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ABSTRACT
Hepatocellular carcinoma (HCC) is the second cause of death for cancer worldwide, justifying the
urgent need for novel therapeutic approaches. Immunotherapeutic strategies based on triggering
and/or rescuing tumor antigen-specific T cells may be promising particularly if combined together.
As preliminary step toward this goal, we have investigated the expression of antigen presenting
molecules (HLA class I and class II) and immune checkpoints (PD-1 and PD-L1) in 43 HCC samples
from distinct patients and in HCC cell lines. While normal hepatocytes did not express HLA class
I and II, HCC cells strongly upregulated HLA class I while remaining negative for HLA class II. The
absence of HLA class II expression in HCC cell lines correlated with lack of expression of the HLA
class II transactivator, CIITA, which could not be rescued even after interferon-gamma treatment.
This was due to high methylation levels of interferon-gamma-sensitive CIITA promoter IV strongly
suggesting a biologically relevant developmental silencing of HLA-II expression in liver cell lineage.
HCC tumor tissues showed a variable degree of leukocyte infiltration. Infiltrating lymphocytes
expressed PD-1, while PD-L1 was expressed in cells with monocyte-macrophage morphology mostly
localized at the tumor margin, but not in tumor cells. De novo expression of HLA class I, instrumental
for presenting tumor antigens to cytotoxic T lymphocytes, and the correct characterization of the
cells expressing checkpoint inhibitors in the tumor tissue should be the ground for setting novel
strategies of combined approaches of immunotherapy in HCC based on tumor peptide vaccines and
anti-checkpoint inhibitor antibodies.

ARTICLE HISTORY
Received 26 July 2018
Revised 31 October 2018
Accepted 11 November 2018

KEYWORDS
HCC; CIITA; HLA; PD-1; PD-L1

Introduction

Hepatocellular carcinoma (HCC) accounts for 90% of primary
liver cancers and is one of the deadliest cancers ranking sixth
in global incidence and second in terms of cancer deaths in
the world, after lung cancer, with a tribute of 0,8 million
people in 2012 (WHO, IARC http://globocan.iarc.fr)1.
Current curative approaches for HCC involve partial liver
resection, liver transplantation, chemotherapy, and transarter-
ial chemoembolization.2 Despite important advances in the
diagnosis and treatment of liver cancer in the recent decades,
the 5-year survival rate remains dismal, (less than 10%),
because of the high frequency of intrahepatic recurrence
after hepatectomy and the low effect of systemic therapy by
the single drug Sorafenib, the current standard of care for
advanced disease.3 Thus, novel complementary strategies of
treatment are urgently required for this deadly disease.

Recently, immunotherapeutic approaches, such as treat-
ment with antibodies specific for immune checkpoints
expressed on effector T cells (CTLA-4, PD-1) and antigen
presenting cells (PD-L1), have revitalized the enthusiasm in

the field of cancer therapy, particularly for the preliminary
success obtained in the treatment of cancers such as mela-
nomas and NSCLC.4 Based on the fact that blocking
immune checkpoints is a way to unleash preexisting immu-
nity to tumors, somehow inhibited in tumor patients, in
principle this approach could be applied to a wide variety
of cancers; within this line similar treatments are presently
in clinical trials also for HCC.5,6 It is of interest that the
ligand of PD-1, the PD-L1 molecule, can be expressed also
in tumor cells. This is relevant because not only antigen
presenting cells (APC) but also tumor cells can potentially
block the activity of effector T cells during their functional
lifespan, particularly in the tumor microenvironment, and
result in worst prognosis for cancer patients.7–9 Indeed,
recent results have raised the possibility of a correlation,
in terms of bad prognosis, between expression of PD-L1 in
HCC cells and patient’s outcome,10–12 supporting the
notion that blocking these checkpoints molecules with inhi-
bitor antibodies may be a promising way to increase the
tumor patient’s capacity to fight cancer.13
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As outlined above, however, targeting the immune check-
points requires the presence of previously triggered anti-
tumor T cells, both CD4 and CD8, whose recognition of
tumor antigens by their clonotypically distributed receptors
depends on antigen presentation on HLA-encoded class II
and class I cell surface molecules, respectively.

It is apparent that immunotherapeutic strategies
against cancer, and thus against HCC as well, could not
rely on a single approach but on a variety of combination
therapies which should take into account primarily the
mechanisms at the basis of the triggering of the anti-
tumor immune response. As adaptive immune response
to tumors is essentially a T cell response, a crucial step of
this response is the initial recognition of tumor-associated
antigens (TAA), here defined as antigens derived by both
over-expressed proteins or mutated proteins (neoantigens)
in tumor cells. This process is accomplished in two steps:
a)- antigen processing of TAA by specialized cells, such as
dendritic cells and macrophages (APC) and presentation
of appropriate TAA peptides within the context of HLA
class II molecules; b)- recognition of MHC class II-bound
peptides displayed on the cell surface by HLA class II-
restricted CD4 + T cells, designated T helper (TH) cells.14

TH cells are fundamental for optimal induction of both
humoral and cellular effector mechanisms,15 particularly
for the maturation of HLA class I-restricted CD8+ naïve
T cells, their clonal expansions and acquisition of cyto-
toxic function.16 The latter function is of relevance in the
context of anti-tumor immunity, since CD8+ cytotoxic
T cells (CTL) are believed to be the major lymphocyte
effectors against cancer cells.17 In physiological condi-
tions, expression of HLA class II molecules is confined
to B cells, APCs and other few cell types. While B cells
constitutively express HLA class II molecules, other cell
types may express these molecules under the induction of
certain inflammatory cytokines, particularly IFNγ. Both
constitutive and inducible HLA class II expression are
under the control of the class II transactivator, also
designed CIITA, discovered in our laboratory.18–20 In
tumors, particularly in tumors of epithelial origin, HLA
class II expression is not a common event but when
present is always under the control of CIITA,21 and is
generally associated with better prognosis both on pri-
mary tumors22,23 and in tumors with poor metastatic
potential.24 Moreover, since the final effectors of the
adaptive anti-tumor immune response are primarily the
CD8+ CTLs, it is expected that expression of MHC class
I molecules in tumor cells is one of the most important
parameters associated with the efficacy of immune
response against the tumors. Indeed, lack or reduced
expression of HLA class I molecules in tumor cells is
often associated with tumor escape from the immune
system.25 In HCC cells, early investigation on the expres-
sion of HLA class I and class II molecules, was performed
by two groups. Paterson et al. also showed low expression
of HLA class I in normal hepatocytes and increased
expression in HCC cells. Very faint and scattered expres-
sion of HLA class II cell surface antigens was found in
about 40% of HCC cells.26 In partial agreement, Sung

et al. showed no expression of HLA class I on normal
hepatocyte and expression of HLA class I in HCC.27

Normal liver cells were negative for HLA class II and
only 3 out of 11 HCC samples in those original studies
showed faint HLA class II expression.27

Due to their mutual importance in the immune regula-
tion of anti-cancer response, it is crucial to study the
comparative expression of HLA cell surface molecules
(both class I and class II) and immune checkpoints such
as PD-1 and PD-L1 in tumor tissues if one wants to
integrate possible synergistic immunotherapeutic strategies
such as tumor-specific peptide vaccination and checkpoint
blockade. Within this frame we decided to investigate by
immunohistochemistry the expression of the above markers
in a significant number of HCC tumor tissues. Moreover,
we analyzed by immunofluorescence and cytofluorometry,
HCC cell lines for their expression of HLA class I, class II,
PD-1 and PD-L1 in steady state conditions, and upon
stimulation by IFNγ, a crucial inflammatory cytokine
often produced by lymphocytes infiltrating the tumor and
capable of stimulating the expression of both HLA (class
I and class II) and PD-L1 molecules. One peculiar repro-
ducible finding was the lack of HLA class II expression in
HCC cells even after IFNγ treatment which correlated with
the lack of expression of CIITA mRNA, in contrast to an
up-regulation of HLA class I expression. Further experi-
ments showed that absence of CIITA transcription corre-
lated with high methylation levels of IFNγ-sensitive CIITA
promoter IV, and not to defects of the IFNγ-dependent
signal transduction pathway.

The results obtained clearly indicate a dichotomy in the
expression of HLA class I and class II molecules due
a developmental silencing of CIITA in hepatocytes that
seems to be maintained in neoplastic transformation.
Moreover, HCC tumor tissues presented distinct degree of
PD-1-expressing infiltrating lymphocytes. PD-L1 was
expressed in cells with monocyte-macrophage morphology
localized at the tumor margin, but not in tumor cells. These
results are discussed within the context of possible strategies
for more suitable protocols of combined immunotherapeutic
approaches in HCC.

Results

Histopathological grading and etiopathogenesis of HCC
under study

We have analyzed 43 distinct HCC samples, each from distinct
patients who underwent clinical treatment in our hospital. As far
as pathogenesis, laboratory analysis showed that 18 hepatocarci-
nomas arosed in patients positive for Hepatitis C virus (HCV)
infection, one HCC developed in a patient positive for Hepatitis
B virus (HBV) infection and two HCC arose in a patient positive
for both HBV and HCV. Remaining patients were either nega-
tive (10 patients) or not assessed for previous HBV/HCV infec-
tion (Table 1). Two patients developed HCC on a previous
cirrhosis with a history of alcohol abuse. In terms of histopatho-
logical differentiation stage of the disease, samples were classified
as Grade 1, 2 or 3 following the progressive malignant alterations
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of the tumor cells, respectively, Grade 3 being the most anaplas-
tic tumor. In relation to the presence of cellular infiltrate, tumors
were classified as 0 (no infiltrate), 1+, 2+ and 3+, on the basis of
progressively higher number of infiltrating cells, mostly lympho-
cytic cells, as described in Materials and Methods. Of notice,
degree of infiltration did not strictly correlate with either HCV/
HBV infection or the grading of malignancy in terms of histo-
pathological feature. Indeed, tumors with the highest infiltrate
could be either negative or positive for HCV infection, and

similarly tumors with no infiltration could be again negative or
positive for HCV infection.

De novo expression of HLA class I cell surface molecules
in HCC tumor cells and correlation with lymphocyte
infiltration

The expression of HLA class I and class II molecules was then
assessed in HCC tumors and compared with the surrounding,

Table 1. Expression of HLA class I and class II in HCC tumors from 43 distinct patients and correlation with clinico-pathological findings.

Cases HLA-I Expression HLA-II Expression

Variables Total 43
High

(≥ 70%)a
Medium

(20% ≤ x < 70%)
Low

(< 20%) p value
Positive

1 1% ≤ x < 3%a Negative p value

Gender
M/F 35/8 18/2 13/6 4/0 6/1 29/7
Age Mean

(years)
67 ± 11 68/67 62/70 69/0 0.370 64/73 67/69 0.573

Grading 0.582 0.311
G3 1 2 0 1 2
G2 17 12 3 6 26
G1 2 5 1 0 8
Infiltration 0.586 0.137
3+ 2 0 0 1 1
2+ 6 6 1 1 12
1+ 9 9 1 5 14
0 3 4 2 0 9
CD8b 43.5 18.8 2.5 0.040* 50 34.6 0.344
CD4 28 19.2 2.5 0.138 19.5 21.8 0.445
Infection 0.556 0.815
HCV and/or HBV 9 11 1 4 17
No infection 7 3 2 2 10
Not documented 4 5 1 1 9

a percent values (in parenthesis) indicate the number of cells expressing HLA-I or HLA-II molecules
b mean of CD8 or CD4 positive infiltrating cells as obtained by counting the stained cells in at least three representative fields of the corresponding High, Medium
and Low HLA class I-expressing cells

*statistically significant with p < 0.05

Figure 1. HLA class I, but not HLA class II, is highly expressed on HCC tumor cells.
Immunohistochemical staining for both HLA class I and HLA class II in paraffin-embedded blocks of HCC tissue samples. The upper panels (a-d) show normal liver
tissue with HLA class I and HLA class II expression (here assessed for both HLA-DR and HLA-DQ) confined to LSEC and KC cells. In contrast, the HCC tumor tissues,
classified as having high infiltrate (panel e, arrowheads), low infiltrate (panel i, arrowheads), or no infiltrate (panel m), show strong membrane expression of HLA class
I (panels f, j, n), but no expression HLA class II (panels g, h, k, l, o, p) in tumor cells. Original magnification X 400.
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unaffected normal liver of the same patient. Moreover, addi-
tional normal liver tissues, from individuals undergoing liver
surgery from cancer-unrelated pathology, were analyzed. As
common feature, HLA class I cell surface molecules were not
detectable in normal liver parenchymal cells (see as an exam-
ple Figure 1, panel b). Expression of HLA class I in normal
liver tissue was essentially confined to liver sinusoidal epithe-
lial cells (LSEC) and Kupffer cells (KC). Similarly, HLA class
II (DR and DQ) molecules were not expressed in normal liver
parenchymal cells, whereas they were expressed in LSEC and
KC cells (Figure 1, panels c and d, respectively). In HCC,
irrespective of the absent, low or high inflammatory infiltrate,
the majority of tumor cells were clearly positive for HLA class
I expression (Table 1, and Figure 1, panels f, j and n). In most
cases, the percentage of HLA class I positive tumor cells was
higher than 50%. Only in two cases, we found 5% or less HLA
class I-positive tumor cells, respectively.

Nevertheless, differences were observed in the amount of
expression of HLA class I at single tumor cell level, usually
with higher expression in those tumor cells accompanied by
higher mono-lymphocytic infiltration. (Figure 1, compare
panel f with panels j and n). Interestingly, lymphocyte infil-
tration was mostly represented by CD8 + T cells and to lesser
extent by CD4 + T cells (Table 1, and Figure 2). The degree of
CD8 + T cell infiltration significantly correlated with the
intensity of HLA class I expression (Table 1). As far as the
expression of HLA class II molecules, it was not detected in
most of the tumor cells, irrespective of the level of infiltration
of tumor tissues (Figure 1, panels g,h,k,l,o,p), while it was
detected again in LSEC and KC, and in tumor infiltrating
lymphocytes (Figure 1, panels g,h,k,l,o,p). When we compared
clinico-pathological parameters (gender, age, tumor grading,
rate of infiltration and infection), with low (≤ 20%), medium

(20% to 70%) and high (≥ 70%) number of tumor cells
expressing HLA-I or HLA-II molecules, we observed no sig-
nificant correlation (Table 1). An analysis of correlation
between outcome and marker expression could be done in
relation to the expression of HLA class I for a number of
patients (31 patients) included in the high (n.17) and medium
(n.14) HLA expression groups. Supplementary Figure 1 shows
that in the analyzed groups, although there is no statistical
difference in the final outcome, a clear difference was
observed up to 60 months where the two curves of high
HLA class I expression group (A, black squares) and medium
HLA class I expression group (B, grey squares) show 50% and
23% survival, respectively.

Expression of HLA cell surface molecules in HCC tumor
cell lines

In order to compare the expression of human MHC cell surface
molecules in tumor cells from patients’ tumor tissues and HCC
tumor cell lines, we analyzed by immunofluorescence and flow
cytometry the HLA class I andHLA class II cell surface phenotype
of 4 HCC cell lines, namely Alex, Hep3B, HepG2 and HUH7.
Interestingly, and at variance with the results in HCC in tumor
tissues, the 4 HCC cell lines expressed very low HLA class
I molecules with two of them (HepG2 and HUH7) expressing
levels approaching negative values (Figure 3(a), HLA-I, solid
lines). Thus, HCC cell lines did not mimic the behavior of hepa-
tocarcinoma cells from cancer tissues. HLA class II molecules
were not expressed in any HCC cell line (Figure 3(a), HLA-DR,
solid lines), thus mirroring the phenotype of HCC tumor cells
from tumor tissues. Thus, the adaptation of HCC tumor cells
in vitro and the generation of cell lines was accompanied by
a substantial modification of the HLA class I expression, while

Figure 2. CD4 and CD8 infiltration in HCC tumors.
Immunohistochemical staining for both CD4 and CD8 in paraffin-embedded blocks of HCC tissue samples. Panels show representative HCC tumor tissues with very
high (top, infiltrate 3+), high (middle, infiltrate 2+) and low (bottom, infiltrate 1+) CD4 (left panels, a,c,e) and CD8 (right panels, b,d,f) infiltration (original
magnification, x200). Examples of CD4 or CD8 positive lymphocytes are indicated by arrows.
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the HLA class II phenotype was unchanged. The expression of
HLA genes and particularly of HLA class II genes can be rescued
by treatment with the inflammatory cytokine IFNγwhich can also
up-regulate pre-existing expression of HLA class I molecules. As
far as HLA class II genes, IFNγ does not directly activate them but
it does so via the transcriptional activation of CIITA which, in
turn, activates HLA class II gene transcription. Interestingly, after
IFNγ treatment, the expression of HLA class I was upregulated in
all 4 cell lines whereas the expression of HLA class II remained
negative (Figure 3(a), bold lines). THP-1 cells, which are known to
have a functional IFNγ signaling pathway, were used as a control
for HLA class I and class II expression.

We next investigated whether lack of HLA class II expres-
sion was dependent from a primary defect in HLA class II
transcription and/or protein synthesis or from a defect in
CIITA expression. Real time-quantitative PCR showed that
HCC cell lines treated with IFNγ did not express CIITA
mRNA at all (Figure 3(b)). Moreover, genetic transfer of
a CIITA expressible cDNA into HCC cell lines resulted in
a consistent and stable expression of HLA class II genes and
corresponding cell surface molecules (Figure 3(c)). Taken
together, these results show that the defect of HLA class II
expression in HCC cells was dependent on lack of

Figure 3. Lack of CIITA expression is responsible for the absence of HLA-II expression in HCC tumor cell lines.
(a) HLA class I (HLA-I) and HLA class II (HLA-DR) cell surface phenotype of Alex, Hep3B, HepG2 and HUH7 HCC cell lines were carried out by immunofluorescence and
FACS analysis. The monocytic THP-1 cell line was used as a positive control for both baseline and IFNγ-induced HLA-I and HLA-DR expression. Histograms represent
fluorescence profiles of the cells indicated on the top incubated with specific anti-HLA-I or HLA-DR mAbs followed by incubation with FITC-conjugated F(ab)2 anti
mouse antibody as second reagent. Cells were either untreated (solid line) or treated with IFNγ (bold line). Controls (dashed line) are cells incubated with the second
reagent only. Mean fluorescence (m.f.) values are expressed in the abscissa as arbitrary units (a.u.). A representative experiment is shown out of three independent
experiments with very similar results. (b) CIITA mRNAs expression was assessed by qRT-PCR in cells treated or not with IFNγ. The results of a representative
experiment, out of at least three experiments with similar results, performed in triplicates are shown. CIITA mRNA levels are expressed as values relative to those of
untreated Jurkat T cells set to 1. THP-1 cells were used as a positive control for both basal and IFNγ-induced- CIITA mRNA expression. Error bars represent the
standard deviation. (c) The stable expression of CIITA in Alex, Hep3B, HepG2 and HUH7 cells restores the HLA-DR expression. HLA-I and HLA-DR cell surface
expression was carried out by immunofluorescence and FACS analysis. Histograms represent fluorescence profiles of the cells indicated on the top incubated with
specific anti HLA-I or HLA-DR mAbs (solid line) followed by incubation with FITC-conjugated F(ab)2 anti mouse antibody as second reagent. Controls (dashed line) are
cells incubated with the second reagent only. Mean fluorescence (m.f.) values are expressed in the abscissa as arbitrary unit (a.u). A representative experiment is
shown out of three independent experiments with very similar results.
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transcription of endogenous CIITA even after treatment with
IFNγ and not to an intrinsic defect of HLA class II genes.

Lack of expression of CIITA in HCC is not due to defects of
IFNγ signaling pathway

To investigate, in more detail, whether the lack of IFNγ-
dependent expression of CIITA in HCC could be associated
to a defect in the IFNγ signaling pathway we analyzed the
integrity of the engaged intracellular factors after interaction
of IFNγ with its cell surface receptor. This interaction recruits
Jak1 and Jak2 kinases which in turn phosphorylate and acti-
vate the transcription factor STAT1 (p-STAT1) that
dimerizes, migrates to the nucleus where it binds to the
promoter of IRF1, and activates its transcription. IRF1 and
dimerized p-STAT1 bind to CIITA pIV together with the
ubiquitous USF1 transcription factor and activate the tran-
scription of CIITA.28

We therefore evaluated the level of p-STAT1 in CIITA-
negative HepG2 and, as control, in IFNγ-mediated CIITA-
inducible RA cell lines (Supplementary Fig. 2). Results in
Figure 4(a) show that STAT1 was phosphorylated in HepG2
following IFNγ exposure. As expected, high levels of STAT1
phosphorylation were also observed in RA cells after treat-
ment with IFNγ but not in untreated cells (Figure 4(a)). We
next assessed by real time PCR the expression of IRF1 in
HepG2 cells exposed to IFNγ. As shown in Figure 4(b)

(right panel), IFNγ treatment determined a significant induc-
tion of IRF1 mRNA expression in HepG2 compared to the
untreated cells. Similar results were obtained in RA glioma
cells (Figure 4(b), left panel).

Finally, we evaluated the expression of USF1 in both
HepG2 and RA cells. As shown in Figure 4(b), USF1 was
expressed in both cell lines and IFNγ did not affect its expres-
sion level. Taken together these findings confirmed that all the
transcription factors required for a correct stimulation of
CIITA gene expression were enrolled after IFNγ treatment
in HCC cells.

Hypermethylation of the CIITA promoter IV region,
including the DNA binding motifs for STAT1, USF1 and
IRF1, correlates with lack of CIITA expression in HepG2
cells

The above results suggest that chromatin accessibility of
STAT1, USF1 and IRF1 may be hampered at the level of
CIITApIV in HCC cells. To verify this hypothesis, we inves-
tigated the presence of methyl-CpG sites in the region of the
CIITA promoter IV that extends 350 bp upstream of the
transcription start site, and subdivided it for PCR amplifica-
tion in two shorter regions (a and b) schematically repre-
sented in Figure 5(a). DNA sequencing analysis showed 11
potential CpG island sites for methylation, of which 8 are
located in region b which includes GAS, E-box and IRF

Figure 4. STAT1 phosphorylation and significant increase of IRF1 mRNA levels after treatment with IFNγ in HepG2 hepatocarcinoma and RA glioma cell lines.
(a) Total cell extracts of RA and HepG2 cell were collected after 72 hours treatment with IFNγ (+) or its vehicle (-) and analyzed by western blotting using anti-STAT1
and anti-phosphorylated-STAT1 (p-STAT1) antibodies. Tubulin was used as a loading control. The two black arrows on the right indicate the bands corresponding to
the phosphorylated STAT1. A representative experiment is shown out of three independent experiments with very similar results. (b) USF1 and IRF1 mRNAs
expression in RA (left panel) and HepG2 (right panel) cells treated with IFNγ (dashed colums) or with its vehicle (white colums) for 72 were assessed by qRT-PCR. The
results of three representative experiments performed in triplicates are shown. USF1 and IRF1 mRNA levels in IFNγ treated cells are expressed as values relative to
those of untreated cells set to 1. Two-WAY ANOVA test has been performed (** p ≤ 0.01 for Hep-G2 and *** p ≤ 0.001 for RA as compared to corresponding
untreated cells). Error bars represent the standard deviation.
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consensus sequences for STAT1, USF1 and IRF1, respectively
(Figure 5(a), upper diagram). Bisulfite sequencing of the
CIITApIV in HepG2 revealed a high concentration of methy-
lated CpG dinucleotides as compared to CIITApIV of RA, all
along the sequence analyzed, particularly enriched at the
region spanning nucleotides −42 to + 26 (Figure 5(b)).
Consistent with the data discussed above, the level of CpG
methylation was not affected by IFNγ treatment. Differently
from HepG2, in RA cells the DNA segments analyzed were
unmethylated or hypomethylated, independently of stimula-
tion with IFNγ (Figure 5(b)), supporting the idea that the
methylation status of CIITA pIV could influence the accessi-
bility of specific transcription factors to the promoter, thus
affecting CIITA gene transcription.

Taken together these data strongly suggest that lack of
HLA-II expression in hepatocarcinoma cells is due to lack of
CIITA transcription most likely generated by CpG island
hypermethylation of CIITApIV.

Expression of PD-1 and PD-L1 checkpoint inhibitors in
HCC tumor tissues

To further investigate the expression of additional relevant mar-
kers involved in the control of immune response against HCC and

relevant for immunotherapeutic strategies, we next assessed the
expression of checkpoint inhibitor PD-1 molecule and its major
receptor PD-L1 inHCC tumor tissues. Figure 6 shows the analysis
by immunohistochemistry of four representative HCC tumor
tissues from distinct patients characterized by very high (infiltrate
3+), high (infiltrate 2+), low (infiltrate 1 +), or no leukocyte
infiltration. Clear expression of PD-1 was detected in infiltrating
cells. PD-1+ cells were interspersed within the HCC tumor tissue
and were mainly represented by lymphocytes (Figure 6, panels a,
c, e, arrows). On the other hand, in HCC tumor tissues with
relatively very high and high degree of leukocyte infiltration,
PD-L1 cell surface marker was expressed in cells with monocyte-
macrophage morphology (Figure 6, panels b, d, f, arrows). In
HCC tumor tissues with low or absent leukocyte infiltration,
PD-L1 was usually expressed at very low level or not expressed
(Figure 6, panel f and h, respectively). In most instances, positive
cells were seen at the margin of the tumor tissue. These cells
displayed the morphology of KC (Figure 6, panel b, arrowheads)
or hepatic stellate cells (Figure 6, panel b, arrows). Interestingly,
we found that the number of infiltrating cells in HCC was sig-
nificantly correlated with both PD-1 and PD-L1 expression (Table
2, p = 9,73x10 ̶ 5 and p = 0.019, respectively). Although the vast
majority of HCC tumor cells were not stained for the PD-L1
marker, some tumor cells (less than 3% and only in 3 out of 43

Figure 5. CIITA promoter IV is highly methylated in HepG2 hepatocarcinoma cells.
(a) Schematic representation of the human CIITA promoter IV region used for PCR amplification of bisulfite converted DNA. The sequence, including GAS, E-box and IRF1
consensus elements, was amplified by PCR in two sub regions (a: from position −334 to −160; b: from position −209 to + 99), using specific primers as indicated in Materials
and Methods. The numbers indicate the relative distance upstream of the transcriptional start site (black arrow). Vertical bars in the upper line indicate CpG dinucleotide. (b)
CpGmethylation of the human CIITA promoter IV selected region in RA and HepG2 cells treated with 500U/ml of IFNγ or its vehicle for 3 days. Themethylation status of CpGs
in the promoter region was monitored by bisulfite analysis. The filled and open circles represent the methylated and unmethylated CpG dinucleotides, respectively. A mean
of 4 separate clones was analyzed for each region. High methylation was observed in HepG2 cells, independently of IFNγ treatment.
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HCC cases analyzed) displayed a low but distinct positivity for
PD-L1 expression (Figure 6, panel b, arrows). These findings were
confirmed by the use of two distinct commercially available
reagents specific for PD-L1, a rabbit and a mouse monoclonal
antibody. Due to the partially conflicting results with previous
reports 10–12 we further investigated in more detail several cases
with the highest number of PD-L1 positive cells to clearly deline-
ate the cell population(s) expressing PD-L1. Figure 7 shows the
results of such analysis. Left series and right series of panels are
taken at x100 and x200 magnification, respectively. As outlined
above, the majority of PD-L1 positive cells were located at the
margin of the tumor mass, with few but evident PD-L1 positive
cells also within the tumor mass (Figure 7, panels a and b). The

tumor mass was clearly positive for cytokeratin 8 and cytokeratin
18 (Figure 7, panels c and d), two intermediate filament proteins
expressed in normal simple and glandular epithelia as well as in
adenocarcinomas, including HCC,29 but not expressed in hema-
topoietic cells.30 Again, most of the PD-L1 positive cells at the
margin of the tumor mass and among the HCC cells displayed
a KC and/or a dendritic morphology (Figure 7, panel b, arrows)
and were not stained for cytokeratin 8/18 (Figure 6, panel d,
arrows). To further confirm that the vast majority of PD-L1
positive cells were not the HCC tumor cells, tissue sections were
stained with an antibody specific for the CD68 (KP-1) molecule,
a lysosomal/endosomal transmembrane glycoprotein expressed
mainly in themyeloid cell lineage, includingmonocytes and tissue
macrophages, in certain non-myeloid cells such as fibroblasts31

and in some tumor cells but not in HCC cells (http://www.
proteinatlas.org/ENSG00000129226-CD68/cancer).32 Results
clearly showed that the PD-L1 positive cells found at the margin
of the tumor tissue mostly overlapped with CD68-positive cells
(Figure 7, compare panels a and e, and panels b and f).
Interestingly, a diffuse staining with the anti-CD68 reagent was
observed within the tumor mass, indicating that a substantial
number of monocyte-macrophage and/or fibroblast cells were
infiltrating the tumor (Figure 7, panel f)

PD-1 and PD-L1 expression was also assessed in the HCC
cell lines. As expected, PD-1 was not expressed in any of the
cell lines analyzed. Similarly, PD-L1 was not expressed in the

Figure 6. PD-1 and PD-L1 expression in HCC tumor tissues.
Immunohistochemical staining for PD-1 and PD-L1 in formalin-fixed paraffin-embedded sections of HCC. The left and right panels show representative HCC tumor
tissues with very large (infiltrate 3+), large (infiltrate 2+), low (infiltrate 1+), or absent (no infiltrate), lympho-monocyte infiltration (original magnification, x200).
Representative of infiltrating PD-1-positive lymphocytes, largely detectable in panel a,c and e, are indicated with arrows. Similarly, representative PD-L1 positive
infiltrating cells are indicated by arrows (panels b, d, f). Arrowheads and bold arrow (panel b) indicate liver resident cells, most likely Kupffer cells and hepatic stellate
cells, respectively.

Table 2. Correlation between both PD-1 and PD-L1 expression on the tumor
infiltrating cells and the grade of tumor infiltration.

Level of Infiltration

Variables 3+ 2+ 1+ 0 p value

PD-1 Expression 9.73*10–5

High 1 2 0 0
Medium 0 7 2 0
Low 0 2 9 0
None 1 2 8 9
PD-L1 Expression 0.019
High 1 0 0 0
Medium 0 4 0 0
Low 1 2 1 0
None 1 6 18 9
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4 HCC cell lines (Figure 8). Noteworthy, treatment with IFNγ,
while not modifying the expression of PD-1, resulted instead
in a clear induction of expression of PD-L1 in three out of 4
HCC cell lines analyzed in this study (Figure 7).

Discussion

Hepatocellular carcinoma constitutes the most frequent
malignant neoplasia of the liver and unfortunately still one
of the relatively untreatable forms of cancer. Recently immu-
notherapeutic approaches have fueled new hope in several
forms of cancers, by providing the framework for new

strategies of anti-tumor treatment. Two complementary
approaches, based on the stimulation of the tumor-specific
lymphocytes, both CD4+ and CD8 + T cells, with relevant
tumor associated peptides (therapeutic vaccines), and rescu-
ing tumor-specific T cells exhausted and/or blocked in their
function, via antibodies against inhibitory checkpoints and
checkpoint ligands (i.e. CTLA-4/B7 and PD-1/PD-L1), are
actively pursued in clinical trials. The success of these
approaches is strictly dependent on three major elements: 1)
the characterization of the tumor-specific antigens presented
within the context of HLA class I and class II molecules and
thus the expression of HLA molecules in tumor cells; 2) the

Figure 7. CD68-positive cells but not Cyk8/18-positive HCC tumor cells co-express PD-L1.
Immunohistochemical staining for PD-L1, CyK8/18 and CD68-positive cells. Photographs showing representative paraffin-embedded blocks of HCC tumor tissue
samples with large numbers of CD68-positive myeloid cells concentrated at the margin of the tumor and high PD-L1 expression in the same area (right bottom and
top panels, respectively). CyK8/18-positive tumor cells (large brown area in panels c, d) do not overlap with PD-L1-positive cells (panel d, arrows). Left panels original
magnification, x100; right panels, original magnification x200.

Figure 8. PD-L1, but not PD-1, expression is induced by IFNγ in HCC cell lines.
PD-1 and PD-L1 cell surface expression in Alex, Hep3B, HepG2 and HUH7 HCC cell lines were assessed by immunofluorescence and FACS analysis before and after
treatment with IFNγ for 72 hours. Histograms represent fluorescence profiles of the cells indicated on the top incubated with mouse specific anti PD-1 or PD-L1 mAbs
followed by FITC-conjugated F(ab)2 anti-mouse antibody. Untreated (thin solid line) or treated with IFNγ (bold line). Cells incubated with FITC-conjugated F(ab)2 anti
mouse antibody only (dashed line) were used as negative controls. Mean fluorescence (m.f.) values are expressed in the abscissa as arbitrary units (a.u.).
A representative experiment is shown out of three independent experiments with very similar results.
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presence of infiltrating lymphocytes and APC within and/or
around the tumor; 3) the expression of inhibitory molecules
on lymphocytes and their ligands on APC.

In this study, we have analyzed some of these aspects on
a series of 43 distinct HCC tumors by assessing the expression
of HLA class I and class II, PD-1 and PD-L1 cell surface
molecules on tumor cells, the cell distribution of the markers
within the tumor tissue and their comparative expression in
HCC tumor cell lines.

One important finding of our analysis was the differential
expression of HLA class I molecules in HCC tumor cells with
respect to normal hepatocytes. While normal hepatocytes did
not express HLA class I, HCC cells were mostly positive.
Positivity did not correlate, however, with previous HCV infec-
tion or with the presence of the leukocyte infiltration although
stronger expression was observed in highly infiltrated HCC.

Infiltrating cells showed a prevalence of CD8+ and, to lesser
extent, of CD4+ lymphocyte subpopulation, and the degree of
CD8 + T cell infiltration correlated indeed with high expression
of HLA class I in tumor cells. This may suggest that, although
most tumor cells express HLA class I molecules, the degree of
expression may be regulated by the presence of inflammatory
cytokines, such as IFNγ, in the tumor microenvironment pro-
duced by CD8+ and CD4 + T cells.

The biological reason underlying the de novo expression of
HLA class I molecules in HCC tumor cells is not known at the
present. It should be stressed that a similar behavior was also
reported for pancreatic adenocarcinomas.33 It may rely on the
specific tumor microenvironment present in HCC with an
inflammatory milieu providing specific cytokine stimuli indu-
cing HLA class I expression. This idea is supported by the
finding presented in this study that in vitro adapted HCC cell
lines do not express HLA class I cell surface molecules but
they can be induced to do so when treated with IFNγ. This
finding is of interest because in many cases tumor cells tend
to lose expression of HLA class I molecules and this has been
correlated with mechanisms of escape from immune recogni-
tion by tumor-specific CTL.25,34 Moreover, loss of HLA class
I expression in tumor cells can have also a negative impact on
immunotherapies aimed at blocking immune checkpoints
molecules.35 Thus, the fact that HCC express HLA class
I molecules could indeed be beneficial not only for
approaches of tumor vaccination with tumor-specific pep-
tides, but also in combined therapies with peptide vaccines
and antibodies to checkpoint inhibitors.

HLA class II expression, although positive in resident liver
KC and LSEC, was negative both on normal hepatocytes and
tumor cells. This finding was expected as HLA class II expres-
sion is a rare event on tumor cells. It should be underlined,
however, that when HLA class II molecules are expressed in
tumor cells, this often results in a better prognosis. 22,23,36,37

On the other hand, it was relatively unexpected that HLA
class II expression in HCC cells could not be rescued by
treatment with IFNγ as many cell types, including both nor-
mal and tumor cell types, can do so after exposure to the
cytokine.38–40 This was not due to an overall defect in the
pathway of IFNγ signaling since, as shown here, HLA class
I expression was upregulated in these cells after treatment
with IFNγ. Further analysis showed that lack of expression

of HLA class II molecules was not due to a structural defect of
HLA class II genes but rather to the lack of expression of
CIITA, the crucial transcriptional activator of these genes.
Indeed, the introduction of a CIITA expression plasmid into
different HCC cell lines restored class II gene expression,
indicating that the inhibition of CIITA expression prevents
class II transcription in these cells. To gain further insights
into the mechanism of lack of CIITA expression in HCC we
focused our attention on the specific steps of IFNγ signaling
leading to the activation of transcription of the HLA class II
transactivator. These steps include initial recruitment of Jak-1
and Jak-2 kinases on the cytoplasmic tail of the IFNγ receptor
with consequent phosphorylation and homodimerization of
STAT1, migration of STAT1 dimers into the nucleus, binding
to the promoter and consequent expression of IRF-1 transcri-
tion factor, subsequent binding of IRF1, STAT1 and USF1 to
promoter IV (pIV) of CIITA and activation of CIITA tran-
scription. We found the integrity of the IFNγ signaling since
STAT1 was phosphorylated, IRF1 was induced and USF1 was
present. We then reasoned that CIITA pIV could be unre-
sponsive to otherwise normal specific transcription factors
because of possible epigenetic modification at level of pIV
DNA sequence. Previous studies showed that alteration in
chromatin structure and methylation of CIITA promoter
may in fact affect the accessibility of transcription factors
contributing to transcriptional silencing of CIITA particularly
in tumor cells.41,42 Indeed, we found that the pIV DNA region
including the consensus elements for the key transcription
factors essential for the optimal activation of CIITA gene
transcription, was highly methylated, thus preventing promo-
ter occupancy and IFNγ inducible transcription.

Within the context of HCC pathology this finding may
be of relevance as a putative mechanism of tumor escape
because tumor cells, having not the capacity to express
HLA class II molecules even in an inflammatory environ-
ment, are prevented to serve even as surrogate antigen-
presenting cells for their own putative tumor antigens, as
instead it has been shown in various in vivo experimental
systems 21,43–47 and for HCC cell lines in vitro.48

Conversely, if CIITA under the control of an ubiquitous
expressable promoter could be genetically transferred into
HCC cell lines (as shown here) or primary HCC tumor
cells, and induce HLA class II expression, this may offer the
possibility to expose relevant HLA class II-bound TAA
peptides, otherwise impossible to detect, for a better stimu-
lation of tumor-specific TH cells in tumor vaccination
approaches Indeed this strategy is presently pursued in
a combined effort of the European Hepavac Consortium
(Hepavac-Cancer Vaccine development for Hepatocellular
Carcinoma: www.hepavac.eu/).48–51

The intrinsic impossibility to express HLA class II mole-
cules in hepatocytes may bear even more importance in the
normal physiology of the liver because the danger of normal
hepatocytes potentially becoming antigen presenting cells of
pinocytosed foreign antigens derived from the massive uptake
of nutrients, waste material and pathogens from the blood, or
even self antigens, is prevented. This observation may thus
help explaining at least in part the peculiar “tolerogenic envir-
onment” found in the liver.52–54
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Another relevant finding of our study was the demonstra-
tion that there is an important variability in the number of
tumor-infiltrating lymphocytes. Interestingly, the intensity of
infiltration correlated with PD-1 expression in infiltrating
cells. HCC tumors with either absent, low, medium or high
number of PD-1-positive cell infiltration were observed with
apparently no significant correlation with a previous condi-
tion of HCV/HBV infection. While the presence of PD-1
expression in tumor-infiltrating lymphocytes argues in favour
of stimulated but exhausted and/or blocked lymphocytes, the
variable number of these cells certainly should be seriously
taken into consideration to evaluate the possible outcome of
anti-PD-1 immunotherapy. First, anti-PD1 therapy may work
better on those cases in which a clear infiltration of PD-
1-positive lymphocytes with high level of PD-1 expression is
present. In the best hypothesis, according to our data this
would apply to 10/43 case (3+, very high expressing: 1 case;
2+, high expressing: 9 cases). Among the remaining cases,
anti-PD-1 may not work in 9/43 (no infiltrating cells at all)
and in those cases with low levels of infiltration and low (9/
43) or absent (8/43) expression of PD-1.

The degree of PD-1-positive cell infiltration correlated with
the presence of PD-L1 positive cells in the tumor tissue. In
this case, however, most of the PD-L1- positive cells were not
infiltrating the tumor mass but they were localized mostly at
the margin of the tumor mass. Analysis of the morphology of
these cells indicated that the majority of them were both
resident monocyte-macrophage KC and blood-derived mono-
cytic cells. Furthermore PD-L1 was expressed in other liver
resident cells such as stellate cells and LSEC. This interesting
correlation between the number of PD-1-positive and PD-L1-
positive cells suggest that, in HCC, tumor-infiltrating lym-
phocytes not only represent late-stimulated effectors but they
are probably proportionally engaged in a state of efficient
functional block by their interaction with PD-L1-positive
cells. While PD-1 is essentially expressed in functionally
mature immune cells, PD-L1 can be expressed in APC but
also in other cells, including tumor cells. Given the function
of PD-L1 molecule in blocking the activity of immune effector
cells via its interaction with PD-1, it has been hypothesized
that PD-L1 expression in tumors can contribute to the anergic
state of the anti-tumor immune response in cancer patients.7-9

It was therefore important to assess whether PD-L1 was
expressed in HCC tumor cells. In this study we report the
unprecedented finding that HCC tumor cells, at variance with
other tumors, do not express this relevant marker. These
results were obtained by using two different monoclonal anti-
bodies against distinct epitopes of PD-L1 molecule. This find-
ing was paralleled by the similar finding obtained in HCC cell
lines in which PD-L1 was not expressed in 4 out of 4 cell lines
analyzed, although its expression could be rescued by IFNγ
treatment. Our findings are thus at variance with those
reported by other groups10-12 showing a higher percentage
of PD-L1 expression in HCC tumor cells. The reasons for
this discrepancy are unknown and may be partially related to
the patients’ sample analyzed, the ethnic derivation of patients
and different reagents used for detection.

Therefore, within this frame the potential use of adjuvant
anti-PD-L1 antibody immunotherapy to block negative

signals mediated by tumor PD-L1 on anti-tumor effector
lymphocytes has no practical support. Furthermore, consider-
ing both the level of infiltrating cells and their expression of
PD-L1, we found that only in 5/43 cases there was
a substantial infiltrate with cells expressing high/medium
levels of the marker. Thus, our concern is that a careful choice
of HCC-bearing patient should be operated based on their
immunohistological pattern of expression of PD1 and/or PD-
L1 if anti-checkpoint blockade immunotherapy has to be
applied.

In conclusion, the results presented in this study expand
our knowledge on the expression of immune relevant mole-
cules in HCC and may help to envisage better combination
strategies of immunotherapeutic intervention based on the
analysis of the HCC HLA class I- and class II-specific immu-
nopeptidome, consequent identification of relevant TAA for
inclusion in multi-peptide vaccines, together with the appro-
priate identification of those patients more prone to respond
to immune checkpoint blockade.

Materials and methods

Patient series and immunohistochemistry

Formalin fixed-paraffin embedded samples of 43 HCC that
underwent surgical resection from 1999 to 2013 in our
University hospital were retrieved from the files of the
Anatomopathology Unit of our Department. All the cases,
classified according to WHO criteria55 were classical HCCs
with trabecular, pseudo-glandular or solid pattern. The histo-
logical grade, based on tumor differentiation, was: a)- well
differentiated in 8 cases, showing tumor cells with mild atypia
organized in trabeculae, b)- moderately differentiated in 32
cases characterized by trabecular structures of three or more
cells in thickness, and c)- poorly differentiated in 3 cases
composed by tumor cells with moderate to marked pleo-
morphism, growing mostly in a solid pattern.

The immune infiltration, evaluated in hematoxylin-eosin,
was scored from 0 to 3, with score 0 = no inflammatory cells;
score 1 = rare lymphoid cells dispersed among tumor cells;
score 2 = a moderate amount of lymphocytes along the
growing margins and in the sinusoid-like blood spaces; score
3 = marked lymphocyte infiltration along the scarce connec-
tive stroma and intermingled with tumor cells in the center of
the tumor and along the tumor edge.

Immunohistochemical study was performed on 3 μm for-
malin-fixed, paraffin embedded sections deparaffinised and
rehydrated through alcohol series to water, as previously
described.56 Briefly, endogenous activity was blocked with
3% aqueous hydrogen peroxide for 10 min, antigen retrieval
was performed for each antigen in a domestic 750 KW micro-
wave oven with different solutions (EDTA or citrate buffer pH
6,0) as detailed in Table 3. Primary antibodies were applied
overnight at 4°C followed by a polymeric detection system
(Ultravision DAB Detection System, LabVision, Värmdö
Sweden) according to the manufacturer’s protocol. The
immunoreaction was developed with 3.3ʹ-diaminobenzidine
tetrahydrochloride (DAB) (Sigma Aldrich, St. Louis, MO,
USA) as chromogen.
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HCC cell lines and generation of transfectants stably
expressing CIITA

Four HCC cell lines, Alex, Hep3B, HepG2 and HuH7 were
used in this study. The cells lines were kindly donated by Prof.
Massimo Levrero, University of Rome “La Sapienza”. HCC
cell lines were grown in RPMI 1640 medium (Lonza
BioWhittakerTM, Catalog number: BE12-702F) supplemented
with 10% heat-inactivated fetal calf serum (FCS) without
antibiotics. THP-1 and Jurkat are a mielomonocytic and a T
cell line, respectively, used in experiments of phenotypic and
molecular characterization of HLA and CIITA gene expres-
sion. RA is a glioblastoma cell line kindly donated by Prof.
Pierre Robe, University of Utrecht, The Netherlands. THP1,
Jurkat and RA cell lines were maintained in culture with the
same modalities of the HCC cell lines .

HCC tumor cells were transfected with 5μg of flag-CIITA
(pcfCIITA) expression vector57 or pCDNA3.1 empty plasmid
by using FugeneHD (Promega, catalog number E2311), as
previously described58.

CIITA-transfected HCC cells underwent G418 selection
0.5 mg/ml (Sigma Aldrich, catalog number A-1720). MHC-
II- positive cells were enriched by fluorescence-activated cell
sorting with a BD FACS ARIA II cell sorter (Becton-
Dickinson, catalog number 95131) and subjected to limiting-
dilution cloning. The glioblastoma RA cell line was kindly
donated by Prof. Pierre Robe, University Medical Center of
Utrecht, The Netherlands.

FACS analysis and ifnγ treatment

The cell surface expression of HLA class I, HLA class II, PD-1
and PD-L1 molecules was assessed by immunofluorescence
and flow cytometry (BD FACSAriaTM II Cell Sorter, BD
Biosciences). Briefly, cells were washed twice with PBS, dis-
sociated with trypsin-EDTA, and resuspended in complete
medium (RPMI, 10% FCS). Cells (3 × 105/tube) were pelletted
at 800 × g for 5 min, washed, the supernatant was discarded
and the pellet resuspended in PBS for FACS analysis. The
following monoclonal antibodies were used as primary anti-
bodies: B9.12.1 (HLA class I), D1-12 (HLA class II)33, CD279
(PD-1) (clone EH12.2H7) PE (Biologend, catalog number

329906) and CD274 (PD-L1) (clone 29E.2A3) PE
(Biologend, catalog number 329706) as previously described.59

3x105 HCC cells (Alex, Hep3B, HepG2 and HUH7) were
plated in 6 multi-well plates and treated with 500 U/ml of
IFNγ (Origene, catalog number TP723162) or with its vehicle.
Seventy-two hours after treatment the cells were collected and
analyzed by immunofluorescence and flow cytometry, as indi-
cated above. Incubation with IFNγ for 72 hrs was carried out
because 48–72 hours are required to achieve the highest cell
surface expression and accumulation of HLA class I and class
II molecules in response to the cytokine, as assessed by pre-
liminary experiments. The data were analyzed by using
FlowJo 9.5.2 software

Quantification of mrna by real-time PCR (qRT-PCR)

Total RNA, was extracted from cells using TRIzol reagent
(Thermo Fisher Scientific, catalog number 15596026), as pre-
viously described.60 cDNA was synthesized from 0.5 μg total
RNA using iScript cDNA Synthesis Kit (Bio-Rad, catalog
number 170–8890). 0.5 μg of cDNA were amplified by PCR
by using an ABI Prism 7000 sequence detection system
(Thermo Fisher Scientific) with IQSYBR Green PCR master
mix (Bio-Rad, catalog number 172–5122) according to the
manufacturer protocol. All of the reactions were performed
in an ABI PRISM 7700 apparatus (PE Applied Biosystems).
The PCR conditions were 50 ̊ C for 2 min, 95 ̊ C for 15 min,
followed by 40 cycles at 95 ̊ C for 15 s and 60 ̊ C for 1 min.
A 20 min dissociation protocol was also applied. The copy
numbers of the CIITA, USF1 and IRF1 transcripts were cal-
culated using the comparative Ct method (also known as the
2−[delta] [delta]Ct method), where [delta]Ct, sample = Ct, CIITA/
USF1/IRF1 – Ct, RPS7, and [delta]Ct, sample is the Ct value
for any sample normalised to the RPS7 endogenous house-
keeping transcripts and [delta] [delta]Ct = [delta]Ct, sample –
[delta]Ct, wt. In all of the samples, 2−[delta] [delta]Ct refers to an
N- fold increase in the CIITA/USF1/IRF1 copy numbers
relative to the untreated cells (vehicle). Each reaction was
performed in triplicate.. The following primer pair sets were
used: CIITA forward 5′-ggatcctcacggcctttt-3′; reverse 5′-
ccccgatcttgttctcactc-3′; IRF1, forward 5ʹ-atgcccatcactcggatgc
-3ʹ; reverse 5ʹ-ccctgcttttatcggcctg-3ʹ; USF1, forward 5ʹ-
tgttactacccagggctcaga-3ʹ; reverse 5ʹ-acatcatcacaaagaattgacca
-3ʹ; RPS7, forward 5′-tggagatgaactcggacctc-3′, reverse 5′-
cgaccaccaccaacttcaa-3′.

Western blotting

Cell lysate of RA and HepG2 either treated with IFNγ or its
vehicle were analyzed for the expression of STAT1 and phos-
pho-STAT1 (p-STAT1) by SDS-PAGE and Western blotting
with anti-STAT1 polyclonal antibody (Invitrogen, catalog
number 710078) and anti-Phospho-STAT1 (Tyr701) mono-
clonal antibody (ThermoFisher Scientific, catalog number
MA5-15071), respectively. Endogenous tubulin was detected
by using anti-tubulin monoclonal antibody (Sigma, catalog
number T5168). Horseradish peroxidase (HRP)-conjugated
anti-mouse immunoglobulin or anti-rabbit immunoglobulin
secondary antibodies (ThermoFisher Scientific, catalog

Table 3. Conditions and reagents used for immunohistochemistry studies.

Antibody
specificity Source M/R (Clone)a

Antigen
retrievalb

Working
Dilution

PD-1 Origene M (UMAB199) E (20min) 1/500
PD-L1 Cell

Signalling
M(405.9A11) E (20min) 1/100

PD-L1 Spring
Bioscience

R (SP142) E (20min) 1/100

HLA-I AbCam R (EP1395Y) TC (10min) 1/250
HLA-II (DR) ThermoFisher M (LN-3) TC (10min) 1/300
HLA-II (DQ) AbCam M (ab55158) TC (10min) 1/50
CD68 DAKO M (1G12) TC (10min) 1/100
Cytocheratin 8/

18
Ventana, B22.1 B23.1 TC (10min) 1/1

CD4 Ventana R (SP35) E (10min) 1/1
CD8 Ventana R (SP57) TC (10min) 1/1

a M, mouse; R, rabbit.
b E, EDTA pH 8,0; TC, citrate buffer pH 6,0; in parenthesis, incubation time.
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number 31430 and 31460, respectively) were used. Blots were
developed by chemiluminescence assay (SuperSignalTM West
Pico Chemiluminescent Substrate; ThermoFisher Scientific,
catalog number 34080)

DNA methylation status and sequencing analysis

DNA methylation status of CIITA promoter IV, the IFNγ-
inducible promoter of the class II transactivator, was assessed
by bisulfite treatment of 0.5 μg genomic DNA isolated from
both RA and HepG2 cells using the Bisulfite Conversion kit
(Active Motif, catalog number 55016) following the manufac-
tures’ protocol. Five microliters of bisulfite-treated DNA were
amplified by PCR. Primers used for this analysis were
designed using the MethPrimer software61 and the forward
and reverse sequences were: (a) 5ʹ-aaatagagatttatttaggggtggg-3′
and 5ʹ-caaacacctactataaccacca-3′; (b) 5ʹ- ttgggatgttatttttga-
taaagta-3′ and 5′-acaaaaaaaactttaatcacctacc-3′. PCR products
were cloned into the pGEM-T Easy vector (Promega, catalog
number A1360) and 4 clones from each condition were
sequenced for analysis of the percentage of methylated
CpGs. The DNA was sequenced using T7 universal primer 5
´- taatacgactcactataggg-3´ by Barcode sequencing (TIB Mol
biol s.r.l.)

Statistical analysis

The hypothesis of independence between variables was tested
by analysing contingency tables (see Tables 1 and 2) by a Chi-
squared test with (rows – 1) (columns – 1) degrees of freedom
or by Mann-Whitney test. Variables were considered depen-
dent when p < 0.05. The other statistical analysis was per-
formed using the GraphPad Prism software v. 6.0 (GraphPad
Software, http://www. graphpad.com). Comparison between
the groups was performed by using the Two-WAY ANOVA
test. p values ≤ 0.01 were considered significant.

Abbreviations

HCC hepatocellular carcinoma
CIITA class II transactivator
TAA tumor-associated antigens
APC antigen presenting cells
IFNγ interferon gamma
PD-1 programmed cell death protein1
PD-L1 programmed death-ligand 1
CTLA4 cytotoxic T-lymphocyte-associated protein 4.
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