
Dendritic cells (DCs) are highly potent
antigen-presenting cells of bone mar-
row origin that can stimulate both pri-
mary and secondary T- and B-cell
responses (1). First described by Stein-
man, DCs display a characteristic
veiled appearance with multiple
extending cellular processes. These
cells possess the necessary compo-
nents for potent antigen-presenting
functions, including the production of
a variety of important immunostimu-
latory cytokines and the expression of
critical cell-surface molecules.
Depending on their level of maturity,
DCs express prominent levels of MHC
class I and class II molecules, as well as
costimulatory molecules such as
CD40, CD80, and CD86. Animal stud-
ies show them to be responsible pri-
marily for sensitizing naive T cells in
their first exposure to antigen. Because
of this unique property in inducing
immunity, DCs have been termed
“nature’s adjuvant” (1).

Antigen distribution in the host
environment often favors uptake and
presentation by DCs rather than
macrophages or B cells, and subse-
quent migration of primed DCs to
lymphoid organs enhances targeted
presentation of antigens to the
immune system. More recently, it has
also been shown that murine mono-
cytes residing in subcutaneous tissue
can become lymph-borne DCs that
localize in draining lymph nodes (2).
Once in the lymph nodes, these DCs
can present both MHC class I– and
class II–restricted antigens and can
therefore stimulate both resident
CD8+ and CD4+ T cells. Whether the
migration to the lymph nodes is strict-
ly required for DCs to be competent to
stimulate these responses remains less
certain. In this regard, Banchereau’s
group has reported that in human
breast carcinomas, immature DCs can
reside within the tumor mass itself,
whereas the mature ones are located in

peritumoral areas (3). As possible evi-
dence of an ongoing immune response
in situ, some peritumoral areas of the
specimens showed T cells clustered
around the mature DCs, which resem-
bled clusters often reported for sec-
ondary lymphoid organs.

The maturation state of DCs
appears to be important for their opti-
mal use in immunization strategies,
with more mature DCs demonstrating
higher production of some key
cytokines (e.g., IL-12), increased anti-
gen presentation in vitro and in vivo,
and, at least in mice, increased local-
ization to draining lymph nodes and
more potent induction of broad T-cell
immunity and antitumor activity (1,
4). CD40L, LPS, monocyte-condi-
tioned medium, and TNFα have all

been used to promote DC maturation.
Human DCs can arise from bone mar-
row–derived and cord blood–derived
CD34+ hematopoietic cell progenitors
and also from PBMCs and CD14+

blood monocytes. Highly enriched
rodent or human DCs can now be pro-
duced in great numbers by culturing
progenitor cells in the presence of
cytokines, notably GM-CSF and IL-4,
with or without TNFα.

Virally infected human DCs can elic-
it potent proliferative and cytolytic T-
cell reactivity in vitro (5). In animal
models, immunization with antigen-
presenting DCs can result in strong
protective immunity to viruses (e.g.,
lymphocytic choriomeningitis virus,
LCMV) and to tumors (4, 6, 7). With
respect to the latter, tumor

antigen–pulsed DCs can successfully
treat established mouse tumors in
vivo. Tumor-associated and model
antigens, in the form of whole cell
lysates, apoptotic cell bodies, peptides,
proteins, RNA, and DNA have been
used and may initiate tumor-specific
CD4+ and CD8+ T-cell responses (7, 8).

DCs have now reached a watershed
— their efficacy in immunization
approaches for the protection from
and the treatment of human disease is
finally being tested. The establishment
of human DC cultures from the
peripheral blood of patients has facili-
tated their use as immunotherapeutic
agents, most notably in the treatment
of infectious diseases and against a
variety of human tumors. Initial clini-
cal trials involving DC-based immu-

nization of patients with
tumors of hematologic and
solid origin are promising:
subjects show increased anti-
tumor T-cell reactivity and
experience partial or complete
clinical responses (9–14). How-
ever, meaningful comparisons
of the immunologic and clini-
cal outcomes of these trials

have been complicated by variability
regarding the source of the DCs, their
level of maturity, the nature of the
antigen used to pretreat them, as well
as the dosing regimen and route of
administration used. An additional
complication centers on the fact that
these immunizations have been con-
ducted in advanced cancer patients
with various tumor types, at different
stages of disease, and with different
histories of previous therapy.

The study of Dhodapkar et al. report-
ed in this issue of the JCI represents an
important step toward optimizing
some of these variables (15). These
same investigators reported earlier in
the JCI that, remarkably, a single sub-
cutaneous injection of fewer than 3 ×
106 mature DCs could rapidly expand
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CD4+ and CD8+ T-cell immunity spe-
cific to several distinct antigens,
including keyhole limpet hemocyanin
(KLH), influenza matrix peptide (MP),
and tetanus toxoid (TT) (16). Signifi-
cantly, these immunizations were con-
ducted in normal, healthy volunteers
with control immunizations of antigen
alone (without DCs) and DCs alone
(without antigen) to determine their
separate contribution, if any, to the
response. The immunologic monitor-
ing comprised state-of-the-art assays of
high sensitivity and specificity. In the
current report, Dhodapkar et al. follow
up on a cohort of these previously
immunized volunteers to examine the
durability and kinetics of the immuno-
logic responses to KLH, TT, and MP, as
well as the impact of providing a boost-
er injection of MP-primed, mature
DCs. The CD8+ T-cell immune
response to the MP peptide after the
booster immunization was more rapid
and of greater magnitude than the first
immunization. These responding T
cells could also recognize lower doses
of the peptide. Moreover, the booster
injection of the antigen-primed DCs
was efficacious in the absence of any
provision of additional epitopes to elic-
it help to the responding CD8+ T cells.

Which road will human DC-based
vaccines now travel? Additional key

comparisons remain to be done. The
present studies point to the use of
mature, rather than immature, DCs
and the subcutaneous, rather than
intravenous or intranodal, immuniza-
tion, but their level of significance can
be ascertained only by comparative,
randomized studies. Moreover, if
mature DCs are shown to be more
beneficial in immunization, addition-
al issues remain: how best to optimize
DC maturation? Which source of anti-
gens — apoptotic cell bodies, lysates, or
peptides — should be delivered to DCs
to optimize the response? Does it mat-
ter whether DCs are generated from
CD34+ progenitors or from mono-
cytes? Data are eagerly anticipated
from direct clinical comparisons that
will address these questions.
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