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Abstract

Colorectal cancer (CRC) is a leading cause of cancer-related death, partly due to a lack of reliable biomarkers for early diag-
nosis. To improve the outcome of CRC, it is critical to provide diagnosis at an early stage using promising sensitive/specific
marker(s). Using immunohistochemistry and histopathology, IL-38 expression was determined in tissue arrays of CRC with
different TNM status and depth of tumour invasion. Data were compared to IL-38 in adjacent non-cancer tissue and correlated
with demographic information, including survival. A substantial reduction of IL-38 was detected in the CRC tissue compared
to adjacent non-cancer colonic tissue. IL-38 correlated with the extent of tumour differentiation (P < 0.0001); CRC location
in the left side of the colon (P <0.05), and smaller tumour size (<5 cm; P <0.05). Receiver operating characteristic (ROC)
curve analysis demonstrated both high specificity and high sensitivity of IL-38 for the diagnosis of CRC [area under the
curve (AUC)=0.89)]. By sub-group analysis, AUC of IL-38 for the diagnosis of CRC was higher in poorly differentiated,
right-sided CRC or tumour size > 5 cm (all AUC > 0.9). Significantly, longer survival was observed for the IL-38"" versus
the IL-38"% groups in CRC patients (P =0.04). Survival was also longer for IL-38"" patients with lymph node metastasis
(P=0.01) and TNM stage III-IV (P=0.02). Multivariate analysis demonstrated that IL-38 (P=0.05) and tumour invasion
depth (P=0.04) were independent factors for survival. High IL.38 in CRC is an independent prognostic factor for the longer
survival of CRC patients. IL-38 signalling may constitute a therapeutic target in CRC.
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AUC Area under the curve MAPK  Mitogen-activated protein kinase
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CTLA-4 Cytotoxic T-lymphocyte-associated protein 4 ROC Receiver operating characteristic
DCs Dendritic cells TNM Tumour, node and metastasis
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survival rate for CRC patients is 64%, but the survival rate
of CRC varies from as high as 91% at a localized stage, to
as low as 14% in metastatic CRC patients. Therefore, it is
fundamentally important for medical practitioners to access
a reliable and sensitive prognostic marker for detection of
CRC at an early stage to improve the outcomes of CRC.

Host immunity, particularly involving the checkpoint
molecules programmed cell death protein 1 (PD-1) and cyto-
toxic T-lymphocyte-associated protein 4 (CTLA-4), plays a
critical role during the development of many cancers, which
has provided a foundation for precision medicine in the form
of a potent therapeutic target [4]. Furthermore, carcinogen-
esis of CRC has been extensively studied [5], e.g., CRC sub-
types and their related genetic mutations.

The precise underlying mechanism of regulation of host
immunity against CRC remains to be explored, despite
decades of extensive research, including Th17 mediated
cancer immunobiology [6]. Cytokine expression has been
clearly associated with the modulation of colorectal can-
cer [7]. The concept that tumour growth is determined by
the balance between inflammatory networks that may either
promote tumorigenesis non-specifically or promote specific
anti-tumour activity has been proposed [7]. Defining which
cytokines may influence patient survival in CRC is of impor-
tance, given both the prognostic value of determining levels
of expression, but also because manipulation of the immune
environment has enormous therapeutic potential.

IL-38, originally identified as IL-1 family 10 (IL-1F10),
is an anti-inflammatory cytokine [8]. Circulating IL-38 has
been shown to correlate with the relapse and remission of
systemic lupus erythematosus (SLE), supporting its anti-
inflammatory role during disease progression of autoimmun-
ity [9]. The anti-inflammatory action of IL-38 is consistent
with our previous findings, showing that IL-38 is inversely
correlated with the severity of gestational diabetes mellitus
[10]. More recently, the relationship between IL-38 and lung
adenocarcinoma has indicated that IL-38 may be related to
the production of PD-L1 by lung cancer cells [11]. Further-
more, high levels of tissue IL-38 have been shown to cor-
relate with poor differentiation and reduced 5-year survival
rate in lung cancer. However, it remains to be investigated
whether IL-38 is also related to CRC differentiation and the
survival rate of CRC patients.

In the current experiments, we generated CRC tissue
array blocks from patients with extensive clinical data,
including sex, age, tumour position, tumour size, lymph
node metastasis, tumour differentiation, tumour invasion
depth and TNM score. Expression of IL-38 was quantified
using histopathology/immunohistochemistry and the Wil-
coxon signed-rank test/Mann—Whitney U test was used to
correlate IL-38 with a range of clinical pathological features
in the CRC patient cohort. IL-38 was found to be a specific
and sensitive biomarker in predicting survival rate among
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these CRC patients, using Cox proportional hazards regres-
sion analysis (univariate and multivariate). Our data support
the view that IL-38 (an anti-inflammatory cytokine) contrib-
utes to the suppression of the development of gastrointes-
tinal cancers, which is concordant with data showing that
inflammatory mediated Th17 activity (a pro-inflammatory
cytokine) is closely related to the development of CRC [5].
Finally, our current findings may be useful for diagnosis, as
well as defining a potential therapeutic target for precision
medicine.

Materials and methods
Demography of CRC patients and samples

Wax embedded tissues were obtained from colorectos-
tomy for primary CRC patients (n=198) and matched with
non-cancer tissues (n=157) from the adjacent histopatho-
logically non-cancerous tissue. Thus, for all measurements
made, each tumour was compared to its own adjacent his-
topathologically normal tissue, from the same side of the
colon. It is well known that the most common colorectal
cancer is sporadic colon cancer arising from mutations
within the APC/WNT pathway [12]; whereas the incidence
of mucinous adenocarcinomas usually associated with
mismatch repair gene mutations is rather small. Thus, we
focused on the typical form of adenocarcinoma and excluded
mucinous adenocarcinomas in the current study [13]. Com-
plete clinical information was collected for all of the colorec-
tostomy patients; none had prior chemotherapy. Tissue was
obtained from Shanghai Tongren Hospital, China between
2013 and 2017. Among 198 CRC patients, 125 were males
and ages ranged from 24 to 94 years.

Among the 198 CRC patients, 80 had follow-up until
their death or their most recent contact (November 2017),
52 patients were still alive and 28 had died. The longest sur-
vival period for a CRC patient was 53 months. To facilitate
uniform staining for quantitation, several tissue array blocks
were generated, each consisting of the tissues from different
patient blocks. The CRC tissue samples exhibited a range
of different levels of differentiation, invasion and metasta-
sis, with control matched non-cancer colon tissues from the
same patients. The tissues within the pathology blocks were
obtained from the patents at surgery. The treatment regimens
among all these CRC patients were similar.

Immunohistochemistry

Immunohistochemistry was performed as described previ-
ously [14, 15]. Briefly, sections (4 um) from the tissue micro-
array were labelled with rabbit anti-human IL-38 antibody
(Ab180898, Abcam, Cambridge, UK). HRP-conjugated
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secondary antibody (Beijing Sequoia Jingiao Biological
Technology) was applied. The specific target was visual-
ized with a DAB detection kit and counterstained with hae-
matoxylin. IL-38 expression was quantified using ImagePro
Plus 9.1, as described [10, 16].

Histopathology and immunohistochemistry were per-
formed in the Department of Pathology, Tongren Hospi-
tal, Shanghai Jiaotong University School of Medicine. The
image analysis of these histopathology blocks and immu-
nohistochemistry blocks was also performed in the Ton-
gren Hospital, Shanghai, China. The data analysis, statisti-
cal analysis and manuscript writing were performed in The
Discipline of Pathology, School of Medical Sciences, The
University of Sydney.

Statistical analysis

Statistical analysis was performed as described previously
[17], using SPSS 24.0 statistical software package. Com-
parison between two paired groups was performed via the
Wilcoxon signed-rank test. Comparison between the two
unpaired groups was performed via the Mann—Whitney U
test. Comparisons among multiple groups were performed
using the Kruskal-Wallis H test. The low and high cut-off
values for IL-38 expression within the tumours were defined
by the median value of the CRC tissue IL-38 expression,
quantitated in image units. The overall survival was defined
as the number of patient’s days elapsed between surgery and
the date of their last follow-up or death. Survival curves
were plotted by the Kaplan—Meier method and compared
by the log-rank test. Cox’s proportional hazards model was
used to identify the prognostic factors that influenced sur-
vival. Results were considered as statistically significant at
P <0.05.

Results
Demographic information for the patients

Demographic data from the 198 primary CRC patients and
the 157 matched control tissues are listed in Table 1. How-
ever, actual numbers for some comparisons were slightly
lower due to incomplete clinical data for a small number of
patients, i.e., for the left- or right-sided CRC comparison
the numbers were 135 and 60, respectively. The number of
tumours whose differentiation was well, moderate or poor
were 5, 153 or 37, respectively, based on the new criteria of
histological grading of CRC [18]. The number of tumours
whose size was smaller or larger than 5 cm was 152 or 45,
respectively. Selection of the tumour size cut-off of 5 cm is
well recognised as being of prognostic value in CRC [19].

Table 1 Clinicopathological characteristics of patients with CRC

Characteristics No. of patients with

CRC (non-cancer)

Cancer vs non-cancer

Unpaired 198 (157)

Paired 157 (157)
Gender

Male 125 (98)

Female 73 (59)
Age (years)

<70 104 (80)

>70 94 (77)
Position

Right-sided 60 (49)

Left-sided 135 (107)
Size (diameter, cm)

<5 152 (126)

>5 45 (30)
Lymph node metastasis

No 119 (93)

Yes 79 (64)
Differentiation

Well 5@

Moderate 153 (122)

Poor 37 (29)
Invasion depth

T1 99

T2 25(17)

T3 34 (28)

T4 128 (103)
TNM

I 30 (22)

I 86 (71)

I 69 (55)

v 119

Association between IL-38 and clinicopathological
characteristics in CRC patients

Colonic IL-38 was detected in the adjacent non-cancer
part of the colon, mainly localised in the cytoplasm in both
colonic epithelial cells and goblet cells (Fig. 11). In con-
trast, there was weaker IL-38 staining in the CRC tissues
(Fig. 11I), that was diffusely distributed within cytoplasm
and on the cell membrane of the cancer cells. Quantita-
tive analysis (Table 2) demonstrated that IL-38 expres-
sion was 95% reduced in the CRC tissues compared to
that of the non-cancer colon tissue (Fig. 1a; P <0.001).
CRC arising in the right-sided colon is reported to carry
a poorer prognosis compared to that from the left-side
[20]. Our data show that CRC IL-38 was 2.2-fold higher
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«Fig. 1 Comparison of IL-38 expression between paired non-cancer
vs cancer tissue samples in each patient (a) using Wilcoxon signed-
rank test. Comparison of IL-38 expression between colonic posi-
tion (b), differentiation (c¢) and size (d) using Mann—Whitney U test.
IL-38 expression has been quantitated in arbitrary image units (a,
b) and has been expressed as the ratio of IL-38 expression in paired
cancer vs non-cancer tissue for each patient (¢, d). Representative
images of IL-38 expression are illustrated in the microphotographs:
non-cancer (I), cancer (II), and CRC from left-sided (III), right-sided
colon (IV), CRC differentiation at well (V), moderate (VI), poor (VII)
levels, and tumour size<5 cm (VIII) and>5 cm (IX). *P<0.05;
*##%%P <(0.0001. The bar represents 20 um

in the left- (Fig. 11II) compared to the right-sided colon
(Fig. 11V) (Fig. 1b; P <0.05). IL-38 was more than 60%
reduced in the poorly differentiated CRC compared to that
of the moderate differentiated CRC (Fig. 1c; P <0.05).
The representative microphotographs are illustrated
in Fig. 1V, VI, VIIL Finally, colonic IL-38 within CRC
tumours > 5 c¢cm was almost 50% reduced compared to
that within tumours <5 cm (Fig. 1d; P <0.05), as shown
in the corresponding representative microphotographs
(Fig. 1VIII, IX).

Association between IL-38 and ROC curves in CRC
patients

ROC curves were used to confirm the specificity and sen-
sitively for colonic IL-38 expression in the prediction of
CRC outcomes. The ROC curve yielded a cut-off of 0.33
IL-38 Image units x 10°, which corresponded with a strong
Youden index =0.60 [17]. The capacity of IL-38 expression
to predict CRC yielded an AUC of the ROC curve (AUROC)
of 0.89 in the cancer and non-cancer tissues (Fig. 2a), con-
sistent with IL-38 being a reliable and sensitive biomarker
for differentiating between CRC and non-cancer colonic tis-
sue. Similarly, the AUROC of IL-38 expression for tumours
within the right-sided colon (AUC =0.94, Fig. 2b), com-
pared to CRC in the left-sided colon (AUC =0.87, Fig. 2b),
supports the conclusion that IL-38 expression was an excel-
lent biomarker for differentiating between CRC arising in the
right- versus left-sided colon. Furthermore, the AUROC of
IL-38 expression for tumour differentiation was determined,
showing that IL-38 expression was an excellent, very good
or very good prediction biomarker for poorly- (AUC=0.97,
Fig. 2¢), moderately- (AUC =0.89, Fig. 2c) or well-differen-
tiated CRC (AUC =0.89, Fig. 2¢), respectively. Notably, the
AUC data obtained for the well-differentiated CRC shows
large steps, due to the small number of samples available
for analysis (n=35). Finally, in relation to tumour size the
AUROC of IL-38 expression was AUC=0.97 (Fig. 2d) or
AUC=0.88 (Fig. 2d) from the CRC>5 cm or<5 cm in
tumour size, also supporting the conclusion that AUROC
of IL-38 expression was reliable.

Association IL-38 and survival curves in patients
with CRC

Using the log-rank test, the associations between IL-38
expression and postoperative survival of CRC patients was
assessed, based on a defined cut-off of IL-38 levels, obtained
from the median of CRC tissue image unit, i.e., high ver-
sus low. Our data demonstrate that the overall survival rate
among the CRC patients within the IL-38 high group was
significantly longer than those CRC patients within the low
CRC IL-38 expression group (P=0.04; Fig. 3a).

We further stratified patients into two sub-groups, those
with lymph node metastases at surgery and patients that
were TNM stage III-IV at surgery. Patients who expressed
a high level of IL-38 had a significantly higher survival rate
compared to those patients with low CRC IL-38 expression,
in both the lymph node metastasis at surgery sub-group
(P=0.01, Fig. 3c) and the TNM stage III-IV at surgery sub-
group (P=0.02, Fig. 3d).

Univariate and multivariate analyses
of the relationship between survival of CRC patients
and IL-38

Univariate analysis was applied to determine whether a
range of factors (IL-38, sex, age, CRC position, size, metas-
tasis, differentiation, invasion depth, and TNM) contributes
to the prediction of survival rate (Table 3). Univariate and
multivariate analyses were undertaken for determining CRC
survival rate, as described previously [17]. IL-38 expression
(HR 0.45; 95% C1 0.20-0.99; P=0.05), lymph node metas-
tasis (HR 2.39; 95% CI 1.13-5.07; P=0.02), invasion depth
(HR 2.87; 95% CI 1.32-6.25; P=0.008) and TNM (HR
2.28;95% CI 1.37-3.80; P=0.001) were found to be good
predictors for survival of patients with CRC, by univariate
analysis. More importantly, multivariate analysis demon-
strated that IL-38 expression (HR 0.43; 95% CI 0.19-0.98;
P=0.05) and tumour invasion depth (HR 2.30; 95% CI
1.03-5.13; P=0.04) were independent and reliable biomark-
ers for predicting survival rate among these CRC patients
(Table 3). However, using multivariate analysis, other fac-
tors, including sex, age, CRC localisation, size, lymph node
metastasis, differentiation, and TNM were not significant in
predicting survival rate among these CRC patients.

Further sub-group analysis based on age and sex was
undertaken. For the analysis, an age cut-off of 70 years was
selected, based on the study by Brenner et al. that showed
that the median age at CRC diagnosis in developed countries
is approximately 70 years [21]. No significant difference in
colonic IL-38 expression was detected between young and
old (<70 vs >70 years) (SFig 1A), by sex (male vs female)
(SFig 1B), and by TNM (I-IV) status (SFig 1C) in the CRC
patients.
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Table 2 Association

between I1.-38 production Characteristics IL-38 (units X 10°) P value IL-38 ratio (canger VS. P value
- ) non-cancer X 107)
and clinicopathological
characteristics in patients with N Median N Median
CRC
Cancer vs non-cancer (paired)
Cancer 157 0.0533 <0.0001
Non-cancer 157 1.3360
Cancer vs non-cancer (unpaired)
Cancer 198 0.0572 <0.0001
Non-cancer 157 1.3360
Gender
Male 125 0.0555 NS 98 6.0845 NS
Female 73 0.0652 59 4.9309
Age (years)
<70 104 0.0547 NS 80 5.0523 NS
>70 94 0.0650 77 6.1020
Position
Right-sided 60 0.0362 0.05 49 47711 NS
Left-sided 135 0.0800 107 6.0233
Size (diameter, cm)
<5 152 0.0676 NS 126 6.4133 0.03
>5 45 0.0299 30 2.4473
Lymph node metastasis
No 119 0.0844 NS 93 7.0598 NS
Yes 79 0.0380 64 4.5315
Differentiation
Well 5 0.1103 NS 4 9.0806 All:0.02
Moderate 153 0.0787 122 7.4385 gfi’[il\lfss
Poor 37 0.0284 29 2.8655 M/L:0.02
Invasion depth
T1 9 0.0427 NS 9 4.3749 NS
T2 25 0.1731 17 11.7530
T3 34 0.0332 28 2.9147
T4 128 0.0548 103 6.1020
TNM
I 30 0.1670 NS 22 14.9808 NS
1T 86 0.0767 71 5.6415
I 69 0.0442 55 4.7249
v 11 0.0324 9 3.1851

P values for Wilcoxon signed-rank test and Mann—Whitney U test.

IL-38 ratio: divide the expression of

IL-38 in tumours by the paired adjacent tissues

Discussion

This study shows that colonic IL-38 expression is substan-
tially reduced in CRC compared to that of matched non-
CRC colonic tissue, and has demonstrated a direct correla-
tion between the level of IL-38 expression and the extent of
differentiation of CRC. Importantly, higher expression of
IL-38 was also found to be an independent predictor of an
improved prognosis in the CRC patients, when analysed by
multivariate analysis.

@ Springer

The observation that colonic IL-38 expression is~95%
lower in CRC compared to non-CRC colonic tissue, cou-
pled with the direct correlation between differentiation of
CRC, and colonic tumour expression of IL-38, suggests
that IL-38 expression may be beneficial for maintaining
homeostasis of intestinal mucosa in the normal colorectal
micro-environment. Furthermore, our data suggest that a
low level of IL-38 expression within CRC may contribute
to tumour growth and spread. This concept is supported by
others, who have shown that IL-38 is an anti-inflammatory
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Fig.2 The specificity vs sensitivity of CRC diagnosis determined
by IL-38 expression, determined using ROC curves. Area under
the curve (AUC), IL-38 (a): AUC=0.89. Sub-group analysis based
on tumour position: b CRC diagnosis in patients with left-sided

cytokine, contributing to the maintenance of local host
immunity [22]. Increased levels of inflammation are likely
to be conducive to both the development of, and more
rapid growth and metastasis of tumours [23]. The anti-
inflammatory role of IL-38 is in agreement with our previ-
ous findings that IL.-38 is protective in placental responses
to gestational diabetes mellitus [10]. Thus, our current
finding of suppressed/reduced colonic IL-38 in CRC may
be consistent with dysregulated intestinal mucosal immu-
nity in the micro-environment during the development of
colon cancer [24].

Our speculation is supported by other data showing that
down-regulated IL-38 is detected in a number of auto-
immune diseases, including rheumatoid arthritis [25], sys-
temic lupus erythematosus [26], primary Sjogren’s Syn-
drome [27] and inflammatory bowel disease [28]. However,
it is still unclear why IL-38 is reduced/suppressed in CRC,
but we hypothesise that reduced CRC IL-38 expression may
be due to compromised host immunity following unknown
stimuli, e.g., genetic, environmental, and possible infectious

CRC=0.87, right-sided CRC=0.94; tumour differentiation c¢: well-
differentiation=0.89, moderate-differentiation=0.89, poor-differen-
tiation =0.97; tumour size (diameter) d: >5 cm=0.97,<5 cm=0.88

factors [29]. Oncogenic genetic mutations within the cancer
cells may also contribute to altered expression.

Consequently, we propose that dysregulated host immu-
nity in the colon compromises immune-regulatory mecha-
nisms, resulting in a higher level of uncontrolled inflamma-
tion, which may enhance colonic epithelial cell malignant
transformation, and ultimately the development of CRC
[30]. Additionally, excessive inflammation may contribute
to more rapid tumour growth and spread. This mechanism
is consistent with the findings that a close correlation exists
between chronic inflammatory status and the development
of gastrointestinal cancer [23].

Importantly, our study has only examined IL-38 expres-
sion within CRC and adjacent non-cancer tissue at the time
of surgery. We acknowledge that we do not know if reduced
colonic IL-38 within normal colonic tissue renders the colon
more susceptible to the development of CRC, which consti-
tutes another important point for our future study.

IL-38 shares receptors with IL-36a, 3, and y, and may
inhibit the activity of these IL-36 isoforms by competing

@ Springer
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Fig.3 Kaplan—Meier survival curves for patients with either a high
or low level of expression of IL-38. The cut-off for IL-38 expression
was derived by the median of the expression of IL-38 in CRC tissue,
quantitated in image units. Correlation between production of IL-38

with their signalling pathway [31]. It is well known that the
IL-36 isoforms are pro-inflammatory cytokines, which con-
tribute to activation and proliferation of leucocytes, includ-
ing macrophages, dendritic cells and lymphocytes [32]. It
is unknown why reduced colonic IL-38 expression within
the CRC correlates with a worse outcome for CRC, par-
ticularly the observed direct correlation with CRC cellular
differentiation. The precise underlying mechanism of IL-38
activity within CRC, however, remains unclear, which will
be clarified in our future experiments.

There is a substantially different status of biological
markers, genes and prognosis between left- and right-sided
CRC [33]. In addition, it has been demonstrated that clinical
symptoms from the right-sided CRC patients present at a
relatively late stage, compare to that of the left-sided colon,
partially due to anatomic/physiological mechanisms, which
results in a diagnosis of right-sided colon cancer later than
left-sided colon cancer [34]. This is in agreement with our
findings that colonic IL-38 was almost 50% lower in the
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in CRC (a). Sub-group analysis of survival for patients with lymph
node metastasis (b) and TNM stage III-IV (c), P values from statisti-
cal analysis used the log-rank test

right-sided CRC compared to that of the left, supporting our
speculation above that IL.-38 is a protective biological factor
during the development of CRC. Furthermore, substantially
reduced colonic IL-38 was observed in the CRC tumour
size > 5 cm, compared to that of <5 cm, which is also con-
sistent with the poorer prognosis of larger size primary CRC
[35]. This is in line with the findings from others, showing
that tumour size and infiltration depth correlates with the
survival rate of the postoperative patients [36]. Thus, these
data above could be useful information for the development
of personalised precision medicine in the management of
CRC.

The ROC curves demonstrated that the level of IL-38
expression was highly specific and sensitive for the predic-
tion of several clinical parameters, specifically tumour loca-
tion within the colon, the extent of tumour differentiation
and the size of the tumour. These data support our finding
from multi-variate analysis that the level of expression of
IL-38 is an independent predictor of prognosis and survival.
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Tablg 3 .Univariate. and Characteristics Univariate analysis Multivariate analysis
multivariate analysis of IL-38
and clinicopathological factors HR (95% CI) P value HR (95% CI) P value
affecting survival of patients
with CRC IL-38
High/low 0.45 (0.20-0.99) 0.05 0.43 (0.19-0.98) 0.05
Gender
Male/female 1.03 (0.46-2.28) NS
Age (years)
<70/>70 1.73 (0.80-3.76) NS
Position
Right-sided/left-sided 1.21 (0.53-2.78) NS
Size (diameter, cm)
<5/>5 1.53 (0.65-3.60) NS
Lymph node metastasis
Nol/yes 2.39 (1.13-5.07) 0.02 0.87 (0.18-4.17) NS
Differentiation
Well/moderate/poor 2.30 (0.96-5.54) NS
Invasion depth
T1/T2/T3/T4 2.87 (1.32-6.25) 0.008 2.30 (1.03-5.13) 0.04
TNM
/v 2.28 (1.37-3.80) 0.001 1.96 (0.62-6.13) NS

P values for Cox proportional hazards regression analysis

HR hazard ratio, CI confidence interval

Our survival curve data have shown that higher CRC IL-38
expression is associated with a better prognosis and longer
survival.

Our data also show that the level of IL-38 expression
is an important determinant for survival in patients with
advanced CRC. Within two sub-groups with advanced dis-
ease (patients with mesenteric metastases and patients who
were TNM (III-1V) at surgery), both demonstrated that high
levels of IL-38 expression resulted in a significant survival
benefit, suggesting that IL-38 seems to be a reliable and
consistent independent factor in predicting the prognosis of
CRC.

In contrast to our own data, a recent study of lung adeno-
carcinoma showed a correlation between high IL-38 expres-
sion and poor differentiation of lung adenocarcinoma [11].
Moreover, high IL-38 expression was also found by these
authors to positively correlate with high TNM and correlate
with a shorter disease-free survival. However, these data
were only obtained in PD-L1 negative tumours, where T
cell activity is presumably not suppressed by the tumour.
Although the level of IL-38 expression was found to influ-
ence survival in both lung adenocarcinoma and in this study
on CRC, the explanation for why the effect was opposite in
the two tumour types is unknown. Notably, our study dem-
onstrated a high level of constitutive expression of I1L-38
in non-cancer colonic tissue, while no data are available
for IL-38 constitutive expression in normal lung tissue.
The high level of expression of IL-38 within the colon may

be consistent with the high level of immune surveillance
required within the gut wall. There is an almost completely
different micro-environment within the gastrointestinal
mucosal surface compared to the lung, despite both organs
being classified as mucosal organs [37]. The substantially
different micro-environment between colon and lung would
certainly contribute to differences in disease progression
and/or pathogenesis, mainly due to host mucosal defences
and flora [37].

No significant difference in IL-38 expression was
observed between young versus old patients or between
males and females. The failure to observe a difference was
probably due to the age range of the CRC patients being
mainly concentrated in 62-78 years old range, and the
small numbers of younger patients in our study (<60 years
n=38/198). Additionally, most females within our study
were post-menopausal (<55 years n=6/73), which prob-
ably has negated the known benefit of estrogen in reducing
the incidence of CRC in women of fertile age [38].

It is well known that there is a close correlation between
TNM and survival in CRC patients, which has been well
reviewed by Rodgers et al. [39]. However, we observed that
there was no significant difference in survival in CRC based
on TNM stage in the current study, using multivariate analy-
sis. Notably, one of the elements of TNM, namely invasion
depth, did positively correlate with survival by multivariate
analysis. Our explanation of the data is that statistical power
was compromised because there were not sufficient numbers
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of CRC patients at TNM I stage, due to rather late diagnosis,
nor at TNM stage IV. To overcome this problem, we are
currently identifying more TNM I and IV stage samples for
our future study.

Our pilot study has demonstrated that IL-38 expression
within pre-cancerous colorectal tissue is slightly lower than
that of non-cancerous tissue (data not shown). The com-
plete analysis of these data will be undertaken in our future
experiments.

In conclusion, our data demonstrate that IL-38 is a reli-
able prediction factor for prognosis of CRC, based on mul-
tivariate analysis, and constitutes a strong and reliable pre-
dictor of survival post-surgery. IL-38 expression exhibits
high sensitivity and specificity. Furthermore, our data also
suggest that IL-38 may serve as a therapeutic target in post-
surgery management of CRC patients.
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