
© 2018 Zhu et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Cancer Management and Research 2018:10 4113–4123

Cancer Management and Research Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
4113

O R i g i n a l  R e s e a R C h

open access to scientific and medical research

Open Access Full Text Article

http://dx.doi.org/10.2147/CMAR.S172719

Programmed death ligand 1 expression in 
human intrahepatic cholangiocarcinoma and 
its association with prognosis and CD8+ T-cell 
immune responses

Ying Zhu,1,2,* Xiang-Yu 
Wang,1,2,* Yu Zhang,1,2,* 

Da Xu,1,2,* Jian Dong,3,4 Ze 
Zhang,1,2 Chen-he Yi,1,2 
hu-liang Jia,1,2 Xin Yang1,2

1Department of general surgery, 
huashan hospital, Fudan University, 
shanghai 200040, China; 2institutes of 
Cancer Metastasis, Fudan University, 
shanghai 200040, China; 3Department 
of hepatobiliary surgery, First 
affiliated hospital of Medical College, 
Xi’an Jiaotong University, Xi’an 
710061, China; 4institute of advanced 
surgical Technology and engineering, 
First affiliated hospital of Medical 
College, Xi’an Jiaotong University, 
Xi’an 710061, China

*These authors contributed equally to 
this work

Background: Agents targeting the programmed death ligand 1 (PD-L1)/programmed death 

receptor 1 immune checkpoint exhibited promising clinical outcomes in a variety of malignant 

tumors, including intrahepatic cholangiocarcinoma (ICC). However, the relationship between 

PD-L1 expression and CD8+ T-cell immune responses is not well defined in ICC.

Patients and methods: We investigated PD-L1 expression immunohistochemistry in formalin-

fixed, paraffin-embedded tissues from 192 ICC patients undergoing curative resection and corre-

lated our results with the clinicopathologic features and prognosis. We also quantified CD8+ T-cell 

infiltration in ICC specimens and evaluated the relationship between PD-L1 expression and CD8+ 

T-cell infiltration. After incubating human ICC cell lines (HCCC9810 and RBE) with interferon 

(IFN)-γ, we measured the PD-L1 expression of these ICC cells by Western blot and flow cytometry.

Results: Only 34 patients (17.7%) showed ≥5% membranous PD-L1 expression on tumor cells, 

and tumoral PD-L1 overexpression (≥5%) was significantly associated with superior overall 

survival (P=0.012) and disease-free survival (P=0.018). A significant positive association was 

found between PD-L1 expression and the presence of CD8+ T-cells. In fresh frozen ICC speci-

mens, IFN-γ was found to be significantly correlated with PD-L1 and CD8A gene expression, 

as evaluated by reverse transcription-polymerase chain reaction. Moreover, stimulation of the 

HCCC9810 and RBE cells with recombinant IFN-γ, secreted by CD8+ T-cells rapidly induced 

PD-L1 upregulation in these cell lines in vitro.

Conclusion: Tumor PD-L1 overexpression is mainly stimulated by activated CD8+ T-cells 

pre-existing in the ICC microenvironment, and PD-L1 is a favorable prognostic factor for the 

patients. These observations suggest that anti-PD-L1/programmed death receptor 1 therapy 

may benefit ICC patients with tumor cell PD-L1 expression and the presence of CD8+ T-cells.
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Introduction
Intrahepatic cholangiocarcinoma (ICC) is a highly malignant subtype of biliary cancers 

originating from the epithelium of the intrahepatic bile duct. It is also the second most 

common primary hepatic malignancy following hepatocellular carcinoma.1,2 In recent 

years, the incidence and mortality of ICC are on the rise in almost all countries.1–3 

Clinically, surgical resection is the only curative treatment for early-stage ICC. How-

ever, the prognosis of ICC after curative resection remains extremely dismal because 

of high recurrence rates. There is, therefore, an urgent need to develop alternative 

systemic therapies to improve patients’ outcomes.4
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Recently, drugs blocking programmed death ligand 1 (PD-

L1)/programmed death receptor 1 (PD-1) have provided a sig-

nificant survival benefit and have good prospect of application in 

clinical trials of a variety of malignant tumors, such as advanced 

melanoma, renal cell carcinoma, urothelium carcinoma, non-

small-cell lung cancer and  others.5–7 The PD-L1/PD-1 immune 

checkpoint pathway has been identified as a critical mediator 

of immunosuppression within the tumor microenvironment.8 

PD-L1, one of the PD-1 ligands, is expressed not only on tumor 

cells but also on tumor-infiltrating stroma cells, and its ligation to 

PD-1 has indeed been shown to induce activated tumor-specific 

T-cell apoptosis and impair T-cell-mediated antitumor immune 

responses, leading to local immune suppression, thus favoring 

tumor growth and metastasis.8,9

However, the objective response rate of this novel immune 

checkpoint blockade is limited to <40%, and the underlying 

mechanisms of resistance remain obscure.10 These findings 

have stimulated interest in characterizing the host’s immune 

response and understanding the mechanisms controlling 

PD-L1 expression in the tumor microenvironment.

Accumulating evidence suggests that the presence of 

antitumor tumor-infiltrating lymphocytes is important for 

the activity of immunotherapies, including checkpoint block-

ade.11,12 Early research showed that a high degree of CD8+ 

T-cell infiltration in ICC correlated with better prognosis after 

curative resection, suggesting that the tumor-specific T-cell 

immune responses play a role in the clinical disease course.13

Currently, there are two mechanisms of PD-L1 expres-

sion on tumor cells. Some previous studies have suggested 

that the constitutive expression of PD-L1 can be driven by 

genetic alterations or activation of certain intrinsic signal-

ing pathways, leading to immune evasion through an innate 

immune resistance and poor prognostic factor for tumor.14 

Other studies have considered tumors upregulating PD-L1 

as an induced adaptive immune response to inflammatory 

signals and as a favorable prognostic factor for tumor.15,16

To the best of our knowledge, there is very limited informa-

tion on the expression of PD-L1 in ICC, and its relationship with 

immune responses in ICC microenvironment remains unknown. 

In the present study, we aimed to analyze the characteristics of 

PD-L1 expression in ICC and determine its relationship with 

clinicopathologic features. We also explored the relationship 

between PD-L1 expression and CD8+ T-cell antitumor immunity.

Patients and methods
Cell lines
Two ICC cell lines, HCCC9810 and RBE, were purchased 

from the American Type Culture Collection and cultured at 

37°C, 5% CO
2
 in RPMI 1640 supplemented with 10% fetal 

bovine serum and 1% penicillin–streptomycin.

Patients and tumor samples
A total of 192 patients who underwent initial hepatectomy 

of ICC were included in the study. The surgically resected 

specimens were confirmed histopathologically and classified 

according to the eighth American Joint Committee on Cancer/

tumor–node–metastasis classification.17 This research was 

verified and ethically approved by the Ethics Committee of 

Huashan Hospital of Fudan University (No. 2018-033). All 

patients provided written informed consent for the use of sur-

gical specimens for pathological testing with operation con-

sents. Patients did not receive any neoadjuvant radiotherapy 

and/or chemotherapy prior to surgery. Clinical and follow-up 

details were analyzed for all patients. The clinicopathologic 

characteristics of the study population are presented in Table 1.

immunohistochemistry
Immunohistochemical (IHC) staining was performed as 

described previously.18 Briefly, following deparaffinization, 

rehydrating and antigen retrieval, primary antibodies were 

applied to slides, incubated at 4°C overnight, followed by 

incubation with secondary antibody (Dako Denmark A/S, 

Glostrup, Denmark) at 37°C for 30 minutes. A rabbit anti-

human PD-L1 monoclonal antibody (1:50 dilution, SP142; 

Spring Bioscience, Inc., CA, USA) and antihuman CD8 

monoclonal antibody (1:50 dilution; BD Bioscience, Franklin 

Lakes, NJ USA) were used as specific markers for PD-L1 

and CD8+ T-cells, respectively. Staining was carried out with 

DAB and counterstaining was performed with hematoxylin.

Quantification of PD-L1 and CD8 density
Two independent pathologists evaluated all specimens. The 

proportion of PD-L1–positive cells was evaluated as the 

percentage of total tumor cells, and PD-L1 tumor positivity 

was defined by membrane staining of ≥5% of tumor cells, 

in accordance with previous studies.15,16 CD8+ T-cells were 

defined by their expression of CD8. For quantification of 

infiltrating CD8+ T-cells, the five most representative areas 

(200× magnification) were selected, and positive cells were 

counted manually and expressed as the mean number of cells 

of every specimen.

Reverse transcription-polymerase chain 
reaction
Total RNA was extracted from cells and frozen samples by 

using Trizol reagent (Thermo Fisher Scientific, Waltham, 
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MA, USA) and then reverse transcribed into cDNA. Real-

time polymerase chain reaction (PCR) was performed using 

SYBR Green PCR Master Mix (DBI® Bioscience, Ludwig-

shafen, Germany) and ABI PRISM 7900 Sequence Detection 

System (Thermo Fisher Scientific). Results were normalized 

Table 1 Patient characteristics, PD-l1 expression and clinicopathologic parameters

Variables No. of patients PD-L1 expression P-value

Positive Negative

number of patients 192 34 (17.7%) 158 (82.3%)
age, years 0.467

≤65 143 27 116

>65 49 7 42
sex 0.528

Male 115 22 93
Female 77 12 65

hBsag 0.458
Yes 63 13 50
no 129 21 108

Cirrhosis 0.708
Yes 57 11 46
no 135 23 112

aFP (ng/ml) 0.817
>20 19 3 16

≤20 173 31 142
Ca19-9 (ng/ml) 0.009

>37 117 14 103

≤37 75 20 55
Cea (μg/ml) 0.030

>5 58 5 53

≤5 134 29 105
Tumor size (cm) 0.822

>5 121 22 99

≤5 71 12 59
Tumor number 0.008

Multiple 17 7 10
single 175 27 148

Tumor differentiation 0.063
i–ii 108 24 84
iii–iV 84 10 74

Vascular invasion 0.025
Yes 45 13 32
no 147 21 126

lymph node metastasis 0.969
Yes 40 7 33
no 152 27 125

neural invasion 0.817
Yes 19 3 16
no 173 31 142

aJCC stage 0.091
1 88 9 79
2 34 9 25
3 8 2 6
4 62 14 48

Note: Statistically significant values are given in bold.
Abbreviations: aFP, α-fetoprotein; aJCC, the american Joint Committee on Cancer; Ca19-9, carbohydrate antigen 19-9; Cea, carcinoembryonic antigen; hBsag, hepatitis 
B surface antigen; PD-l1, programmed death ligand 1.

to β-actin for mRNA measurement. All the primer sequences 

used in this study were listed as follows: PD-L1 (forward: 

TGGCATTTGCTGAACGCATTT, reverse: TGCAGCCAG-

GTCTAATTGTTTT); CD8A (forward: ATGGCCTTAC-

CAGTGACCG, reverse: AGGTTCCAGGTCCGATCCAG); 
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interferon (IFN)-γ (forward: TCGGTAACTGACTTGAAT-

GTCCA, reverse: TCGCTTCCCTGTTTTAGCTGC); 

β-actin (forward: CATGTACGTTGCTATCCAGGC, reverse: 

CTCCTTAATGTCACGCACGAT).

Western blot assay
Western blot was performed as described previously.18 

Briefly, whole cell lysis was performed in RIPA buffer 

containing protease inhibitor (Roche Diagnostics, India-

napolis, IN, USA). Proteins were separated by sodium 

dodecyl sulfate polyacrylamide gel electrophoresis and 

transferred to polyvinylidene difluoride membranes. 

After blocking with 5% non-fat milk, membranes were 

incubated with the primary antibody. Rabbit monoclonal 

anti-PD-L1 (1:1,000, SP142; Spring Bioscience, Inc.) 

and anti-GAPDH (1:3,000; Cell Signaling Technology, 

Beverly, MA, USA) were used as primary antibodies. 

Primary antibodies were applied, followed by horseradish-

peroxidase-conjugated secondary antibodies. Antibody 

binding was detected by enhanced chemiluminescence 

assays, and each band was detected with Image Acquisi-

tion using ImageQuant™ LAS 4000 (GE Healthcare Life 

Sciences, San Diego, CA, USA).

statistical analysis
Survival analysis, univariate analysis and Kaplan–Meier 

curves were generated using SPSS 16.0 statistical software. 

Comparison of categorical and continuous variables was 

performed using the chi-squared test and the Fisher’s exact 

test, respectively. Survival data were compared with the log-

rank test. For the gene expression analysis, the correlations 

between the mRNA expression of PD-L1 and CD8A and 

INF-γ were analyzed using Spearman’s rank correlation. A 

difference was considered significant for P<0.05.

Results
PD-l1 expression in iCC specimens
IHC analysis of all ICC specimens showed that tumor PD-L1 

expression occurred in a membranous pattern on cancer cells 

with variable degrees of staining intensity in the cytoplasm. 

As shown in Figure 1, three major PD-L1 expression patterns 

were observed – absence (Figure 1A, B), diffuse expres-

sion (Figure 1C, D) and regional expression (Figure 1E, F). 

Based on the features of PD-L1 expression on cancer cells, 

we scored the ICC specimens as negative (defined as <5% 

PD-L1+ cells) for 158 patients (82.3%) and positive for 34 

patients (17.7%).

Correlation between PD-l1 expression 
and clinicopathologic features
We performed univariate analysis with the expression of PD-L1 

and clinicopathologic parameters of ICC patients. Detailed 

results are shown in Table 1. Tumor PD-L1 expression was sig-

nificantly associated with decreased CA19-9 and CEA levels 

at diagnosis (P<0.01 and P<0.05, respectively). In addition, 

tumor PD-L1 expression was significantly associated with the 

common markers of tumor aggressiveness, including higher 

number of tumors (P<0.01) and vascular invasion (P<0.05), as 

shown in Table 1. No other associations were found between 

other clinicopathologic parameters and expression of PD-L1.

Prognostic significance of PD-L1 
expression
The median follow-up period was 24 months (range 0.4–85 

months), and a total of 114 patients (59.4%) died during the 

Figure 1 Patterns of PD-l1 expression in primary iCC surgical specimens stained 
with anti-PD-l1 monoclonal antibody.
Notes: PD-l1 staining was detected in a membranous pattern in iCC tissues. (A 
and B) samples displaying pattern 1 exhibited negative expression in iCC cells. (A) 
Original magnification, ×100. (B) Original magnification of the boxed area shown 
in (A), ×200. (C and D) samples exhibiting pattern 2 displayed diffuse staining. (C) 
Original magnification, ×200. (D) Original magnification of the boxed area shown 
in (C), ×400. (E and F) samples displaying pattern 3 exhibited regional PD-l1 
expression. (E) Original magnification, ×100. (F) Original magnification of the boxed 
area shown in (E), ×200.
Abbreviations: iCC, intrahepatic cholangiocarcinoma; PD-l1, programmed death 
ligand 1.
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follow-up. Median times to disease-free survival (DFS) and 

overall survival were 19.4 and 24 months, respectively.

Survival analysis suggested that favorable overall sur-

vival and DFS intervals were highlighted by Kaplan–Meier 

curves and log-rank test (P=0.012 and P=0.018, respectively; 

Figure 2A, B) for the patients with positive PD-L1 expres-

sion compared to those with negative expression. These data 

clearly demonstrate the strong correlation between PD-L1 

overexpression and superior clinical outcome of the patients 

with ICC.

PD-l1 expression was associated with 
CD8+ T-cell infiltration in the ICC 
immune microenvironment
As CD8+ T-cells are central to adaptive antitumor immune 

responses and immune evasion associated with PD-L1 

expression in tumors, we quantified CD8+ T-cell infiltration 

in ICC specimens to determine the association between 

tumor PD-L1 expression and CD8+ T-cell immune responses. 

Interestingly, we found that PD-L1 expression was propor-

tional to the CD8 infiltrate (Figure 3A) and that the density 

of CD8+ T-cells was significantly higher in tumors with 

positive rather than those with negative PD-L1 expression 

(P<0.001; Figure 3B).

To confirm the association between elevated expression 

of PD-L1 and abundant CD8+ T-cell infiltration in ICC, we 

also measured the mRNA levels of PD-L1 and CD8A by 

quantitative PCR using the screened 54 ICC patients with 

available frozen tissue samples. As shown in Figure 3C, the 

PD-L1 mRNA within tumors was positively associated with 

the CD8A mRNA level in ICC tissues (P=0.017). We also 

analyzed the relationship between PD-L1 and CD8A expres-

sion in publicly available human ICC gene expression from 

the National Center for Biotechnology Information Gene 

Expression Omnibus database (GSE33327)19 and found that 

the PD-L1 levels were significantly correlated with CD8A in 

ICC patients (P=0.012; Figure 3D). Together, these results 

clearly revealed a significant correlation between PD-L1 

expression and CD8+ T-cell infiltration in ICC. In addition, we 

analyzed the relationship between PD-L1 and other markers 

of defective cells expression in publicly available human 

ICC gene expression from GSE33327 and found that there 

was a negative correlation between PD-L1 expression and 

regulatory T-cell infiltration (FoxP3, P=0.039; Figure S1A). 

However, the expression of PD-L1 was not associated with 

any markers of other immune cells in this cohort (Figure 

S1B–D). We also analyzed the relationship between PD-L1 

and FoxP3 expression in our screened 54 ICC patients with 
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Figure 2 PD-l1 overexpression is correlated with superior Os and DFs of iCC patients.
Notes: Kaplan–Meier curves for the analysis of iCC patients. (A) Os and (B) DFs according to PD-l1 protein levels. P-values were calculated by log-rank test.
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available frozen tissue samples and found that the PD-L1 

expression was significantly negatively correlated with Foxp3 

in ICC patients (P=0.028; Figure S1E). Together, these results 

clearly revealed a significantly negative correlation between 

PD-L1 expression and regulatory T-cell infiltration in ICC.

interaction between tumor PD-l1 
expression and inF-γ in iCC
Tumor PD-L1 expression was associated with the favorable 

prognosis of ICC patients. Also, the strongly positive associa-

tion of PD-L1 expression by tumor cells with CD8+ T-cell infil-

tration suggested that, tumor PD-L1 expression was induced 

by an adaptive antitumor immune response that secreted 

cytokines, particularly IFN-γ. We evaluated the mRNA levels 

of INF-γ in the same frozen ICC specimen shown in Figure 

3C and found that INF-γ mRNA was associated with PD-L1 

(P<0.001; Figure 4A) and CD8A expression (P<0.001; 

Figure 4A), respectively. Consistent with the mRNA results, 

IHC staining revealed a positive correlation between PD-L1 

expression and INF-γ expression or CD8 infiltration (Figure 

S2A, B; Table S1). Similarly, the GSE33327 data also con-

firmed the significant positive correlation among the expres-

sion of CD8A, PD-L1 and INF-γ (Figure 4B).

In addition, we further evaluated the impact of INF-γ 

on PD-L1 in ICC cell lines in vitro (HCCC9810 and RBE). 

Stimulation of the HCCC9810 and RBE cells with recom-

binant INF-γ for 24 hours led to a significant increase in 

ICC cell surface expression of PD-L1 by Western blot and 

quantitative PCR (Figure 4C and Figure S2C). Furthermore, 

flow cytometric analysis also revealed that incubation with 

INF-γ resulted in a significant increase of PD-L1 protein in 

ICC cells (Figure 4D).

Figure 3 immunohistochemical staining of human iCC tissues using anti-PD-l1 and CD8 monoclonal antibody.
Notes: (A) iCC tissue sections were analyzed by ihC for PD-l1 expression on tumor cells and CD8+ T-cell infiltration. PD-L1 positivity was defined as ≥5%, and the number 
of CD8+ T-cells was assessed in five distinct microscopic fields (×200). (B) Tumors were classified as PD-L1+ (≥5%) and PD-l1− (<5%) and analyzed for the amount of CD8 
(P-value<0.001). (C) Correlation studies were performed for PD-l1 and CD8a in 54 iCC tissues by linear regression. β-actin was used as an internal control. r: spearman’s 
correlation coefficient. (D) Correlation studies were performed for PD-l1 and CD8a in the 149 iCC patients from national Center for Biotechnology information gene 
expression Omnibus database (gse33327) by linear regression. r: Spearman’s correlation coefficient.
Abbreviations: iCC, intrahepatic cholangiocarcinoma; ihC, immunohistochemistry; PD-l1, programmed death ligand 1.
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Figure 4 PD-l1 expression was upregulated in iCC by iFn-γ.
Notes: (A) Correlation studies were performed for (left) PD-l1 and (right) iFn-γ CD8a and inF-γ in 54 iCC tissues. β-actin was used as an internal control. r: spearman’s 
correlation coefficient. (B) Correlation studies were performed for (left) PD-l1 and (right) iFn-γ CD8a and inF-γ in the 149 iCC patients from gse33327. r: spearman’s 
correlation coefficient. (C and D) after hCCC9810 and RBe cells were treated with recombinant iFn-γ (0, 10 and 20 ng/ml) for 24 hours, PD-l1 was examined by (C) 
Western blot and (D) flow cytometry.
Abbreviations: iCC, intrahepatic cholangiocarcinoma; iFn, interferon; PD-l1, programmed death ligand 1; RBe, human iCC cell line. 
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Discussion
ICC remains one of the most aggressive human malignan-

cies, with limited treatment options.3 To develop effective 

therapeutic strategies for advanced ICC, substantial efforts 

have focused on the interaction of ICC with immune cells 

in the tumor microenvironment.

Emerging evidence has demonstrated that the expression 

of PD-L1 on a number of solid tumors, including ICC, plays 

a major role in immune escape within the microenvironment 

and in suppressing the effector function of local antitumor 

CD8+ T-cells in tumors.9,20–22 Durable responses have been 

shown with agents targeting PD-L1/PD-1 immune checkpoint 

in patients with various solid malignancies. Moreover, clinical 

efficacy with these agents is strongly related to PD-L1 expres-

sion in the tumors, as assessed by IHC.23 However, analyses 

of various tumors have shown conflicting results on whether 

PD-L1 expression is related to poor prognosis, better prog-

nosis or has no association with prognosis.24–26 Conventional 

view suggests that the constitutive expression of PD-L1 can be 

driven by oncogenic signaling pathways in tumor cells, leading 

to immune escape through an innate immune resistance, and 

is associated with worse survival in patients.14 Sabbatino et 

al reported that high PD-L1 expression is a poor prognostic 

factor for ICC.20 However, they did not provide direct evidence 

demonstrating the association of high PD-L1 expression with 

suppression of local antitumor CD8+ T-cell–specific immune 

response. Interestingly, we observed a positive association 

between high PD-L1 expression and favorable prognosis in 

ICC. This seemingly conflicting result may be because tumors 

expressing high level of PD-L1 were more likely to be infil-

trated with abundant CD8+ T-cells (Figure 2A, B), which is 

consistent with the new concept that tumors express PD-L1 

as an adaptive resistance mechanism to an active antitumor 

immune response.15,16 In addition, the use of various PD-L1 

antibodies with different detection methods and positive 

criteria make different studies confusing and challenging to 

arrive at a consistent conclusion. In the future, efforts should 

be made to standardize PD-L1 evaluation.

INF-γ is secreted by CD8+ T-cells, and this cytokine 

rapidly induces PD-L1 expression within the tumor microen-

vironment. A previous study found that the expression of the 

inflammatory cytokine INF-γ was detected specifically at the 

interface of PD-L1+ melanoma cells and infiltrating immune 

cells, but not in PD-L1- melanoma.15 Coincidentally, we 

also demonstrated a strong relationship between tumor cell 

surface PD-L1 expression with both CD8+ T-cells infiltration 

and intratumoral IFN-γ expression in human ICC specimens. 

Moreover, recombinant IFN-γ also rapidly induced PD-L1 

upregulation in vitro in ICC cell lines. Together, these results 

collectively indicated that specific CD8+ T-cell infiltration in 

tumors could secrete inflammatory cytokine driving PD-L1 

expression as a negative feedback mechanism, leading to 

what could be considered an adaptive immune resistance 

mechanism by ICC. Although the present study associates 

IFN-γ production with PD-L1 overexpression in vitro and in 

vivo in ICC, other secreted cytokines in the tumor microenvi-

ronment, such as transforming growth factor-β1, interleukin 

(IL)-10 and IL-6, may also be involved.27,28 Further studies 

are required to clarify the molecular mechanisms respon-

sible for regulation of PD-L1 expression within the tumor 

microenvironment.

As effective as immunotherapy can be, only a minor-

ity of people exhibit durable responses, with the objective 

response rate of this novel immune checkpoint anti-PD-L1/

PD-1 antibodies ranging from 10% to 40%, depending on the 

individual’s indication.10 Responses to some other forms of 

immunotherapy, including IFN-α, high-dose IL-2 and vac-

cine, are even lower.29–31 Accumulating evidence shows that 

clinical responses to anti-PD-L1/PD-1 therapy occur most 

often in patients with inflamed tumor microenvironment. The 

inflamed tumors, characterized by the presence of both CD8+ 

T-cells and PD-L1 expression in the tumor parenchyma, are 

viewed as reflecting the presence of a pre-existing antitumor 

immune response among tumor patients who are candidates 

for immunotherapy.32 Nevertheless, our study revealed a 

highly significant concordance of expression of PD-L1 

with the presence of CD8+ T-cell infiltrates, but only rarely 

ICC patients exhibited positive PD-L1 expression, possibly 

indicating that only a small proportion of ICC patients will 

respond to anti-PD-L1/PD-1 therapy. It is worth studying 

whether this series of ICC patients with tumor cell PD-L1 

expression and the presence of CD8+ T-cells correlate gener-

ally with higher response rates to anti-PD-L1/PD-1 therapy.

There are some limitations in the present study. One of 

the main drawbacks is that inevitable selection bias may exist 

in our retrospective analysis. Another drawback is that IHC 

staining is unable to precisely distinguish PD-L1 expression 

on the macrophages and other immunosuppressed cells such 

as myeloid-derived suppressor cells from PD-L1 cancer cell 

expression within the tumor microenvironment.

Finally, the determination of cutoff values for the PD-

L1-positive tumor cells was difficult, and the absence of 

optimal positivity cutoff might be correlated with divergent 

results in previous studies.
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Conclusion
Our study showed that tumor PD-L1 expression is mainly 

stimulated by activated CD8+ T-cells pre-existing in the ICC 

microenvironment, rather than be constitutively expressed 

by the tumor cells, and PD-L1 is a favorable prognostic fac-

tor for ICC patients. A deep understanding of the landscape 

of infiltrating CD8+ T-cells and the mechanisms leading to 

overexpression of PD-L1 in ICC microenvironment will 

provide better strategies for the anti-PD-L1/PD-1 therapy.
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Table S1 Correlation analysis of PD-l1, iFn-γ expression and CD8+ T-cell infiltration in human ICC tissues

PD-L1 P-value IFN-γ P-value

Negative (n=158) Positive (n=34) Negative (n=96) Positive (n=96)

iFn-γ negative (n=96) 87 9 0.002

Positive (n=96) 71 25
CD8 negative (n=96) 91 5 <0.001 90 6 <0.001

Positive (n=96) 67 29 6 90

Notes: Chi-squared test. P<0.05 was considered statistically significant.
Abbreviations: iCC, intrahepatic cholangiocarcinoma; iFn, interferon; PD-l1, programmed death ligand 1.

Figure S1 Correlation between the expression of PD-l1 and (A) FoxP3, (B) CD4, (C) CD68 and (D) CD56 (nK1.1) in 149 iCC patients from the national Center for 
Biotechnology information gene expression Omnibus database (gse33327) by linear regression. (E) Correlation studies were performed for PD-l1 and FoxP3 in 54 iCC 
tissues by linear regression.
Notes: β-actin was used as an internal control. r: Spearman’s correlation coefficient.
Abbreviations: iCC, intrahepatic cholangiocarcinoma; PD-l1, programmed death ligand 1.
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Figure S2 PD-l1 expression was upregulated in iCC by iFn-γ.
Notes: (A) Tumors were classified as PD-L1+ (≥5%) and PD-l1− (<5%) and analyzed for the iFn-γ ihC scores. (B) Representative immunofluorescence staining for CD8+ 
T-cells (FiTC, green) and iFn-γ (Cy5, red) in frozen iCC tumor sections. (C) after hCCC9810 and RBe cells were treated with recombinant iFn-γ (0, 10 and 20 ng/ml) for 
24 hours, PD-l1 mRna levels were detected by qPCR. Data represent mean±seM. ***P<0.001.
Abbreviations: DaPi, 4′,6-diamidino-2-phenylindole; FITC, fluorescein isothiocyanate; ICC, intrahepatic cholangiocarcinoma; IFN, interferon; PD-L1, programmed death 
ligand 1; qPCR, quantitative polymerase chain reaction; seM, standard error of the mean.
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