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Cancer-related inflammation

Alberto Mantovani'”, Pacla Allavena', Antonio Sica® & Frances Balkwill*

The mediators and cellular effect ors of inflammation are imp ortant con stituents of the local environment of
tumours. In some types of cancer, inflam matnr',r-:-n ndltlunsare present before a nmllgnantd'la ngem:curs

Conversely, in other types of cancer, 2 COR
promotes the develosment of tumours, Rega rdless-nf its origin, sm-nulderlng‘ |r1fla mmatl-nn mthetu FRCLIF

microenvironmenthas many tumour-promoting effects. it aids in the proliferation and survival of malignant
cells, promotes angiogenesis and metastasis, subverts adaptive immune respons es, and alters responses
to hormones and chemotherapeutic agents. The molecular pat hways ofthis cancer-related inflammation
are now being unravelled, resulting in the identification of new target molecules that could lead to improved
diagnosis and treatment.

Nature 2008



N

= '|".‘

R

Y A1 (]

CRPZEHIHE S

-1B, IL-6, TNF-a) H®

IL-1B/IL-6/TNF-a
] 1
J i X =z 4 4 = ]7
’ V NV NV NV
’ one marrow ars
Liver andothallsm Hypothalamus Fat, muscle Dendritic cells
Acute-phase Neutrophil Increased Protein and TNF-a
proteins mobilization body energy stimulates
(C-reactive temperature mobilization migration
protein, to allow to lymph
mannose- increased nodes and
binding lectin) body maturation
temperature
~ = ~ = -~ = ~ =
N N N N NV
Activation of Phagocytosis Decreased viral and Initiation of
complement bacterial replication adaptive
Opsonization Increased antigen processing immune
Increased specific response

immune response

Figure 2-51 Immunobiology, 7ed. (© Garland Science 2008)
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’
N=20 N (=20) % (=100%)

Age (range) 58.9 (18-76)
Sex male 12 60.0%
female 8 40.0%
Primary Diagnosis lung 4 20.0%
colon 4 20.0%
liver 2 10.0%
stomach 2 10.0%
pancreas 2 10.0%
sarcoma 2 10.0%
uterus 1 5.0%
breast 1 5.0%
prostate 1 5.0%
Head&neck 1 5.0%
Histology adenocarcinoma 13 65.0%
squamous cell carcinoma 3 15.0%
others 4 20.0%
Anticancer therapy before the trial surgery 10 50.0%
chemotherapy 18 90.0%
radiotherapy 4 20.0%

Baseline laboratory data WBC 6135 (*+=3519)

Hb 11.2 (%=1.9)

Plt 23.1 (£13.3)

Neu% 58.2 (£14.2)

Lym% 295 (+=14.1)

=R ECRP 20019 (£33133)

Alb 3.9 (#+0.5)
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N=20 ow 2w 4w p{iE (Ow-2w)  pf{E (Ow-4w)
Baseline laboratory data
WBC 6135 (+3519) - 6195 (+3148) - 0.9365
Hb 11.2 (+1.9) - 11.4 (+1.9) - 0.6442
Plt 23.1(=%+13.3) - 24,9 (+=17.2) - 0.4996
Neu% 58.2 (+=14.2) - 56.1 (*+14.4) - 0.6384
Lym% 29 5(+14.1) - 31 0 (%10.9) - 0.7178
N/L 7 (£1.8) - 3 (£1.6) - 0.4221
= R ECRP 20019 21434 17738 0.8152 0.6738
(£33133) (£38580) (£37284)

)2 INBRK 3 B T cell (CD3+) (%) 68.8 (*+13.0) - 64.7 (+14.2) - 0.0606
B cell (CD20+) (%) 11.3(=%9.6) - 10.9 (£11.5) - 0.8095
NK cell (%) 21.2 (+=13.4) - 25.1(=%+13.2) - 0.1096
CD4+ T (%) 41.4 (£10.7) - 37.6 (x11.0) - 0.0929
CD8+ T (%) 23.2 (+4.4) - 24.5 (£7.6) - 0.3314
CD4 Naive T (%)  32.5(=%13.6) - 31.5(*14.3) - 0.3547
CD4 Memory T (%) 67.5(=%13.6) - 68.5 (*+14.3) - 0.3547

Treg (CD4+CD25+)
(%) 5.6 (%=3.3) - 7.1(%x4.7) - 0.1706

CD8+CD28+ T

(%) 58.5 (%£19.7) - 51.5(%17.1) - 0.0463

NK(CD56+CD16+)

Perforin+
GranzymeB+

(%) 89.8 (+15.3) - 89.8 (£11.7) - 0.991
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=2 Ow 2w 4wl (Ow-2w) _pi (Ow-4w)
M (ri;_/lrﬁl) (4_? 2262.4) (1181?1'3.0) (iz Zi'&) 0.0057* 0.3987
s (29256 (t1eaq) (213476 OO 0.2429
T?p:?:::)]a (14 2111559;6) (i3 53362.5) (13 22231.4) OHIERES 0.1524
baim) . (stwre7)  (s1ise) (s1212g OV 0965
g/ (s9556)  (43974)  (se10) 0062 08099
(;;-/1;') (181728) (19523'57_1) (ilg;g) 0.4949 0.3768
lLl%élgL/_rﬁf ” w874) (w702 (s8os 00T 00565
*p<0.05 **p<0.1
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#ERQ: QOLDHEF

N=20 Ow 2w 4w p{E (Ow-2w) __ pfE (Ow—4w)
QOL Global health
(igher is better)  stotis / QoL 583(239)  535(20.4) 583 (21.6) 0.1805 0.7682
Functional Scales Physical 79.7 (19.4) 76.8 (23.7) 77.7 (22.5) 0.339 0.4298
(higher is better)  functioning
Role functioning  76.7 (28.3) 76.5 (26.4) 72.5(29.3) 0.775 0.6094
Emotional 82.9 (13.5) 785 (19.7) 80.8 (22.1) 0.4527 0.7459
functioning
Cognitive 83.3 (20.2) 75.4 (25.7) 80 (23.3) 0.9052 0.645
functioning
Social
.. 86.7 (19.2) 76.3 (30.1) 81.7 (24.7) 0.1649 0.3308
functioning
Symptom Scales
(higher is worse) Fatigue 35.0 (21.1) 38.6 (27.3) 38.6 (24.1) 0.5357 0.3598
Nausea and 6.7 (11.3) 4.4 (12.2) 8.3 (23.9) 0.3796 0.7495
vomiting
Pain 24.2 (27.3) 20.4 (25.9) 21.7 (27.6) 0.2053 0.5209
Dyspnoea 20.0 (27.4) 19.3 (27.9) 18.3 (27.5) 0.5414 1
Insomnia 22.8 (33.4) 19.3 (25.6) 21.7 (29.1) 0.9992 0.9992
Appetite loss 25.0 (28.4) 29.8 (29.2) 23.3(26.7) 0.4818 0.7155
Constipation 13.3(25.1) 12.3 (25.4) 10.0 (24.4) 05778 0.3306
Diarrhoea 23.3 (32.6) 26.3 (32.5) 21.7 (22.4) 0.6305 0.7894
Financial 35.0 (31.5) 31.6 (36.0) 20.0 (25.1) 0.5461 0.0015%
difficulties

*p<0.05
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N=20 Total IL-1 B responder IL-1 B non-responder
N (=20) % (=100%)] N (=15) % (=75%) N(5) % (=25%) plE
34 B #%:@8 85 DRESICTEfl
LEUN 1 5.0% 1 6.67% 0 0.0% 0.8581
ELGL 7 35.0% 5 33.33% 2 40.0%
B 9 45.0% 7 46.67% 2 40.0%
N:E 3 15.0% 2 13.33% 1 20.0%
fEE~—h—H#F
B AME ] 3 15.0% 3 20.00% 0 0.0% 0.3342
ELXGL 2 10.0% 2 13.33% 0 0.0%
18 KA{EA] 12 60.0% 8 53.33% 4 80.0%
7B 3 15.0% 2 13.33% 1 20.0%
OS (& 7FHAMD)
ZEHSDOS(A) 30 30 28 0.7318
LMFRASREF M5 NDOS (A ) 11 13 5 0.0238%

*p<0.05
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<IL-1B responder/non-responder® & = LLEX >

N=20 IL-1 8 responder IL-1 8 non-responder
N (=15) % (=75%) N (=5) % (=25%) pfE
Age (range) 59.7 (18-76) 56.6 (52-63) 0.6673
BMI (£SD) 21.0 (£3.7) 21.1 (x4.9) 0.9369
Sex male 7 46.7% 5 100.0% 0.0128
female 8 53.3% 0 0.0%
Primary Diagnosis lung 3 20.0% 1 20.0% 0.1958
colon 3 20.0% 1 20.0%
liver 2 13.3% 0 0.0%
pancreas 0 0.0% 2 40.0%
stomach 2 13.3% 0 0.0%
sarcoma 2 13.3% 0 0.0%
uterus 1 6.7% 0 0.0%
breast 1 6.7% 0 0.0%
prostate 1 6.7% 0 0.0%
Head&neck 0 0.0% 1 20.0%
Histology adenocarcinoma 9 60.0% 4 80.0% 0.269
squamous cell
carcinoma 2 13.3% 1 20.0%
others 4 26.7% 0 0.0%
Anticancer therapy before the trial surgery 8 53.3% 2 40.0% 0.6046
chemotherapy 14 93.3% 4 80.0% 0.4196
radiotherapy 3 20.0% 1 20.0% 1
Baseline laboratory data WBC 6320 (930) 5580 (1610) 0.6953
Hb 11.1 (0.5) 11.2 (0.9) 0.9469
Plt 23.1 (35.4) 23.1 (61.3) 0.9963
Neu% 57.4 (3.7) 60.4 (6.5) 0.6953
LymY% 30.3 (3.7) 27.1 (6.4) 0.6645
=% ECRP 17009 (8674) 29048 (15024) 0.4965
Alb 41 (0.1) 3.3 (0.3) 0.0326




IL-1B responder¥/non-responder&f T
TOMDYAHA RS

IL-1 responder (N=15)

IL-1 8 non-responder (N=5)

N=20 pfE (Ow- p{E (Ow- pfE (Ow- p{iE (Ow-
Ow 2w 4w Ow 2w 4w
2w) 4w) 2w) 4w)
IL-18 | 4463 1889 3013 93.8 193 189.6
(pg/ml) |(%£268.2) (*£135.8) (£370.2) e 02604 (£715) (%+1805) (+2145) 0.1283 0.4299
IL-6 15633 9712  1568.9 41046 31776 17896
(pe/ml) |(1383.3) (£492.3) (+1335.2) 9009 09894 1 4130y (2717.5) (= 1530.1) 0316° 01289
TNFa | 51906 31232 41529 3705.6 3659 34818
(pe/ml) |(+3214.8) (+2808.1) (== 19535 O0* 01033 i 49573y (+3477.6) (- 38486) 09790 08848
IFN-v | 20045 16823 20575 2228 20042 20208
(pg/ml) [(£1138.7) (£986.3) (+1129.8) 0.1545 08758 (£1769.8) (£=1784.5) (+=1586.7) 0.7366 0.6964
IL-2 3213 1985  430.7 6222 5548 393.4
(be/ml) |(£3135) (+1493) (x6342)| 20293 03573 1 10133) (+7220) (x5907)| 0734 0304
IL-17 71.2 62.5 90.5 110.2 183 132.6
(bg/ml) | (£724) (2554) (x794) | 00370 04765 1 g3y (41363) (117200038 0646
IL12/IL-
130.5 86.1 73.5 162 133 183
23040 | 1 900) (+558) (+406) |20091FF Q0196 | of 0y (+1022) (x1167)| 00812 03638
(pg/ml)
*p<0.05  **p<0.1
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THARZ D | & BE (exhaustion) |
CREVIEW  IMMUNOLOGICAL MEMORY

nature
immunology

cell exhaustion
E John Wherry

T cell exhaustion is a state of T cell dysfunction that arises during many chronic infections and cancer. It is defined by poor
effector function, sustained expression of inhibitory receptors and a transcriptional state distinct from that of functional effector
or memory T cells. Exhaustion prevents optimal control of infection and tumors. Recently, a clearer picture of the functional and
phenotypic profile of exhausted T cells has emerged and T cell exhaustion has been defined in many experimental and clinical
settings. Although the pathways involved remain to be fully defined, advances in the molecular delineation of T cell exhaustion
are clarifying the underlying causes of this state of differentiation and also suggest promising therapeutic opportunities.
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Chemotherapy-triggered cathepsin B release in
myeloid-derived suppressor cells activates the Nlrp3
inflammasome and promotes tumor growth

Mélanie Bruchard !>, Grégoire Mignot!-28, Valentin Derangére!-2, Fanny Chalmin!-2, Angélique Chevriaux!'-3,

Frédérique Végran!-2, Wilfrid Boireau®, Benoit Simon*, Bernhard Ryffel’, Jean Louis Connat®,
Jean Kanellopoulos”, Frangois Martin!-2, Cédric Rébél-3, Lionel Apetoh!-38 & Francois Ghiringhellil-38

Chemotherapeutic agents are widely used for cancer treatment. In addition to their direct cytotoxic effects, these agents harness
the host’s immune system, which contributes to their antitumor activity. Here we show that two clinically used chemotherapeutic
agents, gemcitabine (Gem) and 5-fluorouracil (5FU), activate the NOD-like receptor family, pyrin domain containing-3 protein
(NIrp3)-dependent caspase-1 activation complex (termed the inflammasome) in myeloid-derived suppressor cells (MDSCs),
leading to production of interleukin-18 (IL-18). which curtails anticancer immunity. Chemotherapy-triggered IL-1 secretion
relied on lysosomal permeabilization and the release of cathepsin B, which bound to Nlrp3 and drove caspase-1 activation.
MDSC-derived IL-1p induced secretion of IL-17 by CD4+ T cells, which blunted the anticancer efficacy of the chemotherapy.
Accordingly, Gem and 5FU exerted higher antitumor effects when tumors were established in Nlrp3~/- or Casp1~/- mice or
wild-type mice treated with interleukin-1 receptor antagonist (IL-1Ra). Altogether, these results identify how activation of the
Nirp3 inflammasome in MDSCs by 5FU and Gem limits the antitumor efficacy of these chemotherapeutic agents.

NATURE MEDICINE VOLUME 19 | NUMBER 1 | JANUARY 2013
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5FU and Gem promote the secretion of IL-1f3
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(a) MDSCs from wild-type tumor-bearing mice treated with Gem or 5FU
secreted IL-1.

(d) In the cohort of patients with metastatic colorectal cancer who were treated
with 5FU-based chemotherapy, IL-18 serum concentrations were increased
in 9 out of 12 patients 24 h after 5FU administration (P = 0.03)



IL-183 production restrains 5FU antitumor effect
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Administration of anti IL-1 (IL-1Ra: Anakinra®) enhanced the antitumor
efficacy of 5FU in the tumor-bearing model and the combination induced
cure in 45% of the mice (Fig. b).

¥ IL-1Ra: Anakinra®: IL-1 LT A2—7 AT =X K(IL-1Ra) T, IL-1 NHIEARE D Z AL
BRI ODZEHETHIL-1 DFEMINFIME, E/ILETIL-10 50~ 100 L E®D
IL-1Ra DNFETET B EIL-1 DFEEMNTOTVIEND,
KETT TIZ RA DREEIEZEZ T TEHY (Anakinral 7 F+F232) . EBmBEF <L vk,
Amgen %t). 100mg MDEH K TR S5 TR\ TS,
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This report unravels a new mechanism of resistance to chemo-
therapy by highlighting the downside of two widely used
anticancer cytotoxic agents, 5FU and Gem. Although these drugs
induce MDSC killing and thus impede tumor-induced
immunosuppression, they also mediate cathepsin B—dependent
activation of the NLRP3 inflammasome. Consecutive IL-1 release
promotes a state of inflammation that enhances IL-17 production
and accelerates tumor growth. As caspase-1 activation in MDSCs
and IL-1B production can also be detected in patients treated with
5FU for metastatic colon cancer, our work supports the use of
inhibitors of IL-1B or the NLRP3 inflammasome in combination

with SFU or Gem to enhance their efficacy
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Filled circle, rats in the 5—FU group (n=27);
Unfilled circle, rats in the control group (N=5). Int. J. Cancer: 107, 303-308 (2003)
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Fucoidan reduces the toxicities of chemotherapy for patients
with unresectable advanced or recurrent colorectal cancer

MASAHIDE IKEGUCHI!, MANABU ¥YAMAMOTO!, YOSUKE ARAI!, YOSHIHIKO MAETA!,
KEIGO ASHIDA', KUNIYUKI KATANO', YASUNARI MIET® and TAKAYUKI KIMURA®

lJ_‘,Ii:[::mrtrni:m of Surgery, Division of Surgical Oncology, Faculty of Medicine, Tottort University,
Yonago 683-8504; IMarine Products Kimuraya, Co., Ltd., Sakaiminato 684-0072, Japan

Recerved September 27, 2010; Accepted January 4, 2011

DOI: 10.53892/0l 2011.254

Abstract. Combination chemotherapy with oxalplatin plus
S-fluorouracillevcovarin (FOLFOX) or innotecan plus 5-fluo-
rouracil/levcovorin (FOLFIRI) has become a standard regimen
for advanced or recurrent colorectal cancer. Numerous studies
have reported that long-term use of FOLFOX or FOLFIRI
leads to better survival for these patients. Thus, control of the
toxacity of these drugs may be crucial to prolonging survival.
Fucowdan 15 one of the major sulfated polysacchandes of
brovam seaweeds and exhibits a wide range of biological activi-
ties. In the present study, we analyzed the effect of fucoddan
on suppressing the toxicity of anti-cancer drugs. A total of 20
patients with unresectable advanced or recurrent colorectal
cancer scheduled to undergo treatment with FOLFOX or
FOLFIRI were randomly allocated into a fucoidan treatment
group (n=10) and a control group without fucoidan treatment
m=101 Resulis shoraed that fucocdan reanlated the occurrenes

(LV) (FOLFOX) or irinotecan plus 5-FU/LY (FOLFIRD)
has become the standard regimen for advanced or recurrent
colorectal cancer, and a high response rate has been reported
(1-3). However, FOLFOX and FOLFIRI are associated with
severe toxicity, such as nausea, vomiting, stomatitis, diarchea,
fatigue, neutropenia, ancemia, thrombocytopenia and liver
dysfunction. A number of patients discontinue these effective
chemaotherapies due to toxicity. Thus, the prognosis of patients
with unresectable advanced or recurrent colorectal cancer
remains low despite advances in chemotherapeutic drugs.

To reduce the toxicity of chemotherapeutic drugs, various
types of drugs or dietary supplements have been introduced
{4-6). Among these supplements, fucowdan has been reported
to exhibat anti-inflammatory, antiviral and anbi-tumor activities
(7-9). Fucoidan is a sulfated polysacchande found mainly in
viarioas soectes af hreman seaweeds such as bombo wak ame
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Table II. Major adverse events.®

4+ Fucoidan - Fucoidan  P-value

No. of patients 10 10

Leukocytopenia 1 0 0.305
Neutropenia 3 4 0.639
Anemia 2 1 0.531
Thrombocytopenia 0 2 0.136
Nausea 1 1 1.000
Diarrhea 1 2 0.531
Stomatitis 3 1 0.264
Fatigue 1 6 0019
Peripheral neuropathy 3 5 0.361
Liver dysfunction 0 2 0.136
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Figure 1. Survival curves of advanced or recurrent colorectal cancer
patients. Solid line, survival curve of 10 patients who received fucoidan
treatment. Dotted line, survival curve of 10 patients who did not receive
fucoidan treatment. The difference was not significant (P=0.314).
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Functioning scales symptom scales

Physical Fatigue 10, 12, 18

Role Pain 9, 19

Cognitive Nausea/vomiting 14, 15

Emotional Dyspnea 8

Social Sleep disturbance 11

Global QOL Appetite loss 13
Constipation 16
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Why not treat human cancer with interleukin-1 blockade?

Charles A. Dinarello

Published cmline: 2B April 2014

L) The Authoeis} 2000. This article is publxhed with aopen access 2t Sprmgerlink.cam

Abstract The clinical successes of margeting angiogencsis
provide a hasis for mials of interleukin-1 (IL-1) blockade
and particularly anti-IL-1 as an add-on therapy in human
metastatic disease. In animal studies for over 20 years, 11-1
has been demonstrated to inerease adherence of tumor cells
to the cndothelium (4 witre, and administration of IL-1 to
mice increases the number of metastatic colonies and tumor
growth. Importantly, reducing endogenous 1L-1 activity,
particularly IL-1B, with the naturally occurring [L-]
receptor antagonist {[L-1Ra) reduces both metastasis as
well as tumor burden. Inhibitton of IL-1 activity prevents
vive blood w:qgcl formation m-:lu-:nd |:|}' products released

P - m D o . . T L | N ]

activity, the safety of blocking 11.-1, and the clear benefit of
blocking 1L-1 activity in animal models of metastasis and

angiogencsis, clinical trials of IL-1 bleckade should be
initiated, particularly as an add-on therapy of patients
receiving antiangiogencsis-based therapics.

Keywords Cytokines - Inflammation - Anglogenesis -
[nflammasome - Necrosis - Endathelinom - [Innate immune
TCSpOnse

1 Chronie inflammation and IL-1-mediated
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Inflammasomes in carcinogenesis and
anticancer immune responses

Laurence Zitvogel' ™, Oliver Kepp'™**, Lorenzo Galluzzi'** & Guido Kroemer'”*

In the complex interplay between malignant cells and their micreenvirenment, caspase-1 activation complexes {inflammasomes)
hawe contrasting redes. Inflammasomes may operate at the cell-autonsmeus level ta eliminate malignant precursars through
programmed cell death or, conversely, may stimulate the production of trophic factors for cancer cells and their stroma.

In inflammatory cells, caspase-1 activation can fuel a cycle that leads to sterile inflammation and carcinogenesis, whereas in
antigen-presenting cells, inflammasomes can stimulate anticancer immune responses. The inhibition of inflammasemes or
nieutralization of their predwcts, mainly interleukin L@ (IL- 1B} and IL-18, has profound effects on carcinagenssis and tumar
progression. Thus, inflammasomes are promising therapeutic targets in cancer-related clinical conditions. Here we discuss
present and future indications for the clinical use of inflammasome inhibitors.

Inflarnmasomes are multiprotein complexes that operate as platiorms
for the activation of caspase-1 (refs. 1,1} and can be categorized
according to their main constituent as NLREFL, NLEP3, NLRCA,
MLEPS and AIMI inflammasoaes, Multiple factors interact with and
hence favar the activation of inflammasomes, incheding the viral BXA
receptor RIG-1 and the Mod-like receptor (MLR) NLRCS {refs. 5,40
Active caspase- | catalyzes the proteolytic maturation of a set of pro

inflammatary cytokines; in exceptional circumsfances, this process
can be acoompanied by a lethal cascade known :I:-'p'!.'I'D]:ItDSES"E. Muore
frequently, however, 2 first signal stimulates the expression of the
precurser to interleakin I {pro-IL- L) or pro-IL- 18, and a second
sigmal, which leads to inflammasome activation, allows the release of
mature IL-1 ar IL-18 in the absence of cell death®. The activatian
of the best-studied inflammmasome, the MLEPY inflammasome, can
follow various perturbations in cellular physiology, including mito

chondrial or lysosomal permeabilization, enhanced production of
reactive oxygen species and efflux of potassium jons, in accordance
with the pleiotropic functions of inflammation as a general response

engage in stimulatory or inhibiory interactions with stromal com
ponents. Cancer can arise as a censeguence of chronic inflamma
tion, if malignant cells escape from or suppress immuonosurveillance
mecharisms'®. Thus, carcinageness and tumor progression are either
stimulated or restrained by inflammatory and immune processes,
respectively. As their names imply, inflammasemes have a critical
rale in autoinflammatory syndromes, conditions featuring recur
rent episades of systemic inflammation without {known} pathogens,
autaantibodies or antigen-specific T cells"" ", Inflammasomes can
also influence the formation, progression and therapewtic response
of carcer through their contribution to tissue homeostasis, inflam
mation and immune responses {Box 1).

Here we dizcuss the broad effect of inflaimmasomes on carcine
genesis and tumor progression and explore the possible therapewtic
applications of pharmacelogical agents designed to activate or antago
nize inflammasomes or their products in clinical oncology.

Oncosuppressive potential of inflammasome-induced death
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Table 1 Possible therapeutic indications for IL-1 blockade in cancer

Category Pathology or indication Obsarvation or mechanism Refs.
Pravantion Breast cancar In soma mouse models of ganetically induced cancer, blockade of IL-1 via 40,41
Fibrosarcoma anakinra or defective IL-1p or IL-1R1 system prevents cancer development.
Chemical carcinogens may have less efficacy after inactivation of IL-1p or IL-1R1.
Therapy Melanoma Anzkinra or genetic inactivation of the IL-1p-IL-1R1 system can lead to lass 36
melanoma growth in mica.
amoldering myeloma A phase 2 clinical study indicates that anakinra combined with high-dosa 37
dexamethasone retards malignant prograssion.
Castloman’s diseasa Two case reports suggest tha clinical utility of anakinra for the treatment of this 95,96
diseasa.
Decrease in therapeutic  Anthracyclin-induced cardiomyopathy Doxorubicin induces the activation of the NLRP3 inflammasome in wiro. 97,98

side effects

Palliative care

Bleomycin-induced pulmonary fibrosis

5-fluorowracil-induced intastinal mucositis

Cognitive dysfunction after surgery

Bone cancear pain

Meuropathic pain

Pretreatmeant of mice with anakinra protects them from doxorubicin-induced

maortality, heart damage, cardiomyocyte apoptosis and cardiac dysfunction.
Bleomycin-induced lung injury involves urate- and ATP-P2RX7-induced activation 100
of MLRP3 inflammasomes. The diseasa is recapitulated by IL-18 administration and

can be attenuated by anakinra.

S-fluorouracil induces IL-1p axpression, apoptosis of colonocytes, intestinal crypt 99
proliferation and mucositis, effects that are blocked by administration of anakinra.
General anesthesia and surgery causa hippocampal IL-18 expression, reactive 101

microgliosis and mamory impairment. Anakinra pretreatment mitigates
neuroinflammatory and cognitive dysfunctions after surgery.

In @ mouse model of bone cancer pain (tibial osteosarcoma) with local IL-18 102,103
production, systemic anakinra limits thermal and meachanical hyperalgasia.

In rats with tibial prostate cancer, |L-1 blockade limits mechanical hyperalgesia

as it inhibits the phosphorylation of the NMDA receptor NR-1 in the spinal cord.

IL-1 blockade limits subjective pain, enhances autonomy and limits pain-associatad 126
spontanacus neuronal activity.

Nature Immunology 2012; 13: 343-51.
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Antagonists of the IL-1R1 receptor (anakinra) can inhibit this
signaling cascade, leading to immune system—mediated
eradication of cancer cells.
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