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Abstract

Purpose—More effective therapy is needed for intrahepatic cholangiocarcinoma (ICC). The 

encouraging clinical results obtained with checkpoint molecule-specific monoclonal antibodies 
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(mAb) have prompted us to investigate whether this type of immunotherapy may be applicable to 

ICC. The aims of this study were to determine whether (i) patients mount a T-cell immune 

response to their ICC, (ii) checkpoint molecules are expressed on both T cells and tumor cells, and 

(iii) tumor cells are susceptible to recognition by cognate T cells.

Experimental Design—Twenty-seven ICC tumors were analyzed for (i) lymphocyte infiltrate, 

(ii) HLA class I and HLA class II expression, and (iii) PD-1 and PD-L1 expression by T cells and 

ICC cells, respectively. The results of this analysis were correlated with the clinicopathologic 

characteristics of the patients investigated.

Results—Lymphocyte infiltrates were identified in all tumors. PD-L1 expression and HLA class 

I antigen expression by ICC cells was observed in 8 and 11, respectively, of the 27 tumors 

analyzed. HLA class I antigen expression correlated with CD8+ T-cell infiltrate. Furthermore, 

positive HLA class I antigen expression in combination with negative/rare PD-L1 expression was 

associated with favorable clinical course of the disease.

Conclusions—ICC patients are likely to mount a T-cell immune response against their own 

tumors. Defects in HLA class I antigen expression in combination with PD-L1 expression by ICC 

cells provide them with an immune escape mechanism. This mechanism justifies the 

implementation of immunotherapy with checkpoint molecule-specific mAbs in patients bearing 

ICC tumors without defects in HLA class I antigen expression.

Introduction

Intrahepatic cholangiocarcinoma (ICC) accounts for 2% to 3% of all gastrointestinal 

cancers, however, the incidence is rising globally (1). The prognosis of ICC remains very 

poor, with surgical resection offering the only hope for cure (2). However, even with a 

complete resection, the majority of patients develop recurrent and metastatic disease, 

resulting in a 5-year overall survival (OS) rate of 10% to 40% (3). Therefore, novel effective 

therapies are urgently needed for ICC patients. In recent clinical trials, the administration of 

monoclonal antibodies (mAb), which inhibit the interaction of immune regulatory 

checkpoint molecules, such as CTLA-4 and programmed cell death protein 1 (PD-1) with 

their ligands CD80, CD86, and programmed cell death ligand 1 (PD-L1), has had a major 

impact on the clinical course of various types of malignancies (4–14). However, the efficacy 

of this novel immunotherapeutic strategy is limited to less than 30% of patients. These 

findings have stimulated interest in characterizing the host's immune response, as well as the 

potential mechanism(s) underlying a tumor's ability to escape the immune attack.

For many malignancies, tumor-infiltrating lymphocytes are evidence that patients are 

mounting an immune response to their own cancer (15, 16). However, the therapeutic 

efficacy of this immune response is limited by the multiple escape mechanisms that tumor 

cells develop to avoid immune recognition and destruction. These mechanisms include (i) 

inhibition of the activation of cognate cytotoxic T lymphocytes (CTL) due to the interaction 

of coinhibitory molecules such as CTLA-4 and PD-1 with their own ligands (17) and (ii) 

defects in HLA class I antigen-processing machinery (APM) components, which result in a 

defective synthesis and/or expression of HLA class I antigen–tumor antigen-derived peptide 

complexes. The latter mediate the interaction between tumor cells and cognate CTLs (18, 
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19). Defects in HLA class I APM components, frequently identified in malignant neoplasms, 

are associated with a reduced OS in various types of cancer (20, 21). The tumor antigen–

specific immune response can also be modulated by the de novo expression of HLA class II 

antigens by tumor cells, which has been reported in a number of malignancies (20). Tumor 

cells that express the HLA class II-peptide complex can act as antigen-presenting cells and 

interact with CD4+helper cells, which can in turn induce growth and differentiation of 

CD8+CTLs. The HLA class II–peptide complex can however activate subpopulations of 

CD4+ cells with immunosuppressive properties (Tregs), which can inhibit the tumor 

antigen–specific T-cell immune response. This double-edged effect of HLA class II–

peptide–CD4+ cell interactions could explain why HLA class II expression is correlated 

with favorable prognosis in some types of tumors, but with a poor prognosis in others (22–

25).

Translational Relevance

The lack of effective therapy for intrahepatic cholangiocarcinoma (ICC) has prompted us 

to investigate the expression of the checkpoint inhibitors PD-1 and PD-L1 and of HLA 

class I antigens in this malignancy, as these molecules play a role in the clinical response 

to immunotherapy with checkpoint inhibitor–specific monoclonal antibodies (mAb). The 

latter type of immunotherapy is effective in various types of malignancies. 

Immunostaining with mAbs detected HLA class I defects in 60% of ICC tumors and PD-

L1 expression in 30%. Patients bearing tumors with HLA class I defects and PD-L1 

expression had a significantly reduced survival. This association is likely to reflect the 

role of patients' immune response to their tumors. Our findings provide a rationale to 

implement anti–PD-1/PD-L1–based immunotherapy for the treatment of ICC and to use 

HLA class I antigen expression to select patients who may benefit from this type of 

immunotherapy.

To the best of our knowledge, only limited information is available regarding a patient's 

immune response against ICC and its role in the clinical course of the disease. Therefore, the 

first aim of this study was to test whether ICC patients can mount an immune response 

against their own tumors, as indicated by the presence of lymphocyte infiltrates. The second 

aim was to understand possible immune escape mechanisms, such as defects in HLA class I 

antigen expression and HLA class II de novo expression by tumor cells. The third aim was 

to evaluate a possible second immune escape mechanism by analyzing the expression of the 

inhibitory molecule PD-1 and its ligand PD-L1. The interaction between PD-1 and PD-L1 

will affect a patient's ability to mount an immune response to his own tumor. The clinical 

significance of this immumunologic analysis has been assessed by correlating these results 

with the patients' clinical course of the disease.

Materials and Methods

Tissues

Tumor specimens from primary ICC lesions were obtained from patients who underwent 

hepatectomies at the Massachusetts General Hospital, between 2004 and 2013. ICC tumors 
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were confirmed histopathologically by a gastrointestinal pathologist (V. Deshpande) 

according to the AJCC (7th Edition) and the WHO classification systems. Clinicopathologic 

information available included patient age, gender, margin resection status, histologic 

grading, tumor stage, tumor size, lymph node involvement, presence of single or multiple 

lesions, presence of vascular invasion, and overall survival. This study was approved by the 

institutional review board.

Monoclonal antibodies

The mAb HCA2, which recognizes β2m-free HLA-A (excluding -A24), -B7301, and -G 

heavy chains (26, 27); mAb HC10, which recognizes β2m-free HLA-A3, -A10, -A28, -A29, 

-A30, -A31, -A32, -A33, and all β2m-free -HLA-B (excluding -B5702, -B5804, and -B73) 

and -HLA-C heavy chains (26–28); and mAb LGII-612.14 which recognizes HLA-DR, DQ, 

and DP β chains were developed and characterized as described (29). PD-L1 antibody clone 

22C3 was generated in the Merck Research Laboratories. A list of the other commercially 

available mAbs is provided in the Supplementary Material.

Immunohistochemical staining

Formalin-fixed, paraffin-embedded tissue sections (4 μm) from ICC tumor samples were 

used as substrates in immunohisto-chemical (IHC) reactions. IHC staining with HC10, 

HCA2, LGII-612.14, and anti-nitrotyrosine mAbs was performed as described previously 

(30). The staining with anti–PD-1 and anti–PD-L1 mAb as well as the slide scoring are 

described in the Supplementary Material.

Statistical analysis

Statistical analysis was performed with the Stata Statistical Software, Release 13. (StataCorp 

LP). Correlation of HLA class I antigen, nitrotyrosine, PD-1 and PD-L1 expression with the 

number of CD8+ and CD4+ cells infiltrating the fibrous septa and tumor lobules of tumor 

lesions were analyzed by Spearman rank correlation coefficient. Correlation of PD-1 and 

PD-L1 expression with HLA class I antigen expression was analyzed by Fisher exact test. 

Differences in the expression levels of variables according to histopathologic and clinical 

characteristics were analyzed using the Mann–Whitney U test or the Kruskal–Wallis rank 

test. OS measured as cause-specific survival (CSS) was calculated using the Kaplan–Meier 

method. Time was defined as the interval between the date of diagnosis to the date of 

disease-specific death (event) or that of last follow-up visit (censored). A log-rank test was 

used for screening the possible prognostic factors in relation to the patients' survival. P < 

0.05 was considered to be statistically significant. All tests used were two-tailed.

Results

Patients characteristic and tumor specimens

Twenty-seven patients with a median age of 64 years (range, 38–81 years) underwent 

surgical resection of their ICCs. Table 1 summarizes the patients' clinicopathologic 

characteristics.
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Lymphocyte infiltrate in primary ICC lesions

To investigate whether ICC patients developed an immune response against their own 

tumors, we analyzed the presence of CD8+ T cells and CD4+ cells in ICC lesions. Staining 

with CD8- and CD4-specific mAbs was scored by counting the number of stained 

infiltrating cells in four high-powered fields of the fibrous septa and tumor lobules of ICC 

lesions. An immune infiltrate was present in all the tumors analyzed (100.0%). Interestingly, 

there was a significant difference in the number of CD8+ T lymphocytes in the fibrous septa 

when compared with that within tumor lobules (Fig. 1A and B). The number of CD8+ T 

cells ranged between 9.2 and 250.0 (mean n = 103.0 ± 68.1) in fibrous septa, as compared 

with 0.2 and 33.7 (mean n = 12.0 ± 10.2) in tumor lobules. In every tumor the number of 

CD8+ T cells was higher in fibrous septa than in the corresponding tumor lobules (Mann–

Whitney U test P < 0.00001; Fig. 1A and B).

There was a positive association between the two populations (Spearman ρ = 0.7570, P < 

0.0001): ICC tumors displaying a higher number of CD8+ T cells in the fibrous septa also 

had a higher number of CD8+T cells infiltrating the tumor lobules. This association was not 

found when evaluating CD4+ cells (Fig. 1C and D). Although it did not reach statistical 

significance, the number of CD4+ cells demonstrated a negative trend of association with the 

number of CD8+ T cells in the fibrous septa (Spearman ρ = −0.3524, P = 0.0774). This 

inverse association between CD4+and CD8+infiltrate could be a consequence of the CD4 

antigen being expressed by populations of immunosuppressive leukocytes, including 

regulatory T cells, dendritic cells, monocytes, and macrophages.

Nitrotyrosine expression in primary ICC lesions

We then investigated whether the presence of reactive nitrogen plays a role in the differential 

distribution of CD8+ T cells within fibrous septa and tumor lobules (31). Staining with the 

nitrotyrosine-specific mAb showed that the T-lymphocyte distribution mirrored the 

nitrotyrosine staining (Supplementary Fig. S1). Cancer cell staining intensity for 

nitrotyrosine negatively correlated with the number of CD8+ T cells both in fibrous septa 

and in tumor lobules (CD8+ T cells in fibrous septa Spearman ρ = −0.6149, P = 0.0006; 

CD8+ T cells in tumor lobules Spearman ρ = −0.7410, P = 0.0000). In addition, nitrotyrosine 

expression was higher in tumor lobules than in fibrous septa; in the latter, more CD8+ T cells 

were concentrated at the border of the tumor lesion. Therefore, these results suggest that the 

production of nitrogen reactive species limits the infiltration of CTLs in tumor lobules.

Association of HLA class I and HLA class II antigen expression in primary ICC lesions with 
tumor lymphocyte infiltration

HLA class I antigen expression was downregulated in a total of 16 (59.2%) out of the 27 

ICC lesions analyzed. Specifically, HLA class I antigen expression was heterogeneous in 10 

(37.0%) lesions and was not detectable in 6 (22.2%). Representative staining patterns of ICC 

lesions with HLA class I antigen–specific mAbs are shown in Fig. 1E and H. The number of 

CD8+ T cells within tumor lobules and fibrous septa correlated with HLA class I antigen 

expression (fibrous septa Spearman ρ = 0.8101, P = 0.0000; tumor lobules Spearman ρ = 

0.5679, P = 0.0020; Fig. 2). In contrast, the number of CD4+ cells in fibrous septa and tumor 
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lobules was inversely correlated with HLA class I antigen expression (Spearman ρ = 

−0.6045, P = 0.0102).

HLA class II antigens were expressed on ICC cells in 15 (55.5%) of the 27 tumors analyzed; 

the expression was scored as positive in 4 (14.8%) lesions and heterogeneous in 11 (40.7%). 

HLA class II antigen expression was associated neither with HLA class I antigen expression 

nor with CD4+ and CD8+ T-cell infiltration.

HLA class II antigens were expressed on tumor-infiltrating leukocytes both in fibrous septa 

and within tumor lobules of all the tumors. This expression pattern is compatible with the 

possibility that tumor-infiltrating lymphocytes are activated and/or that dendritic cells/

macrophages are present in the tumor (Supplementary Fig. S2).

PD-1 and PD-L1 expression in primary ICC lesions and their interaction with tumor-
infiltrating lymphocytes

Our third aim was to determine whether a patient's immune response is affected by the 

expression of PD-1 and/or PD-L1 in ICC tumors. All tumors (100.0%) expressed PD-1, 

except for one which could not be analyzed because of the lack of sufficient tumor tissue in 

the sample (Fig. 3A–3C). PD-1 was expressed on tumor-infiltrating lymphocytes, but was 

not detected on ICC cells. Prevalence of PD-1+ cells varied from rare (1) to very high (5). 

PD-1+ cells had a low-to-moderate prevalence in the majority of the lesions; specifically, the 

score was low in 11 (42.3%) and moderate in 6 (23.1%) lesions. The prevalence of PD-1+ 

cells correlated with the degree of lymphocyte infiltration and was higher in fibrous septa 

than in tumor lobules. A trend was also found between PD-1 expression and the number of 

CD8+ T cells in fibrous septa (Kruskal—Wallis, P = 0.0832). Interestingly, PD-1 expression 

was strongly correlated with HLA class II antigen expression (Spearman ρ = 0.6830, P = 

0.0001).

PD-L1 was expressed in all the tumors analyzed (100%); however, in only 8 tumors (29.6%) 

PD-L1 was expressed on cancer cells (Fig. 3E–H). The staining was scored as rare, low, 

moderate, high, and very high in 1 (12.5%), 2 (25.0%), 2 (25.0%), 2 (25.0%), and 1 (12.5%) 

lesions, respectively. In these lesions, PD-L1 expression was found on tumor cells as well as 

on tumor-infiltrating leukocytes and macrophages.

In the remaining 19 ICC lesions, PD-L1 expression was restricted to noncancer cells 

including tumor-infiltrating leukocytes. In the latter case, PD-L1 was mainly expressed in 

the fibrous septa. No correlation was identified between PD-L1 expression on ICC cells and 

the number of infiltrating CD8+ or CD4+ leukocytes. However, PD-L1 expression was 

correlated with the number of CD8+T cells in fibrous septa (Spearman ρ = 0.5951, P = 

0.0011). This correlation was also influenced by HLA class I antigen expression: in tumors 

with negative/rare PD-L1 expression and positive HLA class I antigen expression (n = 9), 

the mean number of infiltrating CD8+T cells was significantly higher than in lesions with 

high PD-L1 expression (PD-L1 score ≥ 2), negative/heterogeneous HLA class I antigen 

expression or a combination of both (n = 18; mean n = 163.7 ± 66.6 vs. mean n = 73.0 

± 45.7, Wilcoxon rank-sum P = 0.0024; Fig. 4).
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Correlation of HLA class I antigen, HLA class II antigen, PD-1, and PD-L1 expression and 
tumor-infiltrating lymphocytes with the staging of ICC lesions and ICC patients' OS

To determine whether the patient population analyzed in this study was representative of the 

ICC population, standard clinicopathologic characteristics were correlated with patients' OS. 

In agreement with what has been observed in larger patient populations, T staging (log-rank 

P = 0.059), single lesions (log-rank P = 0.024), and stage (log-rank P = 0.006) significantly 

correlated with OS. Therefore, we feel that this cohort of patients is representative of the 

ICC population.

Next, we assessed the clinical relevance of the immunophenotypic staining of the ICC 

tumors by correlating these data with the clinicopathologic characteristics of the patient 

population (Supplementary Table S1). A negative correlation was identified between HLA 

class I antigen expression and tumor stage (Fisher exact = 0.029). ICC tumors with 

downregulation of their HLA class I antigen expression presented with a more advanced 

stage than tumors with high HLA class I antigen expression levels. T staging was positively 

correlated with both margins of resection (Spearman ρ = 0.5239, P = 0.0050) and PD-L1 

expression by tumor cells (Fisher exact = 0.016). Tumors with higher T stages expressed 

more PD-L1 than early T stage ICCs. The number of CD8+T cells and CD4+leukocytes, 

HLA class I antigen expression by ICC cells, and PD-1 and PD-L1 expression in the tumor 

microenvironment were not associated with patients' survival. In contrast, positive HLA 

class I antigen expression in combination with negative/rare PD-L1 expression (n = 9) in 

ICC tumors was associated with a significantly longer patient survival (log-rank P = 0.0472; 

Fig. 5) as compared with high PD-L1 expression (PD-L1 score ≥ 2), negative/heterogeneous 

HLA class I antigen expression or a combination of both (n = 18). When HLA class I 

antigen expression was stratified in negative/heterogeneous or positive tumors, patients with 

HLA class I antigen–positive and PD-L1–negative tumors (n = 9) had a significantly longer 

survival than patients who expressed both HLA class I antigens and PD-L1 (n = 2, log-rank 

P = 0.0306; Fig. 5).

Discussion

The current study has provided for the first time evidence that ICC patients mount a T-cell 

immune response against their own tumors, as lymphocyte infiltrates are present in all the 

tumors analyzed. Furthermore, lymphocytes bear an activated phenotype as they express 

HLA class II antigens. Lymphocytes appear to impose a selective pressure on tumor cell 

populations, as HLA class I antigen defects have been found in more than 50% of the tumors 

analyzed. These defects reflect the outgrowth of tumor cells that escape from recognition 

and destruction by the host immune system because of abnormalities in HLA class I 

antigens. The latter may cause a defective expression of HLA class I antigen–tumor antigen–

derived peptide complexes that mediate the interaction of tumor cells with cognate CTLs. 

The molecular mechanism(s) underlying the defects in HLA class I antigen expression in 

ICC tumors are not known and could not be analyzed in the current study because ICC cell 

lines with abnormalities in HLA class I antigen expression are not available to us. It is likely 

that defects in the expression and/or function of APM components play a role in the HLA 

class I antigen downregulation we have described, as IHC analysis of a limited number of 
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ICC tumors with mAbs detected downregulation of several APM components in at least 

50% of the tumors analyzed (Supplementary Fig. S3).

Defects in HLA class I antigen expression are not the only escape mechanism utilized by 

ICC cells to avoid destruction by host immune cells. Our study identified at least two 

additional distinct potential mechanisms that may be utilized by ICC cells. One is 

represented by PD-L1 expression, which we found to be expressed on ICC cells in about 

30% of the tumors analyzed. This frequency is similar to that described in breast cancer, but 

lower than that observed in melanoma and ovarian cancer (32–34). By interacting with its 

receptor, PD-L1 may coinhibit the activation of CTLs. In addition, reactive nitrogen species 

(RNS), which are secreted by ICC cells, as shown by the presence of nitrated tyrosines, may 

inhibit migration of CTLs to the tumor lobules (31). This mechanism could explain the 

uneven distribution of T-cell infiltration in tumor lobules and fibrous septa, as we have found 

an inverse relationship between nitrotyrosine expression and degree of T-cell infiltration.

To the best of our knowledge, this study is the only one to have analyzed HLA class I 

antigen expression in ICC tumors, and to have shown that defects in HLA class I antigen 

expression are present also in this type of tumor. The frequency of HLA class I antigen 

defects in ICC appears to be similar to that which has been described in breast cancer and 

prostate cancer, but higher than that described in melanoma and renal cell carcinoma (20). It 

is of interest that the gene products of the HLA-A locus appear to be less expressed than 

those of the HLA-B and C loci, provided that this difference does not reflect the different 

characteristics of the antibodies utilized for staining. On the other hand, HLA class II 

antigen expression has already been studied by Chou and colleagues, and their results are 

similar to ours in terms of frequency of HLA class II antigen expression (35). The frequency 

of HLA class II antigen expression in ICC tumors is similar to that described in 

adenocarcinoma of the lung and colon cancer, but lower than that observed in renal cell 

carcinoma (20). The frequency of PD-L1 expression in the ICC tumors we analyzed is 

significantly lower than that reported by Ye and colleagues in 31 tumors (100.0%) and by 

Suleiman and colleagues in 37 tumors (94.6%; refs. 36, 37). This difference may reflect the 

different characteristics of the PD-L1–specific mAbs used in the two published studies and 

in ours.

As observed in other types of malignancies, HLA class I antigen expression was associated 

with CD8+ T-lymphocyte infiltrate. Whether this association reflects the attraction of 

cognate CTLs to tumor sites expressing the targeted HLA class I antigen–tumor antigen–

derived peptide complexes or the induction or upregulation of HLA class I antigen by IFNγ 
secreted by tumor-infiltrating lymphocytes remains to be determined. The latter cytokine is 

likely to play a role also in the expression of PD-L1 by tumor cells; however, IFNγ does not 

appear to be the only player in inducing PD-L1 expression as this molecule was not detected 

on malignant cells in a number of tumors with a high lymphocyte infiltrate.

Neither HLA class I antigens nor PD-L1 or PD-1 alone were associated with the clinical 

course of the disease. However, analysis of HLA class I antigen and PD-L1 expression was 

found to be statistically correlated with patient outcome. This finding is not unique of ICC, 

as it has recently been described also in patients with hepatocellular carcinoma (HCC; ref. 
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38). These results suggest that the failure of patients' immune system to control tumor 

growth may reflect not only defects in the effector phase of the immune response, but also 

loss of susceptibility of targeted tumor cells to immune destruction.

Given the paucity of effective therapies for the treatment of ICC and the recent major 

successes of immunotherapy with checkpoint molecule–specific mAbs in various types of 

malignancies, our results deserve some comments given their relevance for the identification 

of potential prognostic biomarkers and for the optimization of the rational design of 

immunotherapeutic strategies in this type of malignancy. First, HLA class I antigen 

expression in combination with PD-L1 expression by tumor cells may provide useful 

information about the prognosis in ICC patients, although this possibility has to be 

substantiated in a prospective study that enrolls a much larger number of patients than that 

investigated in the present retrospective study. Second, ICC patients may benefit from 

immunotherapeutic strategies utilizing PD-1- and PD-L1–specific mAbs as these molecules 

are expressed in ICC lesions. Third, HLA class I antigen expression by tumor cells needs to 

be taken into account when selecting ICC patients who may be eligible for treatment with 

checkpoint molecule–specific mAbs; in our study, this corresponded to approximately 20% 

of the patients. Finally, strategies to increase HLA class I antigen expression by ICC cells 

may improve the efficacy of checkpoint molecule-specific mAb-based immunotherapy, as 

the number of tumor-infiltrating lymphocytes in tumors expressing HLA class I antigens is 

higher than that in tumors with downregulated HLA class I antigen expression.
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Figure 1. 
Representative staining patterns of formalin-fixed, paraffin-embedded primary ICC lesions 

with CD8- (A and B) and CD4- (C and D) specific mAbs in the fibrous septa (A and C) and 

tumor lobules (B and D) of ICC lesions. E–H, representative staining patterns of formalin-

fixed, paraffin-embedded primary ICC lesions with HLA class I antigen-specific mAbs. 

Tumor tissue sections were IHC stained with a pool of mouse HLA-A–specific mAb HCA2 

and HLA-B/C-specific mAb HC10 (ratio, 1:1). The staining with HLA class I antigen–

specific mAbs was scored as negative (E), heterogeneous (F), and positive (G). 

Representative staining of fibrous septa of ICC lesion with HLA class I antigen–specific 

mAbs is shown (H). Magnification is indicated.
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Figure 2. 
Correlation between HLA class I antigen expression and number of CD8+ T cells infiltrating 

the fibrous septa (FS; A) and the tumor lobules (TLs; B) in ICC lesions. Negative, 

heterogeneous, and positive HLA class I antigen expression is indicated with 0, 1, and 2, 

respectively. On each box, the central mark is the median, the edges of the box are the 25th 

and 75th percentiles, the whiskers extend to the most extreme data points not considered 

outliers, and outliers are plotted individually.
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Figure 3. 
Representative staining patterns of fibrous septa (FS; A) and tumor lobules (TLs; B and C) 

of formalin-fixed, paraffin-embedded primary ICC lesions with PD-1–specific mAb. H&E 

staining of tumor tissue section provides orientation (D). Representative tumor cell staining 

patterns (E, marginal/interface; F and G, diffuse; H, patchy;) of formalin-fixed, paraffin-

embedded primary ICC lesions with PD-L1–specific mAb. Magnification is indicated.
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Figure 4. 
Correlation between HLA class I antigen expression in combination with PD-L1 expression 

and number of CD8+ T cells infiltrating in ICC lesions. Number of CD8+ T cells infiltrating 

the fibrous septa (FS; A) and the tumor lobules (TLs; B) in patients with negative/rare PD-

L1 and positive HLA class I antigen expression (indicated with 1) was higher than that in 

patients with high PD-L1 expression (PD-L1 score ≥2), negative/heterogeneous HLA class I 

antigen expression or a combination of both (indicated with 0). On each box, the central 

mark is the median, the edges of the box are the 25th and 75th percentiles, the whiskers 

extend to the most extreme data points not considered outliers, and outliers are plotted 

individually.
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Figure 5. 
Association of HLA class I antigen and PD-L1 expression in primary ICC lesions with OS 

in patients with ICC. A, the OS of patients with lesions grouped based on AJCC stage 

system was compared using the Kaplan–Meier method. Stage group of ICC lesions is 

indicated. Differences in patients' survival were analyzed using a log-rank test. B, the OS of 

patients with lesions stained with a positive HLA class I antigen expression in combination 

with negative/rare PD-L1 expression and that of lesions with high PD-L1 expression (PD-L1 

score ≥ 2), negative/heterogeneous HLA class I antigen expression or a combination of both 

were compared using the Kaplan–Meier method. Differences in patients' survival were 

analyzed using a log-rank test. C, patients were stratified on HLA class I antigen expression 

as those with positive or negative/heterogeneous ICC. Then the OS of patients with lesions 

stained with high PD-L1 expression (PD-L1 score ≥2) was compared with that of patients 

with negative/rare PD-L1 expression using the Kaplan–Meier method. Differences in 

patients' survival were analyzed using a log-rank test.
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Table 1

Patient and tumor characteristics

Median age 64.0 years (38–81)

Gender

 Female 14 (51.9%)

 Male 13 (48.1%)

AJCC stage

 I 8 (29.7%)

 II 6 (22.2%)

 III 3 (11.1%)

 IVA 10 (37.0%)

TNM

 T1 8 (29.6%)

 T2 8 (29.6%)

 T3 10 (37.0%)

 T4 1 (3.7%)

 N0 18 (66.7%)

 N1 9 (33.3%)

 M1 0 (0%)

Grade of differentiation

 Moderate 19 (70.4%)

 Poor 8 (29.6%)

 Single lesion 18 (66.7%)

 Multiple lesions 9 (33.3%)

 No vascular invasion 16 (59.3%)

 Vascular invasion 11 (40.7%)

Margin of resection

 Negative 24 (88.9%)

 Positive 3 (11.1%)

 Median follow up 29.1 months (3.8–105.8)

 Median OS 44.6 months (14.9–105.8)

Clin Cancer Res. Author manuscript; available in PMC 2017 February 08.


	Abstract
	Introduction
	Materials and Methods
	Tissues
	Monoclonal antibodies
	Immunohistochemical staining
	Statistical analysis

	Results
	Patients characteristic and tumor specimens
	Lymphocyte infiltrate in primary ICC lesions
	Nitrotyrosine expression in primary ICC lesions
	Association of HLA class I and HLA class II antigen expression in primary ICC lesions with tumor lymphocyte infiltration
	PD-1 and PD-L1 expression in primary ICC lesions and their interaction with tumor-infiltrating lymphocytes
	Correlation of HLA class I antigen, HLA class II antigen, PD-1, and PD-L1 expression and tumor-infiltrating lymphocytes with the staging of ICC lesions and ICC patients' OS

	Discussion
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Table 1

