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Summary

Cancer is considered a life-threatening disease, and several factors are involved in its development. Chemokines are small proteins that physio-
logically exert pivotal roles in lymphoid and non-lymphoid tissues. The imbalance or dysregulation of chemokines has contributed to the devel-
opment of several diseases, especially cancer. CCL19 is one of the homeostatic chemokines that is abundantly expressed in the thymus and
lymph nodes. This chemokine, which primarily regulates immune cell trafficking, is involved in cancer development. Through the induction of
anti-tumor immune responses and inhibition of angiogenesis, CCL19 exerts tumorsuppressive functions. In contrast, CCL19 also acts as a
tumor-supportive factor by inducing inflammation, cell growth, and metastasis. Moreover, CCL19 dysregulation in several cancers, including
colorectal, breast, pancreatic, and lung cancers, has been considered a tumor biomarker for diagnosis and prognosis. Using CCL19-based thera-
peutic approaches has also been proposed to overcome cancer development. This review will shed more light on the multifarious function of
CCL19 in cancer and elucidate its application in diagnosis, prognosis, and even therapy. It is expected that the study of CCL19 in cancer might
be promising to broaden our knowledge of cancer development and might introduce novel approaches in cancer management.
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chemokine ligand; DCs, dendritic cells; ECM, extracellular matrix; eEPCs, embryonic endothelial progenitor cells; EGFR, epidermal growth factor receptor; ELC,
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myosin light chain; MMPs, matrix metalloproteinases; mTOR, mammalian target of rapamycin; NF-xB, nuclear factor-xB; NK, natural killer; NSCLC, non-small-
cell lung carcinoma; p70S6K, ribosomal protein S6 kinase beta-1; PD-L1, programmed death-ligand 1; PEG10, paternally expressed gene 10; PGE2, prostaglandin
E2; PI3K, phosphoinositide 3-kinases; PKC, protein kinase C; PRAME, preferentially expressed antigen in melanoma; Pyk2, proline-rich tyrosine kinase 2; ROCK,
Rho-associated protein kinase; RUNX3, runt-related transcription factor 3; S1P1, sphingosine-1-phosphate receptor 1; SAPK, JNK1 or Janus kinase 1; STAT3,
signal transducer and activator of transcription 3; TGFf, transforming growth factor-3; TLS, tertiary lymphoid structures; TNBC, triple-negative breast cancer;
TNFa, tumor necrosis factor a; VEGFA, vascular endothelial growth factor A; ZAP-70, zeta-chain-associated protein kinase 70

Introduction

Inflammation is considered a vital component of the tumor
microenvironment, and it is proposed as a hallmark of cancer
[1]. Chemokines are a group of chemotactic cytokines that
orchestrate the proper movement of immune cells through
specific binding to corresponding receptors, thus contributing
to the process of immune regulation and inflammatory re-
sponse [2]. Therefore, it has been proposed that chemokines
can modulate the recruitment of several cells in the tumor
microenvironment [3, 4]. Based on the location of two
N-terminal cysteines (C), these cytokines are divided into
four groups, including CC, CXC, CX3C, and C chemokines.
CC motif chemokine ligands (CCL) encompass large groups
of chemokines and are involved in various homeostatic,
physiological, and even pathological conditions. Among
CC chemokines, CCL19 is almost the most well-known
chemokine for its homeostatic and physiological functions in
the development of primary and secondary lymphoid organs
[5]. Besides various physiological conditions, CCL19 is also
involved in pathological situations, e.g. cancers [6]. Therefore,
this study aimed to comprehensively review several functions
of CCL19 in cancer.

CCL19; characteristics, expression, the main
function

For the first time, CCL19 was described in 1997 through
bioinformatics by two independent studies. Although it was
initially called macrophage proinflammatory human 3-f
(MIP3-B) or EBI1-ligand chemokine (ELC), it was then re-
named to CCL19 due to having 20-30% homologies to CC
chemokines [7, 8]. Although CC chemokine genes are located
on chromosome 17, the CCL19 gene is mapped on chromo-
some 9p13. CCL19 is highly expressed in lymphoid organs,
including the thymus and lymph nodes. Therefore, it exerts
physiological and homeostatic functions in developing the
immune system. In addition, CCL19 has been confirmed to
be moderately expressed in non-lymphoid organs, including
the colon and trachea. Moreover, the small intestine, lung,
spleen, kidney, and stomach express CCL19 at low levels [9].
Furthermore, peripheral blood leukocytes, fetal liver, and
bone marrow were almost negative for CCL19 mRNA ex-
pression [8].

Proposed receptors for CCL19

CCR?7 is the primary and functional receptor for CCL19,
which is also considered a shared receptor for CCL21.
CCR?7, like other chemokine receptors, is a member of the G
protein-coupled receptor (GPCR) family. This receptor is ex-
pressed in T and B cells and various lymphoid tissues, and it
is physiologically involved in lymphocyte trafficking between
lymph nodes, the spleen, and other tissues [10]. In addition
to CCR7, other proteins have been shown to bind to CCL19.

These so-called receptors (also known as decoy receptors) ob-
struct the CCL19/CCR?7 interaction. CCX-CKR (also called
CCR11 or CCRL1), as a member of the atypical chemokine
receptor (ACKR) family, is capable of binding to CCL19,
CCL21, and CCL2S5. However, this receptor cannot trigger
the typical signaling cascades like other chemokine receptors.
It has been shown that CCX-CKR mediates CCL19 internal-
ization into the cell, leading to its degradation. Therefore, it is
proposed that CCX-CKR scavenges CCL19 to modulate the
consequences of CCL19/CCR?7 interaction [11]. Chemokine
receptor on activated macrophages (CRAM; also called
CCRL2) is another member of ACKRs that can bind CCL19.
Like CCX-CCR, CRAM also acts as a scavenger receptor.
CRAM binding to CCL19 could not activate cell signaling,
and it functions as a CCL19 recycling receptor that competed
with CCR7 to modulate CCR7/CCL19 signaling [12].

As mentioned, chemokines have many functions, but they
are best known for their crucial role in coordinating cell mi-
gration during homeostasis and inflammation. However, they
play a role in organogenesis as well as tumor cell growth
and spreading [13, 14]. The chemokine receptor CCR7 and
its ligands (CCL19 and CCL21) play an important role in
regulating the trafficking of immune cells, including lympho-
cytes and DCs, in secondary lymphoid tissues. In addition,
CCL21, along with CCL19, promotes the proper navigation
and compartmentation of immune cells, including T cells and
DG, in secondary lymphoid tissues [15]. CCL19 and CCL21
are expressed in lymph nodes, although their expression pat-
terns are distinct from one another [15]. CCL19 is only pro-
duced and presented in the T-cell zone in human lymph nodes.
In contrast, CCL21 is produced in the T-cell zone and is
transcytosed to high endothelial venules (HEV) [16]. CCL19
and CCL21 are also expressed by reticular cells inside the
T-cell zone, in which CCL21-expressing cells are more nu-
merous than CCL19-expressing cells in the T-cell zone’s per-
iphery. This suggests that the T-cell zone’s CCL21-producing
tissue is greater than the T-cell zone’s CCL19-producing tissue
[15].

In various T-cell zones’ sub-regions, the profiles of the
overlapping CCL19 and CCL21 fields may differ. There is
also a considerable discrepancy in the amounts of CCL19
and CCL21 production in secondary lymphoid tissues, as
CCL21 production is up to 100-fold greater than CCL19 pro-
duction; however, the precise difference is not established in
sub-regions [16]. CCL19 exclusively shows soluble patterns
in secondary lymphoid tissues, whereas CCL21 is observed
in soluble and insoluble forms. According to the investiga-
tions, both CCL19 and CCL21 have a similar binding affinity
for the CCR7 receptor and have similar effects on calcium
immobilization and G-protein activation at the cellular level.
CCL19, but not CCL21, is the sole chemokine that effect-
ively desensitizes and internalizes CCR7 [15]. Despite the fact
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that both CCL19 and CCL21 are potent chemoattractants
for T cells, as demonstrated by iz vitro chemotaxis tests, their
unique functions in controlling T-cell trafficking in secondary
lymphoid tissues are yet unknown. It has been demonstrated
that CCL21, but not CCL19, is necessary for the recruitment
of T cells and DCs to secondary lymphoid organs employing
CCL21 and CCL19 deficient mice. This observation, together
with the fact that CCL19 synthesis is much lower in sec-
ondary lymphoid organs, has made understanding the role
of CCL19 in DC and lymphocyte trafficking in these organs
even more challenging [15].

Physiological Functions of CCL19

CCL19 is produced by stromal cells of lymph nodes, mature
dendritic cells, the spleen, and HEV [17]. CCL19’s inter-
actions with its receptor (CCR7) orchestrate lymphoid organ
organization, immunological response initiation, and im-
mune tolerance induction [18]. CCL19 can initiate inside-out
signaling to several integrins, including o f,, a,fB,, a,p, on
lymphocytes. In lymph nodes, soluble chemokines like CCL.19
may activate high-affinity integrin conformations, although it
takes 10-30 min [19]. Chemokines promote the survival of
T cells as CCR7 signaling protects CD8* T cells from apop-
tosis. CCL19 plays a critical role in naive T-cell homeostasis
through its anti-apoptotic activity [5]. CCL19 also promotes
the endocytosis capacity of DCs, co-stimulatory molecule
expression, production of IL-12, TNFa, and IL-1f, and de-
creases DC apoptosis, hence indirectly increasing T-cell prolif-
eration and Th1 polarization [20]. CCL19 can also serve as a
survival signal by activating the PI3K/GSK3/NF-«xB pathway.
The pro-apoptotic transcription factor FoxO1 is phosphor-
ylated and inhibited by CCR7-mediated Akt activation.
Moreover, CCL19 is essential for the maturation of TLR-
activated DCs [20]. It has been demonstrated that CCL19 can
increase the proliferation of natural killer (NK) cells triggered
by IL-2 [20, 21].

CCL19 is a chemokine that regulates the recruitment of
CCR7-expressing T-cells as well as the homeostatic traf-
ficking of lymphocytes and dendritic cells along a chemokine
gradient. It also plays a role in the enhancement of T-cell re-
sponses and antitumor immunity [22]. T-cell responses are in-
fluenced by CCL19, which is the only chemokine known to
promote CCR7 phosphorylation and internalization through
the B-arrestin pathway efficiently. This leads to receptor de-
sensitization and DC (as antigen-presenting cells) movement,
which in turn affects T-cell responses [22,23]. CCL19 internal-
ization in T cells is clearly concentration- and time-dependent,
which differs from CCL21 as another ligand for CCR7 [24].
Compared to other chemokines, CCL19 has been found to
be much more powerful in activating G-protein signaling,
eliciting chemotaxis, and increasing Ca?* [25]. The signal in-
duced by CCL19 is robust and short-lived; thus, CCL19 pro-
motes efficient signaling of CCR7 via Gai, which allows for
subsequent B-arrestin employment and internalization of the
receptor. Moreover, it has been shown that CCL19 is 10-100
times more powerful in inducing the directed migration of
DCs than CCL21, indicating that these two chemokines have
distinct effects on DC chemotaxis responses [24, 26].

Interestingly, it was discovered that the CCL197 mice
exhibited a phenotype that was comparable to that of the
CCR7- mouse. Conversely, when comparing the behavior
of wild-type TCD4* cells transferred into the CCL19-" strain
with that of the respective wild-type strain, it was found that
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they were more slowly cleared from lymph nodes. In a similar
vein, mice treated with the ELC8-83 (CCL19 antagonist)
had a substantial increase in the lymph nodes’ T-cells popu-
lation when compared to mice treated with vehicle alone.
Both of these investigations found that a decrease in CCR7
signaling was associated with T lymphocyte persistence in the
peripheral lymph nodes [27]. T cells leave the lymph nodes
via sphingosine-1-phosphate receptor 1 (S1P1) and lose their
capacity to move to CCL21 by down-regulating CCR7 as
a result of this mechanism. Studies have shown that CCR7
internalizes more efficiently in response to CCL19 on active
DCs than CCL21, which attracts T lymphocytes to lymph
nodes. The mean surface level of S1P1 expression is lower in
CCR7-- T-cells than in the wild-type, suggesting that CCR7
is involved in S1P1 up-regulation [27].

CCL19 and cancer

The procedure of cancer development and progression has
not yet been fully elucidated, and the contribution of several
aspects has been attributed to the initiation of cancer devel-
opment. Among several proposed factors, inflammation has
been considered one of the initiators [34]. Upon cancer pro-
gression, inflammatory cells such as recruited immune cells
and activated myofibroblasts are infiltrated into the tumor
nest by several mediators, including cytokines, chemokines,
and hypoxia [35]. Among secreted factors, chemokines
modulate inflammation in the tumor microenvironment by
recruiting several inflammatory cells. Previous studies have
indicated that chemokines, including CXCL14 and CXCL16,
are vital components of the tumor microenvironment [3, 4].
In the following, we overviewed the importance of CCL19’s
role in tumor development (Fig. 1).

CCL19-induced signaling pathways in tumor cells

CCR7 is a GPCR that, upon ligation to CCL19, triggers
signal transduction. It has been shown that CCL19-induced
signaling via CCR7 differs between tumor and normal cells
[28]. It is also mentioned that CCL19-induced signaling over-
laps CCL21-induced signaling via CCR7, indicating that
CCL21 might be involved in the pathogenesis of tumors in
the absence of CCL19 [28]. CCL19 ligation to CCR7 in-
duces phosphorylation of this receptor on four possible
amino acid residues, mainly by protein kinase C (PKC) en-
zymes [29]. Treatment of PCI-37B cells with CCL19 induced
protein kinase Ca (PKCa) without its upregulation. Upon
PKCa activation, NF-kB was induced in these cells and was
translocated into the nucleus. Hence, CCL19 induces PKCa/
NF-xB in PCI-37B cells in a CCR7-dependent manner [30].
Moreover, incubation of PCI-37B cells with CCL19 activates
PI3K signaling, which consequently induces Cdc42 in these
cells to mediate cell migration [31]. mTOR and p70S6K are
other PI3K downstream kinases that are phosphorylated and
activated upon CCL19/CCR?7 interaction in PCI-37B and
PCI-4B cells. This pathway stimulates cell transition from the
G1/S phase, thereby promoting the cell cycle [32]. In B-CLL,
CCL19 ligation to CCR7 has led to the activation of PI3K/
Akt, Rho-ROCK/MLC, and ERK1-2/p38-SAPK pathway,
which consequently contributes to actin-myosin contraction,
leading to invasion and cell migration [33]. Richardson et al.
have shown that expression of a kinase called Zeta-chain-
associated protein kinase 70 (ZAP-70) in B-CLL increases cell
responsiveness to CCL19 and leads to F-actin polymerization
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Fig. 1 Schematic illustration of CCL19's involvement in cancer development. The tumorsuppressive role of CCL19 (shown in the blue area) relies on
the enhancement of anti-tumor responses and inhibition of angiogenesis. In contrast, the tumorpromoting role of CCL19 (shown in the red area) is
attributed to the inhibition of cell apoptosis, promotion of metastasis and tumor heterogeneity, and inflammation.

and cellular migration, indicating the importance of this
signaling protein in CCL19-dependent tumor cell migration
[34]. In conclusion, CCL19-induced signaling encompasses
several pathways, eventually leading to tumor development.

Dysregulation of CCL19 in cancer

As mentioned before, CCL19 is expressed at high levels in
many lymphoid organs. Therefore, its expression at high
levels in these organs supports its homeostatic and physio-
logic functions. However, CCL19 dysregulation in several
pathologic conditions such as cancer has attracted much at-
tention, as in some cases, its expression is elevated while it
is downregulated in others. Hence, the CCL19 expression
pattern is proposed to be context-dependent, and several fac-
tors might be involved in the up- or down-regulation of this
chemokine in the tumor microenvironment.

Initiation and triggering of signaling pathways have been
considered as one of the regulators of gene expression. It
has been found that the epithelial signal transducer and acti-
vator of transcription 3 (STAT3) regulate tumor progression
through modulating leukocytic recruitment into the tumor
microenvironment. Activation of STAT3 signaling controls
T-cell trafficking through inducing or inhibiting chemokine
expression. STAT3 loss in the epithelium mediates several
events that eventually promote the expression of CCL19 in
the tumor microenvironment, indicating the importance of
STATS3 in regulating CCL19 expression in the inflamed colon
[35].

Human endogenous retroviruses (HERVs) are a group
of genes that are derived from the ancestral integration
of exogenous retroviruses, and their expression is linked
to several diseases, especially cancers. These genes exert
immunomodulatory functions through the modulation of
immune-related genes. It has been shown that HREV-H ex-
pression in tumor cells is required for CCL19 production. An
HERV-H-derived peptide called H17 induces the Twist/PI3K
pathway in tumor cells and stimulates CCL19 production in
human pancreatic cancer MIAPaca cells [36].

A group of transcription factors called runt-related tran-
scription factors (RUNXs) has pivotal roles in the normal
or neoplastic development of cells. RUNX3 acts as a tumor
suppressor in most cancers, especially NSCLC. Aberrant

methylation of the RUNX3 gene promoter occurs during
tumorigenesis and is more common in invasive compared with
pre-invasive lung adenocarcinoma lesions. Loss of RUNX3
in A549 cells was correlated to the dysregulation of a set of
chemokines, particularly CCL19. RUNX3 knockdown in
NSCLC cells decreased CCL19 expression, which was associ-
ated with tumor cell metastasis into the bone, indicating that
RUNX3 is a CCL19 gene regulator [37].

Tumor-suppressive roles of CCL19

One of the important mechanisms of chemokines in tumor in-
hibition is attributed to the activation of anti-tumor immune
responses. Since CCL19 is expressed in secondary lymphoid
tissues and is involved in homing of T cells and DCs, it is
assumed that its expression might contribute to tumor regres-
sion. In addition to immune stimulation, CCL19 also exerts
other anti-tumor functions, which are described in the fol-
lowing.

CCL19 activates anti-tumor immune responses

Inflammation acts as a double-edged sword in tumor devel-
opment. Acute inflammation triggers an antitumor immune
response that assists in cancer cell killing, whereas cancer-
induced chronic inflammation promotes tumor cell growth
and resistance to therapeutic agents [38]. Therefore, many
studies have shown that inflammation is intimately associ-
ated with cancer development and progression, as well as the
effectiveness of anti-cancer therapy [39]. Chronic inflamma-
tion contributes to immunosuppression, resulting in a favor-
able microenvironment for tumorigenesis, progression, and
metastasis [40]. Malignancy and its development have both
been linked to chronic inflammation in most cancers. In con-
trast, it has been observed that acute inflammation caused by
exogenous stimulators can increase antitumor immunity by
enhancing the maturation and activity of DCs and the induc-
tion of effector T-cells [38].

As mentioned earlier, CCL19 infiltrates immune cells,
including helper T-cells and antigen-presenting cells (APCs),
into the tumor microenvironment and consequently exerts
immune surveillance. In a murine model of lung cancer, intra-
tumoral administration of recombinant CCL19 exhibited
an increased infiltration and frequency of CD4* and CD8*
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T-cells as well as DCs at the tumor sites, which was accom-
panied by elevated levels of ITFN-y, CXCL9/10, IL-12, and
GM-CSF but a decrease in the immunosuppressive factors
PGE2 and TGFp. Transferring activated T-cells from CCL19-
treated mice to naive mice endowed the anti-tumor efficacy of
CCL19 therapy to the recipient mice [41]. Similar results were
observed in the murine model of colorectal cancer (CRC). The
administration of recombinant mouse CCL19 to the tumor
site enhanced levels of IFN-y and IL-12 in the tumor micro-
environment and plasma and consequently suppressed CRC
tumorigenesis and prolonged overall survival of mice by
inducing anti-tumor immune responses [42]. Moreover, the
introduction of CCL19 to breast tumor-bearing mice induced
NK cells and inhibited tumor growth [43]. These data con-
firmed the immune-stimulatory and anti-tumor functions of
CCL19.

Besides specific anti-tumor immune responses, CCL19
function against tumor cells relies on other immune system
components such as inflammasomes. Absent in melanoma
2 (AIM2), as a cytosolic double-stranded (dsDNA) sensor,
is considered a crucial inflammasome component that acti-
vates immune responses, inflammation, and even cell death
in a caspase-1-dependent manner. Activation of AIM2 has
been shown to be involved in tumor suppression, tumor cell
growth inhibition, and cell cycle arrest. Since expression of
AIM2 and CCR7/CCL19 have been downregulated in pro-
gressive gastric cancer compared with an early stage of gastric
cancer, it is proposed that these genes might be involved in the
initiation of tumor development. Administration of CCL19
to AIM2-transfected gastric cancer cells (AGS and MGC-803
cells) enhanced AIM2 expression, indicating an association
between CCL19 and AIM2. After transfection with AIM2,
gastric cancer cells showed higher expression of IL-1f and
IL-18 and promoted LDH release, which were further ele-
vated upon CCL19 administration. In addition, pro-apoptotic
proteins including BID and caspase-3 were also increased in
this experiment. Furthermore, CCL19 inhibited GC cell in-
vasion and migration, which was reversed by CCR7 siRNA,
indicating the AIM2-dependent anti-tumorigenic activity of
CCL19 [44].

CCL19 and its anti-angiogenic properties

Angiogenesis is considered a vital step in tumor develop-
ment and metastasis via the formation of new micro-vessels
in the tumor microenvironment. This process is closely regu-
lated by angiogenic factors, including VEGFA and hypoxia-
inducible factor (HIF)-1a. In a study by Xu et al., it has
been shown that the administration of CCL19 to colorectal
cancer cells showed anti-angiogenic activities, which mech-
anistically rely on miRNA dysregulation. In this study, it was
found that treatment of colorectal cancer cells (SW1116 and
SW620 cells) with CCL19 significantly induced miR-206 in
these cells. Overexpression of miR-206, which is proposed
as a tumor-suppressor miRNA, consequently suppressed
expression of VEGFA in these cells via inhibiting the MET/
ERK/Elk-1/HIF-1ae pathway. Down-regulation of VEGFA
expression via CCL19 administration reduced the prolifer-
ation, migration, and tubule formation ability of HUVEC
cells. In addition to in vitro observations, treatment of colon
carcinoma-bearing murine models with CCL19 decreased
micro-vessels, indicating that CCL19 could reduce angiogen-
esis, tumor size, and weight of tumor nodules i vivo [45].
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Tumor-promoting roles of CCL19

In addition to the tumor-suppressive roles, CCL19 binding to
CCR7 on tumor cells might initiate tumor development.

CCL19 and its role in tumor heterogeneity

Heterogeneity of tumor cells is considered a hallmark of
cancer. This phenomenon mainly results from the imperfec-
tion of DNA replication and mutations, leading to a diverse
population of cancer cells that can show different and dis-
tinct phenotypic and morphologic profiles, including metab-
olism, gene expression, proliferation, etc. The heterogeneity
of tumor cells creates major challenges and influences the ef-
fectiveness of the treatments [46]. Therefore, during routine
treatment of heterogenic tumors, some tumor cells are not
killed and introduce drug resistance. Moreover, due to hetero-
geneity and genetic differences, a prognostic and diagnostic
biomarker may be hard to define [47]. It has been shown that
CCL19 exposure and its increased gradients enhanced breast
tumor cell heterogeneity and altered tumor cell chemokinesis.
Therefore, these results have highlighted the importance of
cytokine and chemokine gradients in the tumor microenvir-
onment due to inducing heterogeneity of cancer cells [48].

Anti-apoptotic and pro-survival functions of
CCL19

Tumor cells are mainly resistant to common therapies such as
chemotherapies that are considered potent inducers of apop-
tosis. These cells block apoptosis through down-regulation of
pro-apoptotic pathways and upregulation of anti-apoptotic
signals or inducing faulty apoptotic signaling [49]. As men-
tioned in the signaling section, CCL19 ligation to CCR7 on
HNSCC cells constitutively increased phosphorylation of Akt,
independent of epidermal growth factor receptor (EGFR)
signaling, and upregulated expression of anti-apoptotic Bcl-2
protein. Up-regulation of Bcl-2 in these cells has led to in-
hibition of cisplatin-induced apoptosis, indicating the import-
ance of CCL19/CCRY7 signaling in cisplatin resistance [50].

Another mechanism involved in CCL19-mediated tumor
development relies on the paternally expressed gene 10
(PEG10) gene. This gene is associated with a mediator of
apoptosis called SIAH1. Exogenous expression of PEG10
endows oncogenic activity and transfection of hepatoma
tumor cells (HepG2 cells) with PEG10 antisense results in
suppression of cancer cell growth [51]. CD23*CDS5* B-ALL
cells have been shown to express higher levels of CCR7 and
CXCRS than CD19* B cells from normal peripheral blood.
CCR7* and CXCRS5* B-ALL cells activated protein kinase C
(PKC) in response to CCL19 and CXCL13 and selectively in-
creased PEG10 expression, which consequently did not lead
to up-regulation of anti-apoptotic proteins but stabilized
caspase-3 and -8, indicating that CCL19 and CXCL13
synergically rescued B-ALL cells from TNFa-mediated apop-
tosis in a PEG10-dependent manner [52]. In addition to
the induction of resistance to apoptosis, CCL19/CXCL13-
activated CD23*CDS5* B-ALL cells also PEG10-dependently
upregulated IL-10 production. IL-10 secretion from these ma-
lignant cells impaired the cytotoxicity of CD8* T-cells (CTLs),
allowing CD23*CDS* B-ALL cells to escape from host im-
mune surveillance. It is worth noting that when exposed to
CXCL13 and CCL19, normal CD19* B cells and CD23*CD35
B cells from cord blood did not exhibit anti-apoptotic or
immune-regulatory responses [53].
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The pro-metastatic activity of CCL19

Tumor metastasis is a process that relies on several factors.
Infiltration and invasion of lymphoma cells into the CNS
and brain and retention of these cells are major complica-
tions in lymphomas, which exacerbate the disease and is
considered a challenge for treatment. Non-specific reactions
such as damage, gliosis, and aging might enhance the traf-
ficking of lymphoma cells into the CNS and elevate the risk of
CNS lymphoma. In gliosis, it has been shown that astrocytes
produce CCL19 considerably, and the interaction of CCR7
on lymphoma cells with astrocyte-produced CCL19 increases
infiltration of these cells into the CNS in mice. Clinical evi-
dence for this observation was confirmed by showing that
CCL19 expression was elevated in the cerebrospinal fluid
(CSF) of patients with primary and secondary central ner-
vous system lymphoma (PCNSL and SCNSL) [54]. In add-
ition to the attraction of lymphoma cells into the CNS, it has
also been demonstrated that CCL19 expression in mouse
brains is also required for the retention of lymphoma cells.
Collectively, astrocyte-derived CCL19 is proposed to be the
crucial factor for CNS lymphoma and might be considered a
prognostic factor for spreading lymphoma into the CNS [54].
Buonamici et al. also confirmed the infiltration of T-ALL cells
into the CNS in a CCL19/CCR7-dependent manner [55].

The expression of extracellular matrix (ECM) modifying
enzymes such as matrix metalloproteinases (MMPs) is con-
sidered a crucial step in this process. It has been shown that
treatment of A549 cells with CCL19 enhanced the invasion
and migratory ability of these cells, which was decreased upon
exposure to siRNA-CCL19, indicating CCL19-dependent
migration of A549 cells. Due to the enhanced expression of
heparanase-1 during the exposure to CCL19, it was assumed
that heparanase-1 is the target gene for CCL19-induced tumor
cell migration. Mechanistically, it has been demonstrated that
CCL19/CCR?7 signaling in tumor cells upregulates the expres-
sion of a transcription factor called Sp1. This protein intrin-
sically binds to the GC box in gene promoters, and a ChIP
assay has concluded that Sp1 is able to bind to the heparanase
promoter after tumor cell incubation with CCL19 and conse-
quently increases heparanase-1 expression. Overall, CCL19/
CCRY7 signaling increased heparanase-1 expression, allowing
A549 tumor cells to migrate [56].

Another mechanism involved in tumor cell metastasis de-
pends on alteration in the cytoskeletal rearrangement. Src
kinase is an enzyme that is involved in several cellular activ-
ities. Phosphorylated (p)-Src interacts with various signaling
proteins and contributes to diverse signal transductions.
Cell migration and tumor invasion are important functions
in which Src kinase plays a pivotal role. In an experiment,
CCL19 administration to PCI-37B cells (an HNSCC cell line)
upregulated p-Src protein levels and enhanced its activation.
In addition, PCI-37B treatment with CCL19 elevated cell ad-
hesion factors, including proline-rich tyrosine kinase 2 (Pyk2)
and Paxillin in these cells [57]. Furthermore, CCL19 induced
actin filaments to be woven into a complex network to form
an F-actin ring or F-actin body and consequently created
large flak pseudopods and invasive pseudopodia connections
in these cells as CCL19-treated cells tended to be fusiform
and round with reduced polar connections. Through these
observations, it is believed that Src performs a crucial role
in migratory changes in PCI-37B cells, CCL19-dependently
[57]. Another study by Xu et al. confirmed that CCL19 trig-
gered the RhoA/ROCK pathway in PCI-37B cells to induce
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Pyk2 and cofilin and initiate invasion and migration in these
cells [58]. In addition to the formation of pseudopodia and
morphologic changes in PCI-37B, CCL19 also induced re-
organization of the actin cytoskeleton through stimulation
of integrin o, 3, phosphorylation. Activation of a f3, regulates
cell adhesion and migration in metastatic HNSCC cells [59].

Acquisition of mesenchymal characteristics during the epi-
thelial-mesenchymal transition (EMT) process is another
proposed mechanism that contributes to tumor metastasis.
In this process, epithelial cells lose adhesion, reduce cell po-
larity, and conversely acquire migratory and invasive abilities.
Furthermore, epithelial cells decrease E-cadherin and increase
N-cadherin, vimentin, fibronectin, and MMPs, which are trig-
gered by Snail and Twist transcription factors [60]. Treatment
of breast cancer cells (MCF-7 cells) with CCL19-induced
AKT signaling and subsequently upregulated vimentin,
N-cadherin, MMP2/9, and downregulated E-cadherin,
implying that CCL19 administration confers the migratory
ability to these cells, which is conversely inhibited by CCR7-
siRNA or suppression of the AKT pathway [61]. In addition
to breast cancer, CCL19 expression in cervical cancer cells
(ME-180 and Hela cells) was correlated to cell migration
through induing vimentin, E-cadherin, and MMP2/9 which
was markedly decreased after CCL19 knockdown [62].
CCL19-induced EMT in pancreatic ductal carcinoma (PDAC)
was attributed to up-regulation of the Twist transcription
factor, which was stimulated through the ERK/PI3K/AKT
signaling pathway [63]. In epithelial ovarian cancer cells
(SKOV-3 cells), it has been shown that CrkL, a member of
the Crk family of adaptor proteins, contributed to CCL19-
induced EMT. Upon CCL19 administration, levels of CrkL,
AKT, ERK, N-cadherin, Snail, and MMP9 were increased,
and the EMT process was activated in SKOV-3 cells, which
was conversely diminished by CrkL knockdown, indicating
that CrkL exerts a pivotal role in the CCL19-stimulated EMT
process [64].

In addition to the above-mentioned mechanisms in metas-
tasis, CCL19 also contributed to the inhibition of anoikis to
promote cancer metastasis. Anoikis is a form of programmed
cell death that takes place when cells lose attachment to the
surrounding ECM. Therefore, inhibition of anoikis through
upregulation of pro-survival factors, including Bcl-2 and
Bcl-xL, is a crucial step in tumor cell detachment from
originating tissue to spread in the body. Treatment of breast
cancer cells (MDA-MB231 cells) significantly upregulated
Bcl-xL and Bcl-2 in these cells, indicating an anti-anoikis ef-
fect of CCL19 [65].

Role of CCL19 in triggering inflammatory
milieu in the tumor microenvironment

As mentioned before, many studies have shown that inflam-
mation is intimately associated with cancer development and
progression, as well as the effectiveness of anti-cancer therapy
[39]. Chronic inflammation contributes to immunosuppres-
sion, resulting in a favorable microenvironment for tumori-
genesis, progression, and metastasis [40]. In contrast, acute
inflammation triggers an anti-tumor immune response that
assists in cancer cell killing, whereas cancer-induced chronic
inflammation promotes tumor cell growth and resistance
to therapeutic agents [38]. Malignancy and its development
have both been linked to chronic inflammation in most can-
cers. It has been observed that acute inflammation caused by
exogenous stimulators can increase anti-tumor immunity by
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enhancing the maturation and activity of DCs and the induc-
tion of effector T-cells [38].

Recently, it has been confirmed that inflammation pre-
disposes to cancer development and prompts tumorigenesis.
Due to the plasticity of tumor cells, the formation of an in-
flammatory niche continuously changes the function and
phenotype of these cells. It was assumed that secretion of
soluble factors from triple-negative breast cancer (TNBC)
in the tumor microenvironment activated the JNK/c-Jun
signaling pathway in DCs to migrate toward the CCL19
gradient in this microenvironment. Tumor-infiltrated DCs
upregulated proinflammatory cytokines such as IL-1f and
IL-6 to induce more potent, highly proliferative, and inflam-
matory IFN-y-producing T cells. Therefore, tumor-secreted
factors accompanied by CCL19 manipulate DCs to build a
chronic inflammatory milieu which consequently promotes
tumor growth [66]. According to previous research, increased
levels of IL-6 and IL-1f cytokines have been linked to tumor
invasiveness and a worse prognosis in women with metastatic
breast cancer [67, 68]. IL-6 can increase the proliferation of
TNBCs as well as their resistance to chemotherapy and apop-
tosis [69]. Furthermore, tumor cells can adopt evolutionary
pathways triggered by IFN-y, which can result in the edition
of tumors and selection of resistant clones, hence increasing
the growth or development of the tumor [70]. Although it
was claimed that CD1a*/Langerin* DCs are the possible DC
subset in this condition, more research is needed to determine
the tumor-promoting DC subset in this process. These inves-
tigations suggested an innovative cancer-evading method by
explaining how the soluble components of TNBCs regulate
DCs in order to create dysfunctional T-cells that may con-
tribute to tumor growth and progression [71].

CCL19 in cancer prognosis

The prognosis of cancer is the estimation of the expected
course and outcome of the disease and commonly refers to
the rate of successful treatment and chances of recovery. The
examination or evaluation of dysregulated proteins, including
growth factors, hormones, cytokines, and chemokines, can be
used as a prognostic factor to elucidate the treatment pro-
cess [72]. Immunohistochemistry analysis of CCL19 expres-
sion in cervical cancer cell lines (CaSki, SiHa, C33A, Hela,
and ME-180 cells) compared with its normal counterpart
(H8 cells) has indicated that CCL19 expression was higher
in cancerous cells. Moreover, this observation was also con-
firmed in 62 cervical cancer tissue samples compared with ad-
jacent non-cancerous tissues in which CCL19 expression was
positively associated with TNM stage grouping and tumor
diameter, indicating the value of this chemokine as a potential
target for cervical cancer therapies and survival in the future
[62]. Analysis of CCL19 secretion from HNSCC tumor cells
showed similar results to cervical cancer, in which CCL19
production in HNSCC tumors was higher than benign sam-
ples. Similarly, metastatic HNSCC-derived tumor cells have
been shown to express a higher level of CCL19 compared
with those cells from primary tumors, suggesting that CCL19
production might be a prognostic factor for predicting metas-
tasis of HNSCC cells to lymph nodes [50].

The evaluation of CCL19 mRNA expression and its protein
level in CRC tissue and cell lines compared with normal tissue
and cell lines showed contradictory results to cervical cancer,
as CCL19 expression negatively correlated with tumor size
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and invasiveness, and patients with CCL19-positive also
had longer lifespans [73]. Evaluation of CCL19 mRNA ex-
pression in lung adenocarcinoma showed similar results to
CRC. In this study, higher CCL19 levels in tumor samples
correlated with better prognosis and a higher overall survival
rate. Also, higher CCL19 expression was associated with
higher recurrence-free in patients with lung adenocarcinoma,
indicating a good prognostic biomarker for postoperative
follow-up [74].

Besides, using a statistical regression model, also called
a risk prediction model, can correlate disease outcome
with various factors, especially gene expression patterns.
Therefore, constructing a risk model using multiple genes
might be promising in disease prediction. Concerning CCL19
and cancer, a risk model based on four immune-related genes,
including IL13RA2, BIRCS, INHBE, and CCL19, has been
proposed for prognostic prediction of papillary renal cell car-
cinoma (pRCC). This prognostic model served as a prediction
for enhanced immune cell infiltration (T and B cells) with the
stratification capability of patients with the pRCC in terms
of different mutation burdens. In this risk prediction model,
patients with pRCC with high-risk scores have upregulated
the mentioned genes, whereas these genes exhibited a nega-
tive correlation with lower risk in patients with pRCC [75].
In another risk prediction model, CCL19 was accompanied
by PRAME, ABCA8, APOD, and FNI genes to discrim-
inate breast fibroepithelial lesions, including fibroadenomas
(a benign tumor) and phyllodes (a recurrent type) tumors.
Discrimination of these two tumors before treatment is crit-
ical to clinical management. This predictive model showed an
accuracy of 92.6%, specificity of 94.7%, and sensitivity of
82.9% for classifying breast fibroepithelial lesions into phyl-
lodes and fibroadenomas tumors, indicating the advent of a
possible valuable tool for helping pathologists in this condi-
tion [76].

Therapeutic approaches

As discussed earlier, the administration of CCL19 to the
tumor microenvironment has induced strong anti-tumor re-
sponses. As a result, in tumors where CCL19 has a tumor-
suppressive function, using CCL19 as an adjuvant to induce
an immune response may be a promising approach in cancer
immunotherapy [41]. For instance, intranodal injection of
CCL19 led to a significant reduction in tumor volume and
growth accompanied by marked CD4* and CD8* T-cell in-
filtration into tumor and increased secretion of anti-tumor
cytokines but decreased level of TGF-f in a murine model of
spontaneous bronchoalveolar cell carcinoma [77]. In addition
to using recombinant CCL19 without any further formula-
tion, it has been shown that using novel CCL19-based modal-
ities may be beneficial in enhancing immunotherapy [78-80].
Therefore, using vehicles or an efficient delivery system would
be helpful in this regard.

Recently, targeted therapy has been proposed as a high po-
tential method in the treatment of diseases, especially can-
cers. These therapies are yielded by small molecular structures
including proteins (e.g. cytokines and chemokines), nucleic
acids (miRNAs, siRNA, etc.) incorporated into nanocarriers
such as nanoliposomes. Regarding nano-liposomal CCL19-
based immunotherapy, He et al. have designed a targeted
gene delivery system called FDMCA-pMIP-33 comprised of
1,2-Dioleoyl-3-trimethylammonium-propane (DOTAP), folic
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acid-polyethylene glycol-poly lactide (FA-PEG-PCL) with
a plasmid of CCL19 (MIP-3f) to treat 4T1 breast cancer-
bearing mice with established lung metastasis. In vitro ad-
ministration of this system to 4T1 cells increased IFN-y
and TNFa secretion from macrophages and lymphocytes
while inhibiting tumor growth by up to 41%. In vivo results
demonstrated that using FDMCA-pMIP-3f significantly in-
creased IFN-y-producing T helper cells and CTLs, decreased
population of M2 macrophages, enhanced MHCII expres-
sion in DCs, and reduced tumor burden as well as metastatic
nodes in mice, indicating that FDMCA-pMIP-3f efficiently
enhanced immune responses to fight against tumor progres-
sion [81].

Among diverse delivery systems, cellular vehicles are pref-
erably used to deliver genes over viral vectors due to their
simplicity, non-invasive, non-deleterious manipulation,
low risk of reimplantation, and adequate cellular tropism.
Recently, embryonic endothelial progenitor cells (eEPCs) have
been considered efficient cells that can be modified to deliver
genes to the target cells [82, 83]. In a study by Hamanishi
et al., eEPCs were used as a vehicle to retrovirally transduce
the CCL19 gene to manipulate the tumor microenvironment
and treat murine ovarian cancer through activation of local
immunity. To examine the efficacy of eEPCs-CCL19 in re-
cruiting immune cells, these cells were inoculated with tumor
cells subcutaneously. Results showed that eEPCs-CCL19 in-
duced local immunity and caused suppression of HM-1 cer-
vical tumor and B16 melanoma growth. Moreover, higher
infiltration of CD4* and CD8* T-cells and CD11¢* DCs was
observed in tumor specimens inoculated with eEPC-CCL19.
To evaluate the effects of eEPC-CCL19 on remote lung me-
tastases, transduced cells were injected intravenously. Results
demonstrated a significant reduction in the number of meta-
static foci and prolonged survival in both murine models
treated with eEPCs-CCL19, as this anti-tumor effectiveness
was not shown in the systemic injection of recombinant
CCL19, indicating that this approach might be useful for di-
verse malignant phenotypes [84].

Tertiary lymphoid structures (TLS) are ectopic cell aggre-
gates that are structurally similar to secondary lymphatic or-
gans. Unlike secondary lymphatic organs, TLS are generated
in non-lymphoid tissues in response to local inflammation
[85]. In some tumors, the adaptive immune response triggers
TLS in situ, which requires the optimal concentration of cyto-
kines and chemokines as well as the presence of particular
immune cell types [86]. TLS development can occur both
in the marginal and central regions of solid tumors, which
show variable degrees of maturity. In contrast, mature TLS
are composed of germinal centers and T-cell and B-cell aggre-
gates which are similar to secondary lymphatic organs. These
structures contain immune cells, including DC, macrophages,
neutrophils, B cells, TCD4* and TCDS8* lymphocytes, and
plasma cells [87, 88]. Furthermore, high endothelial venules
(HEVs) are frequently seen in tumors’ TLS, allowing early re-
cruitment of immune cells as well as the release of activated
immune cells from TLS into the circulation [89]. TLS have
been detected in numerous tumor types, such as lung, breast,
oral squamous cell carcinoma, stomach, colon, liver, bladder,
sarcoma, ovarian cancer, clear cell renal cell carcinoma,
and melanoma [85, 90, 91]. The formation of TLS and the
cell density of TLS vary depending on the kind of tumor
and the individual patient. Although the presence of TLS is
strongly related to beneficial outcomes in most research, some
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investigations have found no such significant relationship be-
tween TLS formation and prognosis for the patient [24, 92].
These discrepancies in the researchers’ findings may be re-
lated to a number of factors, including the location of TLS
formation in the tumor nucleus versus the invasive margin. It
can also be related to the tumor stage, which includes primary
lesions versus the metastatic stage of the tumor or the amount
of mutation in the tumor. The treatment history of the patient
and the diversity of cellular immune composition in TLS, es-
pecially in T- and B-cell subsets, may be a justification for
these conflicting findings [92].

Approaches that boost the development of de novo TLS
in patient tumors have the potential to improve the efficacy
of anti-cancer therapies as well as the progression and sur-
vival rates of patients. Some pre-clinical studies have shown
the potential efficacy of such therapies, but additional clinical
trials may be useful in determining the therapeutic value of
combining targeted TLS cellular composition with immuno-
therapy. Given that CCL19 plays a critical role in both the re-
cruitment of immune cells to TLS and the interaction of these
cells with each other, the researchers chose to take advan-
tage of this to recruit immune cells to the tumor location. By
increasing the possibility of interaction between DC, T cells,
and B cells, CCL19 has demonstrated great promise as a can-
didate for cancer therapy. Tumor-infiltrating immune cells are
essential for the efficacy of immunotherapy in cancer, so the
local synthesis of CCL19 by MSCs may facilitate the infiltra-
tion of these cells and the exertion of an antitumor impact in
patients with cancer [93]. To summarize, findings imply that
using iMSC/CCL19 in conjunction with anti-PD-L1 antibody
treatment can reduce tumor growth by increasing the number
of IFN-y*/CD8* T cells while simultaneously increasing the
number of recruited CCR7* DC into tumor locations [93]. A
folic acid-modified targeted gene-delivery system consisting
of the F-DMA (FA-PEG-PLA)/CCL19 complex administered
to tumor-bearing mice showed significant cancer growth re-
pression, suggesting that this approach could be useful in the
treatment of cancer. The anti-cancer mechanism is formed
by decreasing tumor cell proliferation through stimulating
the immune system, suppressing neovascularization, and
increasing apoptosis [94].

As a potential anti-cancer treatment, immune checkpoint
blockade (ICB) antibody therapy has recently gained interest
[95, 96]. Patients with specific types of cancer may benefit
from anti-cancer effects from ICB antibodies targeting pro-
grammed death-1 (PD-1), PD-1 ligand (PD-L1), and cytotoxic
T-lymphocyte associated protein 4 (CTLA4) [97]. The exist-
ence of antitumor T-cells in tumor tissues is critical for ICB
treatment because it restores exhausted antitumor T-cells in
tumor locations when targeting PD-1 and PD-L1. According
to the studies, T-cell infiltration in tumor locations is associ-
ated with the response of anti-cancer immunotherapy [93].
Recently, a study was conducted on patients with advanced
urothelial cancer. These patients received a combination of
anti-PD-1 and anti-CTLA-4 antibodies prior to tumor re-
moval. In this investigation, there was no correlation between
the existence of TLS at baseline and the response to therapy.
However, all patients who exhibited full pathological re-
sponses had higher TLS levels after the therapy. This means
that TLS can be produced during immune checkpoint treat-
ment, which will aid in creating anti-tumor immune responses
at the site of the tumor [98]. In another study, an RGD-
DMA/pCCL19-BMS-1 system was utilized to co-deliver the
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TLS-stimulating chemokine CCL19-encoding plasmid DNA
(CCL19 pDNA) with the PD-L1 inhibitor (BMS-1). Not only
did the RGD-DMA/pCCL19-BMS-1 combination signifi-
cantly suppress tumor development but it also elicited locally
elevated levels of immunostimulatory cytokines at tumor
sites without eliciting a systemic inflammatory response. The
immunosuppressive tumor microenvironment was effica-
ciously altered by coadministration of RGD-DMA/pCCL19
and BMS-1, as shown by activated T lymphocytes, enhanced
intratumoral infiltration of mature DCs, and macrophage
repolarization from protumoral M2-phenotype to tumoricidal
M1-phenotype. Higher PD-L1 expression at tumor sites as
a result of increased IFN-y levels after immunostimulatory
gene therapy further indicated BMS-1’s synergistic benefits
in counteracting PD-L1’s suppressive function in antitumor
immunity. Thus, the combination of immunostimulatory
treatment with immune checkpoint inhibitors that target sev-
eral immune regulatory pathways synergistically has tremen-
dous promise as a new immunotherapy strategy [99].

In contrast to the above-mentioned approaches in which
CCL19 administration reduces tumor burden, in some can-
cers, inhibition of CCL19 is the aim of the therapy to suppress
tumor progression. As discussed earlier, in B-cell lympho-
blastic leukemia, CCL19 overexpression was positively cor-
related to disease development. Therefore, using the CCL19
antagonist might provide a promising result against cancer.
Lurbinectedin is a synthetic alkaloid analog that exerts
antineoplastic activity through binding to the minor groove of
DNA and inhibition of RNA polymerase II activity, possibly
resulting in cell cycle arrest. Administration of lurbinectedin
to B-CLL cells decreased CCR7 expression in these cells and
decreased their migration toward CCL19 and CCL21. This
inhibition of migration might be the reason for the suppres-
sion of cancer cell growth [100]. B-caryophyllene (BCP) is a
natural anti-inflammatory bicyclic sesquiterpene found in es-
sential oils, which is proposed as an anti-melanoma agent.
BCP feeding of B16F10 melanoma-bearing mice inhibited the
CCL19/CCR7 axis, downregulated CCL19 expression, and
suppressed inflammation-induced tumor growth [101].

Because CCRY7 is the cognate receptor for CCL19 and
CCL19 function depends on CCR7 expression on tumor
cells, inhibiting CCR7 signaling or blocking its function may
be identified as a novel approach in cancers where CCL19
interaction with CCR7 exerts tumor-promoting function. In
this term, siRNA-dependent silencing of CCR7 in cancer cells
might be promising in suppressing the growth, migration,
and invasion of tumor cells [102]. Another proposed mech-
anism for this approach is blocking the interaction of CCR7
and CCL109. It has been found that CCR7 is a sialylated re-
ceptor protein. Overexpression of a sialylation enzyme (i.e.
a-2,3-sialyltransferase) and subsequent aberrant sialylation
of CCR7 in breast tumor cell lines and tissues has been
shown to encourage tumor growth. Therefore, using sialidase
agents or sialyltransferase inhibitors, such as AL10, inhibited
CCL19-induced tumor growth [65]. Neutralizing or blocking
antibodies have also been proposed to inhibit the CCR7/
CCL19 interaction. It has been shown that anti-CCR7 anti-
bodies block CCR7/CCL19 interaction and limit lymphoma
cell migration, suggesting this approach as a promising
method to inhibit CLL invasion into the CNS [103]. Blocking
CCRY7 signaling is also suggested for inhibition of CCL19-
promoted resistance of tumor cells. In this regard, it has been
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demonstrated that inhibiting Akt-dependent signaling may
improve the efficacy of EGFR- and platinum-based therapies
to overcome cisplatin resistance in HNSCC [50].

Conclusion and future perspectives

CCL19 is classified into CC chemokine subtypes, whose pri-
mary function is mediating leukocyte trafficking between
lymph nodes. In addition to hemostatic and physiologic func-
tions, it has been shown that this chemokine plays a pivotal
role in cancer development. Since CCL19 contributes to the
trafficking of immune cells such as DCs, T cells, and NK
cells, it has been confirmed that this chemokine promotes
anti-tumor immune functions, hence suppressing tumor de-
velopment. On the other hand, CCL19 interaction with its
receptor on tumor cells induced tumor heterogeneity, in-
hibited cell apoptosis, and promoted tumor cell migration
and metastasis (i.e. EMT), resulting in tumor development.
Therefore, CCL19 shows deceptive behavior in cancer, either
tumor-suppressive or tumor-supportive roles. Since CCL19
enhances immune responses in several cancers where CCL19
acts as a tumor-suppressive factor, it is proposed that this
chemokine can be used as an adjuvant for immunotherapies.
In CCL19-induced tumor development, downregulation of its
expression or blockade of CCL19/CCR?7 interaction might be
helpful to treat cancer. Moreover, CCL19 dysregulation might
be a prognostic biomarker to predict cancer progression and
recurrence.

Despite tumor-suppressive roles, many studies regarding the
tumor-supportive role of CCL19 have been implemented in
vitro. Therefore, it is proposed to expand the examination of
CCL19-induced tumor promotion to iz vivo studies. In add-
ition, underlying mechanisms and detailed signaling pathways
should be elucidated in the tumor-suppressive role of CCL19.
CCL19-induced and CCL21-induced tumor development also
should be distinguished to clarify which chemokine is involved
in this process. As discussed earlier, CCL19 has been proposed
as a potent adjuvant in immunotherapies for animal models.
Therefore, it is suggested that using CCL19 as an adjuvant
with or without formulations and modalities in the clinic
might be promising. Moreover, CCL19 can be formulated
with other carriers or nanomaterials to enhance its efficacy for
immunotherapies. Furthermore, CCL19 can be accompanied
by various immunotherapeutic approaches such as chimeric
antigen receptor T cell (CAR-T), ICB therapies, or other cancer
vaccines. Also, CCL19 has been shown to be dysregulated
in various cancers. A few cancers have been monitored for
dysregulation of this chemokine to be considered a biomarker.
However, it is proposed that CCL19 should be evaluated in
the tumor microenvironment, lymph nodes, mononuclear
cells to determine its application for being a biomarker for
predicting tumor stage, metastasis, and survival. A combin-
ation of CCL19 with other specific previously determined bio-
markers might help to increase their specificity and accuracy.
Collectively, CCL19 is a hemostatic chemokine that should
be further investigated for its contribution to cancer develop-
ment. Future studies might provide new horizons and broaden
our knowledge about cancer biology.
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