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ABSTRACT

Cytokines are small pleiotropic polypeptids secreted domi-
nantly by the cells of the immune system. Th ese polypeptids 
are main mediators of innate and acquired immunity, respon-
sible for clonal expansion and diff erentiation of immune cells, 
initiation of immune response and enhancing of eff ector func-
tions of leukocytes. Cytokine-related eff ects are most studied in 
the fi elds of infl ammation, immunology, and cancer biology. 
In this review we discuss one of the most intriguing, recently 
discovered proinfl ammatory cytokine, interleukin 32.
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SAŽETAK

Citokini su mali polipeptidi koje luče dominantno ćelije 
imunskog sistema. Oni su glavni posrednici urođene i stečene 
imunosti, odgovorni za klonsku ekspanziju i diferencijaciju 
ćelija imunog sistema, pokretanje imunog odgovora i poja-
čavanje efektorske funkcije leukocita. Njihovi efekti se naj-
više izučavaju u oblasti infl amacije, imunologije, i biologije 
karcinoma. U ovom preglednom radu govorimo o jednom od 
najinteresantnijih, nedavno otkrivenih proinfl amatornih ci-
tokina, interleukinu 32. 

Ključne reči: Interleukin 32, infekcija, infl amacija, tumor

INTRODUCTION

Cytokines are small proteins secreted by cells of im-

mune system and many others. They are principally in-

volved in homeostatic mechanisms by mediating and regu-

lating inflammatory/immune responses in various diseases 
and affect cellular interactions and cell communication 

system (1–4). They direct the development, maturation, 
localization, interactions, activation and life span of im-

mune cells (2, 5). Cytokines are main mediators of innate 

and acquired immunity, responsible for clonal expansion 

and differentiation of immune cells, initiation of immune 
response and enhancement of effector functions of leuko-

cytes. They are key factors in preventing and stopping an 

uneventful immune response (1, 3, 6, 7). They also have a 

role in important physiological processes such as wound 

repair (3, 5). Almost every biological discipline studies 

these factors, but cytokine-related effects are uppermost in 

the fields of inflammation, immunology, and cancer biol-

ogy. These peptides act in autocrine, paracrine and endo-

crine manner, dependent on their site of activity (5). They 

are principally classified into various groups based on 

their biological roles. Their characteristic are pleiotropism 

(activation of numerous types of responses), redundancy 

(functionally overlapping), synergy (between cytokines to 

amplify the effect), antagonism (i.e. regulation of duration 

and potency of the response, important for avoiding au-

toimmunity), feedback and feedforward loops – for nega-

tive and positive (e.g., signal amplification) regulation (3, 
5). Cytokines directly influence cancer growth or they in-

directly contribute to antitumor activities of lymphocytes 

(8). In past two decades among great number of discovered 
cytokines and their functional and regulatory roles, inter-
leukin-32 (IL-32) is one of the most intriguing. Since the 
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discovery in 1992. it was pronounced as a powerful proin-

flammatory cytokine with ability to induce production of 
other proinflammatory cytokines and chemokines (9, 10). 

The aim of this review is to emphasize actual data and fu-
ture perspective of interleukin-32 (IL-32). 

History of the IL- 32

In 1992. Dahl et al. reported a gene that was highly ex-

pressed in activated T- cells and IL-2 activated NK-cells and 

therefore it was called NK4 (11). This NK4 gene was rapidly 
upregulated in human peripheral blood mononuclear cells 

(PBMCs) after stimulation and activation of T-cells. Au-
thors demonstrated high polymorphism of the NK4 gene. 

Sequence analysis revealed that the NK4 - encoded protein 

had a predicted molecular mass of 27 kDa (12–14). In addi-

tion, it was suggested that the NK4 protein contained Arg–
Gly–Asp (RGD) motif, important in cell adhesion (15). The 

NK4 transcript contains a potential signal sequence cleav-
age site between amino acid 31 and 32, indicating that NK4 

can be secreted by the classical secretion pathway (12, 13). 
Nevertheless, for the next 13 years, the biological function 

of NK4 was not known. In 2005, Kim et al. showed for the 
first time that the NK4 protein had biological function and 

a recombinant form of the protein induced production of 
several proinflammatory cytokines (16). It was discovered 
accidently while studying the genes induced by IL-18 and 

was found to stimulate the production of various chemo-

kines, pro-inflammatory cytokines including IL-1β, IL-6, IL-
8, TNF-α and macrophage inflammatory protein-2 (MIP-2) 
(14, 16). Authors revealed that NK4 protein activates signal 

transduction pathways such as nuclear factor-kappa (NF-
kb) and p38 mitogen activated protein kinase (MAPK). 

Since the NK4 protein possess significant proinflammatory 
properties, his name was changed to IL-32.

 

Isoforms 

IL-32 gene was found to be located on human chromo-

some 16p13.3 and was reported to exist in nine different 
isoforms by mRNA alternative splicing including IL-32𝛼, 
IL- 32𝛽, IL-32𝛾, IL-32𝛿, IL-32𝜀, IL-32𝜁, IL-32𝜂, IL-32𝜃, and 
IL- 32s (small), and all of them have specific activities and 

properties (12, 17, 15). IL-32α is the most abundant while 
IL-32β is the most common transcript (12, 18, 19). The dif-
ferent isoforms of IL-32 originate by splicing of pre-mRNA 

of the isoform IL-32γ. It was not discovered why the IL-32γ 

mRNA transcripts are spliced or is this phenomenon simi-

lar in all cells. IL-32γ is the most potent isoform of IL-32, 
concerning his role in cell death and cell activation, and this 

may explain why IL-32γ is spliced to less harmful isoforms. 
In addition to promoting cytokine production, overexpres-

sion of endogenous IL-32γ caused cell death, which in con-
trast doesn`t occur with the IL-32α isoform (15, 20). The 
difference in the size of the isoforms, ranging from 14.9 kDa 

(IL-32α) to 26.7 kDa (IL-32γ), and the tertiary structure of 
the isoforms may be part of the explanation for their differ-

ent potency (21, 22). The endogenous level of IL-32 can be 

modulated in immune cells by exposure to various stimuli. 
Pathogen-related agents, such as lipopolysaccharide (LPS), 

muramyl dipeptide (MDP), and double-stranded RNA and 
several cytokines such as TNF-α and IFN-γ can induce IL-
32 expression (23–25). Namely, pathogen-associated molec-

ular patterns (PAMP) and endogenous stress signals termed 
danger-associated molecular patterns (DAMP) binds to 

pattern-recognition receptors on cell membrane (26, 27). 
Exposure of monocytes, macrophages, or endothelial cells 

to these stimuli induce the expression of endogenous IL-

32, both on mRNA and protein levels, via NF-κB/ activated 

protein-1 and phosphatidylinositol-3 kinase/Akt signaling 
pathways. Furhter IL-32 induces various proinflammatory 

cytokine production via NF-κB and p38 MAPK (Figure 1). 
One of the most noteworthy observations is that IL-32 is still 

not found in rodents, such as mice and rats. Recent discov-
eries in this area confirmed earlier hypothesis – alternative 

splicing can be a mighty regulator of isoform types which 
are produced in various conditions and tissue types (18).

 

IL-32 signaling and role in cell biology

Earlier investigations concluded that IL-32 downstream 
signaling involved multiple pathways - NF-κB and p38 

MAPK pathways, Erk1/2 and PI3 K/Akt pathways, and IL-
32-exposed human macrophage-like THP-1 cells resulted in 

the phosphorylation of p300 and DAPK-1 (23, 10, 28, 29). 
But until today it was not clear whether this cytokine acts on 

intra- or extracellular level. Further studies revealed high af-
finity of IL-32 to urinary and neutrophile proteinase 3 (PR3), 

which consequently (30) proposed as membrane binding 
protein for IL-32, and regulator of its activity by splicing into 

the various isoforms (22, 31, 30). IL-32 can also bind to the 
membrane integrins αVβ3 and αVβ6, but not to αVβ8 (32). 

Well known fact is that integrins are involved in cell signal-
ing and are important for cell adhesion, survival, and cyto-

kine production. It has been proposed that αVβ3 and αVβ6 
could be the receptors for extracellular IL-32 (30). Many re-
ports showed that IL-32 acts inside the cell (30). Releasing 

of this cytokine is possible after cell death (9, 25). Using spe-
cial modeling software, some authors conclude that IL-32 

has similarities with focal adhesion targeting region (FAT) 
of focal adhesion kinase (FAK-1) (15). FAT targets FAK-1 

to bind with integrin via paxillin. FAK and paxillin are two 

focal adhesion–associated proteins with crucial function in 

integrins downstream signaling (33). These signals regulate 
important biological cell functions, such as migration, pro-

liferation, and survival (34, 35, 33). So far, we can conclude 
that there are at least two membrane binding proteins for 

extracellular IL-32 – PR3 and integrins, and another yet un-
known receptor (18). Intracellulary, for the activity of this 

cytokine are responsible FAK-paxillin proteins, which after 
binding with IL-32 regulate various cell functions, such as 

cell growth, metabolism, cytokine production, cell adhe-
sion, migration, proliferation, differentiation, angiogenesis 

and apoptosis (9, 30, 36, 37).
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Figure 1. Expression of IL-32 in various cell types upon stimulation with IL-1β, IL-18, IFN-γ and TNF-α. Signaling pathways are NF-κB/activated 

protein-1 and phosphatidylinositol 3-kinase/Akt. IL-32 can induce various cytokines and chemokines - TNF-α, IL-1β, IL-6 and IL-8 via NF-κB and 

p38-MAPK signaling.
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Role in viral infections

In last decade many studies published data revealing 
antiviral IL-32 properties, and increased expression and 

circulating levels of this cytokine in patients with viral in-

fections. Reports analyzing IL-32 in patients with H1N1 
influenza pointed that infected patients had an increased 

circulating level of IL-32 (38). Antiviral activity of recombi-

nant IL-32γ was found in WISH (a human amnion cell line) 

infected with vesicular stomatitis virus (38, 39). Study con-

veyed earlier revealed that plethora of cytokines were in-
creased in patients with influenza virus: IFN-β, interferons 

type III, IL 1α, IL-1β, IL-6, IL-23, IL-12, and IL-32γ (14). 

Influenza A virus induces IL-32 overexpression through 

NF-κB and cAMP response element-binding (CREB) path-

ways (40). Similar studies revealed that IL-32 expression 

depends on cyclooxygenase-2 (41, 42). Overexpression of 
IL-32γ inhibits further replication of this virus. Regarding 

the role of this cytokine in HIV-1 infections, results showed 

that interferons are crucial for the anti-HIV-1 effect of re-

combinant IL-32γ, and silencing of endogenous IL-32 re-

duced the levels of Th1 and proinflammatory cytokines, 

which confirm the anti-HIV-1 property of IL-32. Block-

ade of any of the interferons α, β or γ enhanced further 
HIV virus replication (17, 43–45). Based on link between 

IL-32 activity and production of IFNα, β or γ, various au-
thors proposed that IL-32 exhibits its antiviral properties 

by all these interferons (39, 21) (Figure 2). IL-32 expression 

is induced by hepatitis C and Epstein-Barr viruses (EBV) 
also (23, 46, 47). Human papillomavirus (HPV) induces 

IL-32 expression via E7-mediated COX-2 stimulation (41). 

In hepatitis B virus infection, HBx protein encoded by 

HBV genome, plays an important role in the hepatic in-

flammatory processes. Study of Pan X et al. showed that 
HBx could induce IL-32 expression in Huh7 cell in a dose-

dependent manner by NF-κB pathway (46), and it is cor-

related with the severity of liver inflammation/fibrosis in 
patients with chronic HBV infection (48). In vitro and in 

vivo results of different studies showed that IL-32 expres-
sion in human macrophages serves to protect the host by 

facilitating apoptosis of the host cell and thereby depriving 

Mycobacterium tuberculosis of a protected survival as an 

intracellular microorganism (49, 50). Similar results were 

obtained with Mycobacterium avium intracellulare. In M. 

leprae infections, form of the disease was dependent of dif-
ferentiation of dendritic cells induced by IL-32 (51, 52).

Role in infl ammatory and autoimmune diseases

Role of IL-32 in rheumatoid arthritis (RA) was inten-
sively studying. Immunohistochemistry staining of synovial 

tissue specimens revealed expression of this cytokine in sy-

Figure 2. HIV virus induces IL-32 expression. IL-32 promotes induction of various proinfl ammatory cytokines, and 
among them most important are interferons - IFN-α, IFN-β, IFN-γ. Th ey suppress further replication of this virus.
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novial lining, sublining, and endothelial cells, especially in 

macrophage-like cells (53, 54). This expression correlated 
with inflammation, TNF-α, IL-1β, IL-18 levels and with 

acute phase protein CRP and erythrocyte sedimentation 
rate (ESR) (10, 55, 56). IL-32 was upregulated strongly after 

stimulation with TNF-α and further induced enhanced pro-
duction of proiflammatory cytokines IL-6 and IL-8. That 

could be explanation for the TNF-α/IL-32/TNF-α-positive 

auto-inflammatory loop and success of the anti-TNF-α 
therapy in up to 50% of these patients. In another study that 

enroled patients with rheumatoid arthritis, osteoarthritis 
and ankylosing spondylitis serum levels and synovial tissue 

expression of IL-32 were measured (57). The elevated level 
of IL-32γ in ankylosing spondylitis joint positively correlate 

with osteoblast differentiation via DKK-1 suppression (58). 
In inflammatory bowel diseases, e.g. ulcerative colitis and 

Crohn’s disease, IL-32 has a important role in pathophysiol-
ogy and progression. Namely, bacterial peptidoglycan mu-

ramyl dipeptide through binding with nucleotide-binding 
oligomerization domain containing protein 1 (NOD1) and 

2 (NOD2) via caspase-1-dependent mechanism leads to in-
duction of IL-32 expression. Further activation of various 

factors leads to enhanced production of IL-1β and IL-6, 
well-known proinflammatory mediators (50, 59). Chronic 
obstructive pulmonary disease represents inflammatory re-

sponse to toxic particles and gases. Pathogenesis of this dis-
ease involves IL-32, highly expressed in lung tissue speci-

ments, and this expression correlates with degree of airflow 
obstruction (60, 61). Asthmatic patients had a higher level 

of systemic IL-32. Studies with this disease pointed that IL-
32 inhibits angiogenesis by suppressing VEGF, being endog-

enous regulator of proangiogenic factors and controller of 
airway remodeling. It was well documented that IL-32 has 

an important role in pathogenesis of allergic rhinitis and 
chronic rhinosinusitis, by stimulating proinflammatory cy-

tokines and chemokines (62, 63). Keratinocytes are a major 
source of this protein, which enhances their apoptosis and 

aggravates further worsening in atopic dermatitis. Patients 

with psoriasis have no significantly increased serum level of 

IL-32, compared to those with atopic dermatitis (64, 65). In 
atherosclerosis IL-32 amplifies local inflammation and at-

tracts more circulating monocytes and other inflammatory 

cells to the subendothelial compartment. Together with ac-

tivation of matrix metalloproteinases (MMP) 1, 9 and 13, 
this will contribute to the enhanced vascular inflammation, 
plaque instability, thickening of the fibrous cap and disrup-

tion, leading to acute coronary syndrome (66). Overexpres-
sion of IL-32γ in transgenic mice with provoked sepsis lead 

to more severe disease (67). 

 
Role in cancer biology

Currently there are very actual reports about role of this 
cytokine in cancer and cancer therapy. One of the first that 

imposed possible role in cancer explained that in chronic 
myelomonocytic leukemia IL-32 expression was markedly 
reduced, while in myelodiplastic syndrome was elevated 

and associated with enhanced apoptosis of the bone mar-
row stem cells (68, 69). Several reports confirmed that IL-
32 was higly expressed in tumor tissue, compared to ad-
jancent tissue without cancer cells: brain, breast, lung and 

stomach cancer (30). In vitro studies showed that this pro-

tein induces migration and invasion of cancer cells. Over-

expression of IL-32 contributes to invasion and metastasis 
in primary lung adenocarcinoma, induced by increased 

expression of MMPs 2 and 9 via NF-kappaB activation 
(70). IL-32α exhibits more migratory ability to melanoma 

cells, through downregulation of E-cadherin expression 
(71). In stomach cancer, this cytokine is involved in pro-

cess of carcinogenesis since beginning. That was proved 
in patients with confirmed Helicobacter pylori inflamma-

tion, which is confirmed carcinogen (72, 73). Their gastric 
mucosa expresses higher levels of IL-32, as well as levels 

in sera of same patients. Opposite to these findings, there 
are several reports about inhibitory effects of IL-32 on 

cancer cell growth, especially via the NF-κB and STAT3 
signaling (29). IL-32θ inhibited epithelial-mesenchymal 
transition (EMT), resulting in the suppression of migra-

tory and invasive capabilities of HT29 colon cancer cells 
(74). Higher levels of IL-32 were reported in many other 

cancers: melanoma, thyroid, renal cell (18, 71, 75). Recent 
studies have revealed higher expression of IL-32 in human 

pancreas, liver, and esophagus cancer tissues, compared 
with normal tissue or serum (76–78). One of the hallmarks 

of tumor is angiogenesis. Data about role of IL-32 in this 

process are still controversial and insufficient. Examina-
tion of the in vitro and in vivo models on endothelial cells 
(EC) in pulmonary arterial hypertension- PAH and glio-

blastoma multiforme (GBM) showed that IL-32 requires 

cofactor (IFN-γ) to sensitize EC, i.e. to exert its biologi-

cal activity (32). Also, examination of effects in neonatal 
HUVEC (human umbilical vein endothelial cells) and adult 

pulmonary microvascular EC, using an in vivo and an in 
vitro angiogenesis assay, showed that induction of IL-32 in 

ECs was related with activation and proliferation of these 

cells, as well as angiogenesis (32). Angiogenic effect in cer-
tain concentrations on HUVEC was even greater than with 

VEGF, but was not dependent on VEGF(18, 32). Authors 

conclude that IL-32 exerts its angiogenic properties in EC 

via integrins (at least in some part), requires second stimuli 
(with LPS, IFN-γ or unknown cofactor) for endothelial cell 

responsiveness. IL-32 utilize regulation of IL-8, MMP-9, 

activin A, and endostatin, but not VEGF or TGF- β1 to in-
duce angiogenesis in EC (32). In other study with asthmatic 
patients, assays with normal human bronchial cells stimu-

lated with TNF-α, IFN-γ, Th1 cells and rhinovirus infec-
tion were examined(79). Results showed that IL-32 inhib-

ited angiogenesis by decrease of VEGF production in these 
cells. Authors conclude that the IL- 32–mediated decrease 

in VEGF secretion by NHBE cells during airway inflam-
mation supports the anti-angiogenic effect of this cytokine 

(79). Interestingly, there are no literature data about pos-
sible role of IL-32 in lymphangiogenesis and consequently 
role in spread of cancer through the lymphatic system.
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Conclusion and future perspectives

IL-32 and its modulatory role in innate and aquired im-

munity and other processes are still under intense investi-

gation. From known facts it could be concluded that main 

biological functions of IL-32, acting predominantly intra-

cellulary, include induction of the expression of various 

pro-inflammatory and some anti-inflammatory cytokines 

and, hence, contribution to the progression and pathogen-

esis of various pathological conditions and systemic infec-

tions. Important issue and role in tumor angiogenic pro-

cesses and carcinogenesis should be explored. That could 

influence and modify further therapeutic strategies in vari-

ous pathological conditions. 

Acknowledgements

This work was supported by grants from the Serbian 

Ministry of Science and Technological Development 

(175069, 175071 and 175103), Serbia and from the Faculty 

of medical sciences Kragujevac (project JP 07/10), Serbia. 

Confl ict of interest

The authors declare no financial or commercial conflict 
of interest.

REFERENCES:

 1. Zuber Shaikh P. Cytokines &amp; their physiologic and 

pharmacologic functions in inflammation: A review. 

Int J Pharm Life Sci. 2011;2(11):1247–63. 
 2. Dinarello C a. Historical Review of Cytokines. Eur J Im-

munol. 2007;37(Suppl 1):S34–45. 
 3. Akdis M, Aab A, Altunbulakli C, Azkur K, Costa RA, 

Crameri R, et al. Interleukins (from IL-1 to IL-38), in-
terferons, transforming growth factor beta, and TNF-

alpha: Receptors, functions, and roles in diseases. J Al-
lergy Clin Immunol. 2016 Aug; 

 4. Soufli I, Toumi R, Rafa H, Touil-Boukoffa C. Overview 
of cytokines and nitric oxide involvement in immuno-

pathogenesis of inflammatory bowel diseases. World J 

Gastrointest Pharmacol Ther. 2016 Aug;7(3):353–60. 

 5. Ah L. Abbas AK, Lichtman Ah, Pober JS. Cellular and 

Molecular Immunology , 4. 2001. p. 1–22. 

 6. Lin W, Karin M. A cytokine-mediated link between in-

nate immunity , inflammation , and cancer. J Clin Inves-

tig. 2007;117(5):1175–83. 

 7. Atretkhany K-SN, Drutskaya MS, Nedospasov SA, 

Grivennikov SI, Kuprash D V. Chemokines, cytokines 

and exosomes help tumors to shape inflammatory mi-
croenvironment. Pharmacol Ther. 2016 Sep; 

 8. Lee S, Margolin K. Cytokines in cancer immunothera-

py. Cancers (Basel). 2011;3(4):3856–93. 

 9. Heinhuis B, Netea MG, van den Berg WB, Dinarello CA, 
Joosten LAB. Interleukin-32: a predominantly intracel-

lular proinflammatory mediator that controls cell acti-

vation and cell death. Cytokine. 2012 Nov;60(2):321–7. 

10. Dinarello C a, Kim S-H. IL-32, a novel cytokine with 
a possible role in disease. Ann Rheum Dis [Internet]. 

2006;65 Suppl 3(May 2008):iii61-4. 

11. Dahl CA, Schall RP, He HL, Cairns JS. Identification of 

a novel gene expressed in activated natural killer cells 
and T cells. J Immunol. 1992 Jan;148(2):597–603. 

12. Kang J-W, Park YS, Lee DH, Kim MS, Bak Y, Ham SY, 

et al. Interaction network mapping among IL-32 iso-

forms. Biochimie. 2014 Jun;101:248–51. 

13. Jaekal J, Jhun H, Hong J, Park S, Lee J, Yoon D, et al. 

Cloning and characterization of bovine interleukin-32 
beta isoform. Vet Immunol Immunopathol. 2010 

Sep;137(1–2):166–71. 

14. Lee S, Kim S, Bae S, Choi J, Hong J, Ryoo S, et al. In-

terleukin-32 gamma specific monoclonal antibody and 

developing IL-32 specific ELISA. Hybridoma (Larch-
mt). 2010;29(6):501–9. 

15. Heinhuis B, Koenders MI, van den Berg WB, Netea 
MG, Dinarello CA, Joosten LAB. Interleukin 32 (IL-32) 

contains a typical alpha-helix bundle structure that re-
sembles focal adhesion targeting region of focal adhe-

sion kinase-1. J Biol Chem. 2012 Feb;287(8):5733–43. 
16. Netea MG, Azam T, Ferwerda G, Girardin SE, Walsh 

M, Park J-S, et al. IL-32 synergizes with nucleotide 

oligomerization domain (NOD) 1 and NOD2 ligands 

for IL-1beta and IL-6 production through a caspase 

1-dependent mechanism. Proc Natl Acad Sci U S A 

[Internet]. 2005;102(45):16309–14. 
17. Monteleone K, Di Maio P, Cacciotti G, Falasca F, Fraulo 

M, Falciano M, et al. Interleukin-32 isoforms: expression, 
interaction with interferon-regulated genes and clinical 

significance in chronically HIV-1-infected patients. Med 

Microbiol Immunol. 2014 Jun;203(3):207–16. 
18. Heinhuis B, Plantinga TS, Semango G, Kusters B, Netea 

MG, Dinarello CA, et al. Alternatively spliced isoforms of 

IL-32 differentially influence cell death pathways in cancer 

cell lines. Carcinogenesis. 2016 Feb;37(2):197–205. 
19. Alternatively Spliced Isoforms of Tissue Factor Path-

way Inhibitor. 

20. Nold-Petry C a, Nold MF, Zepp J a, Kim S-H, Voelkel 

NF, Dinarello C a. IL-32-dependent effects of IL-1beta 
on endothelial cell functions. Proc Natl Acad Sci U S A 
[Internet]. 2009;106(10):3883–8. 

21. El-Far M, Kouassi P, Sylla M, Zhang Y, Fouda A, Fabre 

T, et al. Proinflammatory isoforms of IL-32 as novel and 

robust biomarkers for control failure in HIV-infected 

slow progressors. Sci Rep. 2016;6:22902. 

22. Kim S, Lee S, Her E, Bae S, Choi J, Hong J, et al. Protein-
ase 3-processed form of the recombinant IL-32 sepa-

rate domain. BMB Rep [Internet]. 2008;41(11):814–9. 

23. Park G Bin, Hur DY, Kim YS, Lee HK, Yang JW, Kim 
D. TLR3/TRIF signalling pathway regulates IL-32 and 
IFN-β secretion through activation of RIP-1 and TRAF 

in the human cornea. Vol. 19, Journal of Cellular and 
Molecular Medicine. 2015. p. 1042–54. 

80



24. Nakayama M, Niki Y, Kawasaki T, Takeda Y, Ikegami H, 

Toyama Y, et al. IL-32-PAR2 axis is an innate immunity 
sensor providing alternative signaling for LPS-TRIF 

axis. Sci Rep. 2013;3:2960. 

25. Hong J, Bae S, Kang Y, Yoon D, Bai X, Chan ED, et al. 
Suppressing IL-32 in monocytes impairs the induction 

of the proinflammatory cytokines TNFα and IL-1β. Cy-
tokine. 2010;49(2):171–6. 

26. Escamilla-Tilch M, Filio-Rodriguez G, Garcia-Rocha R, 
Mancilla-Herrera I, Mitchison NA, Ruiz-Pacheco JA, 

et al. The interplay between pathogen-associated and 
danger-associated molecular patterns: an inflammatory 

code in cancer? Immunol Cell Biol. 2013;91(10):601–10. 
27. Rajamuthiah R, Mylonakis E. Effector triggered immu-

nity. Virulence. 2014;5(7):697–702. 
28. Nakayama M, Niki Y, Kawasaki T, Takeda Y, Ikegami H, 

Toyama Y, et al. IL-32-PAR2 axis is an innate immunity 
sensor providing alternative signaling for LPS-TRIF 

axis. [Internet]. Vol. 3, Scientific reports. 2013. p. 2960. 

29. Oh JH, Cho M-C, Kim J-H, Lee SY, Kim HJ, Park ES, 

et al. IL-32γ inhibits cancer cell growth through inacti-
vation of NF-κB and STAT3 signals. [Internet]. Onco-
gene. 2011. p. 1–15. 

30. Joosten LAB, Heinhuis B, Netea MG, Dinarello CA. 
Novel insights into the biology of interleukin-32. Vol. 

70, Cellular and Molecular Life Sciences. 2013. p. 
3883–92. 

31. Novick D, Rubinstein M, Azam T, Rabinkov A, Dinarello 
CA, Kim S-H. Proteinase 3 is an IL-32 binding protein. 

Proc Natl Acad Sci U S A [Internet]. 2006;103(9):3316–21. 
32. Nold-Petry CA, Rudloff I, Baumer Y, Ruvo M, Marasco 

D, Botti P, et al. IL-32 promotes angiogenesis. J Immu-
nol [Internet]. 2014;192(2):589–602. 

33. Mitra SK, Hanson DA, Schlaepfer DD. Focal adhesion 
kinase: in command and control of cell motility. Nat 

Rev Mol Cell Biol. 2005 Jan;6(1):56–68. 
34. Schaller MD. FAK and paxillin: regulators of N-cad-

herin adhesion and inhibitors of cell migration? J Cell 

Biol. 2004 Jul;166(2):157–9. 

35. Yano H, Mazaki Y, Kurokawa K, Hanks SK, Matsuda M, 
Sabe H. Roles played by a subset of integrin signaling 
molecules in cadherin-based cell-cell adhesion. J Cell 

Biol. 2004 Jul;166(2):283–95. 
36. Goda C, Kanaji T, Kanaji S, Tanaka G, Arima K, Ohno 

S, et al. Involvement of IL-32 in activation-induced cell 
death in T cells. Int Immunol. 2006;18(2):233–40. 

37. Hasegawa H, Thomas HJ, Schooley K, Born TL. Native 

IL-32 is released from intestinal epithelial cells via a 

non-classical secretory pathway as a membrane-asso-
ciated protein. Cytokine. 2011 Jan;53(1):74–83. 

38. Bae S, Kang D, Hong J, Chung B, Choi J, Jhun H, et al. 
Characterizing antiviral mechanism of interleukin-32 

and a circulating soluble isoform in viral infection. Cy-
tokine. 2012 Apr;58(1):79–86. 

39. Zepp J a, Nold-Petry C a, Dinarello C a, Nold MF. Pro-
tection from RNA and DNA viruses by IL-32. J Immu-
nol [Internet]. 2011;186(7):4110–8. 

40. Yang J, Jiang H, Chen S, Chen J, Xu S, Li W, et al. CBP 

knockdown inhibits angiotensin II-induced vascular 
smooth muscle cells proliferation through downregu-

lating NF-kB transcriptional activity. Mol Cell Bio-
chem. 2010 Jul;340(1–2):55–62. 

41. Lee S, Kim J-H, Kim H, Kang JW, Kim S-H, Yang Y, et 

al. Activation of the interleukin-32 pro-inflammatory 
pathway in response to human papillomavirus infec-

tion and over-expression of interleukin-32 controls the 

expression of the human papillomavirus oncogene. Im-

munology. 2011 Mar;132(3):410–20. 

42. Zhou Y, Zhu Y. Important Role of the IL-32 Inflamma-

tory Network in the Host Response against Viral Infec-
tion. Viruses. 2015 Jun;7(6):3116–29. 

43. Nold MF, Nold-Petry C a, Pott GB, Zepp J a, Saavedra 
MT, Kim S-H, et al. Endogenous IL-32 controls cytokine 

and HIV-1 production. J Immunol. 2008;181(1):557–65. 
44. El-Far M, Kouassi P, Sylla M, Zhang Y, Fouda A, Fabre 

T, et al. Proinflammatory isoforms of IL-32 as novel and 
robust biomarkers for control failure in HIV-infected 
slow progressors. [Internet]. Vol. 6, Scientific reports. 

2016. p. 22902. 
45. Freeman ML, Shive CL, Nguyen TP, Younes S-A, Panigra-

hi S, Lederman MM. Cytokines and T-Cell Homeostasis 

in HIV Infection. J Infect Dis. 2016 Oct;214 Suppl:S51-7. 

46. Xu Q, Pan X, Shu X, Cao H, Li X, Zhang K, et al. In-

creased interleukin-32 expression in chronic hepati-
tis B virus-infected liver. Vol. 65, Journal of Infection. 

2012. p. 336–42. 

47. Lai K-Y, Chou Y-C, Lin J-H, Liu Y, Lin K-M, Doong 

S-L, et al. Maintenance of Epstein-Barr Virus Latent 

Status by a Novel Mechanism, Latent Membrane Pro-

tein 1-Induced Interleukin-32, via the Protein Kinase 
Cdelta Pathway. J Virol. 2015 Jun;89(11):5968–80. 

48. Zou Y, Bao J, Pan X, Lu Y, Liao S, Wang X, et al. 

NKP30-B7-H6 Interaction Aggravates Hepatocyte 
Damage through Up-Regulation of Interleukin-32 

Expression in Hepatitis B Virus-Related Acute-On-
Chronic Liver Failure. PLoS One. 2015;10(8):e0134568. 

49. Bai X, Kim S-H, Azam T, McGibney MT, Huang 

H, Dinarello C a, et al. IL-32 is a host protective cy-
tokine against Mycobacterium tuberculosis in dif-

ferentiated THP-1 human macrophages. J Immunol. 
2010;184(7):3830–40. 

50. Felaco P, Castellani ML, De Lutiis MA, Felaco M, Pan-
dolfi F, Salini V, et al. IL-32: A newly-discovered pro-

inflammatory cytokine. Vol. 23, Journal of Biological 
Regulators and Homeostatic Agents. 2009. p. 141–7. 

51. Netea MG, Azam T, Lewis EC, Joosten LAB, Wang M, 
Langenberg D, et al. Mycobacterium tuberculosis in-

duces interleukin-32 production through a caspase-1/
IL-18/interferon-γ-dependent mechanism. PLoS Med. 

2006;3(8):1310–9. 
52. Montoya D, Inkeles MS, Liu PT, Realegeno S, Teles 

RMB, Vaidya P, et al. IL-32 is a molecular marker of a 
host defense network in human tuberculosis. [Internet]. 
Vol. 6, Science translational medicine. 2014. p. 250ra114. 

81



53. Joosten LAB, Netea MG, Kim S-H, Yoon D-Y, Oppers-

Walgreen B, Radstake TRD, et al. IL-32, a proinflam-
matory cytokine in rheumatoid arthritis. Proc Natl 

Acad Sci U S A [Internet]. 2006;103(9):3298–303. 
54. Heinhuis B, Koenders MI, van de Loo FA, Netea MG, 

van den Berg WB, Joosten LAB. Inflammation-de-

pendent secretion and splicing of IL-32{gamma} in 

rheumatoid arthritis. Proc Natl Acad Sci U S A. 2011 
Mar;108(12):4962–7. 

55. Moon Y-M, Yoon B-Y, Her Y-M, Oh H-J, Lee J-S, Kim 
K-W, et al. IL-32 and IL-17 interact and have the poten-

tial to aggravate osteoclastogenesis in rheumatoid ar-

thritis. Arthritis Res Ther [Internet]. 2012;14(6):R246. 
56. Kim S. Interleukin-32 in inflammatory autoimmune 

diseases. Immune Netw [Internet]. 2014;14(3):123–7. 
57. Lee E-J, Lee E-J, Chung Y-H, Song D-H, Hong S, Lee 

C-K, et al. High level of interleukin-32 gamma in the 
joint of ankylosing spondylitis is associated with osteo-

blast differentiation. Arthritis Res Ther. 2015;17:350. 
58. Ciccia F, Rizzo A, Accardo-Palumbo A, Giardina A, 

Bombardieri M, Guggino G, et al. Increased expres-

sion of interleukin-32 in the inflamed ileum of ankylos-
ing spondylitis patients. Rheumatology (Oxford). 2012 

Nov;51(11):1966–72. 
59. Shioya M, Nishida A, Yagi Y, Ogawa A, Tsujikawa T, 

Kim-Mitsuyama S, et al. Epithelial overexpression of in-
terleukin-32?? in inflammatory bowel disease. Clin Exp 

Immunol. 2007;149(3):480–6. 

60. Khawar B, Abbasi MH, Sheikh N. A panoramic spec-

trum of complex interplay between the immune system 
and IL-32 during pathogenesis of various systemic in-

fections and inflammation. [Internet]. Vol. 20, Europe-

an journal of medical research. 2015. p. 7. 

61. Calabrese F, Baraldo S, Bazzan E, Lunardi F, Rea F, Mae-
strelli P, et al. IL-32, a novel proinflammatory cytokine 

in chronic obstructive pulmonary disease. Am J Respir 
Crit Care Med. 2008 Nov;178(9):894–901. 

62. Soyka MB, Treis A, Eiwegger T, Menz G, Zhang S, Hol-
zmann D, et al. Regulation and expression of IL-32 in 
chronic rhinosinusitis. Allergy Eur J Allergy Clin Im-

munol. 2012;67(6):790–8. 

63. Keswani A, Kern RC, Schleimer RP, Kato A. Role of 
interleukin-32 in chronic rhinosinusitis. Curr Opin Al-
lergy Clin Immunol [Internet]. 2013;13(1):13–8. 

64. Meyer N, Zimmermann M, Bürgler S, Bassin C, Woehrl 
S, Moritz K, et al. IL-32 is expressed by human primary 

keratinocytes and modulates keratinocyte apoptosis in 
atopic dermatitis. J Allergy Clin Immunol. 2010;125(4). 

65. Hu L-J, Li L, Fitzpatrick JE, Francis SO, Fujita M, Ta-
kashi MK, et al. The Proinflammatory Cytokine Inter-

leukin-32 is expressed in Keratinocytes and Dendritic 

Cells Obtained from Patients with Chronic Plaque Pso-

riasis (CPPs). J Immunol [Internet]. 2007;178(Meeting 
Abstracts):S165. 

66. Heinhuis B, Popa CD, van Tits BLJH, Kim SH, Zeeuwen 

PL, van den Berg WB, et al. Towards a role of interleu-
kin-32 in atherosclerosis. Cytokine. 2013;64(1):433–40. 

67. Kim SJ, Lee S, Kwak A, Kim E, Jo S, Bae S, et al. In-

terleukin-32gamma transgenic mice resist LPS-me-
diated septic shock. J Microbiol Biotechnol. 2014 

Aug;24(8):1133–42. 

68. Ko NY, Mun SH, Lee SH, Kim JW, Kim DK, Kim HS, 
et al. Interleukin-32alpha production is regulated by 

MyD88-dependent and independent pathways in IL-

1beta-stimulated human alveolar epithelial cells. Im-

munobiology. 2011;216(1–2):32–40. 
69. Beury DW, Parker KH, Nyandjo M, Sinha P, Carter K 

a., Ostrand-Rosenberg S. Cross-talk among myeloid-
derived suppressor cells, macrophages, and tumor cells 

impacts the inflammatory milieu of solid tumors. J 
Leukoc Biol [Internet]. 2014;96(December):1109–18. 

70. Zeng Q, Li S, Zhou Y, Ou W, Cai X, Zhang L, et al. In-
terleukin-32 contributes to invasion and metastasis of 

primary lung adenocarcinoma via NF-kappaB induced 

matrix metalloproteinases 2 and 9 expression. Vol. 65, 
Cytokine. 2014. p. 24–32. 

71. Lee J, Kim KE, Cheon S, Song JH, Houh Y, Kim TS, et 
al. Interleukin-32alpha induces migration of human 

melanoma cells through downregulation of E-cadherin. 
Oncotarget. 2016 Aug; 

72. Sakitani K, Hirata Y, Hayakawa Y, Serizawa T, Nakata 

W, Takahashi R, et al. Role of interleukin-32 in Helico-
bacter pylori-induced gastric inflammation. Infect Im-
mun. 2012;80(11):3795–803. 

73. Peng LS, Zhuang Y, Li WH, Zhou YY, Wang TT, Chen 

N, et al. Elevated Interleukin-32 expression is associ-

ated with Helicobacter pylori-related gastritis. Vol. 9, 
PLoS ONE. 2014. 

74. Bak Y, Kwon T, Bak I, Hong J, Yu D. IL-32θ inhibits 
stemness and epithelial-mesenchymal transition of 

cancer stem cells via the STAT3 pathway in colon can-
cer. Vol. 7. 2016. 

75. LEE H-J, LIANG ZHEL, HUANG SMEI, LIM J-S, 
YOON D-Y, LEE H-J, et al. Overexpression of IL-32 is a 

novel prognostic factor in patients with localized clear 

cell renal cell carcinoma. Oncol Lett [Internet]. 2012 
Feb 2;3(2):490–6. 

76. Kang YH, Park M-Y, Yoon D-Y, Han SR, Lee C Il, Ji NY, 
et al. Dysregulation of overexpressed IL-32alpha in 

hepatocellular carcinoma suppresses cell growth and 
induces apoptosis through inactivation of NF-kappaB 

and Bcl-2. Cancer Lett. 2012 May;318(2):226–33. 
77. Chen J, Wang S, Su J, Chu G, You H, Chen Z, et al. 

Interleukin-32alpha inactivates JAK2/STAT3 signaling 

and reverses interleukin-6-induced epithelial-mesen-

chymal transition, invasion, and metastasis in pancre-
atic cancer cells. Onco Targets Ther. 2016;9:4225–37. 

78. Yousif NG, Al-Amran FG, Hadi N, Lee J, Adrienne J. 

Expression of IL-32 modulates NF-kappaB and p38 

MAP kinase pathways in human esophageal cancer. 
Cytokine. 2013 Jan;61(1):223–7. 

79. Meyer N, Christoph J, Makrinioti H, Indermitte P, Rhyner 
C, Soyka M, et al. Inhibition of angiogenesis by IL-32: Pos-
sible role in asthma. J Allergy Clin Immunol. 2012;129(4). 

82


	010

