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Abstract
Background. Interleukin 18 (IL-18) is an inflammatory cytokine belonging to the interleukin 1 (IL-1) super-
family, and is known for its role in anti-cancer activity by promoting type 1 immune response, and thus may 
be applied to cancer immunotherapy. Our previous report has showed 16 times higher activity of engineered 
E6K+T63A IL-18 than of native IL-18 in vitro. However, no data has been acquired for its anti-cancer effect 
in animal model.

Objectives. To investigate the anti-cancer effect of engineered E6K+T63A IL-18 as an immune stimulant 
in vivo.

Material and methods. Tumor-bearing mice were treated with native IL-18 or E6K or E6K+T63A IL-18 once 
a day for 10 days after the tumor reached the volume of 100 mm3. Tumor volume and the number of certain 
immune cell type in the tumor microenvironment were investigated in this study.

Results. The results showed that tumor progression in mice treated with E6K+T63A was slower than 
in mice treated with E6K and native IL-18. The volume of the tumor was also smaller and the lifespan longer 
in the E6K+T63A IL-18-treated mice. The proportions of type 1 helper T cell (Th1) and cytotoxic T lymphocyte 
(CTL) were significantly higher in mice treated with E6K+T63A IL-18.

Conclusions. These results suggest that our engineered IL-18 conferred strong anti-tumor immunity 
in the animal model.
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Introduction

Interleukin 18 (IL-18) is an inflammatory cytokine be-
longing to the interleukin 1 (IL-1) superfamily. Formerly, 
interleukin-18 was known as interferon γ (IFN-γ) inducing 
factor due to its function in IFN-γ enhancement.1 Inter-
leukin 18 drives the polarization of CD4+ T cells toward 
the helper T cell type 1 (Th1) phenotype when co-stim-
ulated with IL-12 or IL-15, which is  identified through 
IFN-γ production.2–4 Interleukin 18 can also polarize hu-
man natural killer (NK) cells to develop a distinct helper 
differentiation phenotype (CD83+CCR7+CD25+), which 
effectively produces IFN-γ.5,6 Moreover, IL-18 can acti-
vate M1 macrophage and inhibit angiogenesis.7 Interleukin 
18 has been studied as a tumor suppressor protein in ani-
mal models, and has been administered safely to patients 
in clinical trials.8–11 Various studies have shown that IL-18 
can act as a tumor suppressor when the cytokine is ad-
ministered through an intraperitoneal,12–14 intravenous,12 
intratumoral,15 or peritumoral16 route.

Many studies have tried to  combine the  anti-tumor 
function of IL-18 with other tumor treatment methods, 
especially immunotherapy. Two studies trialed IL-18 
in combination with adoptive dendritic cell (DC) trans-
fer, which resulted in the enhancement of the cytotoxic 
efficacy of tumor specific cytotoxic T lymphocytes (CTLs) 
in vitro and recruited the mobilized DCs into the tumor 
bed in vivo.17,18 Moreover, IL-18-secreting chimeric antigen 
receptor T (CAR-T) cells have also demonstrated the aug-
mentation of anti-tumor immunity in solid tumors.19,20 
Using IL-18 as an adjuvant combination with other cyto-
kines, such as interferon α (IFN-α), IL-15, IL-12, and IL-2, 
can also promote productive dendritic cell T (DC-T) cell 
interactions, and promote the activation and proliferation 
of T cells in colorectal cancer patients.21 A human IL18-IL2 
fusion protein has also been developed, and the resulting 
study8 showed that it could provoke the IFN-γ production 
in peripheral blood mononuclear cells (PBMCs), and in-
crease the production of IFN-γ and the cytotoxicity of NK 
cells to a higher degree than when stimulated with only 
IL-18 or IL-2 or a combination of both.8

In a previous study, we developed a type of engineered 
IL-18 with higher activity than the  native protein.22 
The modification using site-directed mutagenesis based 
on its receptor interaction and other previous reports.23–25 
We named the modified protein E6K+T63A IL-18, and 
our study showed that E6K+T63A IL-18 exhibited higher 
IFN-γ inducing activity from NK-92MI cells by a factor 
of 16 compared with native IL-18.22 Molecular dynamic 
(MD) simulation also indicated that the activity change 
of this engineered IL-18 came together with some kind 
of conformational changes at the binding sites of IL-18.

In this article, we demonstrate that in addition to the pre-
vious in vitro testing which found the higher IFN-γ induc-
tion activity of E6K+T63A IL-18 from cell culture, it also 
promoted anti-tumor immunity in vivo through increasing 

the recruitment of Th1 and CTL cells in the tumor bed. 
This finding indicates the potential of engineered IL-18 
as either a sole candidate or with other regimens for cancer 
immunotherapy in the future.

Material and methods

Cloning and mutagenesis

pPICZα-IL18WT, pPICZα-IL18E6K and pPICZα-
IL18E6K+T63A constructions have been described exten-
sively in our previous study.22 In brief, the IL-18 open read-
ing frame (ORF) was cloned from an RNA sample. We first 
introduced this ORF to  the  pTZ57R/T cloning vector 
(Thermo Fisher Scientific, Waltham, USA) and then sub-
cloned the ORF into the yeast expression vector pPICZαA 
(Invitrogen, Carlsbad, USA) at the EcoRI and XbaI sites, 
resulting in the recombinant plasmid pPICZα-IL18WT. 
The mutagenesis, using pPICZα-IL18WT as a template, was 
carried out to generate pPICZα-IL18E6K for the E6K+T63A 
IL-18. Platinum Pfx DNA polymerase (Invitrogen) was 
used to perform all mutagenesis  processes. The purified 
PCR fragments were digested with DpnI (Thermo Fisher 
Scientific) to remove the plasmid template, and trans-
formed into Escherichia coli DH5α.

Protein production and purification

Our protein production method was also described 
in a previous report.22 Plasmid pPICZα-IL18WT and other 
mutagenized plasmids were linearized with SacI (Thermo 
Fisher Scientific) enzyme, electroporated to Pichia pasto-
ris, and then selected on yeast extract peptone dextrose 
(YPD) medium containing 100 μg/mL of Zeocin (Invitro-
gen). The positive clones were cultured on YPD, buffered 
glycerol complex medium (BMGY) and buffered methanol-
complex medium (BMMY) for inoculum preparation, yeast 
mass production and protein expression, respectively. For 
protein expression, 2.0% methanol was used as an inducer. 
The cell culture was cultivated at 30°C, 250 rpm, for 48 h. 
The volume of  the culture was maintained at 10–30% 
of  the  total flask volume to ensure sufficient aeration. 
Methanol was added every 24 h to maintain the induction 
at 2% methanol concentration. The collected supernatant 
confirmed recombinant IL-18 existence using SDS-PAGE 
and western blotting.

The secreted IL-18 protein was then purified using His-
Trap HP column (GE Healthcare, Chicago, USA) according 
to the manufacturer’s protocol. The pH 7.4 binding buffer 
contained 20 mM sodium phosphate, 0.5 M NaCl and 
20 mM imidazole. The elution buffer followed the binding 
buffer formula but 400 mM imidazole was used instead. 
The recombinant protein was then concentrated using 
an Amicon Ultra4 centrifugal filter unit (Merck Millipore, 
Burlington, USA) and diluted in phosphate-buffered saline 
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(PBS). The protein concentration was measured using 
Bradford assay and bovine serum albumin (BSA) was used 
as a standard. Finally, the purified protein was submitted 
to Proteomics International Pty Ltd. (Perth, Australia) for 
LC-MS/MS analysis.

Cell line, animal model and assessment 
of treatment effect

Mouse CT26-WT colon cancer cells (American Type 
Culture Collection (ATCC); CRL-2638) were obtained 
from ATCC (Manassas, USA). CT26-WT is an N-nitro-N-
methylurethane-induced BALB/c murine colon carcinoma 
cell line. The cell line in our study was grown in RPMI-
1640 medium supplemented with 10% (v/v) fetal bovine 
serum (FBS) and 2 mM L-glutamine at 37°C in 5% CO2.

Ninty-four male seven- to nine-week-old BALB/c mice 
(27–30 g body weight) were obtained from the National 
Laboratory Animal Center (Nakhon Pathom, Thailand) 
and maintained in the Southern Laboratory Animal Fa-
cility, Faculty of Science, Prince of Songkla University, 
Songkhla, Thailand. The maintenance conditions were 
a temperature of 22 ±3°C, relative humidity of 55 ±10%, 
free access to clean food and water, and 12-hour lighting. 
All animal procedures were performed following guide-
lines and regulations approved by the Ethics Committee 
of Prince of Songkla University (animal experimentation 
application Ref. 15-2017). During the logarithmic growth 
phase, CT26-WT cells were harvested and screened 
with trypan blue to allow the preparation of single-cell 
suspensions with 90% viability before inoculation. Each 
group of mice was injected subcutaneously with 2 × 106 
CT26-WT cancer cells/100 µL of PBS in  the  left hind 
flank. Survival times and tumor volumes were monitored 
after inoculation. The CT26 mice were randomized into 
4 groups (9 mice/group) as follows: group A (vehicle group); 
group B (IL-18WT group); group C (IL-18E6K group); and 
group D (IL-18E6K+T63A).

The 1st day of treatment was defined as day 0. The mice 
were continuously observed for 100 days before sacrifice. 
Kaplan–Meier survival analysis was performed using death 
as the definition of failure in censoring. Group A mice 
received PBS solution injection to serve as vehicle control. 
Groups B, C and D mice received 50 µg/kg of IL-18WT, 
IL-18E6K and IL-18 E6K+T63A, respectively. The intra-
tumoral injection was performed once a day for 10 con-
secutive days. Tumor volumes were measured with cali-
per every day. The tumor volume of 2000 mm3 or tumor 
abnormal status (ulcerated, infected and/or >30% body 
weight loss) indicated the sacrifice notification. No sign 
of these endpoints in the animal was detected until the end 
of the experiment. After 10 days of treatment, the mice 
were sacrificed. The tumor was collected for flow cytom-
etry and weight and size analysis.

Another set of mice has been used for a survival study. 
Tumor-bearing mice were divided into 4 groups (12 mice/

group). The mice were treated with different forms of IL-18 
or PBS for 10 days. The animal survival rate was evaluated 
for 100 days. The animal health and behavior were moni-
tored 4 times/week.

Leukocyte isolation

Inhalation of 4% isoflurane was applied for deep anesthe-
tization and blood samples were extracted. Later, the tu-
mors were removed and kept in complete RPMI media 
during transportation from the animal facility to the labo-
ratory. The mice were intracardially perfused with saline 
buffer, and euthanasia was performed under anesthesia 
by exsanguination. The euthanasia status was confirmed 
with cervical dislocation.

The tumors were dissected into small fragments and 
incubated in completed RPMI media at 37°C for 45 min 
with agitation. RPMI media contained 1 mg/mL type IV 
collagenase (Sigma-Aldrich, St. Louis, USA), 0.1 mg/mL 
hyaluronidase (Sigma-Aldrich) and 20 U/mL DNase  I 
(Sigma-Aldrich). The cell suspension was then filtered 
through a 70 μm cell strainer on a 50 mL tube, and fol-
lowed by rinsing with 5 mL RPMI medium. The single cell 
suspension was centrifuged at 300 × g for 10 min to get 
the cell pellet. The cell pellet was washed using complete 
RPMI medium and incubated with 5 mL RBC lysis buffer 
for 5 min. The cells were then washed again and resus-
pended in 15 mL of 40% Percoll (GE Healthcare) in RPMI. 
The suspension was under-laid on 15 mL 80% Percoll and 
centrifuged for 25 min at 400 × g with the lowest descend-
ing and ascending rates. The leukocytes were collected 
from the interphase between the 2 concentrations.

Flow cytometry

The isolated leukocytes were counted using a hema-
cytometer, adjusted at 2 × 106 cells/mL and incubated 
in complete RPMI medium containing a cell activation 
cocktail (BioLegend, San Diego, USA). The cocktail in-
cluded 20  ng/mL of  phorbol 12-myristate-13-acetate 
(PMA), 1 μg/mL of ionomycin and 5 μg/mL of brefeldin 
A for 4 h at 37°C in a CO2 incubator. The cells were washed 
with a cell-staining buffer (BioLegend) before adjusting 
to 2 × 107 cells/mL. The cells were then incubated with 
10 ng/µL TruStain fcXTM (BioLegend) for 10 min on ice. 
Cell surface antibodies (anti-mouse CD4 and anti-mouse 
CD8a) were added, as shown in Table 1, and the solution 
was incubated on ice for 20 min in a dark environment.

The cells were washed and fixed with ×5 volume of fixa-
tion buffer (BioLegend) for 20 min at room temperature 
in a dark environment. The cells were then washed with 
cell staining buffer and twice in permeabilization wash 
buffer (BioLegend) before being stained with fluores-
cence-conjugated antibodies against intracellular cyto-
kines (anti-mouse IFN-γ and anti-mouse IL-4; Table 1) 
for 20 min at room temperature in a dark environment. 
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The double-stained cells were then washed twice with per-
meabilization wash buffer and resuspended in cell staining 
buffer before flow cytometry analysis using the BD FAC-
SCalibur™ platform (BD Biosciences, San Jose, USA) and 
analyzed using Kaluza analysis flow cytometry software 
(Beckman Coulter, Brea, USA).

Statistical analysis

All data are presented as mean ± standard deviation 
(SD). Kaplan–Meier method was applied to analyze sur-
vival data using the logrank test. Multiple conditions were 
compared using a parametric one-way analysis of variance 
(ANOVA), followed by Tukey’s post hoc tests. All analyses 
were performed using SPSS v. 24.0 (IBM Corp., Armonk, 
USA). The p-value <0.05 justified statistical significance.

Results

Engineered IL-18 increased the lifespan 
of tumor-bearing mice

In our previous study, we developed 3 types of engi-
neered IL-18, namely E6K, T63A and E6K+T63A IL-18. 
All showed higher ability to induce IFN-γ production from 
NK-92MI cells than a native IL-18 with the rates of 9.3, 3.9 
and 16.4 times higher at a concentration of 200 ng/mL.22 
In the current study, we have selected E6K and E6K+T63A 
IL-18 to evaluate the anti-tumor effects of recombinant 
IL-18 in an animal model since these are the best 2 forms. 
BALC/c mice were injected with CT26-WT cell line sub-
cutaneously to create tumor-bearing mice. The mice were 
separated randomly into 4 different treatment regimens 
as  follows: native IL-18, E6K, E6K+T63A, and vehicle. 
Therapy was instituted according to the schema presented 
in Fig. 1A.

When the tumors reached 100 mm3, the mice were inject-
ed with one of the recombinant IL-18 types once a day for 

10 days intratumorally. After receiving 50 µg/kg of recom-
binant protein, the average survival times were 31.1 ±2.7 
(mean +SD) days in  the  vehicle group, 44.3  ±3.4  days 
in the native IL-18-treated group, 49.4 ±2.3 days in the E6K 
group, and 61.0 ±7.1 days in the double-mutation treatment 
group (Table 2). This data indicates that the long-term 
survival of the mice was related to the type of recombinant 
IL-18 received, since the mice treated with all types of re-
combinant IL-18 (n = 10) survived significantly longer than 
the vehicle group (n = 10) (Fig. 1B) with the p-values <0.008 
for native IL-18 and <0.0001 for both E6K and E6K+T63A, 
suggesting the in vivo efficacy of recombinant IL-18. How-
ever, the differences between the 3 recombinant IL-18 

Fig. 1. Mice treated with recombinant IL-18 showed improved survival 
rates from a colon tumor model challenge. A. The treatment schematic. 
B. Kaplan–Meier analyses of overall survival in each group of mice (n = 10) 
(*p < 0.05; **p < 0.01; ***p < 0.001)

Table 1. Antibodies used in this study

Antibody Provider Clone Volume used [μL]

Cell surface markers

FITC Rat anti-mouse CD4 BioLegend GK1.5 0.5

FITC Rat IgG2b, κ isotype BioLegend RTK4530 0.5

FITC Rat anti-mouse CD8a BioLegend 53-6.7 2

FITC Rat IgG2a, κ isotype BioLegend RTK2758 2

Intracellular cytokine markers

PE Rat anti-mouse IL-4 BioLegend 11B11 1.25

PE Rat IgG1, κ isotype BioLegend RTK2071 1.25

APC Rat anti-mouse IFN-γ BioLegend XMG1.2 4

APC Rat IgG1, κ isotype BioLegend RTK2071 4

Fc block antibody

Anti-mouse CD16/32 BioLegend 93 2
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groups were not significant (Table 2), although the mice 
treated with E6K+T63A showed the longest survival time 
(61 ±7 days).

Engineered IL-18 slowed tumor 
progression in vivo

In addition to the survival analysis of each of the regimen 
groups, we also investigated whether tumor growth was 
affected by the different types of IL-18. An experimen-
tal model was generated as described earlier. The results 
showed that the double-mutation (E6K+T63A) and E6K 
groups had significantly lower tumor volumes when com-
pared to the vehicle group (p < 0.0001 at day 10 of treat-
ment) and native protein-treated groups (p < 0.0001 and 

p < 0.05, respectively) (Fig. 2A,B). Tumor growth in mice 
receiving intratumoral administration of native IL-18 was 
also slower than in the vehicle group with the p-value 
of 0.019 (Fig. 2A,B). Indeed, E6K IL-18 induced about 50% 
reduction in tumor volume, and the combination of E6K 
with T63A had a high inhibitory effect (around 70% reduc-
tion in tumor volume) (Fig. 2B).

The tumor weights were also measured after 10 days 
of  treatment. As  shown in Fig. 2C, the  tumor weights 
in mice treated with recombinant IL-18 were consider-
ably lower than in the vehicle mice. The tumors were also 
significantly smaller in the tumor-bearing mice injected 
with all types of recombinant IL-18 (Fig. 2C,D). The aver-
age tumor weight from the E6K+T63A-treated group was 
5 and 3.6 times lower than the tumors from the vehicle 

Fig. 2. Intratumoral recombinant IL-18 injection suppressed tumor growth in vivo. A. Groups of 10 tumor-bearing mice were challenged with each type 
of recombinant IL-8. Tumor size was measured every day starting on day 1 after IL-18 treatment. B–D. The tumor volumes and weights were measured. 
The image represents tumor growth at 10 days after IL-18 treatment. Results shown as means ±SD of 5 animals/group; values having different signs are 
significant different (*p < 0.05, **p < 0.01, ***p < 0.001)

Table 2. Statistical analysis of survival rate of each group of mice treated with different IL-18 regimens

Intervention

Mean survival time [days] Pairwise comparisons (Mantel–Cox test)

estimate SE
E6K+T63A E6K native vehicle

χ2 p-value χ2 p-value χ2 p-value χ2 p-value

Vehicle 31.100 2.795 16.195 0.000* 15.312 0.000* 7.002 0.008 – –

Native 44.300 3.435 3.182 0.074 0.570 0.450 – – 7.002 0.008

E6K 49.400 2.358 1.510 0.219 – – 0.570 0.450 15.312 0.000*

E6K+T63A 61.000 7.116 – – 1.510 0.219 3.182 0.074 16.195 0.000*

* p < 0.0001; SE – standard error.
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and native IL-18-treated groups, respectively. This quan-
tification of the tumor size and weight confirmed that 
E6K+T63A IL-18 significantly reduced the xenograft tumor 
volume (Fig. 2A,B) and tumor weight (Fig. 2C,D).

Engineered IL-18 increased the number 
of Th1 and CTL cells in the tumor bed

We investigated the number of different types of T cells 
to determine whether our recombinant IL-18 indeed in-
duced T cell activity in the context of anti-tumor  immunity. 
The phenotype of lymphocytes in tumors of the CT26-
WT-bearing mice after recombinant IL-18 treatment was 
examined. After treatment with each regimen, the tumor 
masses were collected and the mononuclear cells were then 
isolated using Percoll gradient centrifugation. All cells 
were subjected to flow cytometry after anti-body staining 
against CD4, CD8, IL-4, and IFN-γ. The Th1, Th2 and 
CTL cells were identified as CD4+IFN-γ+, CD4+IL-4+ and 
CD8+IFN-γ+, respectively, using flow cytometry and gating 

on viable cells. The results as presented in Fig. 3 showed 
that the numbers of Th1 and CTL significantly  increased 
in the tumor masses of the E6K- and E6K+T63A IL-18- 
treated groups compared to the vehicle group (p < 0.05) 
(Fig. 3,4). However, there was no difference in the num-
bers of Th2 cells from the mice treated with all types 
of IL-18 as compared to the vehicle group (Fig. 3B,4B). 
These data demonstrate directly that E6K+T63A IL-18 
induced the strongest functional Th1 and CTL response, 
correlating with the in vivo tumor therapy data.

Discussion

Interleukin 18 was widely reported for its potential 
as an anti-cancer agent. Application of IL-18 is thought 
to enhance the  stimulation of NK cells and cytotoxic 
T lymphocytes, the cancer cell growth and spread inhibi-
tion, and the expression of Fas-ligand in immune cells.26–30 
Moreover, these anti-tumor functions of IL-18 are mainly 
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mediated through IFN-γ,31 the downstream molecule after 
IL-18 activation.1 In our previous experiment, we dem-
onstrated that altering amino acids as E6K+T63A im-
proved IL-18 activity.22 The proteins were also produced 
by the yeast system that gave us a low cost and no need for 
the refolding steps presented in the E. coli system. More-
over, some earlier studies have suggested that the route 
of administration of IL-18 also plays an important role 
in the therapeutic effects of a cytokine, since 1 study found 
that IL-18 only slowed tumor progression when admin-
istered directly into the tumor mass or if the cytokine 
was secreted by tumor cells, indicating that the tumor 
microenvironment can be an effective target for tumor 
treatment.31 This was also confirmed by several other 
studies in which an intratumoral injection of immuno-
modulatory compounds was used as the delivery approach 
for such agents as IL-12,32 or viral vectors encoding cy-
tokine genes IFN-γ33 or IL-12.34 Therefore, to  improve 
the efficacy of IL-18, we chose the intratumoral injection 
as a delivery method.

In the current study, the syngeneic CT-26WT colorectal 
cancer model was used to evaluate the anti-tumor effect 
of engineered IL-18 produced in our laboratory in vivo. 
Although many studies have described the anti-tumor 
effect of IL-18 as mentioned above, our study found only 
a minor ability of native IL-18 to inhibit tumor growth 
in our animal model after 10 days of treatment with re-
combinant proteins. This may have been due to the quality 
of the protein produced in our laboratory, which may lead 
to the variation in IL-18 quality and activity. However, 
the engineered IL-18, E6K+T63A, showed a significant anti-
tumor effect as demonstrated in Fig. 1 and Fig. 2. The tu-
mors in the mice treated with E6K+T63A grew slower than 
those in the mice treated with native protein or E6K IL-18. 
The mean tumor volume and weight of the E6K and double 
mutation groups in the CT26-WT colon cancer model were 
also obviously smaller than in the control group. Com-
pared to the native protein, E6K and E6K+T63A exhibited 
better effects on tumor regression. These results suggest 
the combination of E6K and T63A could have a synergetic 

Fig. 4. Representative flow cytometry gating plots showing the percentage of tumor infiltrating. Th1 (A), Th2 (B) and CTL (C) cells from mice treated with 
different types of recombinant IL-18 or vehicle
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effect on tumors in immunocompetent mice. In addition 
to tumor progression, this protein also significantly in-
creased the lifespan of this group of mice (Fig. 1B), indi-
cating the strong anti-tumor capability of our engineered 
IL-18 in an animal model.

Interleukin 18 is a potent inducer of Th1 immune re-
sponse.1 The number of Th1, Th2 and CTL cells in the tu-
mor masses were thus investigated to evaluate the anti-
tumor effect of each type of recombinant IL-18, and these 
cells could be identified as CD4+IFN-γ+, CD4+IL-4+ and 
CD8+IFN-γ+, respectively, in  accordance with the  role 
of  IFN-γ induction. In  tumor-bearing mice models, 
 although there was no significant difference in Th2 num-
bers, the presence of E6K+T63A IL-18 induced significantly 
greater infiltrations of CD4+IFN-γ+ T cells and CD8+IFN-γ+ 
cells in the tumor masses (Fig. 3,4) compared to the vehicle 
group supporting a role of our recombinant engineered 
IL-18 on anti-tumor immunity. This scenario is not sur-
prising, given that IL-18 can recruit T cells to the site,35 
promote the polarization of Th1 cells, induce the prolif-
eration, enhance the cytotoxicity of T cells,1 and induce 
the maturation of dendritic cells.36

Conclusions

In summary, the present study confirmed that our engi-
neered IL-18 exhibits anti-tumor capabilities by promoting 
anti-tumor immunity. Although the native IL-18 produced 
from our laboratory did not show significant anti-tumor 
effects according to the tumor volume and survival rate, 
our engineered IL-18, E6K+T63A, significantly slowed 
tumor progression and increased the lifespans of tumor-
bearing mice. These findings may have therapeutic im-
plications, since higher proportions of Th1 and CTL cells 
were found in the tumor microenvironment of E6K+T63A 
IL-18-treated mice compared to E6K and native IL-18. 
Before this technology can be moved into clinical trials, 
further investigation is needed to elucidate the toxicity and 
biology of the novel IL-18 type.
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