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Abstract. Interleukin-32 (IL-32), a novel proinflammatory
cytokine, is highly expressed in various cancer tissues and in
established cancer cell lines. IL-32 has been revealed to serve
a crucial role in human cancer development, including tumour
initiation, proliferation and maintenance. The expression of
IL-32 is regulated by numerous factors, including genetic
variations, hypoxia and acidosis in the tumour microenviron-
ment. Understanding the underlying mechanisms of I1L-32
expression and its function are critical for the discovery of
novel therapeutic strategies that target IL-32. This is a review
of the current literature on the regulation and function of IL-32
in cancer progression, focusing on the molecular pathways
linking IL-32 and tumour development.
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1. Introduction

Inflammation serves a pivotal role in carcinogenesis and
the promotion, malignant conversion and migration of
malignant tumours (1). It has been established that inflam-
matory conditions in certain organs increase the risk of
cancer. Tumour-associated inflammation also enables cancer
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cells to escape from the surveillance of adaptive immunity
and diminishes the cellular response to chemotherapeutic
drugs (2). Therefore, inflammation is considered a hallmark of
cancer (2,3). Studies have revealed the molecular and cellular
pathways that are vital for linking inflammation and cancer (1).
The effect of immune cells on tumour cells partly depends on
the production of cytokines, chemokines, growth factors and
reactive oxygen species. Pro- and anti-tumorigenic effects are
exerted by tumour-associated cytokines; interleukin (IL)-1,
IL-6 and IL-8 have been revealed to promote carcinogenesis
and tumour growth and invasion (4-6). By contrast, IL-10 and
IL-27 induce apoptosis in cancer cells and prevent the devel-
opment of cancer (7,8). The pro-inflammatory cytokine IL-32
has also been implicated in the development of various types
of cancer, including hepatocellular carcinoma, pancreatic
cancer, oesophageal cancer, lung cancer, gastric cancer, colon
cancer, breast cancer and cutaneous T-cell lymphoma (9-16).
IL-32 was first identified as natural killer cell transcript 4
(NK4) as it was detected in activated natural killer cells and T
cells (17). The biological function of IL-32 remained unknown
until 2005 when Kim er al (18) demonstrated for the first time
that recombinant NK4 could induce several pro-inflammatory
cytokines, including tumour necrosis factor (TNF)-a and
IL-8 (18). IL-32 is located at human chromosome 16p13.3
and contains eight small exons. According to the GenBank
Database, IL-32 has more than nine isoforms, which are trans-
formed into four major splice variants: IL-32a, IL-32(3, IL-32y
and IL-328 (19). Among the variants, IL-32f3 appears the
most abundant and IL32y is the most broadly studied (20,21).
Furthermore, IL-32y can be spliced into IL-32 in vitro and
in vivo. The overexpression of splice-resistant IL-32y in THP1
cells or rheumatoid arthritis (RA) synovial fibroblasts revealed
a greater induction of IL-6 and C-X-C motif chemokine
ligand 8 than in the same models overexpressing IL-32f (22).
In addition to inducing cytokine production, the transient
overexpression of endogenous IL-323 or 1L-32y resulted in
cell death, whereas IL-32a overexpression failed to induce
cell death (23). Notably, restoring the IL-8 survival-signalling
pathway by co-overexpressing C-X-C motif chemokine
receptor 1 with IL-32f or IL-32y in 293 cells prevented IL-32f3
but not IL-32y from inducing cell death (23). These studies
indicated functional differences between these diverse splice
variants. The biological properties of each isoform have been
described in several reports (24-26). IL-32a increases IL-6
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expression in THP-1 promonocytic cells (27). This result was
also supported by a report that revealed that IL-320 induced
IL-6 production by inhibiting B-cell lymphoma 6 (28).
However, 1L-320-expressing THP-1 cells revealed a reduced
expression of C-C motif chemokine ligand 5 (29). These studies
suggested that IL-32 functions as an intracellular mediator of
inflammation. Additionally, numerous studies have provided
evidence that IL-32 has diverse functions due to the intracel-
lular interactions of its isoforms (26,30).

IL-32y, originally known as NK4, was anticipated to be a
secreted protein because it contains a signal peptide sequence
and lacks a transmembrane region (18). Kim et al (18)
demonstrated that induced the overexpression of either
IL-320 or IL-32f resulted in the secretion of their proteins
and stimulated peripheral blood mononuclear cells (PBMCs),
NK cells and A549 cells to release IL-32. Another study
revealed that IL-32 was secreted from T cells undergoing
apoptosis (20). By contrast, Heinhuis et al (22) reported that
the overexpression of spliced or splice-resistant IL-32y led
to the secretion of IL-32 but did not result in the release of
intracellular lactate dehydrogenase (22). Taken together, these
results suggested that endogenous IL-32 can be secreted via
non-classical and classical secretory pathways (31). A defini-
tive receptor has not been discovered for IL-32, but proteinase
3 has been recently recognized as a specific IL-32 binding
protein (32). Furthermore, IL-32 can bind the extracellular
domain of integrins, which might act as receptors through
the focal adhesion kinase 1 (FAK-1) signalling pathway (33).
As an extracellular protein, IL-32 has been revealed to serve
a crucial role in the process of monocyte differentiation into
macrophage-like cells with phagocytic capacities (34). More
recently, IL-32 was reported to promote monocyte differ-
entiation into CDlc+ dendritic cells and CD163+CD68+
macrophages (35). Therefore, IL-32 not only induces the
production of pro-inflammatory cytokines but also directly
affects the development and maturation of specific immune
cells. IL-32 is also involved in numerous inflammatory and
infectious diseases, including rheumatoid arthritis, chronic
obstructive pulmonary disease, mycobacterium tuberculosis
infections and inflammatory bowel disease (36-39).

2. 1L-32 expression in cancer

A number of studies on a diverse range of tumour types
have investigated the clinical significance of IL-32 expres-
sion as a prognostic factor. A higher expression of IL-32 in
cancerous tissues of the human liver, pancreas, oesophagus,
lung and stomach has been revealed in comparison with the
expression in normal tissue or serum (Table I) (9-11,13,40).
The expression of IL-32a was upregulated in tissues and
serum from patients with hepatocellular carcinoma (HCC) (9).
Additionally, surgical tissues from patients with pancreatic
cancer revealed significantly higher expression levels of
IL-32 compared with that of healthy pancreatic or normal
tissues (10). Immunohistochemical studies of oesophageal
cancer tissues have revealed that oesophageal cancer cells stain
positively for IL-32, whereas normal oesophageal cells display
minimal staining (11). In human lung cancer, Sorrentino and
Sorrentino et al (40) reported that high IL-32 expression was
present in adenocarcinoma (AC), large-cell carcinoma and

small cell lung cancer but not in squamous-cell carcinoma
(SCC). Notably, in the present study, IL-32 expression was
associated with a poor clinical outcome. These results are in
line with those of a study that revealed that IL-32 is associ-
ated with tumour cell invasion and metastasis in primary lung
adenocarcinoma (12). Furthermore, the positive correlation
between IL-32 and cancer invasion that was demonstrated
in lung cancer was also reported in gastric and breast
cancer (13,15). Tsai et al (13) demonstrated that the overex-
pression of IL-32 in gastric cancer appeared to correlate with
the aggressiveness of cancer and a poor prognosis. In a study
that involved breast cancer, a positive link was demonstrated
between IL-32 expression and tumour size, the number of
lymph node metastases and tumour stage (15). However, there
remains controversy regarding the expression and action of
IL-32 in tumours. A recent report noted that, although cervical
cancer tissues expressed a higher level of IL-32, the expres-
sion of IL.-32 was not correlated with patient mortality (41).
In chronic myelomonocytic leukaemia, IL.-32 expression was
lower than in healthy donors. Furthermore, IL-32 expression in
stromal cells from the bone marrow of patients with leukaemia
served an important role in inducing apoptosis in leukaemia
cells (42).

In these studies, IL-32 served either an oncogenic or
a tumour suppressive role, likely due to disparities in the
predominant IL-32 isoform expressed in the tumour tissue.
Genetic variations among different ethnic groups and the
different clinical stages of tumours may also contribute to
these contradictory results. The expression of IL-32 may be
a valuable independent prognostic tumour marker for overall
survival rates and the degree of metastasis in patients with
various forms of cancer.

3. The role of IL-32 in cancer

The mitogenic properties of IL-32. 11.-32 has been demon-
strated to be involved in cancer development. A recent report
noted that IL-32 can act as an important growth factor for
human cutaneous T-cell lymphoma (CTCL) cells (16). The
study revealed that IL-32 accelerated the proliferation of
CTCL cell lines in a dose-dependent manner. Furthermore, the
exposure of certain CTCL cell lines to anti-IL-32 antibodies
in culture inhibited cell proliferation. These results indicated
that IL-32 may be involved in the pathogenesis of CTCL as
an autocrine growth factor. Similarly, extracellular IL-32
has also been proposed to act as a mitogenic factor in breast
cancer (43). Our group recently revealed that IL-32 promoted
multiple myeloma cell growth through inducing the produc-
tion of IL-6 in bone marrow stromal cells (44). Intracellular
IL-32 also affects tumour growth. In hepatocellular carci-
noma cells transfected with IL-32 small interfering RNA
(siRNA), intrinsic apoptosis was increased and cell growth
was decreased compared with the level of these activities
in the control siRNA-transfected cells (9). These results are
consistent with those of one previous study demonstrating that
IL-32 suppression abated anti-apoptotic protein expression in
pancreatic cancer cells (10).

Contrary to the oncogenic role of IL-32 in cancer cell
proliferation and death, a number of reports have demonstrated
that IL-32 inhibits the proliferation of several types of cancer,
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Table I. Expression of IL-32 in human tumour tissues.
Tumour Methods IL-32 expression and prognosis (Refs.)
Hepatocellular carcinoma DNA microarray chips, RT-PCR, Higher in tumour tissues than in normal tissues )
IHC, WB
Pancreatic cancer RT-PCR, IHC Higher in tumour tissues than in pancreatic (10)
or normal tissues
Oesophageal cancer RT-PCR, IHC Higher in tumour tissues and patients' serum than in (11)
WB, ELISA normal subjects
Lung cancer RT-PCR, IHC High in tumour tissues with a histology-specific (40)
LCM association; correlation with worse prognosis revealed
Gastric cancer RT-PCR, IHC Higher in gastric carcinomas than in corresponding (13)
normal mucosa; correlates with tumour progression
and poor prognosis
Breast cancer RT-PCR, IHC Higher in tumour tissues than in normal tissues; (15)
correlates with tumour size, number of lymph
node metastases and tumour stage
Cutaneous T-cell lymphoma RT-PCR, IHC Higher in tumour tissues than in normal tissues; (16)
correlated with CCL17 and CCL18 expression
ELISA Correlated with disease activity

RT-qPCR, reverse transcription-quantitative polymerase chain reaction;

capture microdissection.

IHC, immunohistochemistry; WB, western blot analysis; LCM, laser

including colon cancer, prostate cancer and melanoma (45,46).
Induction of IL-32 expression inhibited the growth of colon
cancer cells, while suppression of endogenous IL-32 was
reported to reverse this inhibitory effect. This observation was
also reproduced in prostate cancer and melanoma cells (45,46).

In addition to its role in tumour proliferation, IL-32 has
also been linked to antitumour activities that are dependent
on the influence of other cytokines and immune cells. Chronic
myeloid leukaemia cell lines that overexpressed IL-32, upregu-
lated the expression of Fas and UL16-binding protein 2 (47). In
accordance with the results of the present study, Park ez al (48)
indicated that enforced overexpression of IL-32 in colon
cancer cells potentiated the inhibitory effect of TNF-a and
promoted the apoptosis of colon cancer cells. Other studies
have demonstrated that the inhibitory growth effects of IL-32
were partly dependent on lymphocytes, dendritic cells and
other cytokines (46,49).

These results indicated contradictory functions of IL.-32 on
tumour growth. It is possible that alternative splicing of 1L-32
leads to discrepancies in functional studies. Heinhuis et al (23)
revealed that 293 cells overexpressing IL-32f or IL-32y under-
went cell death, while human mammalian cell lines expressing
high levels of IL-32a did not. These opposing functions have
also been reported in the alternative splice variants of IL-6
and IL-24 (50,51). One function of IL-6 is to promote cell
proliferation, but an alternatively spliced IL-6 variant can
counteract this effect. Similarly, IL-24-induced cell death can
be blocked by an IL-24 splice variant.

The motogenic properties of IL-32. 1L-32 has also been
demonstrated to influence tumour cell motility, a critical
factor in tumour cell invasion and metastasis. In gastric

cancer, Tsai et al (13) established stable IL-32-expressing cell
sublines and revealed that all IL-32-overexpressing cells had
protrusions at their leading edges with elongated, spindle-like
morphology compared with that of the control cells. In addition
to these morphological characteristics, IL-32-overexpressing
cells displayed significantly higher invasive, metastatic and
wound healing capacities compared with those of control cells.
Similar observations were also repeatedly obtained in doxy-
cycline-induced IL-32-overexpressing cells. This study also
revealed that the underlying mechanism of IL-32-triggered
cell invasion was an increase in the expression levels of IL-8,
vascular endothelial growth factor (VEGF), matrix metal-
loproteinase (MMP)2 and MMP9, and activation of protein
kinase B (Akt), B-catenin and hypoxia inducible factor la
(HIF-1a) (13). These findings are in line with those of previous
studies, which revealed that the IL-32-acquired invasive and
migration phenotype of lung cancer was mediated through the
co-expression of IL-8 and VEGF (40).

The involvement of IL-32 in tumour migration and inva-
sion has also been demonstrated in breast cancer (15). Previous
study has reported that overexpression of IL-32f increased
tumour cell migration and invasion in human breast cancer
cells. By contrast, knockdown of IL-32 negated these effects.
Additionally, the motogenic effect of IL-32 was stimulated
by IL-32B-induced VEGF (15). In addition, Guenin et al (52)
demonstrated that IL-32 induced the migration of head and
neck squamous cell carcinoma cells by regulating the expres-
sion of Snail. In HCC, IL-32a-expressing tumour cells invaded
blood vessels, which may suggest an association between
IL-32a expression and tumour metastasis (9). More recently,
studies have revealed a motogenic effect of IL-32 in osteosar-
coma and melanoma (53,54).
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Pathways activated

Affected gene

Tumorigenic effect

Bcl-2, Bel-xl, -
Mel-1, XIAP — Survival
~ p53, PUMA
MMt Migration
VEGF, HIF, E— ion,
B-catenin Invasion
- E— Angiogenesis
- — Inflammation

Figure 1. The role and molecular pathway of IL-32 in cancer. IL-32 activates 3 pathways: The P38-MAPK, NF-kB/STAT-3 and PI3K/Akt pathways. The activa-
tion of these pathways modifies the expression of several genes that affect cell proliferation, survival, migration and invasion, and carcinogenic angiogenesis
and inflammation, causing tumorigenic effects. IL, interleukin; MAPK, mitogen-activated protein kinase; NF-kB, nuclear factor-xB; Bcl, B-cell lymphoma;
Mcl-1, induced myeloid leukemia cell differentiation protein 1; XIAP, x-linked inhibitor of apoptosis; PUMA, p53 upregulated modulator of apoptosis; MMP,
matrix metalloproteinase; VEGF, vascular endothelial growth factor; STAT, signal transducer and activator of transcription; PI3K, phosphoinositide 3-kinase;
Akt, protein kinase B; HIF, hypoxia-inducible factor; TNF, tumour necrosis factor.

Taken together, these results suggested that IL.-32 expres-
sion increases the migration and invasion capacities of tumour
cells. By contrast, a recent study revealed that overexpression
of a different IL-32 isoform (IL-326) in colon cells displayed a
decrease in their invasiveness and in their oncogenic capabili-
ties (55). Therefore, the detrimental role of IL-32 in multiple
types of cancer may be clinically relevant.

The angiogenic properties of IL-32. In human pulmo-
nary arterial hypertension and glioblastoma multiforme,
hyper-proliferative endothelial cells (ECs) revealed a
significant increase in IL-32 expression (56). Furthermore,
suppression of IL-32 negatively affected the proliferation
of ECs and downregulated expression levels of nitric oxide,
IL-8 and MMP-9 in adult and neonatal ECs (56). Functional
studies that used co-culture-based angiogenesis assays
revealed an IL-32 increased tube formation in a dose-depen-
dent manner. By contrast, an VB3 inhibitor attenuated this
response and reduced the expression of IL-32y-induced IL-8.
These studies demonstrated that IL-32 promotes angiogenesis
partially through the integrin aVp3. The direct association
between IL-32 and tumour angiogenesis remains undeter-
mined, and associated studies are limited. In gastric cancer,
IL-32 can induce the expression of IL-8, VEGF, MMP2 and
MMPO (13). Notably, IL-8 is a particularly well-established
potent promoter of angiogenesis. IL-32 may indirectly
promote tumour angiogenesis via inducing other cytokines
and growth factors.

It may be beneficial to evaluate the angiogenic activity of
IL-32 in human cancer, as angiogenesis serves a crucial role

in the pathogenesis and progression of cancer. In summary,
IL-32 is involved in multiple aspects of cancer development,
including growth, migration and angiogenesis (Fig. 1).

4. The mechanisms of IL-32 in cancer

To directly investigate the mechanisms of IL-32-mediated
tumour growth and metastasis, various human tumour cell
lines have been transfected with the IL-32 gene. The effect of
IL-32-transfection on tumour inhibition and promotion depends
on the tumour cell type. For example, IL-323-transfected
breast cancer cells demonstrated stronger migration and
invasion abilities than those of control tumour cells, and this
process was mainly dependent on the IL-323-VEGF-STAT3
pathway (15). In addition, Tsai et al (13) revealed that ectopic
expression of IL-32 in gastric cancer cell lines increased
metastatic potential via increased activity of Akt, 3-catenin
and HIF-lo. Tumour cells were also used to monitor cell
survival and tumour development following transfection with
IL-32-specific small interfering RNA. In pancreatic cancer,
IL-32 suppression markedly stimulated apoptosis by down-
regulating anti-apoptotic proteins. This finding was confirmed
in human HCC (9).

However, in chronic myeloid leukaemia, IL-32-transfected
cells were more susceptible to NK cell-mediated killing
than control tumour cells (47). In another study, IL-32 over-
expression inhibited cancer development in cervical cancer
cells compared with mock-control cells (41). Additionally,
overexpression of IL-32 in colon and prostate cancer cell lines
inhibited tumour growth. It was hypothesised that IL-32 may
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promote TNF-a-induced cell growth inhibition or induce
death through the TNFRI1 signalling pathway (14.,48). Notably,
in vivo tumour growth was significantly slower in mice with
IL-32y-transfected HCT116 colon cancer cells compared with
control cells (45,46). Additionally, the anticancer effect of
IL-32 was associated with the increased infiltration of CD8+ T
cells, lymphocytes and NK cells.

These results illustrated the discrepant effects of 1L-32
in cancer. The inconsistent observations among these results
might originate from malignancy-specific variations in
downstream pathways of IL-32. IL-32 is associated with
various pathways, including the nuclear factor-xB and p38
mitogen-activated protein kinase pathways (18), extracel-
lular signal-regulated kinase-1/2 and phosphoinositide
3-kinase/Akt pathways (57), a caspase-1-mediated pathway
that can be synchronized with nucleotide-binding oligomer-
ization domain-containing protein 1 and 2 ligands (58), and a
caspase-3-dependent pathway (59), depending on the tumour
type and tumour microenvironment (Fig. 1). Determining
the modulatory effects of IL-32 on pathways is challenging,
particularly since it may be affected by variations in the
tumour microenvironment.

5. The regulation of IL-32 in cancer

Aberrant expression levels of IL-32 serve an important role in
cancer, and therefore represent a potential therapeutic target.
The mechanisms of IL-32 expression regulation in cancer
have been studied by several groups. In epithelial cell-derived
thyroid carcinoma (TC) (60), Plantinga et al (60) revealed that
patients with TC have an overrepresentation of the ancient T
allele, and lipopolysaccharide-induced expression of IL-32
was higher in cells homozygous for the ancient T allele than
in cells without this allele. These results clearly reveal that
genetic variations of IL-32 can lead to an increase in IL-32
gene expression. In addition, the transcription factor Oct4
also increased IL-32 expression at the mRNA and protein
levels in colorectal cancer cells (61). It has been reported that
microRNA-205 induces an increase in IL-32 mRNA and
protein expression levels (62). These results are consistent
with those of another study that revealed that the inhibition of
miR-23b-3p induces a reduction in IL-32 expression in renal
cancer (63). In summary, IL-32 expression levels appear to
correlate with genetic factors, including genetic variations,
transcription factor and microRNAs.

Using immunostaining and reverse transcription-poly-
merase quantitative chain reaction, Suga et al (16) revealed that
IL-32 was more predominantly expressed in skin lesions of
patients with cutaneous T-cell lymphoma than in normal skin,
suggesting that hypoxia may contribute to the overexpression
of IL-32. It has been confirmed that hypoxia induces IL-32 in
human breast cancer cells (15,64); hypoxic challenges led to a
time-dependent increase in the expression of IL-32 in breast
cancer cells. A recent study reported that IL-32 was induced by
hypoxia and secreted from multiple myeloma cells in extracel-
lular vesicles (65). Furthermore, IL-32f3 expression levels were
upregulated by a hypoxia mimetic chemical, CoCl,. These
results demonstrated that hypoxia enhances the expression
of IL-32, which may contribute to the progression and metas-
tasis of human cancer. Additionally, acidic conditions also
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contribute to increases in IL-32 expression (66). Identification
of the mechanisms underlying IL-32 modulation are required
prior to this novel cytokine being used as a target in human
cancer treatments.

6. Conclusion and future directions

Inflammatory microenvironments serve a critical role in
tumorigenesis, imposing significant challenges in the design
of effective cancer therapy. Among growth factors and cyto-
kines, IL-32 may be an additional mediator of human cancer
development and therefore may provide a novel therapeutic
strategy. Understanding the biological activity of IL-32 in
cancer progression requires a comprehensive analysis of the
results obtained from clinical studies, cell cultures and animal
models. Nevertheless, further investigations are required
to elucidate the paradoxical role of IL-32 in cancer, which
appears to be due in part to IL-32 isoforms and variations in the
tumour microenvironment. It is apparent that various mecha-
nisms are involved in IL-32 actions, including direct effects
on tumour cell proliferation, angiogenesis and metastasis, and
indirect effects via inflammatory cells, including neutrophils
and macrophages. The mechanisms of the antitumour effect of
IL-32 must be identified, and tumour-stimulating actions must
be neutralised. Identifying the optimal IL-32 isoform to func-
tion in a particular disease may indicate new directions for the
development of antitumor strategies.
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