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ABSTRACT. – OBJECTIVE: Monoclonal gam-
mopathy of undetermined significance (MGUS) 
is a preneoplastic disease that often precedes 
multiple myeloma. The multistep evolutionary 
pattern of multiple myeloma is driven by genetic 
instability, a pro-inflammatory and immunosup-
pressive microenvironment, and tumor growth. 
Inflammation has long been recognized as a fac-
tor in both the onset and progression of cancer.

PATIENTS AND METHODS: In this study, in-
terleukin-18 plasma levels were compared in pa-
tients with multiple myeloma and monoclonal 
gammopathy of undetermined significance, as 
well as in a group of healthy controls. 

RESULTS: Our study shows that monoclonal 
gammopathy of undetermined significance patients 
have lower levels of interleukin-18 than healthy 
controls (521.657 ± 168.493 pg/ml vs. 1,266.481 ± 
658.091 pg/ml for controls, p < 0.001). Thus, we dis-
covered a significant difference in interleukin-18 
levels between multiple myeloma patients and con-
trols (418.177 ± 197.837 pg/ml; p = 0.001). 

CONCLUSIONS: In our work, we identified a 
reduction of interleukin-18 in monoclonal gam-
mopathies. Furthermore, in this paper, we aimed 
to evaluate the existing literature on the potential 
mechanisms of action of this pro-inflammatory 
cytokine in the development of these diseases.

Key Words: 
Multiple myeloma, Monoclonal gammopathy of un-

determined significance, Interleukin-18, High mobili-
ty group box 1, Inflammation, Th1 immune response.

Introduction

Multiple myeloma (MM) is a plasma cell ma-
lignancy that develops in the bone marrow (BM) 
microenvironment as a result of aberrant plasma 
cell growth and proliferation. Plasma cells are sup-
ported in their development and are shielded from 
apoptosis by the secretion of different cytokines1,2. 
Three/four percent of the general population over 
the age of 50 have monoclonal gammopathy of 
undetermined significance (MGUS), which is the 
forerunner to malignant plasma cell disorders3,4.

A desynchronized cytokine system with ele-
vated levels of inflammatory cytokines and al-
tered bone marrow milieu are typical features of 
MM5-9, and various inflammatory factors may 
play a role in the development and progression 
of the disease.
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The interleukin-1 (IL-1) family of cytokines and 
their associated receptors are primary signaling 
elements of inflammation10. As a physiologically 
inactive precursor, IL-18, a member of this super-
family of cytokines, is kept in the cytoplasm of the 
cells that produce it11-14. Nearly all human cells, 
including intestinal epithelial cells, keratinocytes, 
and endothelial cells, express IL-18 precursor15,16.

Over the past twenty years, researchers have ex-
amined the pleiotropic effects of IL-18, and their 
understanding has become more complex. IL-18 
mainly supports the Th-1 immune response by 
working with interleukin-12 to stimulate T, NK, 
and macrophage cells to produce IFN17,18. Further-
more, it has proinflammatory qualities because, 
as mentioned above, it triggers the inflammatory 
cytokine cascade. Furthermore, IL-18 is connect-
ed to the beginning of autoimmune diseases, and 
there is in vitro proof that IL-18 prevents osteo-
clast development19,20.

However, in neoplastic diseases, other mole-
cules appear to maintain the equilibrium between 
inflammatory and anti-inflammatory mediators. 
Numerous cancer types have shown evidence of 
high mobility group box 1 (HMGB-1) upregula-
tion21-26.

Extracellular HMGB-1 regulates the prolifera-
tion, maturation, and senescence of hematopoiet-
ic stem cells  (HSCs). Through its stimulation of 
proinflammatory signaling pathways, HMGB-1 is 
also thought to play a role in the formation of the 
inflammatory BM micromilieu.

In a previous investigation27, we assessed the 
plasma levels of psoriasin and HMGB-1 in indi-
viduals with monoclonal gammopathies (MM and 
MGUS) and the general population. The goal of 
the current investigation was to assess the plasma 
levels of IL-18 in the same cohort used in the pri-
or study using the material stored at -80°C. The 
study’s secondary goal was to assess the overall 
trend of the two molecules connected to inflam-
mation in subjects with monoclonal gammopa-
thies. 

Patients and Methods

The study was carried out on three groups of 
subjects and was conducted in accordance with 
the ethical principles of the responsible commit-
tee on human experimentation and the Helsin-
ki Declaration of 1975, as revised in 2013. The 
Local Ethics Committee approved this study pro-
tocol before the initiation of any study-related 

procedures (Protocol No. 36/18 of 07 May 2018 
– resolution No. 887). 

Blood samples from 14 newly diagnosed MM 
patients (7 males and 7 females; mean age 71 ± 
12 years), 14 subjects with MGUS (6 males and 8 
females; mean age 73 ± 13 years), and 19 healthy 
subjects (8 males and 11 females; mean age 69 
± 13 years) were obtained by venipuncture after 
each subject was informed about the research and 
signed an informed consent form.

According to the International Stage System28, 
eight individuals had MM stage I, four had MM 
disease stage II, and two had stage III. Bone mar-
row plasmacytosis was 64% on average (range: 
40-81%). Immunoglobulin G (IgG) and A (IgA) 
were the paraprotein classes in 10 cases and 4 
patients, respectively. Four individuals had bone 
disease, and three patients had renal failure.

Regarding the MGUS group, immunoglobu-
lin G (IgG) and A (IgA) paraprotein classes were 
present in 11 and 3 individuals, respectively.

Age requirements were greater than 18, IgG or 
IgA MGUS, or MM. IgM MGUS or MM, active 
infections, osteoporosis, pregnancy, scleroderma, 
use of glucocorticoids within three months, and 
cancer within five years were the exclusion cri-
teria. Neither chemotherapy nor painkillers were 
being given to any patients.

Complete blood count with differential, plate-
let count, blood chemistry, beta-2 microglobulin, 
renal and liver function tests, calcemia, serum 
albumin, lactate dehydrogenase (LDH), immuno-
globulin, erythrocyte sedimentation rate (ESR), 
and bone marrow aspiration were all part of rou-
tine laboratory examinations. Skeletal X-rays and 
physical examinations were conducted on all pa-
tients.

Immediately after being drawn, blood samples 
were centrifuged at 14,000 g for 20 minutes be-
fore being aliquoted into 1.5 ml centrifugation 
tubes. Until they were examined, samples were 
kept at -80°C.

Measurement of IL-18
Following the manufacturer’s instructions, the 

manufacturer’s enzyme-linked immunosorbent 
assay (ELISA) (Duo Set R&D Systems, Minneap-
olis, MN, USA) was used to measure the amount 
of IL-18 in the individuals’ serum. The result was 
expressed in pg/mL.

Statistical Analysis
Due to the small sample size, which prevent-

ed confirmation of a Gaussian distribution of the 

https://www.sciencedirect.com/topics/medicine-and-dentistry/cancer-types
https://www.sciencedirect.com/topics/medicine-and-dentistry/hematopoietic-stem-cell
https://www.sciencedirect.com/topics/medicine-and-dentistry/hematopoietic-stem-cell
https://www.sciencedirect.com/topics/medicine-and-dentistry/signal-transduction
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data, the statistical analysis was conducted using 
non-parametrical tests. Therefore, a One-way 
Kruskal-Wallis ANOVA for independent sam-
ples was initially carried out to compare the three 
groups of persons (MGUS, MM, and controls).

Then, using pairwise comparisons and the post-
hoc test, the appropriate comparisons were made, 
concentrating on the differences between the 2 
groups. All statistical results were considered sig-
nificant at a p-value threshold of 0.05.

Results

Our results show that IL-18 levels decreased over 
time from healthy individuals (1,266.481 ± 658.091 
pg/mL) to patients with MGUS (521.657 ± 168.091) 
to those with MM (418.177 ± 197.837). One-way 
ANOVA revealed significant differences in IL-18 
levels between the groups (p < 0.001) (Figure 1).

The post-hoc test with pairwise comparisons 
confirmed a significant difference between pa-
tients with monoclonal gammopathies and con-
trols (Table I).

In our prior study27, one-way ANOVA was used 
to detect changes in HMGB-1 levels between the 
groups (p < 0.001). The post-hoc test with pair-
wise comparisons made it possible to determine 
that there is a significant difference between pa-
tients with monoclonal gammopathies and con-
trols, with a progressive increase in HMGB1 val-
ues from healthy controls to MGUS patients up 

to MM patients. There was a negative association 
found between HMGB-1 concentrations and cre-
atinine clearance (r -0.667, p < 0.049), but no cor-
relation was found between HMGB1 and the ISS 
stage, the presence of bone lesions, or the beta2m 
level in MM patients. There was no correlation 
seen between IL-18 levels and HMGB-1 concen-
trations.

Discussion

It has been well-established that inflammation 
is linked to the initiation and progression of can-
cer28. However, the literature about IL-18 concen-
trations in MM patients and their role in the onset 
and development of the disease appears to be con-
tradictory30,31.

Our data show that IL-18 values decreased over 
time as MGUS developed in healthy subjects and 
that a further decrease occurred in patients with 
MM, though it was not statistically significant. 
This information may appear to be at odds with 
some information found in the literature, partic-
ularly the findings of Alexandrakis et al29. In this 
work, authors revealed that blood IL-18 levels 
were raised in MM patients with advanced-stage 
disease; nevertheless, there was no significant dif-
ference in the overall survival between blood IL-
18high and IL-18low MM patients32. 

However, while most of our patients were sub-
jects in the early stages of the disease (8 patients 

Figure 1. IL-18 levels in monoclonal gammopathies and controls; * p 
< 0.001 vs. controls. MGUS: monoclonal gammopathy of undetermined 
significance; MM: multiple myeloma.



were MM disease stage I, 4 patients were MM 
disease stage II, and only 2 patients were disease 
stage III) in this study, the increase in IL-18 val-
ues appeared to be present in the more advanced 
stages of the disease32.

On the other hand, there is controversy over the 
real role IL-18 plays in the MM, and the data pre-
sented in the literature on its pro-tumor activity 
are conflicting33.

Therefore, Nakamura et al31 demonstrated that 
the MM niche’s production of IL-18 promotes 
MM progression in a CD8+ T cell-dependent 
way in a mouse model, suggesting that IL-18 
may be a potential therapeutic target in MM. In 
MM patients, high levels of BM IL-18 are linked 
to poor overall survival, while IL-18-/- mice were 
shown to be protected from MM progression in 
a CD8+ T cell-dependent way using Vk*MYC 
preclinical MM models. These findings suggested 
that IL-18 plays a critical role in the immunosup-
pression linked to MM by producing function-
al myeloid-derived suppressor cells (MDSCs). 
Comprehensive analysis of the immune microen-
vironment in MM patients’ transcriptional land-
scape supported this theory by showing an inverse 
correlation between PMN-MDSC signature and 
cytotoxic signature and a positive correlation be-
tween IL18 and PMN-MDSC signature genes31. 

However, IL-18 has been proven to have an 
anticancer effect in other investigations. IL-18 
and protein-10 co-injections utilizing adenoviral 
vectors led to tumor regression in murine myelo-
ma cell lines34. Moreover, exogenous injection of 
high dose IL-18 caused a successful Th1 response 
in mouse plasmacytoma in a different research35. 
In syngeneic animals, a mouse myeloma cell line 
that has been IL-18 transfected showed reduced 
tumorigenicity36. Finally, in a fascinating study, 
IL-18 treatment reduced the infiltration and de-
velopment of human myeloma cells into the bone 

marrow in mice with severe combined immuno-
deficiency illness, suggesting that IL-18 may have 
anticancer effects in MM37. 

The dispute around the data may be addressed 
by the possibility that IL-18 injected exogenously 
may cause a different reaction than IL-18 produced 
naturally and that the quantities of the cytokine in 
both situations are not comparable. It has been hy-
pothesized that IL-18 may predominantly stimu-
late NK cells and produce tumor-specific cytotoxic 
CD4+ T cells to exhibit its antitumor function38.

Furthermore, there is evidence to suggest that 
IL-18’s anti-angiogenic activity can account for 
its anticancer effects39. It is widely acknowledged 
that angiogenesis plays a crucial role in the de-
velopment of malignant tumors40,41, and the patho-
physiology of MM depends on the creation of new 
arteries from pre-existing vasculature42. Numer-
ous plasma and stromal cell-derived factors have 
been linked to the progression of angiogenesis in 
MM, even if the precise molecular processes gov-
erning this phenomenon are still unknown43.

However, there is also conflicting information 
regarding the function of IL-18 in angiogenesis in 
this condition. In vivo in mice, IL-18 reduces the 
proliferation of capillary endothelial cells induced 
by fibroblast growth factor-239,44,45. However, IL-18 
has been classified as an angiogenic molecule in 
another research. In both in vitro and in vivo mouse 
model experiments, IL-18 was proven to be a pow-
erful angiogenic molecule. According to a previous 
study46, IL-18 and IL-1 increased liver metastases 
and melanoma cell adhesion by boosting the ex-
pression of vascular cell adhesion molecules on 
hepatic sinusoidal endothelium. Moreover, in sys-
temic lupus erythematosus, IL-18 has been inves-
tigated and found to be elevated in comparison to 
controls but positively linked with endostatin, a 
protein thought to promote angiogenesis47. 

Considering the above, the variation of IL-18 
levels in the spectrum of gammopathies can be 
interpreted as a reduction of a cytokine with anti-
tumor activity, and this reduction could play a role 
in the onset and progression of myeloma disease.

In terms of HMGB-1, we previously demon-
strated that patients with MGUS had larger 
quantities than healthy controls27. Moreover, we 
discovered a significant variation in HMGB-1 
levels between MM patients and controls, and 
our data seemed to corroborate with Wang et 
al’s findings48. In this investigation, the blood 
HMGB-1 levels of the patients in the MM group 
were greater than those in the control group prior 
to therapy. 

Table I. Significantly different IL-18 levels between 
monoclonal gammopathies patients and controls.

Terms of the statistical comparison	 p
		  	
MGUS vs. MM	 0.810
MGUS vs. Controls	 0.0001	
	
MM vs. MGUS	 0.810
MM vs. Controls	 0.0001	
	
Controls vs. MGUS	 0.0001
Controls vs. MM	 0.0001

MGUS: monoclonal gammopathy of undetermined signifi-
cance; MM: multiple myeloma.
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In addition, patients in the Complete Response 
group had HMGB-1 levels that were lower 
post-chemotherapy compared to pre-chemothera-
py levels, while those in the Progressive Disease 
group had increased HMGB-1 levels48. Addition-
ally, it is recognized that the molecule might be 
crucial to the development of cancer by interact-
ing with receptors for advanced glycosylation 
end-products (RAGE)49. The HMGB-1 that tumor 
cells produce may worsen the immunosuppres-
sion brought on by inflammation in malignancies 
that have already spread. Additionally, HMGB-1 
enhanced the epithelial-mesenchymal transition 
by promoting angiogenesis and the formation of 
tumor-like features in neoplastic cells. The NF-kB 
pathway is stimulated by the increased HMGB-1/
RAGE complex, which results in the synthesis of 
proangiogenic substances such as vascular endo-
thelial growth factor (VEGF) and their receptors. 
VEGF and its receptors play an important role in 
the development of hematological malignancies50. 
Furthermore, HMGB-1 can change several path-
ways involved in programmed cell death51. 

Our findings appear to support the notion that 
MM patients have higher HMGB-1 levels and 
lower IL-18 concentrations than patients with 
benign gammopathy and healthy individuals. It 
may seem unusual that two drugs that are largely 
pro-inflammatory should behave differently with-
in the same condition. The link between inflam-
matory cytokines and MM, however, seems to be 
weak, and other roles, like pro- or anti-prolifera-
tive effects, can step in for cytokines in the devel-
opment and progression of MM. When regulat-
ed by Th1 cells that are specifically anti-cancer, 
inflammation may prevent the onset and growth 
of tumors. Proinflammatory cytokines (including 
IL-6 and IL-1) may aid in the elimination of tu-
mors in a Th1 microenvironment by luring leu-
cocytes from the bloodstream and boosting CD4 
+ T cell activity7. Consequently, care should be 
taken when thinking about therapies that focus on 
substances having pro- or anti-inflammatory ac-
tivity. Medication that may reduce the Th1-driv-
en inflammatory immune response—which in-
hibits the growth of tumors—should be avoided. 

Additionally, as mentioned, IL-18 fundamen-
tally supports the Th-1 immune response by col-
laborating with interleukin-12 to promote the pro-
duction of IFN by T cells, NK, and macrophages. 
However, IL-18 is a special cytokine that may ac-
tivate both Th1 and Th2 responses depending on 
its cytokine milieu, and this feature may also help 
to explain some of the contradictory information 

about the cytokine’s effects that occasionally ap-
pear in the literature52.

It should be remembered that the levels of the 
factors in the marrow microenvironment may differ 
from those in the peripheral blood and that various 
disease stages may impact the generation of the fac-
tors. Furthermore, ethical issues have made it impos-
sible to compare the medullary concentrations of the 
factors with either a healthy subject or with MGUS.

Despite this limitation, along with the small 
sample size examined, our initial data seem to 
align with some findings reported in the litera-
ture. It will be feasible to clearly characterize the 
pro- or antitumor role of IL-18 through further re-
search and clarify the differences between the data 
that are now available in the literature. This will 
make it possible to put therapy plans in place that 
attempt to change the cytokine’s concentrations 
and activity. Therefore, by increasing the number 
of cell populations with anti-myeloma activity, in 
vitro studies have already shown the value of IL-
18 in the treatment of MM37. 

Conclusions

Although NK cell-based immunotherapy is 
a promising treatment option for MM, it is still 
difficult to obtain enough activated NK cells. Ac-
cording to a previous study30, K562 cells were ge-
netically modified to express OX40 ligand, mem-
brane-bound (mb) IL-18, and membrane-bound 
(mb) IL-21 to create ex vivo expanded NK (eNK) 
cells from MM patients. Moreover, eNK cells 
demonstrated higher expression of key activation 
markers and greater cytotoxicity towards target 
K562, U266, and RPMI8226 cells30.

The control of cytokines and the modification 
of the BM microenvironment may one day play a 
key role in the management of multiple myeloma. 

Conflict of Interest 
The authors declare that they have no conflict of interest.

Ethics Approval 
The study was carried out on three groups of subjects and 
was conducted in accordance with the ethical principles of 
the responsible committee on human experimentation (insti-
tutional and national) and the Helsinki Declaration of 1975, 
as revised in 2013. The Local Ethics Committee of Polyclinic 
“G. Martino” of Messina (Italy) approved this study protocol 
before the initiation of any study-related procedures (Protocol 
No. 36/18 of 07 May 2018 – resolution No. 887).  



IL-18 in multiple myeloma

3885

Informed Consent
All patients signed an informed consent form.

Funding
No funding was received.

Authors’ Contributions
Alessandro Allegra, Donatella Vincelli, Bruno Martino, 
Giovanna Spatari, Giuseppe Mirabile, Giovanni Pioggia, Se-
bastiano Gangemi: supervision and editing; Maria Ferraro, 
Elisabetta Pace: formal analysis; Angela Alibrandi; Alessan-
dro Allegra: data analysis; Alessandro Allegra: writing, origi-
nal draft; Alessandro Allegra, Donatella Vincelli, Bruno Mar-
tino, Giovanna Spatari, Giuseppe Mirabile, Giovanni Pioggia, 
Sebastiano Gangemi: editing and review. All authors have read 
and agreed to the published version of the manuscript.

ORCID ID
Alessandro Allegra: 0000-0001-6156-8239
Giovanna Spatari: 0000-0002-6716-7572
Maria Ferraro: 0000-0003-2533-7446
Elisabetta Pace: 0000-0003-1141-9010
Giovanni Pioggia: 0000-0002-8089-7449
Sebastiano Gangemi: 0000-0001-7001-6532

Data Availability  
Data are available upon request from the authors.

References

  1)	 Klein B, Seckinger A, Moehler T, Hose D. Molecular 
pathogenesis of multiple myeloma: chromosomal 
aberrations, changes in gene expression, cytokine 
networks, and the bone marrow microenvironment. 
Recent Results Cancer Res 2011; 183: 39-86. 

  2)	 Otjacques E, Binsfeld M, Noel A, Beguin Y, Catal-
do D, Caers J. Biological aspects of angiogenesis 
in multiple myeloma. Int J Hematol 2011; 94: 505-
518.

  3)	 Rajkumar SV. MGUS and smoldering multiple 
myeloma: update on pathogenesis, natural hi-
story, and management. Hematology Am Soc He-
matol Educ Program 2005; 340-345.

  4)	 Robiou du Pont S, Cleynen A, Fontan C, Attal M, 
Munshi N, Corre J, Avet-Loiseau H. Genomics of 
multiple myeloma. J Clin Oncol 2017; 35: 963-967. 

  5)	 Kawano Y, Moschetta M, Manier S, Glavey S, 
Görgün GT, Roccaro AM, Anderson KC, Ghobrial 
IM. Targeting the bone marrow microenvironment 
in multiple myeloma. Immunol Rev 2015; 263: 
160-172. 

  6)	 Dinarello CA. Overview of the interleukin-1 family 
of ligands and receptors. Semin Immunol 2013; 
25: 389-393. 

  7)	 Musolino C, Allegra A, Innao V, Allegra AG, Pioggia 
G, Gangemi S. Inflammatory and Anti-Inflamma-
tory Equilibrium, Proliferative and Antiproliferative 
Balance: The Role of Cytokines in Multiple Myelo-
ma. Mediators Inflamm 2017; 2017: 1852517. 

  8)	 Allegra A, Innao V, Allegra AG, Pugliese M, Di Sal-
vo E, Ventura-Spagnolo E, Musolino C, Gangemi 
S. Lymphocyte Subsets and Inflammatory Cytoki-
nes of Monoclonal Gammopathy of Undetermined 
Significance and Multiple Myeloma. Int J Mol Sci 
2019; 20: 2822-2847. 

  9)	 Musolino C, Allegra A, Profita M, Alonci A, Sait-
ta S, Russo S, Bonanno A, Innao V, Gangemi S. 
Reduced IL-33 plasma levels in multiple myeloma 
patients are associated with more advanced stage 
of disease. Br J Haematol 2013; 160: 709-710. 

10)	 Boraschi D, Tagliabue A. The interleukin-1 recep-
tor family. Semin Immunol 2013; 25: 394-407. 

11)	 Kaplanski G. Interleukin-18: Biological properties 
and role in disease pathogenesis. Immunol Rev 
2018; 281: 138-153. 

12)	 Yasuda K, Nakanishi K, Tsutsui H. Interleukin-18 in 
health and disease. Int J Mol Sci 2019; 20: 649-703. 

13)	 Marques-Rocha JL, Samblas M, Milagro FI, Bres-
san J, Martinez JA, Marti A. Noncoding RNAs, 
cytokines, and inflammation-related diseases. FA-
SEB J 2015; 29: 3595-3611. 

14)	 Ghayur T, Banerjee S, Hugunin M, Butler D, Her-
zog L, Carter A, Quintal L, Sekut L, Talanian R, 
Paskind M, Wong W, Kamen R, Tracey D, Allen 
H. Caspase-1 processes IFN-gamma-inducing 
factor and regulates LPS-induced IFNgamma pro-
duction. Nature 1997; 386: 619-623. 

15)	 Novick D, Kim S, Kaplanski G, Dinarello CA. Inter-
leukin-18, more than a Th1 cytokine. Semin Immu-
nol 2013; 25: 439-448.

16)	 Bakele M, Joos M, Burdi S, Allgaier N, Pöschel S, 
Fehrenbacher B, Schaller M, Marcos V, Kümmerl-
e-Deschner J, Rieber N, Borregaard N, Yazdi A, 
Hector A, Hartl D. Localization and functionality 
of the inflammasome in neutrophils. J Biol Chem 
2014; 289: 5320-5329. 

17)	 Nakanishi K, Yoshimoto T, Tsutsui H, Okamura 
H. Interleukin-18 is a unique cytokine that stimu-
lates both Th1 and Th2 responses depending on 
its cytokine milieu. Cytokine Growth Factor Rev 
2001; 12: 53-72. 

18)	 Akira S. The role of IL-18 in innate immunity. Curr 
Opin Immunol 2000; 12: 59-63. 

19)	 Udagawa N, Horwood NJ, Elliott J, Mackay A, 
Owens J, Okamura H, Kurimoto M, Chambers 
TJ, Martin TJ, Gillespie MT. Interleukin-18 (in-
terferon-gamma-inducing factor) is produced by 
osteoblasts and acts via granulocyte/macropha-
ge colony-stimulating factor and not via interfe-
ron-gamma to inhibit osteoclast formation. J Exp 
Med 1997; 185: 1005-1012.



A. Allegra, D. Vincelli, G. Spatari, M. Ferraro, A. Alibrandi, G. Mirabile

3886

20)	 Somm E, Jornayvaz FR. Interleukin-18 in meta-
bolism: From mice physiology to human diseases. 
Front Endocrinol (Lausanne) 2022; 13: 971745. 

21)	 Danieli MG, Antonelli E, Piga MA, Claudi I, Palmeri 
D, Tonacci A, Allegra A, Gangemi S. Alarmins in 
autoimmune diseases. Autoimmun Rev 2022; 21: 
103142-103164. 

22)	 Wang J, Li R, Peng Z, Hu B, Rao X, Li J. HMGB-1 
participates in LPS-induced acute lung injury by 
activating the AIM2 inflammasome in macropha-
ges and inducing polarization of M1 macrophages 
via TLR2, TLR4, and RAGE/NF-κB signaling pa-
thways. Int J Mol Med 2020; 45: 61-80.

23)	 Sharma A, Ray R, Rajeswari MR. Overexpression 
of high mobility group (HMG) B1 and B2 proteins 
directly correlates with the progression of squa-
mous cell carcinoma in skin. Cancer Invest 2008; 
26: 843-851.

24)	 Gnanasekar M, Thirugnanam S, Ramaswamy K. 
Short hairpin RNA (shRNA) constructs targeting 
high mobility group box-1 (HMGB-1) expression 
leads to inhibition of prostate cancer cell survival 
and apoptosis Int J Oncol 2009; 34: 425-431.

25)	 Suren D, Yildirim M, Demirpence O, Kaya V, Alika-
noğlu AS, Bülbüller N, Yıldız M, Sezer C. The role 
of High Mobility Group Box 1 (HMGB-1) in colo-
rectal cancer. Med Sci Monit 2014; 20: 530-537.

26)	 Brezniceanu ML, Volp K, Bosser S, Solbach C, 
Lichter P, Joos S, Zörnig M. HMGB-1 inhibits cell 
death in yeast and mammalian cells and is abun-
dantly expressed in human breast carcinoma. FA-
SEB J 2003; 17: 1295-1297.

27)	 Casciaro M, Vincelli D, Ferraro M, Mirabile G, 
Pace E, Martino B, Tonacci A, Gangemi S, Piog-
gia G, Allegra A. The role of High-mobility group 
box-1 and Psoriasin in multiple myeloma: Analysis 
of a population affected by monoclonal gammopa-
thies and review of the literature. Pathol Res Pract 
2023; 247: 154562-154568. 

28)	 Greipp PR, San Miguel J, Durie BG, Crowley 
JJ, Barlogie B, Bladé J, Boccadoro M, Child JA, 
Avet-Loiseau H, Kyle RA, Lahuerta JJ, Ludwig H, 
Morgan G, Powles R, Shimizu K, Shustik C, Son-
neveld P, Tosi P, Turesson I, Westin J. Internatio-
nal staging system for multiple myeloma. J Clin 
Oncol 2005; 23: 3412-3420.

29)	 Zitvogel L, Kepp O, Galluzzi L, Kroemer G. Inflam-
masomes in carcinogenesis and anticancer immu-
ne responses. Nat Immunol 2012; 13: 343-351. 

30)	 Thangaraj JL, Phan MT, Kweon S, Kim J, Lee JM, 
Hwang I, Park J, Doh J, Lee SH, Vo MC, Chu TH, 
Song GY, Ahn SY, Jung SH, Kim HJ, Cho D, Lee 
JJ. Expansion of cytotoxic natural killer cells in mul-
tiple myeloma patients using K562 cells expressing 
OX40 ligand and membrane-bound IL-18 and IL-21. 
Cancer Immunol Immunother 2022; 71: 613-625. 

31)	 Nakamura K, Kassem S, Cleynen A, Chrétien ML, 
Guillerey C, Putz EM, Bald T, Förster I, Vuckovic 
S, Hill GR, Masters SL, Chesi M, Bergsagel PL, 
Avet-Loiseau H, Martinet L, Smyth MJ. Dysregu-
lated IL-18 Is a Key Driver of Immunosuppression 

and a Possible Therapeutic Target in the Multiple 
Myeloma Microenvironment. Cancer Cell 2018; 
33: 634-648.e5. 

32)	 Alexandrakis MG, Passam FH, Sfiridaki K, Mo-
schandrea J, Pappa C, Liapi D, Petreli E, Roussou 
P, Kyriakou DS. Interleukin-18 in multiple myeloma 
patients: serum levels in relation to response to tre-
atment and survival. Leuk Res 2004; 2: 259-266.

33)	 Li Y, Li N, Yan Z, Li H, Chen L, Zhang Z, Fan G, 
Xu K, Li Z. Dysregulation of the NLRP3 inflamma-
some complex and related cytokines in patients 
with multiple myeloma. Hematology 2016; 21: 
144-151. 

34)	 Liu Y, Huang H, Saxena A, Xiang J. Intratumoral 
coinjection of two adenoviral vectors expressing 
functional interleukin-18 and inducible protein-10, 
respectively, synergizes to facilitate regression of 
established tumors. Cancer Gene Ther 2002; 9: 
533-542. 

35)	 Jonak ZL, Trulli S, Maier C, McCabe FL, Kirkpa-
trick R, Johanson K, Ho YS, Elefante L, Chen 
YJ, Herzyk D, Lotze MT, Johnson RK. High dose 
recombinant interleukin-18 induces an effective 
Th1 immune response to murine MOPC-315 pla-
smacytoma. J Immunother 2002; 25 (Suppl 1): 
S20-S27. 

36)	 Xiang J, Chen Z, Huang H, Moyana T. Regression 
of engineered myeloma cells, secreting interfe-
ron-g-inducing factor is mediated by both CD4+/
CD8+ T and natural killer cells. Leukemia Res 
2001; 25: 909-915.

37)	 Yamashita K, Iwasaki T, Tsujimura T, Sugihara A, 
Yamada N, Ueda H, Okamura H, Futani H, Maro S, 
Terada N. Interleukin-18 inhibits lodging and subse-
quent growth of human multiple myeloma cells in 
bone marrow. Oncol Rep 2002; 9: 1237-1244.

38)	 Nakanishi K, Yoshimoto T, Tsutsui H, Okamura 
H. Interleukin-18 is a unique cytokine that stimu-
lates both Th1 and Th2 responses depending on 
its cytokine milieu. Cytokine Growth Factor Rev 
2001; 12: 53-72.

39)	 Cao R, Farnebo J, Kurimoto M, Cao Y. Interleu-
kin-18 acts as an angiogenesis and tumor sup-
pressor. FASEB J 1999; 13: 2195-2202.

40)	 Alonci A, Allegra A, Bellomo G, Penna G, D'Angelo 
A, Quartarone E, Musolino C. Evaluation of circu-
lating endothelial cells, VEGF and VEGFR2 serum 
levels in patients with chronic myeloproliferative 
diseases. Hematol Oncol 2008; 26: 235-239.

41)	 Quartarone E, Alonci A, Allegra A, Bellomo G, Cala-
brò L, D'Angelo A, Del Fabro V, Grasso A, Cincotta 
M, Musolino C. Differential levels of soluble angio-
poietin-2 and Tie-2 in patients with hematological 
malignancies. Eur J Haematol 2006; 77: 480-485. 

42)	 Griffioen AW, Molema G. Angiogenesis: potentials 
for pharmacologic intervention in the treatment of 
cancer, cardiovascular diseases, and chronic in-
flammation. Pharmacol Rev 2000; 52: 237-268.

43)	 Kumar S, Witzig TE, Timm M, Haug J, Wellik L, 
Kimlinger TK, Greipp PR, Rajkumar SV. Bone 
marrow angiogenic ability and expression of an-



IL-18 in multiple myeloma

3887

giogenic cytokines in myeloma: evidence favo-
ring loss of marrow angiogenesis inhibitory acti-
vity with disease progression. Blood 2004; 85: 
800-805.

44)	 Coughlin CM, Salhany KE, Wysocka M, Aruga 
E, Kurzawa H, Chang AE, Hunter CA, Fox JC, 
Trinchieri G, Lee WM. Interleukin-12 and interleu-
kin-18 synergistically induce murine tumor regres-
sion which involves inhibition of angiogenesis. J 
Clin Invest 1998; 101: 1441-1452. 

45)	 Nagai H, Hara I, Horikawa T, Oka M, Kamidono S, 
Ichihashi M. Gene transfer of secreted-type mo-
dified interleukin-18 gene to B16F10 melanoma 
cells suppresses in vivo tumor growth through the 
inhibition of tumor vessel formation. J Invest Der-
matol 2002; 119: 541-548. 

46)	 Vidal-Vanaclocha F, Fantuzzi G, Mendoza L, 
Fuentes AM, Anasagasti MJ, Martín J, Carrascal 
T, Walsh P, Reznikov LL, Kim SH, Novick D, Ru-
binstein M, Dinarello CA. IL-18 regulates IL-1-de-
pendent hepatic melanoma metastasis via vascu-
lar cell adhesion molecule-1. Proc Natl Acad Sci 
USA 2000; 97: 734-739. 

47)	 Robak E, Wozniacka A, Jedrzejowska S, Stephien 
H, Robak T. Circulating angiogenesis inhibitor en-
dostatin and positive endothelial growth regulators 
in patients with systemic lupus erythematosus. 
Lupus 2002; 11: 348-355.

48)	 Wang J, Zeng AM, Liang SF. The Value of Serum 
HMGB1 and sRAGE in the Diagnosis, Efficacy 
Monitoring and Prognosis of Newly Diagnosed 
Multiple Myeloma. Zhongguo Shi Yan Xue Ye Xue 
Za Zhi 2022; 30: 493-500. (Chinese). 

49)	 Pusterla T, Nèmeth J, Stein I, Wiechert L, Knigin D, 
Marhenke S, Longerich T, Kumar V, Arnold B, Vogel 
A, Bierhaus A, Pikarsky E, Hess J, Angel P. Recep-
tor for advanced glycation endproducts (RAGE) is 
a key regulator of oval cell activation and inflamma-
tion-associated liver carcinogenesis in mice. Hepa-
tology (Baltimore, Md) 2013; 58: 363-373.

50)	 Wang W, Jiang H, Zhu H, Zhang H, Gong J, Zhang 
L, Ding Q. Overexpression of high mobility group 
box 1 and 2 is associated with the progression and 
angiogenesis of human bladder carcinoma Oncol 
Lett 2013; 5: 884-888.

51)	 Völp K, Brezniceanu LL, Bösser S, Brabletz T, 
Kirchner T, Göttel D, Joos S, Zörnig M. Increased 
expression of high mobility group box 1 (HMGB-1) 
is associated with an elevated level of the antia-
poptotic c-IAP2 protein in human colon carcino-
mas. Gut 2006; 55: 234-242.

52)	 Nakanishi K, Yoshimoto T, Tsutsui H, Okamura 
H. Interleukin-18 is a unique cytokine that stimu-
lates both Th1 and Th2 responses depending on 
its cytokine milieu. Cytokine Growth Factor Rev 
2002; 12: 53-72.


