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Abstract
Plasmacytoid dendritic cells (pDCs) are present in various primary and metastatic human neoplasms; however, their clinical 
significance in hepatocellular carcinoma (HCC) is unclear. In this study, we investigated the distribution, prognostic value, 
and potential function of pDCs in HCC patients undergoing curative resection. We performed immunohistochemical analyses 
of whole tumor sections from 224 patients to assess the expression of BDCA2, CD3, CD4, CD8, Foxp3, granzyme B, IL-17, 
and CD34. The findings were validated using tissue microarrays from another two independent cohorts totaling 841 HCC 
patients undergoing curative resection. Our results demonstrated that high numbers of  BDCA2+ pDCs within tumors cor-
related with high alpha-fetoprotein levels, greater vascular invasion, advanced tumor-node-metastasis stage, shorter overall 
survival, and a higher recurrence rate. However, patient outcomes were not associated with pDCs in peritumoral stromal or 
nontumor tissues. Furthermore, an increase in intratumoral pDCs was associated with increased intratumoral infiltration of 
 Foxp3+ regulatory T cells and IL-17-producing cells and correlated with tumor vascular density. Univariate and multivariate 
analyses revealed that the presence of intratumoral pDCs alone or in combination with regulatory T and/or IL-17-producing 
cells was an independent predictor of time to recurrence and overall survival. In conclusion, our study demonstrated that 
intratumoral infiltration by pDCs is a novel indicator for poor prognosis in patients with HCC, possibly through the induction 
of an immune tolerogenic and inflammatory tumor microenvironment comprising regulatory T and IL-17-producing cells. 
An assessment of the combination of these cells represents a superior predictor of patient outcome.
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TTR   Time to recurrence

Introduction

The incidence and mortality rates of hepatocellular carci-
noma (HCC), one of the most prevalent tumor types, are 
increasing [1]. Despite innovations in operative procedures 
and disease management [2], high rates of recurrence and 
metastasis impede long-term patient survival [3]. Therefore, 
better predictive biomarkers of recurrence or metastasis are 
urgently needed.
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A major hallmark of cancer is inflammation [4], and 
inflammatory responses have been shown over the past 
decade to be determinants of tumor stage and development, 
from tumor initiation, malignant conversion, and invasion 
to metastasis [4]. HCC is most often found in inflamed 
livers, such as with hepatitis B and C virus infections in 
Chinese and Western populations, respectively, indicat-
ing a link between inflammation and the development of 
HCC [5]. The immune/inflammatory cells and their secre-
tory products may produce an environment that promotes 
tumor progression. Some aspects of the molecular commu-
nication between infiltrating immune cells and tumor cells 
have been described [6]. Moreover, the clinical outcomes 
of several cancer types have been linked to various char-
acteristics of tumor-infiltrating immune cells, such as their 
types and densities, as well as their location within the tumor 
microenvironment [7, 8]. These associations indicate that 
immune responses surrounding the tumor could be used to 
predict clinical outcomes as well as to monitor responses to 
immunotherapeutic strategies. We previously showed that 
the prognosis of patients with HCC after resection is asso-
ciated with the infiltration of regulatory T (Treg) cells [9], 
neutrophils [5, 10], and tumor-associated macrophages [11, 
12]. These findings, together with evidence from additional 
relevant studies [13, clearly reveal the existence of crosstalk 
between host immunity and cancer in the liver.

Plasmacytoid dendritic cells (pDCs) were first identified 
in humans as a small subset of blood leukocytes that produce 
and secrete large amounts of type I interferon (IFN) [14]. 
These cells are thought to provide the host with an initial 
defense against viral infection [14]. As antigen-presenting 
cells, pDCs can also regulate adaptive immunity mediated 
by T cells and immunopathogenesis [15]. Recent evidence 
suggests that this link between innate and adaptive immu-
nity by pDCs may play a role in cancer immunity [15, 16]. 
Indeed, various neoplasms, including cancers of the head 
and neck, breast, ovaries, lung, and skin, exhibit pDCs [17], 
which are in a nonactive state but generate and maintain an 
immunosuppressive tumor microenvironment. The presence 
of large numbers of pDCs in breast cancer tumors is cor-
related with tumor dissemination and relapse [18], whereas 
tumor growth and bone metastasis are inhibited by pDC 
depletion [19]. Immune tolerance via pDCs is also critical 
for the progression of ovarian cancer. pDCs can induce Treg 
cells but cannot activate T cells [20]. In addition to regulat-
ing the tumor immune microenvironment, pDCs have also 
been shown to directly contribute to tumor growth, survival, 
chemotaxis, and drug resistance in multiple myeloma [21].

Although infiltration of pDCs into neoplasms has been 
documented, the clinical significance of tumor-associated 
pDCs (TA-pDCs) remains largely unknown. In addition, 
the distribution of pDCs in different regions of the tumor 
and their potential crosstalk with other cells in the tumor 

microenvironment are largely unexplored [17]. Here, we 
examined the distribution and prognostic significance of 
pDCs in HCC. We also investigated the possible mechanisms 
linking TA-pDCs with the HCC immune microenvironment. 
We found that an intratumoral infiltration of pDCs predicts 
poor outcomes for patients undergoing curative resection for 
HCC, possibly due to the induction of an immune tolero-
genic and inflammatory tumor microenvironment compris-
ing Treg and IL-17+ cells, respectively. Thus, the combina-
tion of intratumoral pDCs and Treg and/or IL-17+ cells is a 
strong predictor of outcome in HCC patients.

Materials and methods

Patients and follow‑up

Three separate cohorts totaling 1065 HCC patients that 
received curative resection for HCC in the department of 
liver surgery and transplantation of Zhongshan Hospi-
tal, Fudan University, were enrolled in this study. Patients 
receiving palliative surgeries or prior interventions (such as 
trans-hepatic artery embolization, chemotherapy, or radio-
therapy) or with other primary malignancies and inflam-
matory diseases during the follow-up were excluded from 
the study. All tissue samples from the patients included in 
the study were consecutively collected from 2005 (cohort 
3, n = 461), 2006 (cohort 2, n = 380), and 2007 (cohort 1, 
n = 224). Histopathological diagnoses were according to 
World Health Organization criteria, and tumor differentia-
tion grading was according to the classification by Edmond-
son and Steiner [22]. The Child–Pugh scoring system was 
applied to assess liver function [23], and tumor-node-
metastasis (TNM) grading was used to define tumor stage 
according to the 2010 International Union Against Cancer 
[23]. The patients were monitored after the surgery as pre-
viously described [24]. The duration from the time of the 
surgery until the death or the last observation of the patient 
(15 March 2013) was used to determine the overall survival 
(OS). The data from surviving patients were censored at 
the final follow-up. The duration from the time of the sur-
gery to the date of intrahepatic recurrence or extrahepatic 
metastasis was diagnosed was used to determine the time to 
recurrence (TTR) [24]. Detailed information is provided in 
Supplementary Table 1.

Tissue microarray and immunohistochemistry

Tissue microarrays were performed with 380 cases in cohort 2 
and with 461 cases in cohort 3. The paraffin blocks contained 
areas devoid of necrotic and hemorrhagic damage that were 
identified from hematoxylin and eosin-stained sections and 
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two 1-mm-diameter biopsy cores containing intratumoral and 
nontumoral tissues.

Sections from the tissue blocks were rehydrated and 
underwent microwave antigen retrieval. Next, the sections 
were incubated overnight at 4 °C with polyclonal antibody 
against human blood dendritic cell antigen 2 (BDCA2, 
1:200; Abnova), monoclonal antibodies against human CD3 
(1:50, clone F7.2.38; DakoCytomation), CD4 (1:100, clone 
EPR6855; Epitomics), CD8 (1:50, clone C8/144B; DakoCy-
tomation), granzyme B (1:25, clone GrB-7; DakoCytoma-
tion), Foxp3 (1:100, clone 236A/E7; Abcam), IL-17 (1:100, 
clone AF-317-NA; R&D Systems), and CD34 (1:200, clone 
EP373Y; Abcam) and then for 30 min at 37 °C with secondary 
antibodies (GK500705, Gene Tech, China). Immunoreactivity 
was visualized with 3,3′-diaminobenzidine according to the 
avidin–biotin–peroxidase complex method [25], and the sec-
tions were counterstained with Mayer’s hematoxylin. Slides 
in which the primary antibody was omitted served as negative 
controls, and rabbit IgG was used as the control for BDCA2. 
The controls indicated the immunohistochemistry used in the 
study was specific and robust (Supplementary Figure 1).

Three investigators who were blind to the characteristics of 
the patients each assessed the immunohistochemical staining, 
with any discrepancies among their findings resolved by con-
sensus. The mean values for the numbers of cells positive for 
immunostaining in triplicate sections were determined (cells/
mm2). In subsequent analyses, the medians were used as the 
cutoff values unless specified otherwise.

Statistical analysis

Statistical analyses were performed with SPSS 16.0 statistical 
software. Paired-sample t tests were used to assess differences 
in the densities of immunopositive cells (mean/median values) 
between subgroups. Chi square and Fisher’s exact tests were 
used to assess associations and Spearman’s rho coefficients 
were used to assess correlations between clinicopathologic 
features and results of immunohistochemistry as appropriate. 
The Kaplan–Meier method was used to determine OS and 
cumulative recurrence rates, which were analyzed by the log-
rank test. The Cox proportional hazards regression model was 
used for univariate and multivariate analyses. To identify the 
cutoff for the optimal separation of patients according to TTR, 
the “minimum p value” approach was adopted [7]. A p value 
of < 0.05 was considered statistically significant.

Results

Distribution of pDCs in HCC and the correlations 
with clinicopathologic features

To assess the infiltration and distribution of pDCs in HCC, 
whole tumor sections from 224 patients (cohort 1) were 
immunostained for BDCA2. As shown in Fig. 1a, b and 
Supplementary Table 2, pDCs were present throughout 
the tissue sections but were predominantly found in the 
peritumoral stromal and nontumoral tissues rather than 
in the cancer nests (23.4 ± 25.4 and 38.6 ± 37.4 cells/mm2 
vs. 8.9 ± 12.6 cells/mm2, respectively; p < 0.001). There 
were significant correlations between an increase in intra-
tumoral pDCs and high alpha-fetoprotein (AFP) levels 
(p = 0.018), greater vascular invasion (p = 0.009), and 
advanced TNM stage (p = 0.047) (Table 1). An increased 
number of intratumoral pDCs also correlated with larger 
tumor size (p = 0.073) and the absence of a tumor capsule 
(p = 0.092), although the effects were less pronounced. 
The number of pDCs in the nontumoral tissues also cor-
related with TNM stage. However, none of the clinical 
characteristics correlated with the number of pDCs in peri-
tumoral stromal tissue. We also investigated the correla-
tion between the ratio of intratumoral pDCs and/or pDCs 
of nontumor tissues and peritumor stromal tissues with 
clinical characteristics. The results demonstrated that an 
increase in the ratio of intratumoral to peritumor stromal 
pDCs correlated with advanced TNM stage (p = 0.042) 
(Supplementary Table 3).

Accumulation of intratumoral pDCs predicts poor 
prognosis in HCC patients

At the final follow-up (March 2013), 62.1% (139/224) 
of the patients in cohort 1 had suffered a recurrence and 
54.2% (121/224) had died. For this cohort, the 1-, 3-, and 
5-year OS rates were 78.2%, 57.5%, and 45.9%, and the 
1-, 3-, and 5-year cumulative recurrence rates were 37.1%, 
53.5%, and 62.0%.

An increased number of intratumoral pDCs indicated 
a worse patient outcome. The significant cutoff values 
for TTR of intratumoral pDCs ranged from 25 to 75% 
(Fig. 1C). The greatest minimum was at a cutoff of 55%, 
which was used to classify patients into two groups: 
intratumoral  pDCslow (≤ 6 cells/mm2) and intratumoral 
 pDCshigh (> 6 cells/mm2). The 1-, 3-, and 5-year OS rates 
were significantly higher in the intratumoral  pDCslow 
group than in the intratumoral  pDCshigh group (86.2% vs. 
68.2%, 66.9% vs. 45.5%, and 55.8% vs. 33.2%, respec-
tively; Fig. 1D). HCC patients in the intratumoral  pDCshigh 
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group had poorer prognoses, with higher cumulative recur-
rence rates at 1, 3, and 5 years than those in the intratu-
moral  pDCslow group (48.2% vs. 28.3%, 65.7% vs. 44.1%, 
and 71.5% vs. 54.5%, respectively; Fig. 1d). By contrast, 
OS and cumulative recurrence rates were not associ-
ated with either peritumoral stroma or nontumoral pDCs 

(Fig. 1d). However, intratumoral pDCs were associated 
with OS and cumulative recurrence rates in patients with 
early-stage (Barcelona Clinic Liver Cancer stage 0 + A) 
HCC (n = 74) and normal AFP levels (≤ 20 ng/ml, n = 91) 
(Supplementary Figure 2).

Fig. 1  Distribution of pDCs in HCC and its correlation with prog-
nosis. a Representative HCC tumor samples showing  BDCA2+ 
pDCs in tumoral, peritumoral stroma, and nontumoral tissues. Scale 
bar = 100 μm. b pDCs were distributed throughout the tissue but were 
predominantly in the peritumoral stroma and nontumoral tissues, not 

within the cancer nests. c A minimum p value approach generated 
cutoffs for intratumoral BDCA2 (25–75%) in terms of TTR. d Prog-
nostic value of pDCs in tumoral, peritumoral stroma, and nontumoral 
tissues of HCC patients
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In a univariate analysis, a decrease in intratumoral pDCs, 
as well as clinicopathologic factors, predicted prolonged 
TTR and OS (Table 2). These significant factors were then 
included in the multivariate analysis with the Cox propor-
tional hazards regression. The results revealed that, together 

with gamma-glutamyltransferase, tumor size, and tumor dif-
ferentiation, the infiltration of intratumoral pDCs was an 
independent prognostic factor for OS (p < 0.001, hazard ratio 
[HR] = 1.654) and TTR (p = 0.002, HR = 1.715; Table 2).

Table 1  Correlation between 
plasmacytoid dendritic cells in 
different areas of whole tumor 
sections and clinicopathologic 
characteristics in HCC (cohort 
1, n = 224)

The boldfaced numerals indicate P value < 0.05
AFP alpha-fetoprotein, GGT  gamma glutamyl transferase, TNM tumor-node-metastasis
† Fisher’s exact tests; Chi square tests for all the other analyses

Clinicopatho-
logical indexes

Intratumoral
pDCs (cutoff 55%)

Peritumoral stromal
pDCs (cutoff 50%)

Nontumoral
pDCs (cutoff 50%)

Low High P Low High P Low High P

Age (year)
 ≤ 50 54 41 0.701 51 44 0.547 51 44 0.289
 > 50 70 59 64 65 60 69

Sex
 Female 16 9 0.356 11 14 0.436 10 15 0.393
 Male 108 91 104 95 104 95

HBsAg
 Negative 25 17 0.547 18 24 0.222 22 20 0.684
 Positive 99 83 97 85 89 93

HCV
 Negative 122 100 0.504† 155 107 0.236† 111 111 0.498†

 Positive 2 0 0 2 0 2
AFP (ng/ml)
 ≤ 20 59 32 0.018 48 43 0.727 43 48 0.569
 > 20 65 68 67 66 68 65

GGT (U/L)
 ≤ 54 47 36 0.769 40 43 0.470 42 41 0.810
 > 54 77 64 75 66 69 72

Liver cirrhosis
 No 17 13 0.877 16 14 0.814 18 12 0.219
 Yes 107 87 99 95 93 101

Tumor size (cm)
 ≤ 5 67 42 0.073 54 55 0.600 49 60 0.180
 > 5 57 58 61 54 62 53

Tumor number
 Single 104 88 0.380 97 95 0.548 90 102 0.050
 Multiple 20 12 18 14 21 11

Vascular invasion
 Absence 89 55 0.009 76 68 0.563 68 76 0.349
 Present 35 45 39 41 43 37

Tumor encapsulation
 Complete 60 43 0.421 50 53 0.440 50 53 0.780
 None 64 57 65 56 61 60

Tumor differentiation
 I + II 90 62 0.092 78 74 0.992 71 81 0.216
 III + IV 34 38 37 35 40 32

TNM stage
 I 76 48 0.047 63 61 0.859 54 70 0.045
 II + III 48 52 52 48 57 43
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Increased infiltration of intratumoral pDCs 
is associated with increased intratumoral Treg 
and IL‑17+ cells

As pDCs act as antigen-presenting cells to regulate T 
cell-mediated adaptive and innate immune responses, we 
explored the relationship between the intratumoral infiltra-
tion of pDCs and T lymphocytes in HCC. Representative 
immunohistochemistry images of intratumoral T lympho-
cytes are shown in Fig. 2a, b. The number of intratumoral 
pDCs significantly correlated with the numbers of  Foxp3+ 
Treg cells (p < 0.001, R = 0.553, Fig. 2c) and IL-17+ cells 
(p < 0.001, R = 0.678, Fig. 2d). However, there was no sig-
nificant correlation between intratumoral pDCs and other 
types of T lymphocytes, such as  CD3+,  CD4+,  CD8+, and 

granzyme  B+ lymphocytes (Supplementary Table 4). Fur-
thermore, we observed that an increased number of intra-
tumoral Treg cells correlated with greater vascular inva-
sion (p = 0.049). An increased number of intratumoral 
IL-17 + cells correlated with larger tumor size (p = 0.035), 
greater vascular invasion (p = 0.013), and advanced TNM 
stage (p = 0.02) (Supplementary Table 5).

Number of intratumoral pDCs is associated 
with microvessel density

Previous studies attributed the grim outcome of patients with 
HCC to the high vascularity of the disease [26.] The Treg 
and IL-17+ cells present in the tumor can promote growth 
by supporting angiogenesis [13, 27.] Therefore, we assessed 

Table 2  Univariate and multivariate analyses of prognostic factors in the whole tumor sections of HCC (cohort 1, n = 224)

The boldfaced numerals indicate P value < 0.05
Cox proportional hazards regression model
AFP alpha-fetoprotein, GGT  gamma glutamyl transferase, TNM tumor-node-metastasis, HR hazard ratio, CI confidential interval

Variable TTR OS

HR (95% CI) P HR (95% CI) P

Univariate analysis
 Age, year (≤ 50 vs. > 50) 1.239 (0.880–1.746) .220 1.415 (0.973–2.059) .070
 Sex (female vs. male) 1.205 (0.843–1.722) .306 1.230 (0.692–2.188) .480
 HBsAg (negative vs. positive) 1.173 (0.760–1.808) .471 0.948 (0.606–1.482) .815
 AFP, ng/ml (≤ 20 vs. > 20) 1.473 (1.041–2.085) .029 1.616 (1.109–2.355) .013
 GGT, U/L (≤ 54 vs. > 54) 1.512 (1.063–2.150) .021 1.893 (1.280–2.799) .001
 Liver cirrhosis (no vs. yes) 1.713 (0.986–2.978) .056 1.406 (0.791–2.500) .246
 Tumor size, cm (≤ 5 vs. > 5) 1.662 (1.186–2.329) .003 2.573 (1.766–3.749) .000
 Tumor number (single vs. multiple) 1.364 (0.878–2.119) .168 1.145 (0.709–1.850) .580
 Vascular invasion (no vs. yes) 1.633 (1.160–2.299) .005 1.962 (1.366–2.817) .000
 Tumor encapsulation (complete vs. none) 1.170 (0.837–1.635) .357 1.392 (0.968–2.001) .074
 Tumor differentiation (I + II vs. III + IV) 1.695 (1.199–2.398) .003 1.890 (1.313–2.720) .001
 TNM stage (I vs. II III) 1.687 (1.208–2.357) .000 1.915 (1.338–2.740) .000
 Intra-pDCs (low vs. high) 1.837 (1.315–2.566) .000 1.803 (1.379–2.358) .000
 Peri-pDCs (low vs. high) 1.004 (0.720–1.402) .979 1.270 (0.889–1.815) .190
 Non-pDCs (low vs. high) 1.133 (0.812–1.582) .462 1.002 (0.998–1.007) .271
 Intra-pDCs and IL-17 + cells (both low vs. both high) 2.242 (1.529–3.288) .000 2.416 (1.596–3.658) .000
 Intra-pDCs and Treg cells (both low vs. both high) 2.276 (1.525–3.398) .000 2.442 (1.585–3.764) .000
 Intra- pDCs and IL-17 + , and Treg cells (all low vs. all high) 2.702 (1.615–4.510) .000 3.014 (1.831–4.962) .000

Multivariate analysis
 AFP, ng/ml (≤ 20 vs. > 20) 1.310 (0.921–1.863) .133 1.444 (0.984–2.119) .060
 GGT, U/L (≤ 54 vs. > 54) 1.449 (0.991–2.118) .055 1.569 (1.027–2.397) .037
 Tumor size, cm (≤ 5 vs. > 5) 1.313 (0.915–1.883) .139 1.935 (1.291–2.902) .001
 Vascular invasion (no vs. yes) 1.225 (0.853–1.759) .272 1.395 (0.956–2.035) .084
 Tumor differentiation (I + II vs. III + IV) 1.561 (1.086–2.243) .016 1.607 (1.104–2.340) .013
 Intra-pDCs (low vs. high) 1.715 (1.218–2.416) .002 1.654 (1.150–2.378) .007
 Intra-pDCs and IL-17 + cells (both low vs. both high) 2.075 (1.395–3.087) .000 1.957 (1.274–3.006) .002
 Intra-pDCs and Treg cells (both low vs. both high) 2.253 (1.494–3.398) .000 2.326 (1.494–3.621) .000
 Intra-pDCs and IL-17 + , and Treg cells (all low vs. all high) 2.693 (1.677–4.326) .000 2.702 (1.615–4.520) .000
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the microvessel density (MVD) along with the density of 
intratumoral pDCs. Paraffin-embedded tissues were immu-
nohistochemically stained with an antibody against CD34. 
The MVD was higher in tumor tissues with high numbers 
of infiltrated pDCs than in tissues with low numbers of infil-
trated pDCs (p < 0.001; Fig. 3).

Combination of intratumoral pDCs and Treg and/
or IL‑17+ cells is a superior predictor of patient 
outcome for HCC

The prognostic value of the combined presence of intra-
tumoral pDCs with Treg cells and/or IL-17+ cells in HCC 
patients was assessed. We directly compared the prog-
noses of HCC patients among three subgroups: intratu-
moral  pDCslow/Tregslow, intratumoral  pDCslow/Tregshigh or 
intratumoral  pDCshigh/Tregslow, and intratumoral  pDCshigh/
Tregshigh. In the survival analysis, the 1-, 3-, and 5-year OS 
rates for the intratumoral  pDCshigh/Tregshigh patients were 
62.0%, 43.2%, and 31.2%, respectively, which were signifi-
cantly lower than those for intratumoral  pDCslow/Tregslow 
patients (91.9%, 72.6%, and 60.4%, respectively; Fig. 4a). 
The 1-, 3-, and 5-year cumulative recurrence rates for 
the intratumoral  pDCshigh/Tregshigh patients were 54.9%, 
66.6%, and 72.8%, respectively, which were significantly 
higher than those for the intratumoral  pDCslow/Tregslow 
patients (24.2%, 42.0%, and 51.8%, respectively; Fig. 4a). 
Moreover, we obtained similar results in the prognostic 
analysis for combined intratumoral pDCs with IL-17+ cells 

Fig. 2  Number of intratumoral pDCs is significantly associated with 
the numbers of intratumoral Treg cells and IL-17+ cells. High (a) and 
low (b) infiltration of intratumoral pDCs, Treg cells, and IL-17+ cells. 

Scale bar = 100 μm. Scatterplots showing significant positive correla-
tions between  BDCA2+ pDCs and Treg cells (c) and IL-17+ cells (d) 
in cancer tissues

Fig. 3  High infiltration of intratumoral pDCs is associated with 
increased MVD. a High infiltration of intratumoral pDCs and high 
MVD. b Low infiltration of intratumoral pDCs and low MVD. Scale 
bar = 100 μm. c Association between intratumoral pDC frequency and 
MVD. Data represent the mean values ± SDs and are representative of 
three independent experiments
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or intratumoral pDCs combined with Treg and IL-17+ cells 
(Fig. 4b, c). The areas under the curves for intratumoral 
pDCs combined with Treg and IL-17+ cells were 0.637 
for OS and 0.629 for TTR. Compared with other clinical 
indices, this was the strongest factor predicting OS and 
TTR in HCC (Fig. 4d, e).

Independent validation

The prognostic value of intratumoral pDCs alone and in 
combination with Treg cells and/or IL-17+ cells was val-
idated in two additional cohorts of 841 HCC patients by 
immunohistochemical staining of tissue microarrays. Uni-
variate and multivariate analyses revealed that intratumoral 

Fig. 4  The prognostic values of intratumoral pDCs combined with 
IL-17+ cells (a), with Treg cells (b), and with Treg cells and IL-17+ 
cells (c) in HCC patients. The predictive ability for OS (d) and TTR 
(e) of pDCs, pDCs and IL-17+ cells, pDCs and Treg cells, and pDCs, 

IL-17+, and Treg cells compared with that of other clinical parame-
ters by receiver operating characteristic curves for 224 HCC patients. 
The area under the curve with 95% confidence interval is shown
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pDCs and co-indices (intratumoral pDCs/Treg cells, intratu-
moral pDCs/IL-17+ cells, or intratumoral pDCs/Treg/IL-17+ 
cells) were independent prognostic factors for both OS and 
TTR (Supplementary Tables 6 and 7).

Discussion

The pronounced role of tumor and immune cell interactions 
in tumor development is well established, with immune cell 
abundance linked to the prognoses of a number of cancers 
[6, 8]. Here, we examined the clinical importance of pDC 
infiltration in a large cohort of patients who underwent sur-
gical resection for HCC. To our knowledge, this is the first 
report identifying intratumoral pDCs as an independent fac-
tor for predicting poor outcomes in patients with HCC after 
curative resection. Patients with high levels of intratumoral 
pDCs had significantly lower 5-year OS and higher cumu-
lative recurrence rates than those with lower infiltration. 
Therefore, patients exhibiting increased intratumoral pDC 
infiltration should be more carefully monitored after surgery.

Dendritic cells are critical for sensing pathogens and trig-
gering adaptive immune responses [15]. pDCs have recently 
been identified as a novel subclass of dendritic cells distin-
guishable by their phenotypic surface, tissue distribution, 
secretion of cytokines, and ability to present antigens [15]. 
Those localized at tumor sites, the TA-pDCs, were detected 
using various strategies in primary carcinomas (in breast, 
ovary, head and neck, lung, skin, and cervix), cutaneous 
melanoma, and lymphomas [17]. Many immunohisto-
chemical studies utilized frozen sections, limiting further 
analyses of large cancer cohorts and hindering the evalua-
tion of the clinical significance of TA-pDCs. In addition, the 
anti-CD123 antibody commonly used as a marker of pDCs 
also recognizes macrophages and endothelial and myeloid 
cells [17]. More recently, the study of human pDCs has 
been facilitated by the identification of several pDC-specific 
markers, such as BDCA2, a member of the C-type lectin 
family of transmembrane glycoproteins [28, 29]. The highly 
specific and sensitive anti-BDCA2 monoclonal antibody 
labels pDCs in formalin-fixed paraffin-embedded sections, 
such as diagnostic tumor specimens [17, 28, 29]. However, 
a precise quantitative analysis of TA-pDCs and their clinical 
significance is still lacking [17]. In this study, we used this 
antibody to detect TA-pDCs in samples from a large HCC 
patient cohort. We also identified colocalization of BDCA2 
and CD123 on most cell surfaces (Supplementary Figure 3), 
which further suggested that BDCA2 is specific to TA-pDCs 
in HCC. By immunostaining, we observed that the number 
of  BDCA2+ TA-pDCs that infiltrated the intratumoral area 
correlated with many clinicopathologic features, including 
tumor size, vascular invasion, and TNM stage. More impor-
tantly, we found that the presence of TA-pDCs is a predictor 

of OS and TTR in HCC, emphasizing the importance of 
tumor compartmental evaluation.

Dendritic cells from the bloodstream infiltrate the tumor 
microenvironment where they reside as immature cells 
and can present tumor-associated antigens to naive T cells. 
Therefore, dendritic cells were proposed to initiate an anti-
tumor immune response [30]. pDCs, one of the two major 
subsets of dendritic cells, were initially recognized as spe-
cialized effectors of immunity against viruses by their pro-
duction of large amounts of IFN. However, pDCs in tumors 
cannot sustain the production of IFN required to eliminate 
cancer cells [17]. This may be because the tumor micro-
environment lacks the stimuli to stimulate the pDCs or to 
suppress their activation [17]. Nevertheless, increasing 
evidence suggests that pDCs play regulatory functions in 
the tumor microenvironment [31]. The tolerogenic role of 
pDCs has been shown by their in vivo induction of Tregs in 
the periphery and their capacity to induce the differentia-
tion and expansion of Treg cells in vitro [31, 32]. In line 
with these observations, we observed that the presence of 
intratumoral pDCs in HCC was highly correlated with the 
intratumoral infiltration of Treg cells but not of  CD8+ or 
granzyme  B+ cells. Intratumoral infiltration of Treg cells 
is associated with the invasiveness and prognosis of HCC 
[9] and is thought to contribute to immune tolerance in the 
tumor microenvironment [8]. Our data showed associations 
between intratumoral pDCs and the numbers of Treg cells 
and prognosis, suggesting that the tumor microenvironment 
conditions HCC-resident pDCs to favor the immune toler-
ance contributing to HCC progression and recurrence.

Recently, a population of IDO-expressing pDCs was iden-
tified in human melanoma sentinel nodes [33]. These  IDO+ 
pDCs mediate active immunosuppression in vitro and create 
a profound local T cell anergy in vivo through the direct acti-
vation of mature Tregs [34]. IDO was also reported to be a 
key immunosuppressive factor, conferring T cell-suppressor 
activity on pDCs, which facilitates tumor progression in skin 
chronically exposed to carcinogens [35]. In our study, we 
observed that the number of  IDO+ cells was positively cor-
related with the number of pDCs (Supplementary Figure 4). 
This result suggested that in HCC, pDCs may express IDO, 
which would contribute to their tolerogenic role in immune 
evasion.

The results from this study also showed a correlation 
between intratumoral pDCs and intratumoral infiltration 
of IL-17+ in HCC. IL-17 is the predominant cytokine 
secreted by proinflammatory Th17 cells, which facilitate 
inflammation and autoimmune diseases [36]. Recently, 
IL-17 was shown to act as a proinflammatory cytokine 
promoting the growth of HCC, and the presence of IL-17+ 
cells correlates with poor survival in patients with HCC 
[13]. Several studies have indicated that pDCs promote 
and modify the differentiation of Th17 cell after TLR7 
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stimulation by synthetic or natural ligands in vitro [37] 
and control the homeostasis of Th17 cells in vivo [38]. 
In the present study, we found that intratumoral infiltra-
tion of pDCs correlates with intratumoral infiltration of 
IL-17+ cells. In addition to the newly revealed prognostic 
role of intratumoral pDCs in HCC, increased intratumoral 
infiltration of IL-17+ cells was also found to predict poor 
survival in HCC patients, consistent with a previously 
reported study [13]. These results suggest that, in addi-
tion to inducing immune tolerance, TA-pDCs might also 
redirect the proinflammatory immune response to promote 
tumor growth and progression in HCC.

The ability to predict recurrence after curative resec-
tion is critical for managing HCC. At the present time, 
there are no excellent biomarkers for recurrence of HCC. 
Although AFP is widely used, it is not a sensitive marker 
for the presence of HCC and its prognostic value is also 
limited, especially in early-stage HCC [39]. It is therefore 
important to find another predictor to identify which of 
these patients are at risk for recurrence. Of note, some 
cases of early-stage HCC relapse unexpectedly just after 
curative resection. These patients may have a better out-
come if recurrence can be predicted early and prevented. 
Our data suggest that levels of pDCs may serve as a pre-
dictor to identify these patients. Specifically, patients 
with high levels of intratumoral pDCs but normal AFP 
levels or early-stage HCC need to be carefully monitored 
after surgery, as they are more likely to experience tumor 
recurrence.

In conclusion, we demonstrate, for the first time, that 
intratumoral infiltration of pDCs is predictive of a poor 
prognosis after curative resection of HCC. Intratumoral 
pDCs may contribute to HCC progression and recurrence 
through the induction of immune tolerance by Treg cells 
and an inflammatory tumor microenvironment by IL-17+ 
cells. A combination of intratumoral pDCs and Treg cells 
and/or IL-17+ cells may therefore be a superior predictor 
of outcome. These findings provide a rationale for clinical 
therapies targeting the anti-immune tolerogenic and anti-
inflammatory responses induced by TA-pDCs in HCC.
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