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Abstract
Background: The prognostic value of tumor-associated dendritic cells (DC) in colon 
cancer remains poorly understood. This may be in part due to the interchangeable 
expression of immunostimulatory and immunoinhibitory molecules on DC. Here 
we investigated the prognostic impact of CD11c+ DC co–expressing the immunoin-
hibitory molecule PD-L1 and their spatial relationship with CD8+ T-cells in patients 
treated for stage III colon cancer.
Methods: Tissue microarrays containing representative cores of central tumor, lead-
ing edge, and adjacent normal tissue from 221 patients with stage III colon cancer 
were immunostained for CD8, CD11c, PD-L1, and cytokeratin using immunofluores-
cent probes. Cells were quantified using StrataQuest digital image analysis software, 
with intratumoral and stromal regions analyzed separately. Kaplan-Meier estimates 
and Cox regression were used to assess survival.
Results: Intratumoral CD8+ cell density (HR = .52, 95% confidence interval [CI] .33-
.83, P = .007), stromal CD11c+ cell density (HR = .52, 95% CI .33-.83, P = .006), intra-
tumoral CD11c+PD-L1+ cell density (HR = .57, 95% CI .35-.92, P = .021), and stromal 
CD11c+PD-L1+ cell density (HR = .48, 95% CI .30-.77, P = .003) on leading-edge cores 
were all significantly associated with good survival. CD8+ cell density was positively 
correlated with both CD11c+ cell density and CD11c+PD-L1+ cell density in tumor 
epithelium and stromal compartments.
Conclusion: Here we showed that PD-L1-expressing DC in the tumor microenviron-
ment are associated with improved survival in stage III colon cancer and likely reflect 
an immunologically “hot” tumor microenvironment. Further investigation into the 
expression of immunomodulatory molecules by tumor-associated DC may help to 
further elucidate their prognostic value.
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1  | INTRODUC TION

Despite advances in diagnosis and treatment, colorectal cancer 
(CRC) remains the second leading cause of cancer-related death 
worldwide.1 Surgical resection with postoperative adjuvant che-
motherapy is the standard-of-care for patients with stage III 
colon cancer; that is, cancer that has spread to the lymph nodes 
but has not yet metastasized to distant sites. Almost 30% of pa-
tients with stage III CRC die within 5 years of diagnosis,2 high-
lighting a requirement for novel prognostic markers to identify 
patients who may benefit from more aggressive chemotherapy 
regimens.

The immune system plays an important role in cancer control and 
treatment response and it is increasingly recognized that key immune 
cell subtypes within the tumor microenvironment of CRC have prog-
nostic potential. T-cell infiltration may even have greater prognostic 
value than TNM staging for patients with stage I-III colorectal can-
cer.3-6 However, multiple mechanisms exist by which tumor cells may 
escape CD8+ T-cell-mediated destruction. One such mechanism is 
the hijacking of intrinsic immune checkpoint mechanisms, notably the 
programmed death receptor-1 (PD-1) signaling pathway. PD-ligand-1 
(PD-L1) and, to a lesser extent, PD-ligand-2 (PD-L2) can be expressed 
on tumor, immune, endothelial, and muscle cells.7-10 Binding of PD-L1/
PD-L2 to PD-1, expressed by activated lymphocytes, can attenuate 
adaptive anti–tumor immune responses.10 PD-L1 expression in tumor 
specimens is often used to predict response to PD-1/PD-L1 blockade 
therapy and in many cases, treatment is contingent upon demonstra-
tion of tumor-associated PD-L1 expression above a defined threshold 
using an approved companion diagnostic test.11,12

In colorectal cancer, tumor-associated PD-L1 expression has 
been associated with both good and poor clinical outcomes.13,14 
Recent evidence indicates that while PD-L1 expression by tumor 
cells is commonly associated with poor outcome or is not prognos-
tic,7,15-18 lymphocytic expression is associated with good clinical out-
come.7,15,16,18 This may reflect the different underlying mechanisms 
of PD-L1 expression by tumor cells and lymphocytes. Lymphocytes 
upregulate PD-L1 expression in response to adaptive immune re-
sponses, so higher PD-L1 expression may be reflective of higher 
levels of immune cell infiltration.7,9,10 Whereas, in addition to cyto-
kine-induced expression, underlying genetic aberrations have been 
demonstrated to amplify the PD-L1 gene in tumor cells, leading to 
constitutive expression of PD-L1 and, therefore, an association with 
poor survival outcomes.9,19 While tumor PD-L1 expression has been 
shown to play a role in inhibiting T-cell responses,20 recent studies 
suggest that dendritic cells (DC) are also a source of PD-L1 in the 
tumor microenvironment, a critical finding given their specialized 
ability to regulate T cell responses.20-22

Dendritic cells play a central role in the adaptive anti–tumor 
immune response. They act as sentinels, detect tumor antigens, 
present them to CD8+ T-cells, and supply necessary signals for 
both activation and suppression of CD8+ T-cells.23,24 Studies in-
vestigating the clinical value of tumor-associated DC in CRC have 
found associations with both good25-27 and poor28 prognosis. 

These conflicting reports may relate to the dual potential of DC 
to alternately promote and suppress immune responses, functions 
that are dependent on the DC subtype and/or the expression of 
activating or suppressive markers, such as PD-L1. This indicates 
that the functional status of DC may be of more relevance than 
their presence within tissue alone. PD-L1 expression by DC is 
known to influence CD8+ T cell priming and effector function,20 
and studies in CRC and other cancers have found CD11c+PD-L1+ 
DC to be better predictors of response to anti–PD-L1 immuno-
therapy than PD-L1+ tumor cells.21,28 Several studies have sug-
gested that PD‑L1 expression on myeloid antigen-presenting cells, 
not on tumor cells, may be the primary target of PD‑1/PD‑L1 
blockade therapy.22,29,30

However, the prognostic value of DC PD-L1 expression in CRC 
has not been investigated. The difficulty in characterizing DC phe-
notypes within tissue samples may also explain the conflicting data 
relating to tumor-associated DC and prognosis.23 Several different 
markers have been used to identify DC,31 including CD11c, which 
is predominantly expressed by conventional DC, the subset of DC 
that specialize in driving CD8+ and CD4+ T cell-mediated anti–tumor 
immunity.23 In addition, the proximity of DC to CD8+ T-cells could 
potentially impact their prognostic value, as this would influence the 
likelihood of a DC making the required stable interaction for modu-
lation of T-cell function.24

In this study we used a 5-color multiplex immunofluorescence 
(IF) staining panel in conjunction with semi–automated tissue cy-
tometry software to investigate the prognostic value of PD-L1-
expressing DC in colon cancer. Using archival tumor specimens from 
a retrospective cohort of 221 patients with stage III colon cancer, 
we evaluated the relationship between cell subset density and pa-
tient survival for CD11c+ DC, CD11c+PD-L1+ DC, and CD8+ T cells in 
the tumor microenvironment. Spatial relationships between CD11c+ 
or CD11c+PD-L1+ DC and CD8+ T cells were also assessed. We hy-
pothesized that a higher density of CD11c+PD-L1+ DC would be 
associated with poor prognosis and their proximity to CD8+ T cells 
in the tumor microenvironment would also be associated with poor 
prognosis.

2  | MATERIAL S AND METHODS

2.1 | Patient cohort

A cohort of 246 patients who underwent curative resection for 
colon cancer between 2000 and 2010 at various hospitals in Perth, 
Western Australia was retrospectively identified from hospital re-
cords and research databases. Inclusion criteria included diagnosis 
of stage III primary cancer at pathological review and at least one 
tumor specimen available for analysis. Exclusion criteria included a 
diagnosis of any stage other than stage III disease at pathological 
review, secondary cancer, or the absence of a tumor specimen avail-
able for analysis. Of the 246 patients, 118 were treated at St John 
of God (SJG) Subiaco Hospital, 95 at Royal Perth Hospital (RPH), and 
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33 at Sir Charles Gairdner Hospital (SCGH). The majority (77.8%) of 
patients received 5-fluorouracil-based adjuvant chemotherapy.

2.2 | Ethics

The use of tissue samples and clinicopathological data was ap-
proved by the SJG Health Care Human Research Ethics Committees 
(HREC) (ref. 1324) and the RPH HREC (ref. RGS01985). Recognition 
of approval was provided by the University of Western Australia 
and SCGH HREC. Patients treated at SJG Subiaco Hospital gave 
their written informed consent for use of their biological samples 
and health information to be used for research purposes. Use of 
biological samples and health information for patients treated at 
RPH and SCGH was approved under a waiver of consent. This 
study was performed in accordance with the Declaration of 
Helsinki.

2.3 | Tissue microarray construction

H&E-stained sections from each resection sample were reviewed by 
a pathologist and areas of interest were identified. Central tumor re-
gions were selected from the geometric center of the tumor, avoid-
ing areas of necrosis. Leading-edge regions were identified from 
the deep margin, targeting areas with evidence of tumor budding 
or other stromal interaction. Normal epithelium was selected from 
the longitudinal margins of the specimen (Figure S1). Tissue micro-
arrays (TMA) containing 1-mm representative cores taken from the 
areas of interest were constructed from formalin-fixed paraffin em-
bedded specimens using an MTA-1 Manual Tissue Arrayer (Beecher 
Instruments). For each case, two cores were taken from the central 
tumor; one core was taken from the leading edge and one core was 
taken from normal epithelium.

2.4 | Multiplex immunofluorescent staining

Multiplex immunofluorescent staining (IF) and image analysis was 
optimized and performed as previously described.32 Sections 4-μm 
thick were cut from the TMA blocks and mounted on positively 
charged slides. Sections were dewaxed and rehydrated in a graded 
xylene and ethanol series before microwave treatment (MWT) in 
a 1100  W microwave (LG). MWT involved preheating Tris-EDTA 
(pH 9.0) solution in a microwave pressure cooker (Nordic Ware) for 
8 minutes at 70% power. Slides were then placed in the preheated 
solution and heated for 2 minutes at 70% power before being re-
moved from the microwave and allowed to cool to room temperature 
(RT). After MWT, endogenous peroxidase activity and non–specific 
IgG interactions were blocked using Peroxidazed 1 for 5  minutes 
and Background Sniper for 15 minutes at RT, respectively (Biocare 
Medical). Slides were incubated for 1 hour at RT for all primary anti-
bodies, 30 minutes at RT for secondary reagents, and 10 minutes at 

RT for tyramide signal amplification reagents (TSA) reagents, when 
used. TSA was used to amplify fluorescent signals and to allow strip-
ping of antibody probes for subsequent application of antibodies 
raised in the same species.

The first cycle of staining utilized the rabbit anti–PD-L1 mono-
clonal antibody (1:500; 1.75 µg/mL, clone: E1L3N, Cell Signaling), 
Rabbit MACH-2 HRP Polymer (Biocare Medical), and TSA-Cy5 con-
jugate (1:50, Perkin-Elmer) before repeating MWT. Sections were 
then incubated with mouse monoclonal anti–CD8 antibody (1:8000; 
19.63 ng/mL, clone: C8/144B, DAKO), Mouse MACH-2 HRP solu-
tion (Biocare Medical), and TSA-FITC conjugate (1:50, Perkin-Elmer) 
before repeating MWT again. An antibody cocktail that included a 
rabbit monoclonal anti–CD11c antibody (1:100; 1.03 μg/mL, clone: 
EP1347Y, Abcam) and a mouse anti–Cytokeratin antibody (1:50; 3.5 
μg/mL, clones: AE1/AE3, DAKO) was then used. Sections were incu-
bated with a secondary antibody cocktail that included an AF594-
conjugated goat monoclonal anti–rabbit IgG antibody (1:50; 30 μg/
mL, Jackson Immunoresearch) and an AF555-conjugated goat mono-
clonal anti–mouse IgG antibody (1:250; 8 μg/mL, Abcam). Nuclear 
staining was performed using DAPI for 5 minutes at RT (1:500; 10 
μg/mL, Sigma-Aldrich). Slides were mounted using Prolong Diamond 
Antifade mounting media (Molecular Probes). Positive and negative 
control sections (stained with the full antibody panel and isotype 
antibodies at matched concentrations, respectively) and single-stain 
controls were included alongside the test TMA sections. Sections 
were stored at 4°C until image acquisition.

2.5 | Image acquisition

Images were acquired using a Pannoramic MIDI II fluorescence scan-
ning system (3D Histech) equipped with an LED Spectra 6 light en-
gine (Lumencor, Beaverton) and a pco.edge sCMOS camera (PCO). 
All slides were scanned using a 20×/NA 0.8 objective (Carl Zeiss), 
and camera settings were kept constant for all scans. Figure images 
were prepared using CaseViewer (3D Histech), Photoshop (Adobe), 
and StrataQuest version 6.0 (TissueGnostics). Technical specifica-
tions, filter configurations, and imaging settings are provided in 
Tables S1 and S2.

2.6 | Image analysis

Digital image analysis was performed using StrataQuest version 6.0. 
Display levels were consistent between images (Table  S2). Images 
of each TMA were digitally “segmented” to analyze each individ-
ual tissue core separately. Tissue was automatically detected by 
StrataQuest, and where needed manual modifications were made 
to remove necrotic tissue, poor staining, and debris (Figure  S2). 
Individual cells were identified with a nuclear segmentation algo-
rithm using DAPI staining, together with a cellular mask around 
each nucleus to quantitate surface marker expression for each cell 
(Figure S2). CD8+, CD11c+, CD11c+PD-L1+, and CD11c+PD-L1− cells 
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were identified using hierarchical gating of scattergrams displaying 
the staining intensity for each marker. Cell densities within different 
tissue compartments (epithelium vs stroma) were calculated using 
epithelial and stromal tissue detection, based on cytokeratin stain-
ing, allowing determination of both intratumoral and stromal densi-
ties for each cell type of interest (Figure S3). The density of CD8+ 
cells within 0-10 µm, 10-100 µm, or >100 µm from either CD11c+ or 
CD11c+PD-L1+ was quantitated by creating a digital overlay for ei-
ther CD11c or CD11c/PD-L1, performing a distance transform from 
these overlays, and then calculating CD8+ cell density within each 
distance zone (Figure S3). Area measurements and counts of each 
cell type for all regions of interest were exported and cell densities 
calculated.

2.7 | Statistical analysis

Correlations between the density of different cell types were ana-
lyzed using linear regression. The mean density was used where more 
than one tumor core was available for analysis. Categorical variables 
(high and low density of each cell type) were created using the median 
value as the cut-off. Overall survival, defined as time from surgery 
until death from any cause, was the endpoint used for survival analy-
ses. Patients surviving more than 10 years after surgery were cen-
sored at 120 months. Kaplan-Meier survival curves were compared 
using the log-rank test and hazard ratios (HR) were calculated using 
univariate Cox regression. All variables with a P < .05 were included 
in the multivariate model. Hierarchical backward selection was used 
to determine the final model with variables P < .05 remaining in the 
model at each step. All P-values of <.05 were deemed significant.

SAS version 9.4 and GraphPad Prism 8 were used for statistical 
analysis.

2.8 | Power calculation

Based on previous studies, we anticipated that those patients with 
high CD11c+PD-L1+ density would have a median survival time of 
5.8 years. With an accrual time of 10 years and a follow-up time of 
60 months, this study was powered at 96.1% to detect an HR of 2.0 
at α = .05.

TA B L E  1   Patient characteristics

Variable n = 221

Age, median (interquartile range) 68.0 (60.0, 76.0)

Sex, n (%)

Female 104 (47.1)

Male 117 (52.9)

Adjuvant chemotherapy, n (%)

No 47 (21.3)

Yes 172 (77.8)

Not reported 2 (.9)

Site, n (%)

Proximal 99 (44.8)

Caecum 38 (17.2)

Ascending colon 33 (14.9)

Hepatic flexure 10 (4.5)

Transverse colon 18 (8.1)

Distal 118 (53.4)

Splenic flexure 9 (4.1)

Descending colon 10 (4.5)

Sigmoid colon 80 (36.2)

Rectosigmoid junction 19 (8.6)

Not reported 4 (1.8)

T Stage, n (%)

T1 3 (1.4)

T2 22 (10.0)

T3 127 (57.5)

T4 64 (29.0)

Not reported 5 (2.3)

N Stage, n (%)

N1 141 (63.8)

N2 76 (34.4)

Not reported 4 (1.8)

Number of metastatic nodes, median 
(interquartile range)

3 (1, 5)

Lymphovascular invasion, n (%)

Absent 110 (49.8)

Present 104 (47.1)

Not reported 7 (3.2)

Extramural vascular invasion, n (%)

Absent 148 (67.0)

Present 61 (27.6)

Not reported 12 (5.4)

Perineural invasion, n (%)

Absent 174 (78.7)

Present 38 (17.2)

Not reported 9 (4.1)

Grade, n (%)

(Continues)

Variable n = 221

Low or moderate grade 158 (71.5)

High grade 32 (14.5)

Not reported 31 (14.0)

5-year survival, n (%)

Alive 141 (63.8)

Died 80 (36.2)

Follow-up time (months), median 143.7

TA B L E  1   (Continued)
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3  | RESULTS

3.1 | Patient characteristics

Patients were included in the analysis if at least one central tumor 
core of sufficient tissue integrity and staining quality was available 
(221 out of 246 patients). A leading-edge core was also available for 
143 of these patients and a normal tissue core for 134 patients. Out 
of the 221 patients, 77.8% (172/221) received adjuvant chemother-
apy and 63.8% (141/221) were alive 5 years after surgery (Table 1). 
The median age at surgery was 68 years and most patients had ei-
ther T3 (57.5%) or T4 (29.0%) tumors. Other prominent features in-
cluded 63.8% (141/221) of patients with fewer than three metastatic 
lymph nodes, 67.0% (148/221) without extramural venous invasion 
(EMVI), and 71.5% (158/221) with low or moderate grade histology. 
Median follow-up time for the cohort was 143.7 months (Table 1).

3.2 | CD8, CD11c, and PD-L1 expression

CD8, CD11c, and PD-L1 expression was localized to the cell mem-
branes (Figure 1). Cells positive for CD8, CD11c, or PD-L1 were pre-
dominantly located in the stroma. CD11c+PD-L1+ double-positive 
cells were identified in both epithelial and stromal compartments 
but were rare across the cohort (Table  S3 and Figure  2). The cor-
relation between CD8+ cell density and all other markers was tested 
using linear regression. In both tumor epithelium and stromal com-
partments, CD8+ cell density was positively correlated with CD11c+ 

cell density (R2 = 25.83%, P < .001 and, R2 = 18.26%, P < .001, re-
spectively) and CD11c+PD-L1+ cell density (R2 = 29.14%, P <  .001 
and, R2 = 19.31%, P < .001, respectively; Figure 3).

3.3 | Univariate survival analysis

All clinicopathological factors and IF markers were assessed for their 
prognostic value in univariate Cox regression models. Follow-up 
time was censored at 120  months for patients surviving beyond 
this time point. Clinicopathological variables found to be significant 
markers of poor prognosis included increasing age, higher N stage, 
number of metastatic lymph nodes, and EMVI. Low-grade morphol-
ogy and adjuvant chemotherapy treatment were significant markers 
of good prognosis (Table 2).

Immunological markers significantly associated with (good) prog-
nosis included high intratumoral CD8+ cell density, stromal CD11c+ 
cell density, intratumoral CD11c+PD-L1+ cell density, and stromal 
CD11c+PD-L1+ cell density on leading-edge cores (Table 2; Figure 4). 
CD11c+PD-L1− cell density was not associated with survival 
(Table  2; Figure  4G-H). When analyzed as percentage of CD11c+ 
cells expressing PD-L1, the results were of borderline significance 
(Figure S4). Because the cohort included patients with tumors of all 
T stages, a subgroup analysis was performed including only patients 
with T3-T4 tumors. Results were consistent with the whole cohort 
analysis (Table S4). The small number of patients with T1-T2 tumors 
precluded meaningful analysis of this subgroup, so it is unknown 
whether the results are generalizable to patients with tumors in 

F I G U R E  1   Five-color multiplex 
immunofluorescence staining panel. 
Representative images of human colon 
cancer tissue showing each individual 
channel and five-color overlay of all 
channels. Details of the antibodies 
and fluorophores used are provided in 
the methods. Inset images for CD11c, 
PD-L1, and overlay panels display 
higher magnification of double-positive 
CD11c+PD-L1+ cells (arrowheads). Scale 
bars 50 µm and 20 µm (inset images)

F I G U R E  2   CD11c+PD-L1+ cells in the epithelium and stroma. Representative images of leading-edge tumor, central tumor, and normal 
colonic epithelium stained with cytokeratin (cyan), CD8 (magenta), CD11c (red), PD-L1 (green), and DAPI (blue). Arrows indicate double-
positive CD11c+PD-L1+ cells in the stroma (white arrows) and epithelium (yellow arrows). Scale bars 50 µm
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which invasion is limited to the submucosa/muscularis propria. High 
intratumoral CD8+ cell density was associated with good prognosis in 
central tumor cores. High intra-epithelial CD8+ cell density was also 
a poor prognostic marker in normal tissue (Table  S5). Subsequent 
analyses focused on leading-edge cores only.

Spatial analysis was performed by calculating CD8+ cell density 
and the proportion of total CD8+ cells within 10 μm, within 100 μm, 
and over 100 μm from the closest CD11c+ or CD11c+PD-L1+ cells. All 
statistical analyses for distance zones were adjusted for total CD11c+ 
or CD11c+PD-L1+ cell density. Both CD8+ cell density and the pro-
portion of CD8+ cells within each distance zone were assessed for 
prognostic significance. Neither was found to be associated with 
survival within any of the distance zones (Table S6).

3.4 | Multivariate survival analysis

Multivariate Cox regression was used to assess independent asso-
ciations with prognosis. Backward selection was performed on all 
variables with P <  .05 in the univariate Cox regression. Two mod-
els were tested, both of which included age at surgery, adjuvant 
chemotherapy, number of metastatic lymph nodes, EMVI, histologi-
cal grade, and intratumoral CD8+ cell density. To avoid mathematical 
coupling,33 one of the multivariate models included stromal CD11c+ 
cell density and the other intratumoral and stromal CD11c+PD-L1+ 
cell density (Table 3).

In model 1 (including CD11c+ cell density), adjuvant chemo-
therapy, number of metastatic lymph nodes, EMVI, histological 
grade, intratumoral CD8+ cell density, and stromal CD11c+ cell 
density were independent prognostic factors for improved overall 
survival. In model 2 (including CD11c+PD-L1+ cell density), age at 
surgery, histological grade, and stromal CD11c+PD-L1+ cell den-
sity were independent prognostic factors for improved overall 
survival (Table 3).

4  | DISCUSSION

The phenotype and localization of various immune cell types in 
different areas of the tumor microenvironment are important his-
topathological features with prognostic value.34 This study investi-
gated PD-L1 expression on tumor-associated DC in relation to CD8+ 
cell infiltration and clinical outcome in a cohort of patients with stage 
III colon cancer. We assessed the density of CD11c+ DC and PD-L1-
expressing CD11c+ DC and their spatial interaction with CD8+ cells 
in the tumor center, tumor leading edge, and normal uninvolved ad-
jacent tissue. Our initial hypotheses were that high CD11c+PD-L1+ 
cell density would be associated with poor survival and that proxim-
ity of these cells to CD8+ T-cells would also be associated with poor 
prognosis. In contrast to this, we found that high CD11c+PD-L1+ 
density in the epithelium and stroma at the tumor leading edge was 
associated with good prognosis and that the distance of these cells 
to CD8+ T-cells was not prognostic. Our data indicate that the prog-
nostic value of CD11c+ cell density is driven by the CD11c+PD-L1+ 
cell population, as evidenced by the lack of association between 
CD11c+PD-L1- cell density and survival. The results of this study 
also indicate that these associations were strongest in the stromal 
compartment, indicating that the interplay between these and other 
immune cell types in the tumor microenvironment has the greatest 
impact on survival.

Programmed death receptor-1 expression is induced by proin-
flammatory cytokines, including type I and type II interferons during 
an active immune response.10 It is now widely accepted that high 
CD8+ cell density is a good prognostic marker in colorectal cancer 
and indicates an “immunologically hot” tumor microenvironment.3,35 
Therefore, a likely explanation for the observed association be-
tween high CD11c+PD-L1+ density and improved survival is that 
the presence of PD-L1+ DC in the local tumor environment is re-
flective of a preexisting anti–tumor response. In support of this, we 
found a strong positive correlation between CD8+ cell density and 

F I G U R E  3   Correlation with CD8+ 
cell density. Linear regression of CD11c+ 
cell density (A, C) and CD11c+PD-L1+ cell 
density (B, D) versus CD8+ cell density in 
tumor epithelium (A, B) and stromal tissue 
(C, D). Each dot represents an individual 
tissue core
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CD11c+PD-L1+ cell density (Figure 3). This is consistent with previ-
ous studies demonstrating an association between tumor-associated 
PD-L1 expression and increased lymphocytic infiltration in CRC and 
other cancers.13,36-38 However, our multivariate analyses demon-
strated that stromal CD11c+PD-L1+ density was independently 
prognostic, indicating that the association between the presence of 
this cell population and improved survival is not entirely due to the 
correlation with CD8+ T cell infiltration.

Although our results indicate that PD-L1 expressing CD11c+ 
DC are associated with good prognosis, it should be acknowledged 
that these cells could still be acting as negative regulators of a CD8+ 
T-cell-driven anti–tumor response. Studies investigating the role 
of PD-L1+ DC in PD-L1 blockade therapy have demonstrated that 
PD-L1 on DC prevents reactivation of exhausted, tumor-specific 
CD8+ T-cells.30,39 Using tumor specimens from patients with lung 
cancer and an in vitro system using monocyte-derived DC, Mayoux 
et al showed that PD-L1 and CD80 on intratumoral DC bind in cis, 
preventing the costimulatory interaction between CD28 on T cells 
and CD80 and allowing PD-L1-PD-1-mediated cross-inhibition of 
CD28 signaling to keep T cells inactive.30 In line with this mecha-
nism, a high density of CD11c+PD-L1+ DC in biopsies of patients 
with CRC is predictive of response to PD‑L1 blockade.28 Together, 
these findings support a hypothetical model in which PD-L1 on DC 
keeps T-cells that were initially reactive to tumors (and therefore 
may have contributed to the good prognosis) unresponsive. Using 
a different in vitro system, Zhao et al also demonstrated that PD-L1 
and CD80 form heterodimers on the surface of antigen-presenting 
cells (APC).40 However, they found that this inhibited PD-1-PD-L1 
and CD80-CTLA-4 interaction, without inhibiting CD80-CD28 
binding, thus presenting a model whereby PD-L1 expression on APC 
can have an immunostimulatory effect. This may help to explain our 
finding that tumor-associated PD-L1+ DC are associated with good 
prognosis.

While these models describe the role of CD11c+PD-L1+ DC, 
they raise mechanistic questions about how CD11c+PD-L1+ DC 
sustain contact with T cells to maintain suppression, despite being 

TA B L E  2   Univariate Cox regression for clinicopathological and 
immune-related variables

Variable

Univariate

HR 95% CI P

Age at surgery 1.03 1.01-1.05 <.001*

Sex

Female .76 .52-1.09 .137

Male 1.00

Adjuvant chemotherapy

Yes .51 .35-.77 .001*

No 1.00

Site .382

Unknown .31 .04-2.25 .248

Distal .85 .59-1.22 .378

Proximal 1.00

T Stage .212

Unknown .48 .12-1.99 .313

T1 .33 .05-2.37 .267

T2 .51 .25-1.05 .068

T3 .71 .48-1.05 .088

T4 1.00

N Stage

N1 .62 .43-.91 .013*

N2 1.00

Number of metastatic nodes 1.04 1.01-1.07 .009*

Lymphovascular Invasion .350

Not Reported .78 .25-2.50 .677

Present 1.28 .88-1.84 .193

Absent 1.00

Extramural venous invasion .002*

Not reported .82 .33-2.03 .665

Present 1.94 1.32-2.85 <.001*

Absent 1.00

Perineural invasion .276

Not reported .62 .20-1.94 .408

Present 1.36 .86-2.14 .193

Absent 1.00

Grade <.001*

Not reported .63 .35-1.15 .133

Low/moderate grade .39 .25-.62 <.001*

High Grade 1.00

CD8+ cell density - Leading Edge 
(high vs low)

Tumor .52 .33-.83 .007*

Stroma .69 .43-1.09 .114

CD11c+ cell density - Leading Edge 
(high vs low)

(Continues)

Variable

Univariate

HR 95% CI P

Tumor .80 .51-1.27 .343

Stroma .52 .33-.83 .006*

CD11c+PD-L1+ cell density - 
Leading Edge (high vs low)

Tumor .57 .35-.92 .021*

Stroma .48 .30-.77 .003*

CD11c+PD-L1- cell density - 
Leading Edge (high vs low)

Tumor .88 .56-1.40 .595

Stroma .84 .53-1.32 .438

*Significant values. 

TA B L E  2   (Continued)



1180  |     MILLER et al.

a sparse population in the tumor microenvironment. We found a 
lack of association between the proximity of CD11c+PD-L1+ cells 
to CD8+ cells and prognosis. This finding could, in part, relate to 
the limited number of patients with samples suitable for inclusion 
in this analysis, as leading-edge samples from just 44 patients con-
tained both CD8+ cells and CD11c+PD-L1+ cells, limiting the power 
of this analysis. Alternatively, it could suggest that tumor-associated 
CD11c+PD-L1+ DC employ indirect mechanisms to regulate CD8+ 
T-cells, such as activating PD-1+ regulatory CD4+ T cells.41 CD4+ T 
cells were not investigated in the current study due to limitations 
on multiplex panel size using the system available to us. However, 
CD4+ T cells also play an important role in anti–tumor immunity. 
CD4+ T cell infiltration correlates with PD-L1 expression in stage 
III colon tumors,42 infiltrating CD4+ T cells express multiple check-
point molecules, including PD-1,43-45 and PD-L1 blockade induces 
expansion of CD4+ T cells co–expressing both inhibitory and acti-
vating checkpoint molecules.43

We also found that marker expression within leading-edge cores 
was more clinically significant than within central tumor cores. 
This may reflect the higher immune cell densities observed in lead-
ing-edge cores for all markers (data not shown). In addition, it has 
been consistently reported that immune cell density at the leading 

edge (or invasive margin) holds strong clinical significance.3,4,46,47 
This finding is, therefore, consistent with the literature.

One limitation of this study was the inability to accurately adjust 
for the effect of adjuvant chemotherapy on survival. This was due 
to incomplete data regarding details of the chemotherapy regimens 
administered, including drug combinations, dosages, and number of 
cycles administered, which is a common limitation of retrospective 
studies. Data regarding reasons for patients not receiving adjuvant 
chemotherapy were also limited. Where data were available, pa-
tients were judged to be too frail to undergo chemotherapy, with 
a small number refusing treatment for personal reasons. Follow-up 
studies could assess the prognostic effect of these markers in a co-
hort of patients with complete adjuvant treatment information or in 
patients that did not receive adjuvant treatment, such as patients 
with stage I and low-risk stage II CRC. It should also be acknowl-
edged that the size of our patient cohort was relatively small, and our 
findings require validation in independent studies.

Another potential limitation was that identification of DC was 
based on expression of CD11c alone. While CD11c is recognized as 
a marker of conventional DC, it is important to note that CD11c can 
also be expressed by other cells of myeloid origin.23 We were un-
able to include multiple DC markers due to the limitation on panel 

F I G U R E  4   Overall survival by cell 
density. Survival curves for CD8+ (A-B), 
CD11c+ (C-D), CD11c+PD-L1+ (E-F), and 
CD11c+PD-L1− (G-H) cell densities in 
tumor (A, C, E, G) and stromal (B, D, F, H) 
regions of leading-edge cores. Log-rank 
P-values are presented



     |  1181MILLER et al.

size. This precluded assessment of the prognostic contributions of 
CD11c+ conventional DC1 and DC2 subsets, which preferentially 
activate CD8+ T-cells and CD4+ T-cells (including CD4+ regulatory 
T-cells), respectively.23 Inclusion of additional DC subset markers 
may allow more definitive identification of inhibitory and stimula-
tory DC subsets and investigation of their prognostic value.

We also acknowledge that PD-L1 staining pattern and intensity 
can vary depending on the antibody clone used.48,49 We elected to 
use E1L3N in the current study as in our previous evaluation of four 
anti–PD-L1 clones.50 We found that E1L3N produced the strongest 
and most complete membranous staining on FFPE colorectal can-
cer samples and was least affected by changes in antigen retrieval 
and signal detection methods. The membranous localization of 
PD-L1 staining we observed is consistent with the structural char-
acterization of PD-L1 as a transmembrane glycoprotein.51 Of note, 
Polioudaki et al recently suggested that conflicting reports of cy-
toplasmic52 and nuclear53 PD-L1 staining in FFPE colorectal tissues 

may relate to “mis-localization” of PD-L1 from the cell membrane 
following tissue fixation.54

To our knowledge, this is the first study to demonstrate that 
PD-L1+ tumor-associated DC correlate with increased CD8+ T cell 
infiltration and are associated with improved survival in colon can-
cer. The presence of PD-L1+ DC in the local tumor environment may 
reflect an active CD8+ T-cell-driven anti–tumor immune response. 
Further studies assessing the prognostic value of tumor-associated 
DC subsets and their expression of immunoinhibitory or stimulatory 
markers are warranted to fully elucidate the prognostic value of tu-
mor-associated DC in CRC.
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Variable

Multivariate model 1 Multivariate model 2

HR 95% CI P HR 95% CI P
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Low/moderate .36 .20-.65 <.001* .27 .15-.47 <.001*

High 1.00 1.00

CD8+ cell density – 
Leading edge

Tumor .49 .29-.83 .008* .059

Stroma

CD11c+ cell density – 
Leading edge

Tumor –

Stroma .56 .34-.92 .023* –

CD11c+PD-L1+ cell 
density – Leading edge

Tumor – .785

Stroma – .46 .28-.75 .002*

aActual value .0497. 
*Significant values. 

TA B L E  3   Multivariate Cox regression 
for variables significantly associated with 
survival in univariate analysis
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