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Abstract

Dendritic cell (DC) function will likely be important for immunological cancer therapies, but our knowledge of the roles of
DCs in tumors is limited, in part because most studies were performed before DC subtypes were defined. We studied the dis-
tributions of immature epidermal, immature dermal, mature, and plasmacytoid DCs in 63 primary tumors and eight lymph
node metastases from oral squamous cell carcinoma patients without evidence of distant metastasis. Immature CD207/Lang-
erin+ and CD209/DC-SIGN-+ DCs were present in the primary tumor region, but CD209/DC-SIGN+- cells rarely infiltrated
the tumor. Mature DCs were rare, and presence of CD123+ plasmacytoid DCs was associated with poorer outcome. Unex-
pectedly, migration and maturation of DCs was associated with a worse outcome. Overall, the distribution of DC subtypes
indicated that ineffective DC response to tumor is a failure of DC function rather than recruitment, suggesting that a strategy
of shifting the balance of secreted factors in the tumor milieu may be more effective in restoring anti-tumor immune function
than current methods restoring only one population of DCs to the immunosuppressive tumor region.
© 2007 Elsevier Ireland Ltd. All rights reserved.
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therapy for multiple malignancies [1,2], but their
usefulness may be limited without a better under-
standing of the roles of DCs during the development
and progression of human cancer.

Multiple subsets of DCs play roles in the normal
immune response in the oral cavity. Two subsets of
myeloid immature dendritic cells, the dermal/inter-
stitial and epidermal, collect antigen from tissues,
then migrate to the lymph nodes and mature into
antigen-presenting cells to induce an adaptive
immune response [2]. Plasmacytoid dendritic cells,
although historically known for amplifying antiviral
immune responses in the lymph nodes, have recently
been found in the primary tumor region of multiple
types of human cancer [3-7].

Although many studies have examined the pres-
ence of DCs in cancer, they have generally been con-
fined to one or two subtypes of DCs. These limited
results are often contradictory, a problem exacer-
bated by the observation that tumors arising at dif-
ferent primary sites show significant differences in
their interactions with the immune system. It is dif-
ficult to extrapolate the limited findings from one
site to an overall understanding of the roles of dif-
ferent DC populations in cancer [3,5,8,9].

To gain a more comprehensive understanding of
the specific roles of DC subtypes in a primary
tumor, we investigated the recruitment and infiltra-
tion of dendritic cells and other leukocytes in pri-
mary squamous cell carcinoma of the oral cavity
(OSCC) using a panel of antibodies that recognize
a wide array of subsets and maturation stages.

More than 300,000 new cases of OSCC are diag-
nosed each year around the world. Despite advances
in treatment, this malignancy is associated with a
long-term survival rate of around 50%, which has
been slow to improve over the last 40 years
[10-12]. Since surgical removal of the primary
tumor precedes treatment with radiation and/or
chemotherapy for the majority of patients, a better
understanding of the immune response in the
primary tumor may improve treatment decisions.

2. Materials and methods
2.1. Study population

Paraffin-embedded slides from 63 patients with newly
diagnosed squamous cell carcinoma of the oral cavity
were selected from the archives of the Hospital of the Uni-
versity of Pennsylvania upon the basis of pathological
lymph node status, absence of distant metastasis, and

availability of material. Clinical factors and survival data
were obtained from chart review and the Social Security
Death Index and subsequently de-identified at the Univer-
sity of Pennsylvania under IRB approval. Tumors were
pathologically staged according to AJCC guidelines. No
attempt was made to identify sentinel lymph nodes. Four
patients with and without lymph node involvement were
selected for lymph node examination. Forty-one (65%)
patients were alive at the time of statistical analysis; for
these patients, the median follow-up for survival was 4.8
years, with a range of 1.8-7.2 years.

2.2. Immunohistochemical staining

For DC-LAMP (clone 104.G4, 1:50, Beckman Coul-
ter, Fullerton, CA, USA) staining, sections were incu-
bated with trypsin for 10 min at 37 °C. For Langerin
(clone 12D6, 1:50,Vision BioSystems Inc., Norwell,
MA, USA) and DC-SIGN (clone DCN46, 1:40, Pharm-
ingen, San Diego, CA, USA), sections were incubated
in 10 mM sodium citrate buffer (pH 6.0) for 10 min at
95°C. Slides were allowed to cool for 20 min, then
blocked against endogenous peroxidase by incubation
in 0.6% H,O, in PBS at room temperature for
20 min. Slides were washed in PBS, incubated at
37°C for 1h with diluted antibody, then washed and
incubated with biotinylated secondary antibody (Vector
Laboratories, Burlingame, CA, USA), washed again,
and bound with a streptavidin-peroxidase conjugate
(Dako, CA, USA). Bound antibody was visualized
using DAB or NovaRed (Vector Laboratories, CA,
USA). For CDI23 staining (clone 9F5, 1:400,
Pharmingen, CA, USA), the streptavidin conjugate
was amplified by a 3 min incubation with tyramide
(Perkin-Elmer, Wellesley, MA, USA) and then a second
incubation with streptavidin-peroxidase before visualiza-
tion. Slides were counterstained in hematoxylin (Dako,
CA, USA), washed and dehydrated, then permanently
mounted with Clarion (Sigma—Aldrich Corp., St. Louis,
MO, USA). For CD56 (clone 123C3, 1:10, Caltag,
Burlingame, CA, USA), sections were microwaved in
citrate buffer (Lab Vision Corp., Fremont, CA, USA)
twice for 4 min and staining was performed using a
similar method with a Dako Autostainer (Dako, CA,
USA).

2.3. Evaluation of stains

Slides were scored blind to outcome. For each anti-
body, slides were scored semiquantitatively into four
groups: 0, 1+, 2+, and 3+ based on approximate numbers
of stained cells (see Supplementary Figs. 1-4). For cell
quantitation in lymph nodes, 4-10 lymph nodes were
examined per patient. Lymph nodes were obtained from
varying levels on the affected side of the neck for seven
patients (one NO patient included lymph nodes from the
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opposite side of the neck) and examined using a Leica
DMRA?2 microscope (Leica Microsystems Inc., Bannock-
burn, IL, USA). Four representative pictures of each
lymph node at 10x were captured and analyzed using
the Nuance Multispectral Imaging System (Cambridge
Research and Instrumentation Inc., Woburn, MA,
USA). Nonspecific background staining was subtracted
from each image individually. Spectra were defined for
the Nuance system by using known positive cells. Images
were unmixed using Nuance software, cells were counted
using the UTHSCSA ImageTool program (developed at
the University of Texas Health Science Center at San
Antonio, Texas and freely available from the Internet),
and mean cell count was calculated for each lymph node.

Tests of association between categorical variables were
performed with Fisher’s exact test. Survival was estimated
by the method of Kaplan and Meier and differences in
survival among groups were assessed by the log rank test.
Differences in mean values of lymph node measurements
between groups were evaluated using random effects mod-
els [13], which take into account the correlation between
repeated measures that arise from multiple lymph node
samples taken from the same patient. All reported p-val-
ues are two-sided. Significance was defined as p <0.05.
Statistical analyses were performed with SPSS V12.0
(SPSS Inc., Chicago, IL, USA), Stata V8.0 (Stata Corp.,
College Station, TX, USA), or the %> and Fisher’s exact
probability calculators at http://faculty.vassar.edu/
lowry/VassarStats.html and http://faculty.vassar.edu/
lowry/fisher.html.

3. Results
3.1. Dendritic cell infiltration of the primary tumor

A series of 63 patients with squamous cell carcinoma
of the oral cavity (Table 1) was examined for the presence
and pattern of leukocyte infiltration of the primary tumor.
Both intranestal (infiltration between the malignant cells)
and extranestal (located in bands of tissue surrounding
groups of malignant cells) invasion of the tumor area
was seen (Fig. 1). Two subsets of immature DCs (Langer-
in+ epidermal and DC-SIGN+ dermal/interstitial) were
distinguished by specific antibody staining and showed
differing patterns of infiltration of the primary tumor
(Fig. 1a, b). A high number of intranestal immature Lang-
erin+ epidermal DCs was significantly associated with the
ability of the tumor to invade angio/lymphatic vessels
(p =0.009) but not the ability to invade perineurally
(p =0.795, Table 2). Mature DC-LAMP+ DCs were pres-
ent in significantly fewer patients than the immature DC
subsets (p <0.001), and were predominantly extranestal
when present (Fig. 1c, d). The presence of mature DC-
LAMP+ DCs was not significantly associated with any
clinical factor including lymph node metastasis
(p =0.380, Table 2). Lymph node metastasis was not

Table 1
Characteristics of 63 oral squamous cell carcinoma patients
All patients n=063 100%
Age
<=060 35 55.6
>60 28 44.4
Gender
Male 46 73.0
Female 17 27.0
Pathological T stage”
1 17 27.9
2 17 27.9
3 6 9.8
4 21 34.4
Pathological N stage
NO 30 47.6
N1 8 12.7
N2b 19 30.2
N2¢ 6 9.5
Angio/lymph invasion
Negative 54 85.7
Positive 9 14.3
Perineural invasion
Negative 39 61.9
Positive 24 38.1
Prior treatment
No prior treatment 60 95.2
Prior surgery 2 32
Prior surgery/chemotherapy/radiation 1 1.6
" n=6l

significantly associated with presence or absence of any
dendritic cell population in the primary tumor (data not
shown).

Multiple dendritic cell patterns were associated with
decreased survival. Although the majority of DC-SIGN+
immature dermal DCs were present outside the tumor
margin, their presence intratumorally was significantly
associated with decreased survival (p <0.0001, Fig. 2c).
The presence of CDI123+ plasmacytoid dendritic cells
(pDCs) was also significantly associated with decreased
survival (p <0.0001, Fig. 2d). Since pDCs are known to
activate NK cells, we examined 25 of 63 tumors for NK
cell infiltration (Fig. 3a). High numbers of pDCs were
not associated with the presence of CD56+ NK cells,
which were rare in all cases studied (p = 0.712, Fig. 3b).

3.2. Leukocyte response in the draining lymph nodes

The draining lymph nodes of eight patients (4 NO, 1
N1, 2 N2b, 1 N2c) were quantitatively examined for the
presence of immature epidermal Langerin+ DCs, mature
DC-LAMP+ DCs, and CD123+ pDCs, with a total of 18
lymph nodes from N+ patients and 43 lymph nodes from
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Fig. 1. Myeloid dendritic cell subsets display different patterns of primary tumor infiltration. Immature Langerin+ dendritic cells were
predominantly present within the tumor area, both intranestal (A) and extranestal (A), 20x (a). Immature DC-SIGN+ dendritic cells were
predominantly present outside the tumor area (&), 5x (b). Mature DC-LAMP+ dendritic cells (A) 20x (c) were present in fewer patients
than the immature DC subsets (d).

Table 2
Specific clinical factors are associated with the extent of infiltration of dendritic cell subsets

Clinical factor Present Dendritic cell factor P-value

Langerin+ intranestal infiltration

Low (0-1+) High (2-3+)
n=734 n=29
Angio/lymph invasive No 33 (97.1) 21 (72.4) 0.009
Yes 1(2.9) 8 (27.6)
Perineurally invasive No 22 (64.7) 17 (58.6) 0.795
Yes 12 (35.3) 12 (41.4)
DC-LAMP+ extranestal infiltration
Low (0-1+) High (2-3+)
n =48 n=14
Node positive at time of surgery No 24 (50.0) 5(35.7)
Yes 24 (50.0) 9 (64.3) 0.380

High intranestal infiltration of Langerin+ immature dendritic cells were correlated with angiolymphinvasion but not perineural invasion
by the primary tumor. High levels of DC-LAMP+ mature dendritic cell invasion of the primary tumor were not associated with lymph
node metastasis. ( ) indicates the column percentage for each clinical factor.

N-patients. The extremely high numbers of DC-SIGN+ not shown). We compared DC measures in uninvolved
cells normally present in lymph nodes prevented a similar lymph nodes between the four metastatic and four non-
quantitation process for the immature dermal DCs (data metastatic patients, stratified by level (a clinical measure
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Fig. 2. Patient survival is correlated with specific dendritic cell patterns and extents of infiltration of the primary tumor. High levels of
extranestal (A) but not intranestal (A) DC-SIGN+ immature dendritic cell infiltration, 20x (a, c) and the presence of predominantly
extranestal (A) CD123+ plasmacytoid dendritic cells within the primary tumor, 20x (b, d) were correlated with decreased survival.

a Intratumoral CD56+ NK Cell Infiltration
] NN LY P

b Intratumoral Co-infiltration of CD123+ Dendritic Cells and CD56+ NK Cells

CD56+ NK Cells P-value
Intratumoral CD123+ Plasmacytoid Present Absent
Dendritic Cells =4 n=21
Absent 2(3000  13(61.9)
Present at 2(30.0) 6(28.6)
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Present at
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Fig. 3. Presence of intratumoral plasmacytoid dendritic cells does not correlate with NK cell recruitment into the primary tumor. CD56+
NK cells were rare in patients with and without CD123+ plasmacytoid dendritic cell infiltration, 20X (a, b). Patients with high levels of
CD123+ plasmacytoid dendritic cell infiltration did not display increased NK cell infiltration (b). () indicates the column percentage.

of distance from the tumor), using a random effects
model, which takes into account the multiple correlated
data points within each patient. For all DC types exam-
ined, the numbers of DCs in tumor-burdened lymph
nodes were comparable to the numbers in the uninvolved
lymph nodes at the same level (Fig. 4a—c). The numbers of
mature DC-LAMP+ DCs were significantly higher in the
uninvolved lymph nodes of metastatic patients as com-
pared with nonmetastatic patients at level 2 (p <0.001)
and level 3 (p = 0.03) (Fig. 4a). The analysis also showed
a trend of decreasing numbers of DC-LAMP+ DCs with
increased distance from the primary tumor (e.g. level 1

versus level 3) in both metastatic and nonmetastatic
patients (Fig. 4a). A similar number of Langerin+ imma-
ture epidermal DCs were noted in metastatic and nonmet-
astatic patients at all levels (Fig. 4c). Numbers of CD123+
pDCs were lower in the uninvolved lymph nodes of met-
astatic patients as compared with nonmetastatic patients
at all levels, but the differences were not statistically signif-
icant (Fig. 4b). The large interpatient variation yet low
intrapatient variation among multiple data points within
the group of nonmetastatic patients (Fig. 4d) likely
resulted in lower power to detect group differences in
the statistical model.
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Fig. 4. Metastatic patients display a different pattern of lymph node immune response from nonmetastatic patients, even in tumor-
negative nodes. Tumor-burdened lymph nodes and uninvolved lymph nodes, stratified by metastatic status and level, were examined for
the presence of DC-LAMP+ (a), CD123+ (b) and Langerin+ (c) dendritic cells. Closed and open symbols represent lymph nodes in
metastatic and nonmetastatic patients, respectively. For CD123, mean differences between metastatic and nonmetastatic patients were not
significant, due to large interpatient variation yet low intrapatient variation in the nonmetastatic patients (d). Lymph nodes from

individual patients are labeled by patient identification number.

4. Discussion

Although dendritic cells are believed to be impor-
tant in stimulating and regulating an anti-tumor
immune response, the specific mechanisms of that
control are not yet understood. Previous work in
primary tumors, although extensive, has evaluated
an incomplete set of DC populations. By examining
multiple populations of DCs in a single patient
cohort, we show that the dendritic cell response at
the primary tumor is impaired at multiple steps.

The first step of DC response to a primary tumor
involves the capture of antigens by immature DCs
[2]. However, immature DCs from the DC-SIGN+
subset were generally unable to infiltrate the pri-
mary tumor area, suggesting a deficiency in antigen
capture. Immature DCs from the Langerin+ subset
were able to infiltrate the primary tumor, but were
impaired in the second steps of maturation
and migration. The low numbers of mature

DC-LAMP+ DCs compared with the high numbers
of Langerin+ DCs inside the primary tumor area
indicates that the Langerin+ immature DCs are
not maturing in situ, but neither do they appear to
be migrating to the lymph nodes, as there is no
accumulation of Langerint DCs in the lymph
nodes anatomically nearest to the primary tumor.
The third step of tumor immune response, presenta-
tion of antigen by mature DCs and initiation of an
adaptive immune response that results in tumor
regression, is also not evident in these patients.
The presence of mature DC-LAMP+ DCs in the
primary tumor area was not correlated with any
clinical factor, indicating that any local immune
response they may initiate is insufficient to cause
tumor regression. There are increased numbers of
DC-LAMP+ DCs in the draining lymph nodes,
but this potential evidence of a vigorous response
is associated with metastasis instead of with tumor
regression. Lastly, the presence of plasmacytoid
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DCs is correlated with negative outcome. Although
pDCs are known to recruit and activate NK cells
that may possess anti-tumor abilities [14-17], NK
cells were not found in the primary tumor region.
Also, the lymph nodes of metastatic patients dis-
played a pattern of a high ratio of pDCs to DC-
LAMP+ DCs, which is reversed in nonmetastatic
patients.

Failure of the immune system to counteract the
tumor in this patient group is clearly not due to a
lack of DCs; Langerin+ DCs are present intratu-
morally in the vast majority of patients and imma-
ture DC-SIGN+ DCs are recruited in large
numbers to the tumor region. We must conclude
that effective recruitment of these populations is
not sufficient for effective anti-tumor response. High
numbers of Langerin+ cells are not correlated with
better prognosis, and the DC-SIGN+ DCs which
penetrate the primary tumor are ineffective in com-
bating it, as shown by their association with poor
survival.

Our work also shows that the interaction of DCs
with the primary tumor is more complex than has
been previously realized, as different subsets of
DCs display different patterns of interaction with
the primary tumor and are associated with different
pathologies, such as the association between intran-
estal immature Langerin+ DCs and angiolymphatic
vessel invasion and the association between extran-
estal immature DC-SIGN+ DCs and decreased sur-
vival. Our work also reveals similarities of DC
phenotypes in OSCC with other types of cancer,
including the presence of immature Langerin+ den-
dritic cell invasion into the primary tumor in breast
cancer [8,9], the exclusion of the majority of DC-
SIGN+ immature dendritic cells from the tumor
region in melanoma [5], the association of pDCs
with poor prognosis in breast cancer [8], and the
extranestal presence of smaller numbers of mature
DC-LAMP+ cells in multiple human carcinoma
models [3,5,8,9,18,19].

The comprehensive nature of the failure of the
dendritic cell response in these patients indicates
that the current immunotherapy paradigm of sup-
plementing a single population of DCs is unlikely
to dramatically affect the overall immune response
to the tumor. The recent disappointments in DC
immunotherapy clinical trials should promote fur-
ther research into the mechanisms of DC interac-
tions with tumor [20]. Our work shows an
ineffective dendritic cell response to tumor. This
result suggests that the dysfunction of the immune

response is not due to a lack of DC recruitment,
but to the inability of the recruited DCs to induce
an effective immune response.

Although there are multiple methods by which
HNSCC may suppress the immune system
(reviewed in [21]), the widespread nature of the den-
dritic cell suppression may most simply be explained
by a change in the cytokine balance within the
tumor that shifts the immune system from an effec-
tive to an ineffective response. It may be possible to
restore the effective tumor response through treat-
ment with agents that promote an anti-tumor
response, such as IL-12 or anti-IL-10. Although it
may not be possible to rescue the DCs residing
within the primary tumor before treatment, the
active recruitment of these cells to the tumor area
may provide a new population that can respond
effectively if the milieu of the tumor area can be
changed and the overall balance of power shifted
from the tumor to the immune system.
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