Dendritic Cells: A Lesser known
Part of the Immune System
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Immunology haslong focused on therel ationship
between lymphocytes and antigens, however their
presencein asystem doesnot alwayslead to effective
immunity. To completethe picture, thedendritic cells
(DCs) act asinitiatorsand modul ators of theimmune
response!. DCsare antigen-presenting cells (APCs),
which meansthat their principlefunctionisto collect
and relegate antigensto lymphocytesand antibodies.
Found in aimost every type of tissue, including
lymphatic, blood, and skin, they werefirst described
by Ralph Steinmaninthe early 1970s. Becausetheir
processes closely resembled the dendrites of nerve
cells, they were named dendritic cells. At that time,
maost immunol ogistscons dered macrophagesasbeing
theimmunesystem’sprincipletypeof APC, sincethey
were much moreabundant and uniformly distributed
inthe body. Inthe early 1990s, the devel opment of
new techniquesfor isolating and growing large number
of DCs in cultures led to an explosion of new
information about the significance of DCsin the
immune system. In short, DCs are crucial to the
presentation of peptides and proteinsto T- and B-
lymphocytes, as well as the induction of T-cell
responsesresultingin cell-mediated immunity?.

Among new findingsinrecent yearsisthediscovery
that DCsarenot derivative of asinglecell type, but a
heterogeneouscollection of cdllsthat havearisenfrom
distinct, bone marrow-derived haematopoietic
lineages®+>87, Currently there are at least three
different pathwaysthat have beenidentified, each of
which has its own distinct progenitors, specific
combinations of cytokinesthat drive devel opmental
events, aswell astheir own speciadized functions®*°67,
CD34+ progenitor cellscan enter ether thelymphoid-
related DC pathway or the myeloid DC pathway.
Lymphoid pathways lack a few characteristics
commonly found in myeloid pathways, such the
absenceof defined surface phenotypesCDI b, CD13,

CD14, and CD33 3. Recent studies have
demongtrated thedeve opment of lymphoid DCsfrom
thymic progenitorsstimulated with Interleukin 3 (1L-
3), aswd| asfromlymphoid precursorsin humantonsl
treated with CD40 ligand (CD40L)"®. Thusfar, they
have been attributed to the promotion of negative
selection inthethymusand being co-stimulatory for
CD4+ and CD8+ T-cells, therefore it has been
suggested that thistype of DC possesses more of a
regulatory effector function rather than astimulatory
function®.

Theother two developmental pathwaysfor DCs
are associated with themyeloid lineages. They are
specia inthe sensethat their development involves
the expression of certain phagocyte-associated
features. These DCs are derived from multipotent
CD34+ progenitor and periphera blood mononuclear
cells (PBMCs), and are then divided into two
subgroups. Themost significant characteristic of one
of thegroup isits strong expression of CDlat+ and
lack of expressionfor CD143, whiletheother group
of myeloid origin DCs are typical of CD la- and
CD14+3. Upongimulationwithaspecificcombination
of colony stimulating factors, lymphoid progenitors
giverisetolymphoid DCs; CDla+CD14- myeloid
precursorseventually giveriseto Langerhansrel ated
DCs, and CDla-CD14+ myeoid precursorsgiverise
tointerdtitial related DCs.

Initially, these DCsmigrateto and residein body
surfaces and interstitial spaces asimmature DCs,
incgpableof stimulating T-cells. At thisstage, they are
characterized by having abundant major
histocompeatibility complex (MHC) 1l productswithin
their intracellular compartments and they respond
rapidly to inflammatory cytokinesand microbial
productsto produce mature T-cell stimulatory DCs
with abundant surfaceMHC 1 proteins, which present
peptides that have been digested from external
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Figurel. Creation of avaccineusing dendritic cells.

sources®. Although they aretill not yet well-equipped
for T-cell activation, they areextremely efficient at
capturing and processing antigens— akey eventin
theinduction of immunity. Itisthisability tointeract
with antigensthat enablesthe induction of thefull
meaturation and mobilization of DCs.

Thereareafew festuresthat alow for theefficient
capturing of antigensby immature DCs. Firgt, their
phagocytotic ability allowsthemtotakeup particles
and microbest. Second, they canformlargepinocytic
vesiclesinwhich extracelular fluid and solutescanbe
sampled, inaprocesscaled macropinocytos s, Lasdlly,
they expressreceptorsinvolvedin absorptive receptor
mediated endocytoss. With respect to pinocytosisand
receptor mediated antigen uptake, they areso efficient
at antigen presentation that picomolar and nanomolar
concentrationsof antigen aresufficient, whichismuch
lessthanthemicromolar leve of antigentypicaly used
by other type of APCs'. However, these abilities
declinerapidly after the DC has captured an antigen,
and thisdecline subsequently initiatesthe signal for
thematuration of the DC.

A range of factors, particularly microbial and
inflammatory productslikewholebacteria, cytokines

such as IL-1, GM-CSF, TNF-a, and TGF-3,
influencethe maturation processof DCs'. Themost
distinguishing characteristic of matured DCsistheir
display of large extended processesor veilspointing
inmany directionsfrom the cell body, in addition to
their rapid motility compared toimmature DCs. Their
shapeand motility makethem especialy efficient at
capturing antigens and antigen-specific T-cell
selection.

During the maturation process, MHC class|| rich
compartments (M11Cs) start to be converted to non-
lysosomal vesiclesand transport their MHC-pegptide
complexesonto cell surfaces'*2, Oncefully matured,
theDCsmigrateto specificlymphoidtissuesto present
theantigento naive CD4+ T-cellsand CD8+ cytotoxic
T-cellsand thusactivatethe T-cells®. Onceactivated
by DCs, the T-cells are ready to €elicit a primary
immuneresponse, such asinteracting with B cellsfor
antigenformation, or interacting with macrophagesfor
cytokinerdeaseandtargetingfor lysis'. Because DCs
are so effectiveinwhat they do, only afew DCsare
needed to dlicit astrong T-cell response bothinvitro
and in vivo.

Theideathat theimmune system could control
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cancer has been proposed and toyed with for over
two centuries since the first evidence of cancer
regress onfollowing non-specificimmunogtimulaion
by bacterial components®. An extreme exampl e of
thelink between failedimmunity and cancer iscervica
carcinomawhereinfection by the human papilloma
virusisassociated with 89 percent of al cases. Many
tumoursinduceimmunetolerance, thusin order for
thefull effect of immunotherapy to take effect this
tolerance must be broken. Thisiswherethedendritic
cellscomeinto the picture asthe vehicleto present
thetumour-associated antigen to theimmune system.

Under normal conditions, induction of effective
tumour immunity can be described as a four-step
process involving presentation and recognition of
tumour-associated antigens (TAAQS) in tissues,
activation and trafficking of DCsto regional tumour-
draininglymphnodes, followed by activationof TAAg-
specific cytotoxic T lymphocytes(CTLs) and, lastly,
migration of CTLstothetumour stewhicheventudly
leadstotheinduction of cancer cdll desth. Thisiswhat
commonly referredto as”immunesurveillance’ 151617,

Escapefromthisimmunesurveillanceisbeieved
to beafundamental biological feature of malignant
diseasein humans, which contributesto uncontrolled
tumour growth, and the eventua death of the host™.

Theconnection between tumoursand poor immune
response havebeenwel documentedinanima models,
and to someextend in humansaswell. A study done
by Radmyar et al. demonstrated that a substantial
amount of DCscould be obtained from the peripheral
blood of patients with renal cell carcinoma, that
possessed the normal expression of DC-associated
molecules, but that lacked T-cells, B cells and
monocyte markers®.

INn 1997, astudy by Gabriolovich et al. evaluated
the T-cdll responsesto defined antigensin breast cancer
patients. It wasfound that the advanced breast cancer
patients showed defectsin responseto tetanustoxoid
and influenza virus, suggesting that reduced DC
function could be a mgjor cause for the observed
defectsinthepatients cdllular immunity?. Ninomiya
et al. showed that DCs from patients with
hepatocellular carcinomahad asignificantly lower
capacity tostimulate T-cell proliferation comparedto
DCsisolated from patients with liver cirrhosis or
normal controls®. Almand et al. showed that defective

DC function in patientswith head and neck cancer
was the result of a decrease in the number of
competent DCsand the accumulation of immature
cells2. All of these studiesimply to somedegreean
important rel ationship between the proper functioning
of DCsandimmunity in patientswith cancer.

Giventher centrd rolein controllingimmunity, DCs
arethelogical focusfor much clinical research that
centres around T-cells, including transplantation,
alergy, autoimmune disease, resistanceto infection
and to tumours, immunodeficiency, and vaccines'.
What makesthem agood candidate for anti-cancer
therapy istheir ability to migratethrough tissuesand
infiltrateinto tumours, aswell astheir capacity to
activatenaiveT-cdlsinregiond lymphnodesandtheir
differentiationinto CTLs, andlastly their roleasAPCs
andtheir cagpacity to processand present awiderange
of different antigens (also known as Ags)
simultaneoudy*. Thesmultaneous presentation of a
widerangeof different Agsalowsfor theinduction
of abroad repertoireof anti-tumour immuneresponses
to occur®.

Inanimalsthisstrategy of using tumour antigen-
bearing DCs has been shown to |ead to protection
against tumoursand even areductionin the size of
established tumours®2+%, The current application of
DCsinanimal tumour modelsinvolvestheinvitro
isolation of DCs, loading them with tumour Agsand
eventudly injecting theminto animal sasanti-cancer
vaccines. Thiscan also be used therapeutically to
induceregression of pre-existing tumours®. Therange
of objectswith which DCsare capableof loading is
not limited solely to tumour antigens; loading with
tumour lysates, tumour Ag-derived peptides, synthetic
MHC classl| restricted peptidesand whole proteins
have all been demonstrated to generate tumour-
specific immune responses and anti-tumour
activities?" 282930,

Inrecent years, advancesin the understanding of
dendritic cell function and immunity have madethe
DC-based anti-cancer therapy in humanspossible.
Thefirst successful case using autologous ex-vivo
processed DCsto treat malignancy wasreportedin
1996 3. Although things like the mode of antigen
delivery of DCs, themethod of DC manufacturing,
aswell asthetarget Stesthemselves, may vary among
theclinica trids, thecommonthemeuniting themall
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isthat DCs are used to deliver tumour associated
antigens. Varioussystemshave beenincorporatedinto
delivering TAAgstothe DCs, such asusing defined
peptides of known sequences, using retroviral and
adenoviral vectors, tumour cell-derived RNA, and
evenfusing DCswith tumour cdlls2%, Unfortunately,
nothing isever perfect. Before DC-based vaccines
can beformally recognized asagood supplement to
anti-cancer therapy, afew obstacles still need to be
overcome. Thefirst obstacleisto have asufficient
amount of DCs since they are notorious for their
scarcity inthebody. Naturaly, it would bebeneficial
to find alternative waysfor obtaining areasonable
amount of DCs. A common method for accumulating
DCs currently used in many research fieldsisthe
culturing of CD14+ monocyte-enriched PBMCsin
vitro, such that mediasupplementslike granulocyte
meacrophage-colony stimulating factor (GM-CSF) and
interleukin-4 (IL-4) canbeadded®. Thismethod dlows
for the production of alarge number of cellsthat are
both morphologically and phenotypically very smilar
tothe DCsthat arenaturally produced inthe body34,
However, these cytokine-generated DCs cannot
mature on their own, they require the addition of
meaturation factorsin vitro, such astumour necrosis
factor-a (TNF-a) or interferon-a (DFN-a) in order
for themto primeAg-specific T-cdll reponsesinvitro
and invivo®3". The maturation step isimportantin
that without it DC phenotypeswouldtendtorevert to
that of the monocyte and thus be unable to induce
srongimmunity.

The process of DC isolation is aso of special
concern, becausethemost widely used density-based
isolationislimited directly by thelow frequency of
DC precursors in the blood (about 1 percent of
PBMCs)*. The most popular technique to combat
thisproblem isthe use of leukopheresis, for which
blood isdrawn out from one arm and passed through
ameachinethat autometicaly removesmany whitecdls,
and then returns the remainding blood back to the
other arm. This hasbeen proven to be much more
efficient inisolating sufficient numbersof DCsfor
therapeutic vaccination in humans. The degree of
activation of these DCsisasoimportant; inactivation
would lead to appropriate antigensand co-stimul atory
molecules, required to activate T-cells, not being
expressed.

Lastly, the effectiveness of the DC-based
vacci nation depends on the route of administration.
DCs could be administered generally by systemic
injection, or more specifically by being injected into
therelevant lymphoid organs. Therehasyet to beany
conclusive evidenceto show the benefit of one over
the other.

Theresearch surrounding DC-based vaccination
against cancer isstill initsinfancy; much morestill
need to belearned. Theresultsfromvariousclinical
trials over the years have produced many exciting
findingsand theoutl ook isquitepromisingfor thisfied
of research.

At the present time, the choices for suitable
candidate Agsarelimited by thefact that only few
TAAgshave been identified and proven suitablefor
the loading and priming of DCs, but with the new
advancesin gene mapping and isol ation, the number
of suitable candidates are continually expanding®+.
L ately, there hasbeen suggestion of potentia benefits
inadminigtering DC activatorsin combinationwithDC
vaccination, which may enhanceaswell asmagnify
theability of DCsinédliciting strong T-cell responses.
Ultimately, there hasto be some consensus between
theresearcherswith regard to optimal approachin
assessing immune responsesin patients undergoing
these therapies, as well as with respect to the
vaccinationitself. All indl, thefuturelooksbright for
theuse of DCsasan effectivetherapy tofight cancer.
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