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Abstract
Purpose: Although the significance of Interleukin-18 (IL-18) has been studied inpathogenesis of different cancers including, ovarian, gastric, breast, lung carcinomaand melanoma, its role in thyroid cancer- the most common endocrine malignancyhas not yet been looked at extensively. Hence, this study intended to examine therole of IL-18 in thyroid tumorigenesis. Methods: Sixty seven patients with benignthyroid diseases and 106 thyroid cancer patients (including 83 papillary, 6follicular, 9 medullary and 8 anaplastic thyroid carcinoma patients) were enrolledin the study. To accomplish the aim, the circulating levels of IL-18 were estimatedby enzyme linked immunosorbent assay (ELISA) from all patients and comparedwith controls. Further, protein expression of IL-18 was determined from theprimary tumors of the patients using immunohistochemistry. Results: It wasobserved that the circulating levels of IL-18 were significantly higher in allpatients: benign thyroid diseases (p = 0.006), papillary (p < 0.001), follicular (p =0.023), medullary (p = 0.002) and anaplastic thyroid cancer (p < 0.001) than thecontrols. In addition to this, IL-18 could well discriminate papillary (AUC = 0.627, p=0.008) and anaplastic thyroid carcinoma patients (AUC = 0.777, p = 0.011) frompatients with benign thyroid diseases. However, the difference between tumoralprotein expression of IL-18 in patients with benign thyroid diseases and thyroidcarcinoma was not significant. The Kaplan - Meier survival analysis revealed thatneither the circulating nor the tumoral protein expression of IL-18 was thesignificant predictor of disease free survival (DFS) or overall survival (OS) inpapillary thyroid cancer patients. Conclusion: Though not a significantprognosticator, circulating IL-18 may be useful as a differentiating factor in thyroidtumorigenesis and the increase in serum IL-18 levels may be provoked in responseto the tumor. Thus, including IL-18 along with the current treatment practice mayhave a significant role in better management of the disease. However, furtherexploration of this interleukin is required in a larger series of patients with longerfollow up period.
Keywords: IL-18, Thyroid tumorigenesis, Papillary thyroid cancer, Immuno-histochemistry, ELISA

1. IntroductionInterleukin-18 (IL-18), first discovered as Interferon-γ(IFN-γ) inducing factor, is a pleiotropic,proinflammatory cytokine with dual effects on tumordevelopment and progression.1 On one hand, it caninduce Th1 immune response, which is generallyregarded as the immune reaction acting againstmalignant tumors and on the other hand, it can promoteTh2 immune responses that may inhibit recognition ofcancer cells by immune cells, thus increasing theadhesion molecules, inducing production of angiogenic

factors, and promoting a prometastatic micro-environment.2,3IL-18 is secreted by multiple cell types, including T andB cells, monocytes, macrophages, and some tumor cells.4It can be secreted as both mature as well as inactiveforms. IL-18 receptor (IL-18R) contains a ligand bindingα chain and a signal transducing domain β chain.5 Onbinding of IL-18 to IL-18Rα, the IL-18Rβ transduces itssignal to activate the mitogen-activated protein kinase(MAPK) pathway.1 IL-18 is also a costimulatory factorfor the induction of IL–12 - mediated interferon-γproduction by Th cells. In a potential direct negative

http://ijcto.org
http://dx.doi.org/10.14319/ijcto.44.1


2 Kobawala et al.: IL-18 in thyroid cancer                                        International Journal of Cancer Therapy and Oncology
www.ijcto.org

© Kobawala et al. ISSN 2330-4049

feedback mechanism, IFN-γ induces the expression ofthe antagonistic IL-18 binding protein (IL-18bp), whichacts to inhibit IL-18 activity, and this in turn controlsIL-18 induced production of IFN-γ.2 Thus, the activity ofIL-18 is regulated by IL-18bp. On the other hand,downregulated IL-12 and IFN-γ would theoreticallyresult in similarly reduced IL-18bp expression. Absenceof this negative stimulus substantially explains thatincreased concentrations of IL-18 were correlated withadvanced stages and were also found to beindependently associated with shorter overall survival(OS) in various human cancers.6Various studies indicated the role of IL-18 inpathogenesis of different cancers like, ovarian, gastric,breast, lung carcinoma and melanoma.1, 7-12 However, itsrole in thyroid cancer - the most common endocrinemalignancy has not yet been explored extensively.Hence, this study specifically aimed to examine the roleof IL-18 in benign thyroid disease and thyroid cancerpatients and correlate the results withclinicopathological parameters and disease outcome.
2. Methods and Materials
2.1. PatientsPatients with benign thyroid diseases (N = 67), andthyroid cancer (N = 106), (papillary thyroid cancer(PTC): N = 83, follicular thyroid cancer (FTC): N = 6,medullary thyroid cancer (MTC): N = 9 and anaplasticthyroid cancer (ATC): N = 8) enrolled at our institute,were included in the study. All these patients werewithout any history of autoimmune disease, did notreceive any pre-treatment and none of them were takingany immunosuppressive or immunomodulant drugs.Sixty seven percent (45/67) patients with benignthyroid diseases, suspicious for having malignancy wereoperated at our institute. The thyroid cancer patients,(except 4/8 ATC patients who were unresectable)underwent surgery at the Department of SurgicalOncology of our institute. Only PTC patients which weresimilar as those cited in our previous articles,13, 14 wereconsidered for the correlation analysis. Theclinicopathological characteristics of these PTC patientsare depicted in Table 1.13, 14 While the patients withother three types of thyroid cancers were included forincidental studies only, as the number of patients werevery low for statistical analysis. The clinicians of theinstitute decided the treatment strategies. The primarytreatment offered to the patients was either surgery orsurgery followed by radioiodine ablation (RIA) therapyor surgery followed by RIA therapy and radiotherapyboth. Surgery was performed by the oncosurgeons,

while the RIA therapy and radiotherapy were institutedat the Nuclear Medicine department and Radiotherapydepartment, respectively. The clinical andhistopathological details of the patients were noted fromthe case files maintained at the Medical recorddepartment of the institute. The histologicalclassification of the tumors was in accordance with theWHO classification. The PTC patients were stagedaccording to the AJCC/UICC TNM staging system andwere accordingly grouped into younger (< 45 years) andelder (≥ 45 years) age groups. The patients werefollowed for a period of 4 years or until death withinthat period. For OS analysis, complete follow-up detailswere obtained in 92% (76/83) of PTC patients. Amongstthem, 9% (7/76) patients had persistent disease andhence were excluded from the disease free survival(DFS) analysis. Thus, for DFS analysis, 69/76 PTCpatients were included.
2.2. Sample collectionAll samples were collected with informed consent fromthe subjects and the study was approved by InstitutionalScientific and Ethical Committees. Pretherapeutic bloodsamples were collected from all patients as well as from67 controls to determine the circulating levels of IL-18.Serum was separated after centrifugation and waspreserved at -80˚C until analysis. ForImmunohistochemical localisation of IL-18 proteinexpression, paraffin embedded tissue blocks of all thepatients (who underwent surgery) were retrieved fromthe Histopathology department of the institute.
2.3. Circulating levels of IL-18 by Enzyme linked
Immunosorbent Assay (ELISA)The circulating levels of IL-18 were estimated from theserum samples of the subjects using commerciallyavailable ELISA kit from Krishgen Biosystems, as permanufacturer’s instructions. The absorbance was read at450 nm in Multiskan® Spectrum MicroplateSpectrophotometer (Thermo Labsystems), within 30minutes of stopping the reaction. A standard curve wasplot in Graphpad prism 5 software with concentration ofstandards on X-axis and absorbance on Y-axis. Theunknown concentrations were interpreted by thesoftware from the standard curve generated. Theconcentrations of the diluted samples were multipliedby the dilution factor to determine the actualconcentration. The circulating levels were expressed asmean ± standard error (M ± SE) and for survivalanalysis, the median value was used as cut-off to dividethe PTC patients into low (≤ median) and high (>median) level groups, respectively.
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Table 1: Clinicopathological characteristics of PTC patientsCharacteristics N (%) Characteristics N (%)Age Bilaterality<45 years≥45 years 41 (49)42 (51) UnilateralBilateral 61 (74)22 (26)Gender Haemorrhagic areaFemaleMale 56 (68)27 (32) AbsentPresent 72 (87)11 (13)Tumour size NecrosisT1 (N=16)+T2 (N=22)T3 (N=30)+T4 (N=15) 38 (46)45 (54) AbsentPresent 67 (81)16 (19)Nodal status CalcificationAbsentPresent 30 (36)53 (64) AbsentPresent 32 (39)51 (61)Metastasis Extrathyroidal extensionAbsentPresent 73 (88)10 (12) AbsentPresent 52 (63)31 (37)Stage FibrosisEarly [Stage I (N=37) + Stage II (N=12)]Advanced [Stage III (N=11)+ StageIV(N=23)] 49 (59)34 (41) AbsentPresent 61 (74)22 (26)
Lymphatic permeation InflammationAbsentPresent 67 (81)16 (19) AbsentPresent 46 (55)37 (45)Vascular permeation DifferentiationAbsentPresent 74 (89)09 (11) WellModerate/ Poor 76 (92)07 (08)Capsular Invasion MultifocalityAbsentPresent 55 (66)28 (34) AbsentPresent 64 (77)19 (23)Encapsulation Residual DiseaseWell encapsulatedPartially/Not encapsulated 76 (92)07 (08) AbsentPresent 24 (29)59 (71)TreatmentSurgery 29 (35)Surgery + RIA and/RT 54 (65) Surgery + RIA 50 (60)Surgery + RIA +RT 04 (05)Disease StatusReccurrence/Distant Metastasis (N=69) Alive/Dead (N=76)Absent 62 (90) Alive 68 (89)Present 07 (10) Dead 08 (11)Recurrence 3 (4)Distant metastasis 4 (6)Bone 1 (1.5)Lung 2 (3.0)Bone + Lung 1 (1.5)
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Figure 1: ROC curves of serum IL-18 in patients with thyroid diseases vs controls
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Table 2: Significance of circulating levels of IL-8, IL-12, IL-18 and TNF-α in patients with benign thyroid diseases and thyroidcarcinoma as compared to controlsSubjects Circulating IL-18M ± SE (pg/ml) p valueControls (N=67) 188.56 ± 31.82Benign thyroid disease (N=67) 305.81 ± 27.11 0.006*Thyroid carcinoma ( N=106) 430.18 ± 27.49 <0.001*0.003@Papillary thyroid carcinoma (N=83) 402.17 ± 28.05 <0.001*0.016@Follicular thyroid carcinoma (N=6) 439.22 ± 54.01 0.023*0.153@Medullary thyroid carcinoma (N=9) 510.81 ± 144.99 0.002*0.026@Anaplastic thyroid carcinoma (N=8) 617.04 ± 137.22 <0.001*0.001@*Significance of circulating IL-18 in patients vs controls@ Significance of circulating IL-18 in patients with thyroid cancer vs benign thyroid diseases
Table 3: Correlation of circulating levels of IL-18 with clinicopathological parameters of PTC patientsParameter N IL-18Mean ± SE p valueLymphatic permeationAbsent 67 371.24 ± 29.12 0.020Present 16 534.87 ± 72.45Haemorrhagic areaAbsent 72 374.22 ± 24.51 0.008Present 11 589.68 ± 129.34
Table 4: Incidence of the cytokine expression in patients with benign thyroid disease and thyroid cancerIL-18 expression N (%) Median IRS SignificanceBenign thyroid disease(N=45) 44 (98)Cytoplasmic 44 (98) 6Nuclear 33 (73) 4PTC (N=83) 83 (100)Cytoplasmic 82 (99) 6 χ2=3.032, r=+0.154, p=0.083Nuclear 63 (76) 4 χ2=0.001, r=+0.003, P=0.973FTC (N=6) 6 (100)Cytoplasmic 6 (100) 5 χ2=0.213, r=+0.129, p=0.645Nuclear 4 (67) 2.5 χ2=0.000, r=+0.022, P=1.000MTC (N=9) 9 (100)Cytoplasmic 8 (89) 4 χ2=0.000, r=+0.018, p=1.000Nuclear 6 (67) 4 χ2=0.000, r=-0.017, p=1.000ATC (N=4) 4 (100)Cytoplasmic 4 (100) 4 χ2=0.047, r=+0.110, p=0.829Nuclear 2 (50) 1 χ2=0.000, r=+0.018, p=1.000
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Table 5: Univariate survival analysis (of circulating and tumoral protein expression of IL-18) for DFS and OS in PTC patients(N=69)Disease free survival (DFS) Overall survival (OS)Circulating IL-18 N Patients relapsedN (%) Circulating IL-18 N Patients diedN (%)Low 34 3 (9) Low 38 5 (13)High 35 4 (11) High 38 3 (8)Log rank=0.126, df=1, p=0.723 Log rank=0.589, df=1, p=0.443IL-18 expressionCytoplasmic CytoplasmicLow 37 3 (8) Low 41 5 (12)High 32 4 (12) High 35 3 (9)Log rank=0.402, df=1, p=0.526 Log rank=0.285, df=1, p=0.594Nuclear NuclearLow 37 5 (13) Low 41 5 (12)High 32 2 (6) High 35 3 (9)Log rank=1.020, df=1, p=0.313 Log rank=0.244, df=1, p=0.621
(a) (b)

Figure 2: ROC curves of serum IL-18 in patients with thyroid cancer vs benign thyroid diseases

(a) (b) (c)
Figure 3: Photomicrographs showing staining for IL-18. Cytoplasmic and nuclear staining for IL-18 in (a) benign goitre, (b)Follicular variant of papillary carcinoma and (c) Negative control for IL-18 in PTC
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2.4. Tumoral protein expression of IL-18 by
Immunohistochemistry (IHC)For detection of IL-18 protein expression from tumors,3-5 μm thick sections were cut from the formalin fixedparaffin embedded tissue blocks and mounted on 3 -Aminopropyltriethoxysilane (APES) coated glass slides,followed by immunohistochemical staining with HRPpolymerization technique performed using primaryrabbit polyclonal IL-18 antibody from SantacruzBiotechnology, Inc. (sc - 7954) at 1:50 dilution andMACH4 Universal HRP-Polymer Detection System fromBiocare Medicals, USA; as per manufacturer’s protocolrecommendations. For retrieval of antigen, the sectionswere heated in 10 mM sodium citrate buffer (pH, 6.0) for20 minutes in a pressure cooker prior to application ofthe primary antibody. Scoring of the stained sectionswas done by two individual observers independently ina blinded fashion using a semiquantitativeImmunoreactive Score (IRS) method of Remelle andStegner (1987), based on staining positivity and stainingintensity.15 Staining positivity was scored as 0 for nostained cells, 1 for staining in 1% to 10% of cells, 2 forstaining in 11% to 50% of cells, 3 for staining in 50% to80% of cells and 4 for staining in > 80% of cells. Thestaining intensity was scored as 0 for no staining, 1 forweak/faint staining, 2 for moderate staining and 3 forintense/dark staining. The IRS score was then obtainedas a product of staining positivity and staining intensityand therefore, theoretically the scores could range from0 to 12. For statistical evaluation, cytoplasmic andnuclear expressions were scored independently andtaken into account separately. The median IRS was usedas cut-off value to divide the patients into low (≤ medianIRS) and high (> median IRS) expression groups,respectively.
2.5. Statistical analysisThe data were analyzed statistically using the StatisticalPackage for Social Sciences (SPSS) software version 16(SPSS Inc, USA). Independent Samples T-test was used tocompare the means of circulating levels. Receiver’soperating characteristic (ROC) curves were constructedto determine the discriminating efficacy of thecirculating IL-18. Two- tailed χ2 test was used tocompare the tumoral protein expressions. In case of lessthan five patients in the cells of 2 x 2 tables, Yate’scontinuity correction value alongwith its two-tailedsignificance was taken into consideration. Correlationbetween two parameters was calculated usingSpearman’s correlation coefficient (r) method.Univariate survival analysis was evaluated usingKaplan-Meier method and Log rank test was used toanalyse difference in survival curves and to assess theprognostic significance of DFS and OS. p values ≤ 0.05were considered to be significant.

3. Results
3.1. Circulating levels of IL-18 in healthy
individuals, patients with benign thyroid diseases
and thyroid cancerThe circulating levels (Mean ± Standard Error, M ± SE) ofIL-18 in controls, in patients with benign thyroid diseasesand thyroid cancer are depicted in Table 2.The circulating levels IL-18 were significantly higher inall patients: benign thyroid diseases (p = 0.006), PTC (p <0.001), FTC (p = 0.023), MTC (p = 0.002) and ATC (p <0.001) than the controls [Table 2].The ROC curves were generated to reveal the efficacy ofsignificantly elevated IL-18 levels in order todifferentiate the controls and patients with differentthyroid diseases. The results demonstrated that serumIL-18 levels could significantly differentiate patientswith benign thyroid diseases (AUC = 0.698, p < 0.001),PTC (AUC = 0.775, p < 0.001), FTC (AUC = 0.846, p =0.005), MTC (AUC = 0.813, p = 0.002) as well as ATCpatients (AUC = 0.868, p = 0.001) from controls [Figure1a-1e].Moreover, it was observed that, the levels of IL-18 werefound to be predominantly higher in PTC (p = 0.016),MTC (p = 0.026) and ATC (p = 0.001) as compared tothose in patients with benign thyroid diseases [Table 2].Further, when ROC curves were generated to explorethe power of significantly elevated serum IL-18 level todifferentiate the benign and thyroid carcinoma patients,the results showed that IL-18 showed gooddiscriminating efficacy between patients with PTC andbenign thyroid diseases (AUC = 0.627, p = 0.008) [Figure2a]. In addition to this, IL-18 could well discriminateATC patients from patients with benign thyroid diseases(AUC = 0.777, p = 0.011) [Figure 2b].The correlation of serum cytokine levels with theclinicopathological parameters of PTC patients havebeen depicted in Table 3. Significantly higher serumIL-18 levels were observed in patients whose tumorshad presence of lymphatic permeation (p = 0.020) andhaemorrhagic area (p = 0.008) relative to the tumorsshowing absence of lymphatic permeation andhaemorrhagic area, respectively [Table 3] while, no suchsignificant correlation of serum IL-18 was observed withrest of the clinicopathological parameters.
3.2. Tumoral protein expression of IL-18 in
patients with benign thyroid diseases and thyroid
carcinomaCytoplasmic and/or nuclear staining pattern wasobserved for IL-18. For statistical evaluation,cytoplasmic and nuclear expressions were scoredindependently and taken into account separately. Theincidence of the cytokine expression in patients with
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benign thyroid diseases and thyroid carcinoma has beendepicted in Table 4. In PTC patients, the cytoplasmicIL-18 expression, was higher as compared to thatobserved in patients with benign thyroid diseases.However, the difference was not statistically significant(χ2 = 3.032, r = + 0.154, p = 0.083). While the incidence ofcytoplasmic or nuclear IL-18 immunoreactivity was notsignificantly different in patients with FTC, MTC or ATCand benign thyroid disease, respectively [Table 4].Figure 3, shows the representative staining of IL-18protein expression.The statistical analysis revealed that neither cytoplasmicnor the nuclear IL-18 expression exhibited significantrelationship with any of the clinicopathologicalparameters in PTC patients indicating that the incidenceof IL-18 immunoreactivity was nearly similar in the PTCpatients when subgrouped according to theclinicopathological variables.
3.3. Survival analysisKaplan-Meier survival analysis was evaluated for DFSand OS in PTC patients. The median level of serum IL-18(314.23 pg/ml), was used as cut-off value to divide thePTC patients into low (≤ median) and high (> median)level groups, respectively. It was observed that neitherthe circulating nor the tumoral protein expression ofIL-18 was the significant predictor of DFS or OS in PTCpatients [Table 5].
4. DiscussionThe results of the present study perceptibly reveal thatthe serum IL-18 levels could significantly discriminatethe patients with benign thyroid diseases as well as thePTC, FTC, MTC and ATC patients from controls.Additionally, it was efficient enough to distinguish thePTC and ATC patients from those with benign thyroiddiseases. Further, in PTC patients, a significant positivecorrelation was obtained between circulating IL-18 andpresence of lymphatic permeation and haemorrhagicareas in the tumors. In similarity with this, significantlyhigher concentration of IL-18 in the circulation ofpatients with different malignancies.4, 7, 16-42 Moreover,Matveeva and Mosina,43 through their study haverecommended the use of serum IL-18 for diagnosis ofatrophic gastritis, peptic ulcer disease and gastriccancer. Further, serum IL-18 levels were found to besignificantly elevated in prostate cancer patients thanboth controls and benign prostate hyperplasia44 and ingastric cancer patients than in gastric ulcer patients.45However, recently Bao et al.46 have reported significantlower serum IL-18 levels in hepatocellular carcinomapatients compared to the control group. Additionally, itslevels were also reported to be higher in polycysticovarian syndrome47, 48 and its possible correlation withartherosclerosis49 and its role as a cardiovascularmarker50, 51 has also been documented.

Further, IL-18 immunoreactivity was observed in thecytoplasm and nucleus of the thyroid cells. Although notsignificant, a trend of increased cytoplasmic expressionof IL-18 was observed in PTC patients as compared topatients with benign diseases, while the incidence ofnuclear IL-18 immunoreactivity was almost similar inpatients with benign thyroid diseases and PTC.Moreover, the cytoplasmic or nuclear IL-18 expressiondid not differ significantly in FTC, MTC or ATC patientsand the benign disease patients. The IL-18 expressionalso did not correlate with any of the clinicopathologicalparameters in the PTC patients. In similarity withpresent observation, Ye et al.11 also found that IL-18 wasdistributed in both cytoplasmic and nuclearcompartments of the gastric tumor cells while; Orengo et
al.37 have reported only cytoplasmic staining of IL-18 inepithelial ovarian cancer cells. Further, theimmunohistochemical analysis in a study by Okamoto et
al.33 revealed that IL-18 was strongly expressed in lungcancer cells and in bone metastasis. Srabovic et al.52have reported that IL-18 expression was significantlyhigher in breast cancer tumors relative to its expressionin surrounding unchanged tissue of the same patient butit was not higher than that observed in patients withbenign breast diseases. IL-18 was found to beoverexpressed in tumor tissues of pancreatic carcinomapatients28 and ovarian cancer patients.12 Contrarily, Chia
et al.53 observed significantly higher incidence of IL-18expression in hepatocytes of apparently normalsurrounding tissue compared with the tumor tissue inhepatocellular carcinoma and Cui et al.54 showed thatexpression of IL-18 increased in colorectal adenomatissues than in coloreactal cancer tissues. Further, Chia
et al.53 and Srabovic et al.52 did not find any associationbetween IL-18 expression and histopathological factorsin hepatocellular cancer and breast cancer patients,respectively, which is similar to our findings. Further,some researchers have observed that expression ofIL-18 was significantly associated with poor prognosis.6However, the results of present study showed that IL-18had no significant prognostic role in PTC patients. Thismay be because the overall incidence of disease relapseand mortality is very less in PTC patients and so it mightbe necessary to follow them for a longer period of time.Similar to current findings, IL-18 was not found to beassociated with prognosis in patients with gastriccancer,11, 55 esophageal carcinoma,25 and lung cancer.22In their study, Liu et al.56 have reported that IL-18played an important role in the inhibition of tonguesquamous cell carcinoma and may be furtherinvestigated as a new therapeutic target against thiscancer. Based on preclinical studies, many clinical trialsof IL-18 are been conducted. Collectively, they show thatIL-18 has low toxicity but has limited therapeutic effectsas a single agent. However, IL-18 may be incorporated asan immune enhancing molecule in combinationaltherapies with other agents (e.g. mAb, cytotoxic drugs,or vaccines). Although recent literature has uncovered a
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complex and divergent role of the IL–18 / IL-18R /IL-18BP system in different neoplastic conditions, morestudies on the biologic role of cancer - related IL-18 arecrucial.57 Apart from this, very recently, Ma et al.58 havesuggested that although much needs to be done toexpound the conflicting role of IL18, inclusion of IL18 inimmune checkpoint blockade therapy may extend theevolving treatment regime of cancer.
5. ConclusionOverall from current results it can be implicated that,although high serum IL-18 is not useful as a significantprognosticator, it may be useful as a differentiatingfactor in thyroid tumorigenesis and the increase inserum IL-18 levels may be induced in response to thetumor and is associated with host defence mechanismagainst the tumor cells. Thus, integrating IL-18 into thepresent treatment strategy may have impact inenhancing the immune system to conquer the disease.
Conflict of interestThe authors declare that they have no conflicts ofinterest. The authors alone are responsible for thecontent and writing of the paper.
FundingThis work was financially supported by The GujaratCancer Society (GCS) and The Gujarat Cancer & ResearchInstitute (GCRI).
References1. Park S, Cheon S, Cho D. The dual effects ofinterleukin-18 in tumor progression. Cell MolImmunol. 2007;4(5):329-35.2. Vidal-Vanaclocha F, Mendoza L, Telleria N, et al.Clinical and experimental approaches to thepathophysiology of interleukin-18 in cancerprogression. Cancer Metastasis Rev.2006;25(3):417-34.3. Nakanishi K, Yoshimoto T, Tsutsui H, et al.Interleukin-18 regulates both Th1 and Th2responses. Annu Rev Immuno. 2001;19:423-74.4. Akahira JI, Konno R, Ito K, et al. Impact of seruminterleukin-18 level as a prognostic indicator inpatients with epithelial ovarian carcinoma. Int JClin Oncol. 2004;9(1):42-6.5. Azam T, Novick D, Bufler P, et al. Identificationof a critical Ig-like domain in IL-18 receptor αand characterization of a functional IL-18receptor complex. J Immunol.2003;171(12):6574-80.6. Lippitz BE. Cytokine patterns in patients withcancer: a systematic review. Lancet Oncol.2013;14(6):e218-28.7. Merendino R, Gangemi S, Ruello A, et al. Serumlevels of interleukin-18 and sICAM-1 in patients

affected by breast cancer: preliminaryconsiderations. Int J Biol Markers.2001;16(2):126-9.8. Jiang D, Liu W, Lu Y, et al. Function of IL-18 inpromoting metastasis of lung cancer. ChineseJournal of Oncology. 2003;25(4):348-52.9. Eissa S, Zaki SA, El-Maghraby SM, et al.Importance of serum IL-18 and RANTES asmarkers for breast carcinoma progression. JEgypt Natl Canc Inst. 2005;17(1):51-5.10. Jung MK, Song HK, Kim K-E, et al. IL-18enhances the migration ability of murinemelanoma cells through the generation of ROIand the MAPK pathway. Immunol Lett.2006;15;107(2):125-30.11. Ye ZB, Ma T, Li H, et al. Expression andsignificance of intratumoral interleukin-12 andinterleukin-18 in human gastric carcinoma.World J Gastroenterol. 2007;13(11):1747-51.12. Medina L, Rabinovich A, Piura B, et al.Expression of IL-18, IL-18 Binding Protein, andIL-18 Receptor by Normal and CancerousHuman Ovarian Tissues: Possible Implication ofIL-18 in the Pathogenesis of OvarianCarcinoma. Mediators Inflamm.2014;2014:914954.13. Kobawala TP, Trivedi TI, Gajjar KK, et al. 2016.Significance of TNF-α and the adhesionmolecules: L-Selectin and VCAM-1 in papillarythyroid carcinoma. J Thyroid Res. 2016;2016:8143695.14. Kobawala TP, Trivedi TI, Gajjar KK, et al.Significance of Interleukin-6 in PapillaryThyroid Carcinoma. J Thyroid Res.2016;2016:6178921.15. Remmele W, Stegner H. Recommendation foruniform definition of an immunoreactive score(IRS) for immunohistochemical estrogenreceptor detection (ER-ICA) in breast cancertissue. Der Pathologe. 1987;8(3):138-40.16. Lissoni P, Brivio F, Rovelli F, et al. Serumconcentrations of interleukin-18 in early andadvanced cancer patients: enhanced secretionin metastatic disease. J Biol Regul HomeostAgents. 2000;14(4):275-7.17. Kawabata T, Ichikura T, Majima T, et al.Preoperative serum interleukin‐18 level as apostoperative prognostic marker in patientswith gastric carcinoma. Cancer.2001;92(8):2050-5.18. Bukan N, Sozen S, Coskun U, et al. Seruminterleukin‐18 and nitric oxide activity inbladder carcinoma. Eur Cytokine Netw.2003;14(3):163-7.19. Gunel N, Coskun U, Sancak B, et al. Prognosticvalue of serum IL-18 and nitric oxide activity inbreast cancer patients at operable stage. Am JClin Oncol. 2003;26(4):416-21.

https://www.ncbi.nlm.nih.gov/pubmed/17976312
https://doi.org/10.1007/s10555-006-9013-3
https://doi.org/10.1146/annurev.immunol.19.1.423
https://doi.org/10.1007/s10147-003-0360-6
https://doi.org/10.4049/jimmunol.171.12.6574
https://doi.org/10.1016/S1470-2045(12)70582-X
https://www.ncbi.nlm.nih.gov/pubmed/11471895
http://www.pubpdf.com/pub/12921563/Function-of-IL-18-in-promoting-metastasis-of-lung-cancer
https://www.ncbi.nlm.nih.gov/pubmed/16353083
https://doi.org/10.3748/wjg.v13.i11.1747
https://doi.org/10.1155/2014/914954
https://doi.org/10.1155/2016/8143695
https://doi.org/10.1155/2016/6178921
https://www.ncbi.nlm.nih.gov/pubmed/3303008
http://europepmc.org/abstract/med/11215816
https://doi.org/10.1002/1097-0142(20011015)92:8<2050::AID-CNCR1544>3.0.CO;2-5
https://www.ncbi.nlm.nih.gov/pubmed/14656691
https://doi.org/10.1097/01.COC.0000027416.15170.53


10 Kobawala et al.: IL-18 in thyroid cancer                                        International Journal of Cancer Therapy and
Oncology

www.ijcto.org

© Kobawala et al. ISSN 2330-4049

20. Alexandrakis M, Passam F, Sfiridaki K, et al.Interleukin-18 in multiple myeloma patients:serum levels in relation to response totreatment and survival. Leuk Res.2004;28(3):259-66.21. Martone T, Bellone G, Pagano M, et al.Constitutive expression of interleukin‐18 inhead and neck squamous carcinoma cells. HeadNeck. 2004;26(6):494-503.22. Naumnik W, Chyczewska E, Kovalchuk O, et al.Serum levels of interleukin-18 (IL-18) andsoluble interleukin-2 receptor (sIL-2R) in lungcancer. Rocz Akad Med Bialymst.2004;49:246-51.23. Riedel F, Adam S, Feick P, et al. Expression ofIL-18 in patients with head and neck squamouscell carcinoma. Int J Mol Med.2004;13(2):267-72.24. Sozen S, Coskun U, Sancak B, et al. Serum levelsof interleukin-18 and nitrite+ nitrate in renalcell carcinoma patients with different tumorstage and grade. Neoplasma. 2004;51(1):25-9.25. Tsuboi K, Miyazaki T, Nakajima M, et al. Seruminterleukin-12 and interleukin-18 levels as atumor marker in patients with esophagealcarcinoma. Cancer Lett. 2004;205(2):207-14.26. Kiersnowska-Rogowska B, Izycka A, JablonskaE, et al. Estimation of level of soluble formPECAM-1, ICAM-2 and TNF-alpha, IL-18 inserum patients with chronic myelogenicleukemia. Przeglad Lekarski. 2005;62(8):772-4.27. Asakawa M, Kono H, Amemiya H, et al. Role ofinterleukin‐18 and its receptor inhepatocellular carcinoma associated withhepatitis C virus infection. Int J Cancer.2006;118(3):564-70.28. Bellone G, Smirne C, Mauri FA, et al. Cytokineexpression profile in human pancreaticcarcinoma cells and in surgical specimens:implications for survival. Cancer ImmunolImmunother. 2006;55(6):684-698.29. Diakowska D, Markocka-Maczka K, GrabowskiK, et al. Serum interleukin-12 andinterleukin-18 levels in patients withoesophageal squamous cell carcinoma. ExpOncol. 2006;28(4):319-22.30. Tangkijvanich P, Thong-Ngam D, Mahachai V, et
al. Role of serum interleukin-18 as a prognosticfactor in patients with hepatocellularcarcinoma. World J Gastroenterol.2007;13(32):4345-9.31. Cheng KS, Tang HL, Chou FT, et al. Cytokineevaluation in liver cirrhosis and hepatocellularcarcinoma. Hepatogastroenterology.2009;56(93):1105-10.32. Haghshenas MR, Hosseini SV, Mahmoudi M, et
al. IL‐18 serum level and IL‐18 promoter genepolymorphism in Iranian patients with

gastrointestinal cancers. J GastroenterolHepatol. 2009;24(6):1119-22.33. Okamoto M, Azuma K, Hoshino T, et al.Correlation of decreased survival and IL-18 inbone metastasis. Intern Med.2009;48(10):763-73.34. Perrella O, Cuomo O, Sbreglia C, et al. IL-18 andinterferon-gamma in HCV-relatedhepatocellular carcinoma: a model of interplaybetween immune status and cancer. J Biol RegulHomeost Agents. 2009;23(4):251-8.35. Dehaghani AS, Shahriary K, Kashef MA, et al.Interleukin-18 gene promoter and serum levelin women with ovarian cancer. Mol Biol Rep.2009;36(8):2393-7.36. Metwally FM, EL-mezayen HA, Ahmed HH.Significance of vascular endothelial growthfactor, interleukin-18 and nitric oxide inpatients with breast cancer: correlation withcarbohydrate antigen 15.3. Med Oncol. 2011;28Suppl 1:S15-21.37. Orengo AM, Fabbi M, Miglietta L, et al.Interleukin (IL)‐18, a biomarker of humanovarian carcinoma, is predominantly releasedas biologically inactive precursor. Int J Cancer.2011;129(5):1116-25.38. Jaiswal PK, Singh V, Srivastava P, et al.Association of IL-12, IL-18 variants and serumIL-18 with bladder cancer susceptibility inNorth Indian population. Gene.2013;519(1):128-34.39. Pappa C, Alexandrakis M, Boula A, et al.Emerging roles of endoglin/CD105 andangiogenic cytokines for disease developmentand progression in multiple myeloma patients.Hematol Oncol. 2013;31(4):201-5.40. Tsirakis G, Pappa CA, Kaparou M, et al. Therelationship between soluble receptor ofinterleukin-6 with angiogenic cytokines andproliferation markers in multiple myeloma.Tumor Biol. 2013;34(2):859-64.41. Bayhan Z, Simşek T, Ergul E, et al. Serumcytokine levels in patients with colorectalcancers according to tumor stages and VEGFgene polymorphism. Hepatogastroenterol.2014;61(135):1889-94.42. Tas F, Yasasever CT, Karabulut S, et al. Clinicalsignificance of serum interleukin-18 (IL-18)levels in patients with gastric cancer. BiomedPharmacother. 2015;70:19-23.43. Matveeva L, Mosina L. Serum interleukin-18level in precancerous conditions and gastriccancer. Experimental & ClinicalGastroenterology. 2013;6:21-4.44. Dwivedi S, Goel A, Natu SM, et al. Diagnostic andprognostic significance of prostate specificantigen and serum interleukin 18 and 10 inpatients with locally advanced prostate cancer:

https://doi.org/10.1016/S0145-2126(03)00261-3
https://doi.org/10.1002/hed.20011
https://www.ncbi.nlm.nih.gov/pubmed/15631351
https://doi.org/10.3892/ijmm.13.2.267
https://www.ncbi.nlm.nih.gov/pubmed/15004655
https://doi.org/10.1016/j.canlet.2003.10.010
https://www.ncbi.nlm.nih.gov/pubmed/16521495
https://doi.org/10.1002/ijc.21367
https://doi.org/10.1007/s00262-005-0047-0
https://www.ncbi.nlm.nih.gov/pubmed/17285118
https://doi.org/10.3748/wjg.v13.i32.4345
http://europepmc.org/abstract/med/19760951
https://doi.org/10.1111/j.1440-1746.2009.05791.x
https://doi.org/10.2169/internalmedicine.48.1851
https://www.ncbi.nlm.nih.gov/pubmed/20003764
https://doi.org/10.1007/s11033-009-9469-7
https://doi.org/10.1007/s12032-010-9657-2
https://doi.org/10.1002/ijc.25757
https://doi.org/10.1016/j.gene.2013.01.025
https://doi.org/10.1002/hon.2044
https://doi.org/10.1007/s13277-012-0618-6
https://doi.org/10.1016/j.biopha.2014.12.040


Volume 4 • Number 4 • 2016                                               International Journal of Cancer Therapy and Oncology 11
www.ijcto.org

© Kobawala et al. ISSN 2330-4049

a prospective study. Asian Pac J Cancer Prev.2011;12(7):1843-8.45. Thong-Ngam D, Tangkijvanich P, Lerknimitr R,
et al. Diagnostic role of serum interleukin-18 ingastric cancer patients. World J Gastroenterol.2006;12(28):4473-7.46. Bao J, Lu Y, Deng Y, et al. Association betweenIL-18 polymorphisms, serum levels, andHBV-related hepatocellular carcinoma in aChinese population: a retrospective case–control study. Cancer Cell Int. 2015;15(1):1.47. Kaya C, Pabuccu R, Berker B, et al. Plasmainterleukin-18 levels are increased in thepolycystic ovary syndrome: relationship ofcarotid intima-media wall thickness andcardiovascular risk factors. Fertil Steril.2010;93(4):1200-7.48. Yang Y, Qiao J, Li R, et al. Is interleukin-18associated with polycystic ovary syndrome.Reprod Biol Endocrinol. 2011;9(1):7.49. Mallat Z, Corbaz A, Scoazec A, et al. Expressionof interleukin-18 in human atheroscleroticplaques and relation to plaque instability.Circulation. 2001;104(14):1598-603.50. Esposito K, Pontillo A, Ciotola M, et al. Weightloss reduces interleukin-18 levels in obesewomen. J of Clin Endocrinol Metab.2002;87(8):3864-6.51. Kawasaki D, Tsujino T, Morimoto S, et al.Usefulness of circulating interleukin-18concentration in acute myocardial infarction asa risk factor for late restenosis after emergencycoronary angioplasty. Am J Cardiol.2003;91(10):1258-61.

52. Srabovic N, Mujagic Z, Mujanovic-MustedanagicJ, et al. Interleukin 18 expression in the primarybreast cancer tumour tissue. Med Glas (Zenica).2011;8(1):109-15.53. Chia CS, Ban K, Ithnin H, et al. Expression ofinterleukin-18, interferon-γ and interleukin-10in hepatocellular carcinoma. Immunol Lett.2002;84(3):163-72.54. Cui G, Goll R, Olsen T, et al. Reduced expressionof microenvironmental Th1 cytokinesaccompanies adenomas–carcinomas sequenceof colorectum. Cancer Immunol Immunother.2007;56(7):985-95.55. Szaflarska A, Szczepanik A, Siedlar M, et al.Preoperative plasma level of IL-10 but not ofproinflammatory cytokines is an independentprognostic factor in patients with gastriccancer. Anticancer Res. 2009;29(12):5005-12.56. Liu W, Hu M, Wang Y, et al. Overexpression ofinterleukin-18 protein reduces viability andinduces apoptosis of tongue squamous cellcarcinoma cells by activation of glycogensynthase kinase-3β signaling. Oncol Rep.2015;33(3):1049-56.57. Fabbi M, Carbotti G, Ferrini S.Context-dependent role of IL-18 in cancerbiology and counter-regulation by IL-18BP. JLeukoc Biol. 2015;97(4):665-75.58. Ma Z, Li W, Yoshiya S, et al. Augmentation ofImmune Checkpoint Cancer Immunotherapywith IL-18. Clinical Cancer Res.2016;22(12):2969-80.

https://www.ncbi.nlm.nih.gov/pubmed/22126577
https://doi.org/10.3748/wjg.v12.i28.4473
https://doi.org/10.1186/s12935-015-0223-z
https://doi.org/10.1016/j.fertnstert.2008.10.070
https://doi.org/10.1186/1477-7827-9-7
https://doi.org/10.1161/hc3901.096721
https://doi.org/10.1210/jcem.87.8.8781
https://doi.org/10.1016/S0002-9149(03)00279-0
https://doi.org/10.1016/S0165-2478(02)00176-1
https://doi.org/10.1007/s00262-006-0259-y
https://www.ncbi.nlm.nih.gov/pubmed/20044609
https://doi.org/10.3892/or.2015.3724
https://doi.org/10.1189/jlb.5RU0714-360RR
https://doi.org/10.1158/1078-0432.CCR-15-1655

