effect tapered off with time. Upon removal
of endotoxin, E-fNE caused no significant changecl@ expression from 2-48h, but a
strong 27.5-fold down-regulation at 72h. Endotoxin appears responsilael &or

expression by fNE-treated DCs.
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Figure 3.5: ccl3 expression by Noni- or endotoxin-depleted Noni-treated BMDCs
compared to LPStreated BMDCs. BMDCs were treated for 2, 24, 48 or 72h with Noni
or endotoxin-depleted Noi at 1%, 5%, or 10% total media concentrations or with
corresponding levels of endotoxin (2.5-, 12.5-, or 25ng/ml LPS). Real-time RT-PER wa
performed on cDNA from the resulting samples. (A) fNE treatment of BMDE) LPS
treatment of BMDCs; (C) E-fNE treatment of BMDCs. Experimentsevwerfomed in
triplicate and data was analyzed by ANOVA followed by Bartlett's-pestt * p<0.05

** p<0.01 *** p<0.001

63



3.4.1.6. Chemokineligand-5 (Ccl5)

fNE treatment caused no significant changecld production at 2h, but a dose-
dependent increase was observed at 24h, 48h and 72h. Its production peaked at 72h for
10% fNE, where it was 62.5-fold higher than untreated DCs (Figure 3.6A). tLPS a
12.5ng/ml and 25ng/ml induced minimal expressioocts at 2h, then a much greater
expression from 24-72h, peaking at 78.4-fold at 2883 production remained
increased at relatively consistent levels for all concentrations $fftden 24-72h (Figure
3.6B). E-fNE caused no significant changealt8 expression from 2-48h, but again,
induced down-regulation of the gene at 72h, where 1% E-fNE caused a 19.7-fold

decrease, and 5% caused a 7.46-fold decrease (Figure 3.6C).
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Figure 3.6: ccl5 expression by Noni- or endotoxin-depleted Noni-treated BMDCs

compared to LPStreated BMDCs. BMDCs were treated for 2, 24, 48 or 72h with Noni

or endotoxin-depleted Noi at 1%, 5%, or 10% total media concentrations or with
corresponding levels of endotoxin (2.5-, 12.5-, or 25ng/ml LPS). Real-time RT-PCR was
performed on cDNA from the resulting samples. (A) fNE treatment of BMDE) LPS
treatment of BMDCs; (C) E-fNE treatment of BMDCs. Experimentsevwperfomed in
triplicate and data was analyzed by ANOVA followed by Bartlett's-pestt * p<0.05

** p<0.01 *** p<0.001
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3.4.2. RT-PCR Array

Based on the greater suppressive nature of E-fNE, we decided to furtimeneexa
some other genes involved in signaling pathways and adaptor moleculesdafiy &-
fNE. We performed real-time PCR array on 84 genes involved in TLR signaling and
several downstream pathways @B8; JNK, IRF, etc). iDCs were incubated with 5% E-
fNE for 2, 24 or 48h; total RNA was extracted, and real-time RT-PCR was mpeddo
assess the regulation of genes related to TLR signaling. Upregulatddvamegulated
genes, compared to non-stimulated DC controls, are represented in Table 3.1 and Table

3.2, respectively.
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Upregulated Genes (Fold Regulation)

Gene 2 hour p | 24hour | p | 48 hour
TIr2 2.7 | ***

TIr5 23| *

Cd14 1.7 | **

Hspala 2.1 | ** 32.8 | *** 560.3
Mapk8ip3 1.7 | *

Pelil 2.7 | ***

Ripk2 2.3 | *

Tollip 1.6 | **

Traf6 26 | *

Ifnp1 10.5 | *** 157.8 | *** 1596
II-1a 16.6 | ***

II-1b 28.3 | ***

1I-6 41.9 | *** 36.8 | *** 47.2
1I-10 18.7 | *** 15.7 | *** 1.6
Nfkb1 2| **

Nfkb2 1.8 | ***

Nfkbia 3.2 | *** 2.7
Nfkbib 1.8 | *

Nfkbill 3.1 | **#

Rel 4.7 | *¥** 23 | *

Tnfaip3 5.3 | ** 4
Jun 15| * 2

Mapk8 1.8 | *

Cebpb 2

Clecde 3.4 | **

Ptgs2 83 | *** 267.8 | *** 2.4
Cxcl10 15.8 | *** 6| * 47.2
Ifnp1 10.5 | *** 157.8 | *** 1596
Irfl 2.3 | **

Irf3 1.9 | ** 2.3
Thk1 1.7

Cd80 2.5 | ** 25 | * 6.6
Cd86 3.7 | ** 3.3
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Table 3.1:Upregulated genes of the
TLR signaling pathway by Noni

treated DCs. Non-stimulated BMDCs
were treated with 5% endotoxin-
removed fermented Noni exudate (E-
fNE) for 2, 24 or 48h. Total RNA was
extracted and real-time RT-PCR was
performed on the 84 genes of the TLR
pathway PCRarray from
SABiosciences. Arrays were
normalized to at least 2-5
housekeeping genes and compared to
non-treated BMDCs. Triplitate
PCRarrays were performed on 2h and
24h samples. Only one PCRarray was
performed on the 48h E-fNE sample
and one on the 48h non-treated DC
control. The delta-delta Ct method
was used to calculate fold change in
gene expression.



Downregulated Genes (Fold Regulation)
Gene 2 hour p | 24 hour p 48 hour
Tirl 2.6 | * -2.3
TIr2 -4.2 | *E* -15.2
Tir4 -5.3 | **
TIr5 -10.6
TIr7 -8.6 | * -4.2
TIr8 -299 | *** -228
TIr9 -5.5 | ** -6.7
Btk -6.0 | *** -5.3
Cd14 -9.1
Ly86 -22.8 | *** -18.6
Ly96 -3.4
Myd88 -5.2 | *** -9.5
Pelil -2.4
Ticam2 -3 | ** -6.5
Tirap 24 | * -13.9
Casp8 -3.8 | *¥** -10.3
Fadd -3.1 | ** -7.4
Irakl -9.6 | * -3.5
Map3k7 -2.9 | *E* -4.3
Ube2n -6.9 | ***
Ube2vl -2.3 | **
Ccl2 -2.2 | HE* -38.3
Ikbkb -4.2 | ** -10.6
II-1a -10.8
II-1b -76.6
II-1r1 -4.6 | ** -8.9
Map3k1 2.7 | *
Rela -10.3 | *
Tnf -15.4 | *
Tnfrsfla -3.5 | ** -3.4
Elk1 2.4 | *
Fos -5.9 | ** -9.6
Map2k3 -3.6 | *** -2
Map2k4 -25 | * -4.7
Map3k1 -2.8 | *
Map3k7 -4.3
Mapk9 -4 | EREE -6.5
Il-6ra -7.6 | ** -234
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Table 3.2: Downregulated genes of

the TLR signaling pathway by Noni
treated DCs. Non-stimulated BMDCs
were treated with 5% endotoxin-
removed fermented Noni exudate (E-
fNE) for 2, 24 or 48h. Total RNA was
extracted and real-time RT-PCR was
performed on the 84 genes of the TLR
pathway PCRarray from
SABiosciences. Arrays were
normalized to at least 2-5
housekeeping genes and compared to
non-treated BMDCs. Triplicate
PCRarrays were performed on 2h and
24h samples. Only one PCRarray was
performed on the 48h E-fNE sample
and one on the 48h non-treated DC
control. The delta-delta Ct method
was used to calculate fold change in
gene expression. Fold regulation
gives magnitude and direction of
regulated genes.



3.4.2.1. Toll-likereceptors(TLRS)

Bone marrow-derived DCs expressed higher levels of genes for TLRs 2,4,8 and 9
than TLRs 1,5 and 7; howevdir,3 was not expressedlr2 andtlr5 were upregulated
upon E-fNE stimulation after 2h. Then at 24h(1,2,4,7,8,9) were all downregulated
with tlr8 showing a striking 299-fold decrease. At 48H(1,2,5,7,8,9) all decreased with
tlr8 at 228-fold below untreated DCs.
3.4.2.2. TLR adaptorsand interacting proteins

At 2h, several adaptor molecules commonly associated with TLR2 were
upregulatedripk2, cd14, hspala) (Zhanget al., 2009); whiletirap andly96 (MD2),
which are commonly associated with TLR4, were downregulated.
By 24h, onlyhspala remained upregulated, and was joineddblyp, known to diminish
TLR2 and TLR4 responses in mammals. Many other adaptors were downredyéged (
(MD1), btk, myd88, tirap, andticam2). These genes were still downregulated at 48h and
were joined byd14 andly96. Hspala on the other hand, exponentially increased 560-
fold.
3.4.2.3. Cytoplasmic effectors

The only upregulated gene in the effector group tnaf, which was upregulated
at 2h. And by 24h, most effectors were downregulated includgg, fadd, irakl,
map3Kk7, eif2ak2, ube2vl andube2n. At 48h,casp8, fadd, irakl, map3k7, andeif2ak2
remain decreased.

3.4.2.4. NFxB pathway and target genes
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At 2h, nfkb1 andnfkb2 were upregulated by E-fNE treated DCs, along with the
inhibitors, nfkbia, nfkbib, nfkbil 1, andtnfaip3. Expression of cytoking&6, il-1a, il-1b,
il-10 andifng1 were also increased at Zbcl2 was the only gene significantly
downregulated at 2h.

By 24h,ifngl increased 158-fold compared to untreated DCsnéduib, il-6, il-
10, andrel expression remained upregulated. Downregulated genes iiof {db.4-fold
reduction),il-1r1, ikbkb (IKK-B), tnfrsfla, andmap3kl (MEKK-1).

The only cytokines remaining increased at 48h inclémgl, which exponentially
increased 1596-fold above untreated DCs,iaBdwhich remained steadylnfaip3 and
nfkbia inhibitors were also upregulated at 48h. Several cytokines were downregulated
(il-1a, il-1b, ccl2) along withikbkb (IKK- ), il-1r1 andtnfrsfla.

3.4.2.5. JNK/p38 pathway

E-fNE treatment of DCs resulted in increaseapk8 (JNK1) andun expression
by 2h. By 24hjun remained upregulated, but most of the p38 pathway genes were
downregulated includingnapk9 (JNK2), map2k3 (MKK-3), map2k4 (MKK-4), map3kl
(MEKK-1), elk1 andfos). All but map3kl andelkl remained downregulated at 48h, but
were replaced bgnap3k7.
3.4.2.6. NF/IL-6 pathway

The NF/IL-6 transcription factor is responsible for stimulating the promoter
region of the COX-2(tgs2) gene. Ptgs2 had the largest increase at 2h and 24h for all
genes in this pathway (83- and 268-fold, correspondin@ligc4e andcebpb (CRP2)

were increased at 2 and 24h, respectively. And g2 remained upregulated at 48h.
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Il-6ra, on the other hand, was the only gene downregulated in this pathway with a 7.6-
fold decrease at 24h and 234-fold at 48h.
3.4.2.7. Co-stimulatory markers

The gene focd80 was minimally increased at 2h, and batB80 andcd86 were
slightly induced from 24-48h.
3.4.3. FACSAnalysis
When treating DCs with Noni, we observed a striking difference in cell atteees well
as the monolayer morphology compared to untreated DCs and DCs treated with LPS.
These Noni-treated cells became very sticky even after only 2h éneiat@md in most
instances, cell scraping was required to collect enough cells for fuxieniraents. This
prompted further investigation to determine the phenotype of the cell population used in
these studies. Non-stimulated DCs were harvested after 7 days of cebuspended in
DC media and treated for 24h with fNE, E-fNE, LPS, E-fNE plus simultaneous addition
of LPS, or LPS for 24h then fNE or E-fNE for an additional 24h. Fluorescent-labeled
antibody staining was performed and analysis was carried out on the FAG&r Calne
results were confirmed in duplicate or triplicate runs.
3.4.3.1. Fermented Noni exudate (fNE)

Around 85% of the cells from all treatments were CD112Cs treated with fNE
minimally increased CD11IMac-3 cells by 6%, and a small increase was seen in the
CD11¢CD62L" population, compared to both DC and LPS controls (Figure 3.7).

However, CD83 expression doubled, similar to the LPS control, and CD40 expression
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quadrupled, although remaining 20% lower than LPS stimulated DCs. The

CD11¢Gr1'B220 population nearly doubled, but was similar to the LPS control.
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Figure 3.7: Surface marker expression of dendritic cellstreated with Noni or
Entotoxin-depleted Noni compared to L PS. BMDCs were treated with 5%

Noni, 5% endotoxin-depleted Noni or 100ng/ml LPS for 24h, then stained with
corresponding FITC- or PE-conjugated antibodies. (A) Non-stimulated CD11c+
BMDCs expressed low levels of CD83, Mac-3, CD62L and CD40. (B) Noni
treated cells expressed slightly elevated levels of CD83, Mac-3, and CD62L, but
large increase in CD40. (C) Endotoxin-depleted Noni stimulated a large mcreas
in Mac-3 and CD62L with only a moderate increase in CD40, and no change in
CD83. (D) LPS stimulated the largest increase in CD83 and CD40, however
there was no change in Mac-3, and a minimal increase in CD62L. All
experiments were perfomed in duplicate or triplicate to confirm the resulting
patterns.
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3.4.3.2. Entotoxin-depleted fer mented Noni exudate (E-fNE)

This visual phenomenon was observed for both fNE and endotoxin-removed fNE,
so we examined the surface phenotype of E-fNE-treated DCs as well. An g@e&zn lar
proportion became CD11c+Mac-3+, a striking 66% of the total cell population. And the
CD62L+ cells increased from 1.5% in the DC control (4% in the LPS control) to 30%
(Figure 3.7). CD11c+CD83+ cells remained the same after treatment ¥ii; E-
however, CD40 expression doubled. The CDGIt'B220 population nearly doubled
compared to the LPS control. Interestingly, E-fNE-treated cegbtbliincreased
expression of MHC class | molecule.
3.4.3.3. E-fNE with LPS (E-fNE + LPS)

To determine if endotoxin removal was responsible for the large increase in
Mac3" or CD62L" cells, and to assess its requirement for CD40 stimulation, we incubated
DCs simultaneously with E-fNE and LPS for 24h. This appeared to have no effect on
Mac-3 cells, and a very mild effect on CD62¢ells; however, CD40 expression was
increased to nearly that of LPS treated cells (Figure 3.8). HenceslieéSassary for
induction of CD40, but it does not significantly hinder the E-fNE induced differentiation

to Mac-3 and CD62L cells.
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Figure 3.8: Surface marker expression of dendritic cellstreated with Noni or
Endotoxin-depleted Noni and simultaneous addition of LPS. BMDCs were

treated with 5% Noni or 5% endotoxin-depleted Noni along with 100ng/ml LPS for
24h, then stained with corresponding FITC- or PE-conjugated antibodies. The
addition of LPS was not sufficient to block the transformation to Mac-3+ cells in
endotoxin-depleded Noni stimulated DCs. Although, it significantly increased
expression of CD40 for both Noni and endotoxin-depleted Noni samples.
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3.4.34. fNE post-L PS
Since immature DCs are known to have a high degree of plasticity, we decided to
mature DCs with LPS for 24h, followed by a 24h fNE treatment to determine thgtstren
of Noni’s effect on matured DCs. Indeed, maturation of DCs with LPS was notesuffic
in blocking the differentiation of DCs to Mac-3+ or CD62L+ cells by fNE, nor dittet a
the expression of CD83+ cells (Figure 3.9). The only marker affected byré®&ént
prior to fNE treatment was CD40. Its expression increased to levelsrdionite LPS

control.

76



9 22.6| ¥ 529 o 76.
a) ) b=
LPS24h © = 9
fNE 24h
24.7 68.1] 79.4
LPS 24h
E-fNE 24h

CD11c

Figure 3.9: Surface marker expression of dendritic cellstreated with Noni or
Entotoxin-depleted Noni, pre-treated with LPS. BMDCs were treated with

100ng/ml LPS for 24h, then subsequently with 5% Noni or 5% endotoxin-depleted
Noni for an additional 24h, and stained with corresponding FITC- or PE-conjugated
antibodies. Pre-treatment of DCs with LPS was not sufficient to block the
development of Mac-3+ cells for endotoxin-depleted Noni-treated DCs, and in fact,
appeared to augment the expression of Mac-3 for Noni-treated DCs. IsPS wa

responsible for the large increase in CD40.
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3.4.3.5. E-fNE post-LPS

LPS pre-treatment did not hamper the ability of E-fNE to increase Mac-3+ or
CD62L+ cells either. In fact, Mac-3+ cells actually increasedpared to E-fNE treated
DCs alone. CD83 and MHC-I expression remained unchanged compared to fNE
treatment; however, the CDITr1'B220" population minimally increased to its highest,
35% of the total cell population. Again, CD40 expression was increased to levels near
that of the LPS control, which were much higher than E-fNE-treated cells.

Here we show that LPS-matured DCs are not terminally differentiagedeg are
affected by fNE or E-fNE treatment to trans-differentiate from CDCI283hiMac-3lo
population to CD11c+CD83loMac-3hi population with an increasing population of
CD11¢Gr1'B220" cells.

3.5. Discussion

Overall BMDC treatment with Noni muted the level of inflammatory sigigatiompared
to proportionate levels of LPS. By removing endotoxin from Noni (E-fNE), therawas
shift from an early mild inflammatory response in BMDCs followed by a-tiegendent
increase in anti-inflammatory mediators. Endotoxin removal of Noni not only
encumbered expressiontaf, il-6, ptgs2, ccl3, andccl5 initiated by fNE, but actually
caused a decrease in their expression by at least 72h. This arrest ohatayfactors
was confirmed with real-time PCR arrays and revealed the eventuet soveinti-

inflammatory mediators with time.
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3.5.1. fNE and E-fNE decrease inflammatory mediators

In our experiments, fNE caused a decreadsfjml-6, ptgs2, ccl3 andccl5
compared to LPS controls, and upon removal of endotoxin, this decrease was even more
evident. It is possible this is achieved simply through a unique combination of pattern
recognition receptor (PRR) signaling brought about by the plethora of microbial
degradation compounds within fNE. Many microorganisms have been cultured from
non-pasteurized Noni juice, includiig coli; however, upon fermentation there remains
only one surviving microbe (personal communication). This plethora of microbial by-
products may induce a combination of receptors to limit production of genes involved
with inflammation.

Some of the most popular traditional uses of Noni targeted inflammation, where it
was often applied topically to treat arthritis, inflammation due to sprains orrbbakees,
general pains, and even taken internally to treat asthma (&/ahg2002) (Pawlust
al., 2007). With its resurgence in popularity as an herbal tonic, more research has been
conducted to identify components of Noni responsible for these effects. Constituents of
Noni fruit have previously been implicated in reducing inflammatory cytokines and
inhibiting 5-lipoxygenase activity (Warg al., 2002) (Denggt al., 2007). Furthermore,
Hiruzimi and Furusawa demonstrated that fermented Noni-ppt induced macroplsge cel
to produce lower levels of TN&-and IL-1b than LPS-induced cells; and IL-10
production was consistent between the two groups. These Noni-induced macrophage
cells were also responsible for the enhanced survival of mice with LLC tHicagumi

et al., 1999). Our results similarly show that is produced at much lower levels than
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LPS stimulated BMDCs (Figure 3.1), and by 24h it is actually downregulafdd\vels
are below control levels); andla andil-1b were stimulated early (Table 3.1) but by 48h
were also below control levels (Table 3.2). More recently, &alureported Tahitian
Noni Juice precipitate was shown to activate cannabinoid receptors, spgocdiBall
(Paluet al., 2008). This receptor is found mainly in T cells, macrophages and B cells, as
well as other hematopoietic cells and is responsible for mediating protegtiaéss
against inflammatory responses (Massa etl al., 2004). It has also been found that
Echinacea and several other botanicals activater&@#ptors (Radunet al., 2006;
Woelkartet al., 2008). These data support our findings that Noni-stimulated BMDCs
decrease inflammatory mediators. One mechanism of action may be thsjrtabili
activate CB receptors.
3.5.2. Endotoxin-depleted Noni up-regulates anti-inflammatory mediators

Noni was observed not only to down-regulate inflammatory cytokines, but also to
up-regulate anti-inflammatory mediators. With time, endotoxin-removed Naeiaised
levels of anti-inflammatory mediators in BMDCs suchfagl andhspala (Table 3.1),
while concomitantly decreasing inflammatory mediators (Table 3.2)h IBdt-3 and
HSP70 are implicated in treating chronic inflammatory maladies (Metsath 2007;
Olofssonet al., 2007; Coret al., 2009; Tacet al., 2009; Tanakat al., 2007) (Pockleyt
al., 2008). Type | IFNs are capable of anti-proliferative effects and oftdratae
hematopoietic suppressive signals (Platadias., 2005). It has been shown that Type |
IFNs increase NK cell activity, enhance phagocytic abilities of AP@kpeomote

cytotoxic properties of stimulated lymphocytes (Boreeal ., 1998) (Satat al., 2001).
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HSP70 was also demonstrated to activate NK cells (Multhatf, 1997; Grosst al.,

2003) via TLR2 and TLR4 (Aseat al., 2002). Recently, Li and colleagues reported the
necessity of NK cells and T cells for the tumor killing and preventative grepef

Noni (Li et al., 2008). Similarly, Furusawa al attributed the anticancer properties of
Noni-ppt to macrophages, NK cells and T cells (Furusawah, 2003). Our data,
revealing Noni-induced BMDCs increase productionfrdfl andhspala, may shed light
on the anti-cancer mechanisms of Noni observed by these studies.

Besides its NK-activating effects, HSP70 has been implicated as apaptbtic
and anti-inflammatory mediator (Hal al., 1994) (Yenaret al., 2005) and there are
several studies involving its use as an adjuvant for cancer therapies &habng007i;
Kumaret al., 2009; Wuet al., 2005). Recently it has been implicated in the protection
from inflammatory-drug induced colon cancer in a mouse model for inflammatory bowe
disease cancer (Tabal., 2009). On a mechanistic level, HSP induction inhibits pro-
inflammatory cytokines by inhibiting NéB. This inhibition is through the stabilization
of IkB; however the exact mechanism is still not clear (¥woa., 2000; Schelét al.,

2005). Hspala levels increase drastically with time in endotoxin-removed Noniddeat
DCs (Table 3.1), which may be partially responsible for the latent commitmanti-
inflammation. Since IkBanfkbia) levels are increased at 2 and 24h (Table 3.1), HSP70
may be essential for their stability and suppression afB\lIRflammatory responses. It
was recently reported that the anti-inflammatory effects of HSP70asigoally

dependent on IL-10 (Wietest al., 2009). And our data revealdedlO gene expression

was also elevated in BMDCs treated with endotoxin-removed Noni. Noni induction of
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hspalas a role in the inhibition of NdB-mediated inflammation should be further
investigated. The involvement of HSP70 in the stabilization of IkB and subsequent
inhibition of NF«B should be examined.

3.5.3. E-fNE inhibition of NFxB

There has been long standing evidence for the association of inflammation and
cancer, and NEB transcription factors are responsible for the production of many
inflammatory genes. TNE; IL-1 and IL-6 are programmed by the classicakBF
pathway and are associated with cancer progression (&alin 2005). IL-6 in
particular is associated with unfavorable prognosis in breast canceersmufZhangt
al., 1999). These inflammatory mediators are hijacked by the tumor microenvironment
to their own advantage, recruiting innate immune cells such as TAMs (tumoradsgoci
macrophages), tolerogenic DCs and regulatory T-cells to perpetuate thisnatiam
environment, allowing for angiogenesis and metastasis. In congruencaewtédative
association of inflammation and cancer progression, long-term use of NgAdDs
steroidal anti-inflammatories), both manufactured drugs and natural reyleave been
linked to reduced incidence of certain inflammation-associated cadeexbét al .,
2005; Fairfieldet al., 2002; Corleyet al., 2003). NSAIDs and botanicals such as green
tea, resveratrol and curcumin all have been shown to inhikBNSiddiquiet al., 2008;
Majumdaret al., 2009; Aggarwaét al., 2004; Aggarwat al., 2003). Our results show
that although fNE induces cytokine gene expression, its levat§ df1 andil-6 are
much lower than LPS. Noni’'s immunomodulatory properties may regulate the immune

system in a way that favors anti-tumor activity via inhibition okBF
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Our data show a clear trend in ®&B-inhibition by E-fNE. Not only are N&B
inhibitors (fkbia, nfkbib, nfkbill, tollip, tnfaip3) increased, bukbkb (IKK- ) is
significantly downregulated. Tollip is an inhibitor of IRAK-1 activation, howevergonc
TLR ligands are recognized and TLRs dimerize, Tollip is released and IRAlKapable
of activating IRAK-1 (Figure 3.10). Pellino is recruited with TRAF-6 torfiax
membrane complex (II) with TAB/TAK, then it causes poly-ubiquitination with
subsequent degradation of IRAK-1, releasing Complex Il into the cytosol. TAK1 the
activates IKKs and MKKs. IKK3 is responsible for phosphorylatingB and thus
releasing NkB dimers to enter the nucleus. As seen in Tables 1 and 2, many of these
NF«xB cascade genes are downregulated. ThisBNIRhibition could be one explanation
for anti-tumor and antiangiogenic properties of Noni, by limiting inffaatory immune
cell proliferation and lifting the suppression of apoptosis. This may also rexyigi

Noni enhances the effectiveness of certain chemotherapies.
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Figure 3.10:Toll-likereceptor signaling cascade. Upon engagement of TLR ligand,
receptors dimerize. This dimerization brings their cytoplasmicttagisther where TIR
domains can interact. IRAK4 and IRAK1 are brought together and IRAK4
phosphorylates IRAK1, allowing for the release of Tollip and its activation. Once
IRAK1 is activated, it is released from the receptor tail and binds to the BE/T
membrane-bound complex. Pellinol is a scaffold protein responsible for bringing6TRA
to the IRAKL/TAK/TAB complex. Pellino ubiquitinates IRAK1, allowing fos it
proteasomal degradation and subsequent release of the TAK/TAB/TRAF6 gomple
Upon complex formation, TAK1 is activated and phosphorylates IKKs, which in turn
phosphorylatedBs. PhosphorylatedBs are targeted for proteasomal degradation,
which releases the NB subunits and allows for their nuclear transmigration. Activated
TAK can also phosphorylate MKKs, which can then activate the p38 and JNK pathways.
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Experiments performed by Kawamur and colleagues presented antithetica
properties ofAgaricus blazei-treated BMDCs similar to the results we observed with
Noni-treated BMDCs A. blazei, an edible mushroom often consumed for purported
health benefits, activated DC maturation with respect to co-stimulatdriialC
molecules; however, inflammatory cytokine production was reduced when DEs wer
treated withA. blazel prior to LPS. This phenomenon was related to its capacity to
inhibit NF«B. InterestinglyA. blazei-treated DCs, although suppressing Tytokines
(IL-12p40), increased{L cell development and subsequent H-production in an
allogenic mixed lymphocyte reaction assay (Kawanetigd., 2005). These results are
similar to what we have observed with Noni-treated BMDCs and again point to the
inhibition of NF«B as a major mechanism of immunomodulation.

3.5.4. Cell surface expression of Noni-treated BMDCs.

Interestingly, we observed a strange phenomenon with the morphology and cell
adhesiveness of Noni-treated BMDCs. The underlying supportive monolayer in the
cultured bone marrow cells became elongated and much denser than in LPS or untreated
bone marrow cell cultures. When trying to collect these cells, they welte mmre
difficult to harvest than typical non-stimulated BMDCs or even LPS-stiediBMDCs.
After staining for several bone marrow-derived cell markers, we lednaedur Noni-
treated cell population had an increasing amount of Ma@{Bs. This effect was most
prominent in endotoxin-removed Noni-treated BMDCs. Simultaneous stimulation of
BMDCs with endotoxin-removed Noni and LPS did not abrogate this differentiation to

Mac-3" cells, but in fact slightly enhanced it. Since non-stimulated BMDCs are known to
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be very plastic, we then incubated the cells with LPS for 24h prior to endotoxin-removed
Noni treatment, but observed a nearly identical level of MazeBs as the original
endotoxin-removed Noni-treated BMDCs. The treatment groups highly positive for
Mac-3 also had a large increase in CDB2¢lls. Is it possible that endotoxin-removed
Noni is capable of transforming DCs into CD62honocytes and allowing for their
subsequent differentiation into Mac-&lls? This marvel encourages more research to
determine a more precise phenotype of these purported macrophage cells iaitdhe el
pathway by which Noni influences matured DCs to become macrophage-like cells.
3.6. Conclusion

With this study we hope to shed light on some of the anti-inflammatory and
anticancer mechanisms of Noni, in order to better understand this product thdtlhas he
long-standing native use for the treatment of many ailments and is receresigrgence
in popularity with the advent of Tahitian Noni ® and its approval by the European Food
and Safety Authority (European Food Safety Authority, 2009). Noni elicits anresdl
inflammatory response in BMDCs, followed by an anti-inflammatory nespdériggered
by high levels offns1 andhspala production and N&B inhibitors. This divergent
occurrence of pro- and anti-inflammatory mediators may give a unique rigédto T
immunity while quenching the undesirable effects of prolonged inflammati@tsol
causes trans-differentiation of BMDCs into macrophage-like cells expgedsc-3.
Further research is needed to determine whether these anti-inflammattiators are
indeed players in the anticancer effects of Noni. And further investigatiothie

known and unknown N&B inhibitory compounds in Noni would be of great value.
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SUMMARY

Since their discovery as mediators of innate and adaptive immunity, dendritic
cells have been fervently researched. Their ability to enhance innatearsediath as
NK cells, as well as process and present antigen to lymphocytes has led to threir use i
many immunotherapies. Scientists have put great effort into understandirgpthplex
nature in order to harness their power for enhancing or even distinguishing immune
responses. In this study, we have examined DCs in two different settingfs weir
observed the influence of fusion with tumor cells; and second, we tested the effects of
Morinda citrifolia on DCs.

In the first experiment, either immature or mature DCs were cladynfased
with tumor cells and their expression of inflammatory chemokine (CCL), chemokine
receptors (CCRs), and several other DC markers was evaluated. In immBD@sjrfusion
induced maturation with respect to CCLs, CCRs, and typical DC maturation sarker
however, mature DCs used for fusion, which already expressed the aforementioned
markers prior to fusion, proceeded to down-regulate CCLs, CCRs, and other markers of
maturation. This peculiar phenomenon of ‘de-maturation’ of DCs clarifies the areed f
immature DCs utilized in tumor fusion procedures. This is essential in order tdbave t
most effective DC-tumor hybridoma vaccine capable of migration to segolydgsh
tissues where they will be most effective at eliciting cell-medieg¢eponses against DC
presented tumor antigens.

The second experiment was aimed at expanding the knowledge of Noni as an

immunomodulator. Noni's popularity as a dietary supplement and immune enhancer is
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growing, and it is important to understand the mechanisms behind its purported actions.
It is a known activator of DCs, and consists of a wide variety of PAMPs frord kille
microflora after fermentation. So, we tested the ability of Noni to act@®via TLRs.
By analyzing genes in the TLR signaling pathway via real-time RT-P@Rpserved
that Noni stimulated production of anti-inflammatory mediators as well dsitinig
pathways downstream of TLRs, including®B= And an interesting find was that Noni-
treated DCs may actually have trans-differentiated into macrophdgle cel

Overall, DCs were shown to be activated by fusion to tumor cells and treatment
with Noni. Further experiments to confirm these findings at the protein level would be
advantageous. Chemotactic assays would benefit the first experiment. And further
investigation of the Noni-induced trans-differentiation of DCs into macrophages would

be of great interest. Lastly, since dB-inhibitors are generating much attention with

respect to anti-inflammation and anticancer therapies, the role of Noni a2l NF

inhibition may lead to novel drug discoveries.
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