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Abstract

Cholangiocarcinoma (CCA) is an aggressive and heterogeneous malignancy of the biliary tree. A
typical hallmark of CCA is that cancer cells are embedded into a dense stroma containing
fibrogenic cells, lymphatics and a variety of immune cells. Functional roles of the reactive tumor
stroma are not fully elucidated; however, recent studies suggest that the tumor microenvironment
plays a key role in the progression and invasiveness of CCA. CCA cells exchange autocrine/
paracrine signals with other cancer cells and the infiltrating cell types that populate the
microenvironment. This crosstalk is under the control of signals mediated by various cytokines,
chemokines, and growth factors. In addition, extracellular vesicles (EVs), exosomes and
microvesicles, containing cargo mediators, such as proteins and RNAs, play a key role in cell-to-
cell communication, and particularly in epigenetic regulation thanks to their content in miRNAs.
Both cytokine- and EV-mediated communications between CCA cells and other liver cells provide
a potential novel target for the management of CCA. This review summarizes current
understandings of the tumor microenvironment and intercellular communications in CCA and their
role in tumor progression.
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Introduction

Cholangiocarcinoma (CCA) is a malignancy with features of the biliary epithelium.
Although CCA is recognized as a rare cancer, it is the second most common primary liver
tumor after hepatocellular carcinoma (HCC), and accounts for 10-20% of the deaths in
hepatobiliary malignancies (1). Excluding carcinoma of the gallbladder, CCA can be
categorized into 3 major classes according to their anatomical origin : intrahepatic CCA
(iCCA), hilar CCA (hCCA), or extrahepatic CCA (eCCA) (2). The histogenesis of CCA is
therefore heterogeneous as it may derive from: i) Cholangiocytes; ii) Hepatic progenitor
cells; iii) Liver stem cells; and iv) Biliary transdifferentiation of periportal hepatocytes (3).
These types of CCA differ in their clinical manifestations, risk factors, natural history,
genomics, and responsiveness to chemotherapy. The early diagnosis of CCA is challenging,
and the cancer is aggressive which leads to poor prognosis, high mortality rates, and limited
treatment options (4). Even patients who undergo potentially curative surgical resection
experience a high rate of recurrence and early local or distant metastases (5).

A typical histological feature of CCA is desmoplasia, i.e. the presence of abundant fibrotic
stroma that surrounds and infiltrates the tumor structures and a rich tumor microenvironment
(Figure 1) (6). Instructed by CCA cells, several other cell types populate the CCA
microenvironment such as: cancer-associated fibroblasts (CAFs), endothelial and lymphatic
cells, tumor-associated macrophages (TAMs), tumor-associated neutrophils (TANS),
regulatory T lymphocytes (Tregs), and natural killer (NK) cells. These cells contribute to
CCA progression and metastases through various mechanisms such as increased migration,
suppression of immune responses, and induction of angiogenesis and lymphangiogenesis
(6). This review summarizes the current understandings of the different cell types that dwell
in the CCA microenvironment and the signals they exchange to support the evidence that the
tumor microenvironment modulates the invasiveness and progression of CCA.

Functional roles of the CCA microenvironment

Cancer-associated fibroblasts (CAFs)

CAFs are a group of activated myofibroblasts expressing several phenotypic markers such as
a-smooth muscle actin (a-SMA), the mucin-like transmembrane glycoprotein podoplanin,
and the cell surface metalloprotease CD10 (7). As shown in Figure 1, immunohistochemistry
shows high numbers of a-SMA-positive myofibroblasts in CCA tissues. It has been shown
that high a-SMA expression correlates to poor survival rates of patients (8). CAFs are the
major cells which contribute to tumoral fibrogenesis and most likely to tumor progression in
CCA (9). The origin of CAFs in CCA is heterogeneous and still controversial. Using
lineage-tracing experiments, CAFs were shown to originate from liver resident hepatic
stellate cells (HSCs) (10), portal fibroblasts (11), or bone marrow-derived circulating
mesenchymal cells (12). On the other hand, their origin from epithelial-to-mesenchymal
transition of CCA cells has been ruled out (13-15).

CAFs release a number of paracrine mediators including transforming growth factor p1
(TGF-B1), hepatocyte growth factor (HGF), epidermal growth factor (EGF), connective
tissue growth factor (CTGF), stromal cell-derived factor-1 (SDF-1), extracellular matrix

Hepatology. Author manuscript; available in PMC 2022 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Fabris et al.

Page 3

(ECM) components, such as periostin, tenascin-C, and osteopontin, and a variety of matrix
metalloproteases (MMPs), such as MMP1, MMP2, MMP3, and MMP9 (16). These
mediators perform a range of pro-oncogenic cell functions and can shape the
microenvironment to become more supportive to tumor growth and invasiveness (Figure 2).
This concept is confirmed by transcriptomic analysis of the stromal component of CCA
showing that the expression levels of profibrogenic and proinflammatory cytokines, TGF-p1
and tumor necrosis factor alpha (TNFa), are negatively correlated with clinical outcome
(17). CCA cells and CAFs engage in an extensive network of mutual communications,
which sustain and enhance the malignant properties of tumor cells. This negative circle is
exemplified by the production of heparin-binding (HB) EGF by CAFs, which binds to EGF
receptor (EGFR) on CCA cells, resulting in the transcriptional activation of B-catenin
signaling via extracellular signal-regulated kinase (ERK) 1/2 and signal transducer and
activator of transcription 3 (STAT3) promoting tumor cell motility and invasion (18). Upon
EGFR activation, CCA cells secrete TGF-p1, further inducing myofibroblast activation and
secretion of HB-EGF (18). SDF-1 is another mediator originating from CAFs, which
interacts with the C-X-C chemokine receptor 4 (CXCR4) expressed by CCA cells, and
stimulates tumor cell invasion via ERK1/2 and AKT signaling (19).

CCA tumor cells secrete TGF-B1 as well as platelet-derived growth factor D (PDGF-D),
thereby triggering fibroblast recruitment. PDGF-D signals through its cognate receptor
PDGFRp that is expressed by activated fibroblasts, and through the downstream effectors,
Rho GTPase and c-Jun N-terminal kinase (JNK) (20). PDGF-D induces CAFs to secrete
vascular endothelial growth factors (VEGF)-A/C, which promote tumor lymphangiogenesis
and increase the ability of CCA cells to cross the endothelial wall invading the lymphatics
(21). PDGF-B, another member of the PDGF family, is released by CAFs and interacts with
PDGFRp in CCA cells (22). PDGF-B has been shown to activate Hedgehog signaling,
which stimulates tumor cell resistance to TNFa-related apoptosis inducing ligand (TRAIL)
(22). In an orthotopic syngeneic rat model of CCA, Hedgehog blockade by cyclopamine
suppressed tumor growth by inducing CCA cell apoptosis (22).

The tumor-promoting functions by CAFs in CCA are supported by 7 vivo studies performed
in an experimental rat model of syngeneic CCA in which CAF depletion was achieved by
inducing their apoptosis with the BH3 mimetic, navitoclax (23). Selective targeting of CAFs
by navitoclax is reliant on their unique profile of the Bcl-2 proteins regulating apoptosis
(23). CAF depletion reduced the tumor growth in the primary site, the tumor lymphatic
vascularization, and the metastases to the regional lymph nodes and the peritoneum (21, 23).

CAFs also modulate the functions of immune cells. A recent study has highlighted the
importance of the interaction between CAFs and myeloid-derived suppressor cells
(MDSCs), a population of circulating cells displaying strong immunosuppressive functions
(24). A CAF subset is also identified by elevated expression of the fibroblast activation
protein (FAP), and FAP-overexpressing CAFs display an active pro-inflammatory secretory
profile, which is sustained by CCL2-STAT3 signaling, leading to the inhibition of T cell
proliferation and MDSC infiltration in murine CCA models (25). Immunosuppressive
activities of CAFs are also related to their functional interactions with dendritic cells (DCs),
which represent the connection between innate and immune cell responses. CAFs attract
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DCs and dampen the expression of antigen-presenting HLA molecules, thereby, impairing
the capability to activate tumor-infiltrating lymphocytes (TILs), and to stimulate
immunosuppressive functions (26).

Tumor-associated macrophages (TAMSs)

There are two types of hepatic macrophages: the liver resident Kupffer cells and bone
marrow-derived macrophages. During liver injury such as cholestatic liver injury, both types
of macrophages can be activated as classic inflammatory M1 or alternative anti-
inflammatory M2 subsets (27). Activated macrophages secrete cytokines including I1L-6,
TNFa, and TGF-B1, which trigger cholangiocyte proliferation, fibrogenesis, and biliary
carcinogenesis (28). In CCA tumor tissues, high infiltration of macrophages (TAMSs) has
been associated with poor outcomes (29). Although functional differences between Kupffer
cells and bone marrow-derived macrophages are still undefined, a study has demonstrated
that Kupffer cells express increased levels of TNFa near the iCCA lesions leading to
cholangiocyte proliferation as well as carcinogenesis via activation of JNK signaling (30).
Bone marrow-derived macrophages are recruited by various mediators released by tumoral
and stromal cells, such as cytokines (IL-1p, IL-10, IL-13, and IL-4), monocyte
chemoattractant protein-1 (MCP-1), colony stimulating factor 1 (CSF-1), and VEGF-A (31).
Macrophage recruitment and differentiation into TAMs is driven by a specific subgroup of
CCA cells mediated by 1L-13, IL-34, and osteoactivin (32). A previous study showed that
infiltrated hepatic macrophages were activated predominantly as M2 subsets in patients with
iCCA (33). In the cancer stem cell niche, TAMs express both M1 and M2 phenotypes, and
show increased adhesive and invasive functions /n vitro suggesting that TAMs have multiple
functions within the tumor mass (32). TAMs can exert pro-invasive effects at multiple levels
(Figure 3). First, TAMs induce tumoral angiogenesis by secreting pro-angiogenic factors,
such as VEGFs and angiopoietins (34). Second, TAMs contribute to CCA cell proliferation
by activating the Wnt/p-catenin pathway upon release of Wnt3a and Wnt7b (35, 36). Third,
TAMs can suppress anti-tumor functions of T cells and contribute to tumor growth via
increased expression of hypoxia inducible factor-1 (HIF-1a), which is associated with
increased metastases and poor survival rates in CCA patients (37, 38).

Tumor-associated neutrophils (TANS)

Although hepatic neutrophils generally play a role in inflammatory responses and pathogen
removal during infections and other liver injuries, a recent study has shown that neutrophils
(TANS) also play a vital role in the development and progression of cancer (39). Analysis of
eCCA tissues identified infiltrated Tregs and TANSs, and elevated numbers of these cells
were correlated with poor survival rates in patients (40). Accumulation of TANs at tumor
area also correlates with increased aggressiveness in iCCA (41). Previous studies have
demonstrated that the increased neutrophil-to-lymphocyte ratio in peripheral blood is
correlated with survival rates for both iCCA and eCCA patients (42, 43). CXCLS5 secreted
by tumoral and stromal cells is a major chemoattractant of TANs through activation of PI3K-
AKT and ERK1/2 pathways, leading to TAN accumulation and tumor metastases in CCA
(44). Although the role of TANs is likely to become a major field of research, current studies
in CCA are limited and further evidence is required to elucidate functions of TANSs in the
CCA microenvironment.
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Natural Killer (NK) cells

NK cells are lymphocytes phenotypically characterized by CD3~CD56" in humans and
CD3™NK1.1* in mice and cooperate with cytotoxic T cells to build up a strong primary
defense line against tumors. These cells share the capability to recognize and eliminate
arising tumor cells by cell lysis, induced by emission of cytotoxic granules, as they do to
control microbial infections (immune surveillance) (45). However, tumor cells may adopt
several strategies to evade the tumoricidal activity of NK cells (immune escape). They can
display MHC class | antigens, or shed ligands for the activating NK receptor (NKG2DLS5),
or secrete immunomodulatory molecules that antagonize NK cell activity (TGF-B,
prostaglandin E2) (45). Upregulation of these proteins suppress the local immune
aggression, which allows for uncontrolled tumor growth. The immune mechanisms
regulated by NK cells are particularly developed within the liver, where NK population
accounts for 30-40% of all tissue lymphocytes (46). Transplantation of NK cells facilitates
cytotoxicity against cancer cells, as previous studies have demonstrated promising results for
HCC patients (47, 48). Although current studies are limited for CCA, an /n vitro study has
shown that the combination of cetuximab and NK cells inhibits human CCA cell growth
(49). A study using xenograft mouse models with the human CCA cell line HUCCT-1
demonstrated that transplantation of human NK cells induced /n vivo cytotoxic activity of
NK cells against HUCCT-1 tumors and inhibited tumor growth, suggesting that the increase
of NK cell numbers or functions may be a promising approach for the treatment of CCA
(50).

Tumor-infiltrating lymphocytes (TILS)
TILs are an heterogeneous group of immune cells including CD20* B lymphocytes, CD8*
cytotoxic T cells, and CD4*CD25MI"FOXP3* Tregs (51). In CCA, immunogenic tumor-
associated antigens have been detected, in conjunction with a variable localization of TIL
subtypes across the tumor. Whereas CD4* TILs are mostly confined to the peritumoral area,
CD8™ TILs prevail in the core of the tumor (52, 53). Higher population of CD4* and CD8*
lymphocytes are associated with a better prognosis, in terms of overall survival, lymph node
metastases, and venous and perineural invasion (54, 55). Antigen-presenting DCs prime T
cell activities against the tumor, and their accumulation at the periphery of the lesion
correlates with the amount of CD4* and CD8* TILs in the bulk of the tumor with better
prognosis in iCCA (56). Although data on the functional relevance of CD20* B lymphocytes
in CCA is limited, elevated population of B cells have been observed in the
lymphoepithelioma-like CCA, a rare type of iCCA associated with Epstein-Barr virus
infection (57).

Tregs induce immunosuppressive responses against NK and cytotoxic T cells, and these
effects are mediated by the secretion of IL-10 and TGF-p1 (58). As for TAMSs and TANS,
increased Tregs in the tumor area are correlated with poor survival in eCCA patients (40).
Moreover, Tregs overexpress FoxP3, a transcription factor associated with the up-regulation
of CTLA-4 on the cell surface. CTLA-4 binds to CD80 expressed by antigen-presenting
cells and inhibit cytotoxic T cell activation, and in iCCA, expression of both CTLA-4 and
CD8O0 is higher at the tumor-host interface correlating with tumor recurrence and chemo-
resistance (59). PD-1 is another immune checkpoint protein that binds to PD-L1 promoting
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peripheral T cell exhaustion (Figure 4). About 6% of patients with eCCA have
overexpression of PD-1 and PD-L1 in the tumor area (60), and PD-1/PD-L1 overexpression
is associated with increased tumor progression and metastases, especially when
accompanied by low CD3* or CD8* T cell infiltration (54). Although current studies on
immunotherapy in CCA are limited, pembrolizumab, which is an anti-PD-1 antibody,
showed promising results in patients with advanced CCA and is approved for and
microsatellite instability/mismatch unresectable or metastatic solid cancers, including
hepatobiliary cancers (61, 62). A study using laser capture microdissection with 78 iCCA
cases has identified four immune subtypes in the tumor microenvironment (63). These
subtypes had different population and profiles of infiltrating cells as well as different gene
expression profiles in inflammatory and immune checkpoint pathways, indicating that
effects of immunotherapy such as PD-1 antibodies may be limited to a certain percentage of
CCA patients (63). Cases with massive infiltration of T-lymphocytes may be more
responsive to immune therapy, but, at this time, this is a still speculative issue.

Extracellular matrix (ECM)—As other desmoplastic cancers, CCA is characterized by an
intense remodeling of the ECM through the synthesis of new components, such as periostin,
tenascin-C, and osteopontin, and the secretion of several proteolytic enzymes, including
MMPs (64, 65). Overexpression of periostin, tenascin-C, and osteopontin has clinical
significance, being correlated with an increase in tumor size and lymph node metastases
with poor survival rates (66-68). By interacting with integrin a.5 expressed by CCA cells,
periostin activates the phosphoinositide 3-kinase (PI3K)/AKT signaling, which stimulates
tumor cell proliferation and invasion (69). Tenascin-C contains adhesive and anti-adhesive
sequences that enable its interactions with multiple other ECM components, soluble factors,
and cell surface receptors (66). In desmoplastic tumors, such as colorectal cancers, tenascin-
C produced by CAFs accumulates within the ECM to generate specialized paths that direct
cancer cell invasion and dissemination through c-MET- and EGFR-dependent mechanisms
(70). Osteopontin is a key factor for the development of NK cells and survival of T cells, and
therefore has a potential role in immune responses and CCA progression (71, 72). The
functional role of osteopontin in CCA is however controversial. Low level osteopontin
expression in iICCA tissues was associated with lymph node metastasis and poor survival
rates, and low levels of circulating osteopontin were associated with multiple tumors (73). A
prior study has shown that elevated osteopontin expression in stromal but not in tumor cells
is significantly associated with increased tumor size, invasion, metastases, and advanced
staging in CCA patients (74). Osteopontin promotes iCCA growth and metastasis via the
activation of MEK/MAPK1 and Wnt/B-catenin signaling (75). Molecular profiling of stroma
by laser-capture microdissection obtained from human iCCA showed significantly increased
osteopontin mRNA expression compared with non-tumor tissue, and elevated levels of
osteopontin were correlated with poor survival (76). Although osteopontin expressed by
CAFs may locally affect the CCA microenvironment and its function may differ from
circulating osteopontin, further studies are required to elucidate the role of osteopontin and
its therapeutic potentials in CCA progression.
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Extracellular vesicles in CCA

Extracellular vesicles (EVs) play a vital role in intercellular crosstalk during liver diseases as
a carrier of miRNAs (77). EVs are small membrane-bound vesicles secreted from cells. EVs
can be categorized into three classes based on their biogenesis: i) Exosomes (50-100nm in
diameter) are formed in endosomes and released from multivesicular bodies by fusion with
the plasma membrane; ii) Microvesicles (0.1-1um) are formed directly by outward budding
and fission of the plasma membrane; iii) Apoptotic bodies (>1um) are larger vesicles formed
from cells undergoing apoptosis (78). Smaller EVs, exosomes and microvesicles, carry cargo
mediators, such as proteins, DNAs, and RNAs, and deliver these mediators from donor into
recipient cells regulating physiological cell events (77). Cholangiocytes secrete EVs and
regulate cell events in other cholangiocytes when activated (79). This EV-mediated cell-to-
cell communication may be essential also in CCA.

Mesenchymal stem cells (MSCs) can differentiate into CAFs or myofibroblasts within the
tumor microenvironment, to promote tumor growth in various cancers (80). Haga et al.
isolated EVs from culture media of CCA cell line KMBC cells and incubated bone marrow-
derived MSCs with those KMBC EVs (81). CCA-derived EVs induced expression of
fibrogenesis markers such as a-SMA in MSCs and increased MSC migration (81). KMBC-
derived EVs elevated the secretion of various cytokines and chemokines that are associated
with cancer progression including IL-6, and culture media of MSCs treated with KMBC-
derived EVs induced cell proliferation of KMBC cells, indicating the role of EVs in the
activation of CAFs and microenvironment development (81).

Non-coding RNAs and extracellular vesicles

Non-coding RNAs, such as microRNAs (miRNAs) and long non-coding RNAs (IncRNAs),
can regulate gene expression and play a key role in proliferation and metastasis in many
cancer types. Previous studies have identified a number of candidate miRNAs and IncRNAs
in CCA tissues (82, 83). In addition to CCA cells, non-coding RNAs may regulate gene
expression of all cells populating the tumor microenvironment. In CAFs isolated from CCA
tissues, miR-15a was downregulated as compared to normal skin fibroblasts (84).
Furthermore, miR-15a inhibits the expression of plasminogen activator inhibitor-2 (PAI-2),
which promotes the migration of CCA cells, indicating the therapeutic significance of
miRNAs in the regulation of CAFs and CCA progression (84).

Extracellular vesicles as a therapeutic target for CCA

A recent study has shown that expression levels of miR-30e are decreased in the human
CCA cell line HUCCT1 compared to normal cholangiocytes (85). HUCCT1 were transfected
with miR-30e mimic, and EVs were isolated from culture media. EVs containing miR-30e
mimic decreased cell proliferation and migration of non-transfected HUCCT1 cells by
regulating the miR-30e target Snail, which is a transcription factor involved in cell migration
(85). Coculture of HUCCT1 cells with the human HSC line LX2 cells induced the
downregulation of a number of miRNAs including miR-195 in LX2 cells (86). HUCCT1
cells incubated in the culture media of LX2 cells transfected with miR-195 mimic showed
decreased cell proliferation and increased levels of miR-195 in HUCCT1 cells (86).
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Furthermore, injection of miR-195-enriched EVs decreased tumor size and increased
survival rates in xenograft CCA rat models, indicating that injected HSC-derived EVs can be
delivered into CCA tumors and regulate CCA progression by delivering cargo miR-195 (86).

Conclusions and future perspectives

Available evidence indicates that the tumor microenvironment plays a relevant role in CCA
progression and metastases. These studies also suggest that cells populating the tumor
microenvironment, such as CAFs and TAMs, are additional potential targets to devise novel
treatments of CCA. Drugs that selectively induce apoptosis or cytotoxicity in CAFs or
TAMs are of great interest. For example, depletion of CAFs using navitoclax and depletion
of TAMs using liposomal clodronate inhibited tumor growth in animal models (23, 30).
Current studies also indicate that targeting the crosstalk between cells populating the tumor
microenvironment and CCA cells may provide another interesting therapeutic approach.
Inhibition of secretion of cytokines, growth factors, or their cognate receptors by small
molecules or antibodies could lead to novel treatment paradigms. Immunotherapy, which
targets immune checkpoints including PD-L1/PD-1 and CTLA-4/CD80 pathways such as
anti-PD-1 antibodies, has demonstrated promising anti-cancer effects in various cancers.
Although current studies in CCA are limited, immunotherapy may have potential for future
CCA treatments. However, CCA treatments are challenging because of its marked
heterogeneity. CCA can be caused by various mutations, and only small percentages of
patients can be responsive to chemotherapy or inhibitors targeting genes with mutations or
aberrations (87). Since the CCA microenvironment is also heterogeneous with different gene
expression profiles for immune checkpoint pathways (63), effects of immunotherapy may be
limited to small numbers of patients. There is great interest in combination therapies, where
immune check point blockade is coupled with existing or experimental drugs with a different
mechanism of action or even with loco-regional treatments (88). Novel therapeutic
approaches are required for the development of universal CCA treatments that are not
limited to phenotypes of CCA tumors or microenvironment. EVs have potential to be
utilized as a therapeutic tool to deliver cargo mediators or drugs into CCA tumors or cells in
the tumor microenvironment. In theory, selective cargo delivery via EVs might induce more
effective responses in the target cells with less side effects or unwanted reactions in other
cells although further studies are required to refine the methodology for selective EV
delivery into cells in CCA tumors and the microenvironment.
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Figure 1. Spatial relationship of stromal cells populating the tumor microenvironment in CCA.
A) Tumoral ducts are embedded in a dense stroma, populated by CAFs identified by a-SMA

(green). Inflammatory cells are recognized by their expression of CD45 (red) including
macrophages and neutrophils. Nuclei are stained by DAPI (blue) (dual immunofluorescence,
original magnification: 100X). B) A rich lymphatic bed decorated by the antibody
recognizing the lymphatic endothelial cell marker EpCAM (clone D2-40) closely aligns the
periphery of the tumoral areas (immunohistochemistry, original magnification: 100X).
Histological sections were obtained from a surgical sample of a patient with intrahepatic
cholangiocarcinoma undergoing hepatic resection.
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Figure 2. The crosstalk between CCA cellsand CAFs.
CCA cells secrete mediators such as PDGF-D and TGF-1, which induce differentiation of

hepatic stellate cells, portal fibroblasts, or circulating mesenchymal cells into activated
CAFs. CAFs secrete mediators including PDGF-B, HB-EGF, and SDF-1 leading to CCA
tumor growth and invasion. CAFs also contribute to fibrogenesis, leading to ECM
remodeling, and to lymphangiogenesis, promoting CCA invasion through the lymphatic
endothelial cell (LEC) barrier. This tumor microenvironment is proficient to CCA
progression and metastases.
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Figure 3. Theinterplay between CCA cellswith CAFsand TAMs.
CCA tumor cells and CAFs secrete various mediators, such as CCL2, CSF-1, and VEGF-A,

which attract circulating monocytes into the tumor area. A subset of CCA cells promote
differentiation of monocyte-derived TAMs by secreting IL-13, 1L-34 and osteoactivin. These
mediators especially CCL2 induce monocyte differentiation into TAMSs. Activated TAMs
educate the tumor microenvironment to become more permissive to tumor growth and
invasion at different levels. TAMs stimulate angiogenesis by secreting VEGF-A and
angiopoietin, which act on liver sinusoidal endothelial cell (LSEC). TAMs induce tumor
growth directly by secreting Wnt proteins (Wnt3a and Wnt7b). TAMs also dampen anti-
tumor functions of T cells by inducing expression of HIF-1a.
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Figure 4. Immune checkpointsregulated by CCA tumorsand the microenvironment.
CCA tumor cells express high levels of PD-L1, which binds to PD-1 expressed in T cells.

Activation of PD-1 signaling inhibits T cell activation and anti-cancer functions. The CCA
microenvironment contains high population of Tregs and these CCA-associated Tregs
express high levels of CTLA-4. Antigen presenting cells detect CTLA-4 by its receptor
CD80 and this CTLA-4/CD80 signaling also inhibits T cell activation as anti-cancer cells.
The tumor microenvironment expressing high levels of PD-L1/PD-1 and CTLA-4/CD80
pathways promotes immune escape of CCA cells leading to tumor growth and metastases.
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