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Introduction: Colorectal cancer (CRC) presents a substantial challenge
characterized by unacceptably high mortality and morbidity, primarily
attributed to delayed diagnosis and reliance on palliative care. The immune
response of the host plays a pivotal role in carcinogenesis, with IL-38 emerging
as a potential protective factor in CRC. However, the precise involvement of IL-
38 among various leucocytes, its interactions with PD-1/PD-L1, and its impact on
metastasis require further elucidation.

Results: Our investigation revealed a significant correlation between |L-38
expression and metastasis, particularly concerning survival and interactions
among diverse leucocytes within draining lymph nodes. In the mesentery
lymph nodes, we observed an inverse correlation between IL-38 expression
and stages of lymph node invasions (TNM), invasion depth, distance, and
differentiation. This aligns with an overall survival advantage associated with
higher IL-38 expression in CRC patients’ nodes compared to lower levels, as well
as elevated IL-38 expression on CD4" or CD8™ cells. Notably, a distinct subset of
patients characterized by IL-38"9"/PD-1'°" expression exhibited superior survival
outcomes compared to other combinations.

Discussion: Our findings demonstrate that IL-38 expression in colorectal
regional nodes from CRC patients is inversely correlated with PD-1/PD-L1 but
positively correlated with infiltrating CD4" or CD8" lymphocytes. The combined
assessment of IL-38 and PD-1 expression in colorectal regional nodes emerges
as a promising biomarker for predicting the prognosis of CRC.
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1 Introduction

Colorectal cancer (CRC) remains a formidable challenge to
human health, even with substantial technological advancements,
especially in early malignancy screening over recent decades (1).
The unacceptably high mortality and morbidity associated with
CRC, particularly for individuals under the age of 50, have been on
the rise globally. The multifaceted nature of tumorigenesis, shaped
by genetic backgrounds (2), environmental factors (3), and the
presence of infections or inflammation (4), underscores the
inherent complexity of this disease.

Immunotherapy is intricately linked to the mismatch repair/
microsatellite instability (MMR/MSI) status of tumours, which can
be broadly divided into MMR/MSI competent tumours
(representing the majority of CRCs) and MMR/MSI incompetent
tumours (constituting around 4% of CRC cases) (5). Notably,
MMR/MSI incompetent CRC represents an “immune-hot”
subtype, characterized by a heightened tumour mutational
burden, infiltration of T lymphocytes, and a robust anti-tumour
immune response within the tumour microenvironment.
Consequently, this CRC subtype exhibits a favourable response to
immune checkpoint inhibitors (ICIs).

In contrast, the majority of CRCs are MMR/MSI competent,
and their tumour growth is primarily propelled by increased WNT
signalling (6). These tumours manifest an immune-exclusive
microenvironment, likely due to a lower tumour mutational
burden. As a result, MMR/MSI competent CRCs generally exhibit
poor responses to ICIs. Nevertheless, ongoing clinical trials are
exploring strategies to augment the inflammatory response within
the tumour microenvironment of MMR/MSI competent CRCs. For
instance, approaches such as radiotherapy are being investigated to
induce inflammation and potentially enhance the responsiveness of
this CRC subtype to ICIs (7).

Host immunity has been widely acknowledged as a critical
determinant in the development of malignancies (8). Recent
breakthroughs have prominently highlighted the pivotal role of
the PD-1/PD-LI axis in cancer progression (9). The introduction of
anti-PD-1/PD-L1 therapies has heralded a paradigm shift in cancer
treatment, presenting markedly improved outcomes for patients
who would otherwise confront more severe conditions (10).
Nevertheless, a notable proportion of adverse effects has been
observed in cancer patients following anti-PD-1 therapy (11). For
instance, our previous research demonstrated serious adverse
responses in hepatocellular carcinoma patients in response to
ICIs (11).

In our prior investigations, we provided evidence of the
dichotomous effects of IL-36 (12) and IL-38 (13) on
tumorigenesis of CRC, where IL-36 exhibited pro -tumour effects,
while IL-38 displayed a contrasting impact. However, a critical gap
in our understanding persists, particularly concerning the
relationship among IL-38 expression, T or B cell infiltration, and
PD-1/PD-L1 expression within the draining lymph nodes (LN) of
patients with CRC. Our current study further investigates whether
there is a correlation between IL-38 expression and metastasis,
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particularly in relation to the survival and the interaction among the
different leucocytes within draining LN. These data is aligned with
previous observations showing that the malignant subclones
present within LNs exhibit a higher mutational burden and
metastatic/proliferative potential than the primary tumour (14).

Such information serves as the impetus for the present study.
Through a meticulous examination of IL-38 expression dynamics
and its potential interplay with T and B cell infiltration, as well as
the status of the PD-1/PD-L1 axis within the draining lymph nodes
of CRC patients, we aim to unravel the intricacies of the immune
landscape in this specific microenvironment. Such insights hold the
promise of not only enhancing our comprehension of CRC
immunobiology but also potentially identifying novel avenues for
therapeutic intervention.

This research aims to more comprehensively define the immune
modulators shaping the progression of CRC, with implications for
the development of targeted therapies and personalized treatment
strategies for individuals grappling with CRC.

2 Materials and methods

2.1 Demography of CRC patients
and samples

The draining lymph nodes from colorectal regions in the wax
blocks were obtained from CRC patients at the Department of
Pathology, Tongren Hospital, Shanghai Jiaotong University School
of Medicine. Demographic and clinicopathological information
were extracted from the electronic medical database at Tongren
Hospital. Follow-up data were retrieved from the Centre for Disease
Control and Prevention in Changning District, Shanghai, China.

A total of 263 cases were included in the present study after
excluding cases with incomplete clinical data and those where tissue
specimens couldn’t be obtained for tissue array creation. Among
these 263 cases, 231 had follow-up information available up to their
date of death or their most recent contact, which was as of
November 2023 (Table 2). Among these 231 CRC patients, 162
were still alive at the time of the analysis, while 69 had unfortunately
died, with the longest survival period recorded at 52 months. This
study has been approved by the human ethic committee, Tongren
Hospital, Shanghai Jiaotong University.

All patients identified in the current study did not undergo
preoperative neoadjuvant therapy and underwent surgery within
two weeks of being diagnosed with CRC. Following surgery, patients
who received chemotherapy in our hospital were prescribed
capecitabine for a specific duration, with approximately two-thirds
of patients also receiving oxaliplatin. Both capecitabine and
oxaliplatin act by inhibiting the growth of tumour cells through
the suppression of DNA synthesis in cancer cells (15, 16). There are
no reported studies on capecitabine and oxaliplatin impact on the
expression of IL-38. Additionally, targeted drugs, such as
bevacizumab (17), used by a small subset of patients, have not
been associated with any reported effects on IL-38 expression.
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2.2 Immunohistochemistry

The tissue array was generated following the methods as
described (18, 19). Subsequently, immunohistochemistry was
conducted on sections obtained from these tissue arrays to assess
the expression of IL-38, CD4, CD8, PD-1, CTLA-4, and FOXP3 on
the draining lymph nodes containing metastatic CRC. All of the
primary antibodies were purchased from Abcam, Cambridge, UK,
details as follows: anti-human IL-38 (Ab180898, staining
concentration 1:1000), anti-human CD4 (Ab133616, staining
concentration 1:1000), anti-human CD8 (Ab237710,
staining concentration 1:500), anti-human PD-1 (Ab237728,
staining concentration 1:1000), anti-human CTLA-4
(Ab237712, staining concentration 1:400), and anti-human
FOXP3 (Ab215206, staining concentration 1:200). A secondary
HRP-conjugated antibody (Beijing Sequoia Jingiao Biological
Technology) was subsequently utilized. The specific target was
visualized using a DAB detection kit and counterstained
with hematoxylin.

To digitize the sections, we utilized NANO Zoomer series
digital scanning devices 2.0 (Hamamatsu, Japan). Quantification
of expression was conducted, using Halo digital imaging analysis
software 2.0 (Indica Labs, USA). Notably, this software
automatically excluded tissue gaps, including those resulting
from prior tissue microarray coring, from the analysis.
The images underwent annotation, and a staining intensity
threshold was established, classifying them into negative and
positive categories. Subsequently, the software employed an
annotated training algorithm to automatically analyse and
calculate staining intensity and the proportion of positive cells per
unit area at each tumour and stromal site. The H score, combining
staining intensity and the proportion of positive cells per unit area,
served as a comprehensive representation of the results (Indica
Labs, USA).

2.3 Immunofluorescent staining

To ascertain the co-localization of IL-38 with CD3, CD19,
CD138, or CD68, we conducted immunofluorescence staining on
the sections. The sections were stained with antibodies for anti-IL-
38 (Ab180898, Abcam, Cambridge, UK) and anti-CD3 (MX036,
Fuzhou Maixin Biological Technology, China), anti-CD19 (MX016,
Fuzhou Maixin Biological Technology, China), anti-CD138 (MI15,
Fuzhou Maixin Biological Technology, China), or CD68 (MX075,
Fuzhou Maixin Biological Technology, China) at 4°C overnight.
Subsequently, the sections were incubated with the corresponding
fluorescent secondary antibodies: anti-IL-38 antibody (staining
concentration 1:200) with its counterpart from Beijing Panovue
Biological Technology, China, and CD3 (staining concentration:
Ready-to-use concentration), CD19 (staining concentration: Ready-
to-use concentration), CD138 (staining concentration: Ready-to-
use concentration), or CD68 (staining concentration: Ready-to-use
concentration) with their respective fluorescent secondary
antibodies from Beijing Panovue Biological Technology, China.
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DAPI (Beijing Panovue Biological Technology, China) was
applied to identify the nuclei. Co-localization was detected using
a BX60 Olympus fluorescence microscope, and quantitative analysis
was performed using Halo digital imaging analysis software 2.0
(Indica Labs, USA).

2.4 Statistical analysis

Statistical analysis was conducted following established
procedures (20) utilizing Graphpad Prism 9.0.1 The comparison
between two unpaired groups employed the Mann-Whitney U test,
while comparisons among multiple groups utilized the Kruskal-
Wallis H test. Optimal cut-off points for continuous variables were
determined using X-tile software, based on the highest %> values
defined by Kaplan-Meier survival analysis and the log-rank test
(21). The patient’s overall survival was defined as the number of
days between surgery and the date of the last follow-up or death.
Survival curves were generated using the Kaplan-Meier method and
compared using the log-rank test. Univariate and multivariate
analyses of various factors influencing patient prognosis were
conducted using Cox’s proportional hazards model. Statistical
significance was considered at P < 0.05.

3 Results

3.1 Demographic information for
the patients

Demographic data for the 263 primary CRC patients, subjected
to comprehensive analysis, are detailed in Table 1. Within this
cohort, 57 individuals exhibited tumours measuring < 3cm, while
206 patients presented tumours of > 3cm. Employing the tumour-
lymph node-metastasis (TNM) classification outlined by the
American Joint Committee on Cancer (AJCC) (22), the
distribution revealed 148 cases classified as NO (no tumour
metastasis in regional lymph nodes), 92 as N1, and 23 as N2.
Additionally, the staging analysis disclosed 42 cases at stage I, 104 at
stage II, 100 at stage III, and 17 at stage IV.

3.1.1 Association between IL-38 and
clinicopathological characteristics in
lymphoid tissue

The expression of IL-38 was observed to be widespread within
lymphoid tissues, primarily localized in the cytoplasm and nucleus
of lymphocytes (Figure 1). Notably, as the number of regional
lymph nodes invaded by the tumour increased, there was a
discernible decrease in IL-38 expression in regional lymphoid
tissue (Figure 1A; p=0.0415). Additionally, IL-38 exhibited a
significant reduction in colorectal regional lymph nodes among
patients with advanced CRC compared to those with early CRC
(Figure 1B; p=0.0413). Lastly, IL-38 expression was markedly lower
in the colorectal regional lymph nodes of patients with primary
tumour sizes > 3 cm, in contrast to those in the regional lymph
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TABLE 1 Demography of patients with CRC.

Characteristics Patients with CRC (n)

Sex
Male 167
Female 96
Age (years)
<70 143
> 70 120
Position
Left-sided 191
Right-sided 72

Size (diameter, cm)

<3 57
>3 206

Differentiation

Well 45
Moderate 188
Poor 30

Invasion depth

T1 10
T2 47
T3 153
T4 53

Lymph node metastasis

NO 148
N1 92
N2 23

Distant metastasis
MO 246
M1 17

Stage (TNM)

I 42

I 104
1T 100
v 17

nodes of patients with primary tumour sizes of < 3 cm
(Figure 1C; p=0.0386).

3.1.2 Co-localization of IL-38 in colorectal
reginal nodes

To further identify the source of the cellular origins of IL-38
production within colorectal regional nodes of CRC patients,
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sections were double stained with fluorescence-labelled anti-IL-38
and antibodies against CD3, CD19, CD138, or CD68 (Figure 2). A
significant portion of IL-38" cells (depicted by red fluorescence)
exhibited co-staining with CD19" B lymphocytes (depicted by green
fluorescence), whereas a comparatively smaller fraction displayed
co-staining with CD138" plasmacytes, CD68" monocytes/
macrophages, or CD3" T lymphocytes, each represented by green
fluorescence. The visual analysis indicated that the number of
CD19" B lymphocytes per visual field was the highest, followed
by CD138" plasmacytes and CD68" monocytes/macrophages, with
the lowest observed for CD3™ T lymphocytes. Consequently, B
lymphocytes, plasmacytes, and monocytes/macrophages were
identified as the primary cellular sources of IL-38 in the
lymphatic tissue of CRC patients.

3.1.3 Association between IL-38 and CD4, CD8,
PD-1, CTLA-4 or FOXP3 in colorectal reginal
nodes from CRC patients

In our examination of the relationship between IL-38 and CD4
or CD8 expression in colorectal regional nodes, positive
correlations emerged between IL-38 and CD4 (r=0.1805, p=0.004)
(Figures 3A, B) as well as between IL-38 and CD8 (r=0.2572,
p<0.0001) (Figures 3C, D). Conversely, an inverse correlation
was observed between IL-38 and PD-1 (r=-0.1582, p=0.0168)
(Figures 3E, F). However, no signiﬁcant correlation was
discerned between IL-38 and CTLA-4 (r=-0.0345, p=0.6061)
(Figures 3G, H) or between IL-38 and FOXP3 (r=0.0575,
p=0.3554) (Figure 31, J).

3.1.4 Association IL-38, CD4, CD8, PD-1 and
survival curves in CRC patients

We utilized the log-rank test to investigate the correlation
between IL-38 expression in colorectal regional nodes and post-
operative survival in CRC patients. Our results revealed a significant
increase in overall survival rates among CRC patients exhibiting IL-
38hieh expression in colorectal regional nodes, as opposed to those
with IL-38'" expression (Figure 3A; p=0.0436). The results also
showed that patients with high CD4"" expression had a better

low

prognosis than those with CD4 " expression (Figure 3B; p=0.0386),
and conversely, patients with PD-1'" expression had a better
prognosis (Figure 3D; p=0.0287).

Further sub-group analysis of CRC patients yielded insightful
observations. Those with IL-38'" and PD-1"" expression in
colorectal regional nodes displayed a markedly diminished
survival rate compared to counterparts with IL-38"8" and PD-
1'°" expression, or those with concurrent IL-38 and PD-1 high or
low expression (Figure 3G; p=0.0093). In addition, the 5-year
survival rate of patients with both IL-38 and CD4 high expression
was higher than that of patients with double low expression
(Figure 3E; p=0.0419).

However, CD8 expression was not significantly associated with
patient prognosis (Figure 3C; p=0.2426), whether CD8 was analysed
alone or in combination with IL-38, there was no significant
relationship between their expression levels and patient prognosis

(Figure 3C, p=0.2426; Figure 3F, p=0.1418) (Figure 4).
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The Relationship between IL-38 expression in colorectal regional nodes and key clinicopathological factors. This figure illustrates the correlation
between IL-38 expression in colorectal regional nodes and pertinent clinicopathological factors, including (A) the number of colorectal regional
lymph nodes invaded by the tumour, (B) CRC stage, and (C) primary tumour size. Accompanying microphotographs depicting IL-38 expression are

provided for visual reference. Original magnification x400.

3.2 Univariate and multivariate analyses of
the relationship between survival of CRC
patients and IL-38, CD4, CDS8, PD-1

Univariate analysis was conducted to assess the contribution of
various factors (including IL-38, CD4, CD8, PD-1, sex, age, CRC
location, tumour size, differentiation, depth of invasion, metastasis,
and TNM staging) to the prediction of survival rates (Table 3). Both
univariate and multivariate analyses were performed to determine
CRC survival rates, as described (20). The results indicated that IL-
38 expression (HR 1.626; 95% CI 1.009 - 2.618; p=0.046), CD4
expression (HR 1.636; 95% CI 1.021-2.622; p=0.041), PD-1
expression (HR 0.468; 95% CI 0.233-0.939; p=0.033), the
combination of IL-38 and CD4 expression (HR 2.234; 95% CI
0.907-5.491; p=0.020), the combination of IL-38 and PD-1
expression (HR 0.500; 95% CI 0.309-0.807; p=0.005); age (HR
0.521; 95% CI 0.337-0.804; p=0.003), lymph node metastasis (HR
0.738; 95% CI 0.277 - 1.772; p=0.021), distant metastasis (HR 0.261;
95% CI 0.147 - 0.466; p<0.001), and TNM staging (HR 0.236; 95%
CI 0.063 - 0.619; p<0.001) were all significant predictors of survival
among CRC patients in the univariate analysis.

Notably, the multivariate analysis revealed that the combination
of IL-38 and PD-1 expression (HR 0.587; 95% CI 0.351 — 0.984;
p=0.043) and distant metastasis (HR 0.175; 95% CI 0.090 - 0.340;
p<0.001) emerged as independent and reliable biomarkers for
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predicting survival rates among CRC patients (Table 3). In
contrast, other factors such as age, TNM staging and lymph node
metastasis did not exhibit significant predictive value for survival

rates among these CRC patients.

4 Discussion

In the present study, we investigated the correlation between IL-
38 expression, T cell subsets, and the source of IL-38 within
colorectal regional nodes from CRC patients. We observed an
inverse correlation between IL-38 expression and the number of
colorectal regional nodes invaded by tumour in patients with CRC.
Furthermore, there was an inverse correlation between IL-38
expression in colorectal regional nodes and CRC TNM stages.
Additionally, IL-38 exhibited an inverse correlation with PD-1
expression while demonstrating a positive correlation with
the numbers of CD4" and CD8" T cells in colorectal regional
nodes. Significantly, our multivariate analysis identified high
levels of IL-38"" and PD-1'" as two independent predictors,
which can serve as valuable biomarkers for predicting prognosis
in CRC patients.

IL-38, recognized as an anti-inflammatory cytokine, plays a
crucial role in preserving local host immunity (22) and contributing
to the homeostasis of mucosal function (23). In the context of

frontiersin.org


https://doi.org/10.3389/fimmu.2024.1384548
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Yuan et al. 10.3389/fimmu.2024.1384548

DAPL

B p< 0.0001
15- p= 0.009
o 1
[7)
=
)
o
2
= 5
7]
o
o
0 ’
4 <o
S &
o 2
L &«
*’6\ \’b fbo

FIGURE 2

Co-localization of IL-38 in colorectal regional nodes from CRC patients was assessed using dual-coloured immunofluorescence. This method
enabled the evaluation of CD3 (T lymphocyte), CD19 (B lymphocyte), CD138 (plasmacyte), or CD68 (monocyte/macrophage) expression (in green
fluorescence) alongside IL-38 (in red fluorescence) (Figure 2A). Original magnification x400. The double positive IL-18/CD19., IL-38/CD138, IL-38/
CD68, IL-38/CD3 cells are quantified in Figure 2B)

dysregulated intestinal mucosal immunity, particularly in chronic =~ CRC patients (13). Additionally, our observations align with other
intestinal inflammation prone to the development of CRC (24), our  studies indicating that exogenous IL-38 inhibits the proliferation
findings are in line with a prior study indicating a correlation  and metastasis of CRC cells in vitro (25).

between IL-38 expression in CRC tissue and patient survival. This Our present study serves as an extension of our prior research,
suggests that IL-38 may afford protection during the progression of ~ with a specific focus on IL-38 within the context of gut mucosal
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FIGURE 3

Correlation analysis between IL-38 and the expression of CD4, CD8, PD-1, CTLA-4, and FOXP3 in colorectal regional modes from patients with
CRC. This figure presents a comprehensive correlation analysis between IL-38 and the expression of CD4, CD8, PD-1, CTLA-4, and FOXP3 in
colorectal regional nodes from patients with CRC. Accompanying microphotographs offer visual representations of the correlations, specifically
illustrating IL-38 co-staining with CD4 (A), CD8 (C), PD-1 (E), CTLA-4 (G), and FOXP3 (l). Original magnification x400. The correlation between CD4
and IL-38 (B), IL-38 and CD8 (D), IL-38 and PD-1 (F), IL-38 and CTLA-4 (H) and IL-38 and FOXP3 (J) are presented.
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immunity. Concentrating on the draining lymph nodes, our
investigation reveals an inverse correlation between IL-38
expression and the invasion or metastasis of CRC in colorectal
regional nodes from CRC patients. This finding lends support to the
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notion that IL-38 may confer benefits to CRC patients by
suppressing invasion and metastasis.

The majority of CRC patients with poor prognoses often face
challenges related to local and/or distant metastasis (23), Notably,
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Kaplan-Meier survival curves depict patient outcomes based on high or low levels of expression for IL-38, CD4, CD8, and PD-1. Survival analysis for
patients with IL-38, CD4, CD8 and PD-1 expression are illustrated in (A=D). Survival analysis for patients with combinations of IL-38 and CD4
expression is shown in (E), IL-38 and CD8 expression in (F), and IL-38 and PD-1 expression in (G). P values obtained from analysis were determined

using the log-rank test.

we observed a significantly lower expression of IL-38 in colorectal
regional nodes from CRC patients with advanced stages of the
disease compared to those at an early stage. This observation aligns
with the extent of colorectal regional nodes invaded by tumours in
our current study. Such consistency in our findings further
reinforces the protective role of IL-38 in the development of CRC
in real-world scenarios, emphasizing its potential as a promising
therapeutic target in the management of CRC patients.

The origin of intestinal mucosal IL-38 has been identified
in B lymphocytes in ulcerative colitis (26). Our investigation
demonstrates that IL-38 is produced, in sequential order of level
of production, by B lymphocytes, plasmacytes, macrophages, and T
lymphocytes in colorectal regional nodes from CRC patients. The
observed inverse correlation between intestinal IL-38 levels in
lymph nodes and advanced CRC, as well as TNM stages, provides
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additional evidence supporting the protective role of IL-38 in the
tumorigenesis of CRC.

This discovery prompts speculation that the host may be actively
endeavouring to suppress the development of CRC within the
metastatic tumour within regional nodes by secreting IL-38.
However, it appears that the target cells may not respond optimally
to the elevated IL-38 levels among these CRC patients. It remains to
be elucidated whether a compromised IL-38 signalling pathway exists
in these susceptible individuals (27). Notably, IL-38 expression
exhibited a positive correlation with the expression of CD4" or
CD8" T lymphocytes, indicating a potential influence of IL-38 and
CD4 or CD8 in shaping the progression of CRC by modulating the
tumour microenvironment during CRC pathogenesis.

This concept gains support from existing research, where IL-38
expression was significantly associated with CD8" tumour-
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TABLE 2 Association between IL-38 expression in colorectal reginal
nodes and clinicopathological characteristics of patients.

Characteristics  IL-38 expression (H score)  P-value
N (%) median
Sex
Male 167 (63.5) 294 NS
Female 96 (36.5) 29.0

Age (years)

<70 143 (54.4) 29.2 NS
> 70 120 (45.6) 29.9

Position
Left 191 (72.6) 27.3 NS
Right 72 (27.4) 31.9

Size (diameter, cm)
<3 57 (21.7) 356 0.0386
>3 206 (78.3) 272

Differentiation

Well 45 (17.1) 26.2 NS
Moderate 188 (71.5) 29.5
Poor 30 (11.4) 32.6

Invasion depth

Tl 10 (3.8) 36.0 NS
T2 47 (17.9) 336
T3 153 (58.2) 26.8
T4 53 (20.1) 273

MLN metastasis

NO 148 (56.3) 29.4 All: NS
N1 92 (35.0) 28.9 NO/N2:0.0415
N2 23 (8.7) 23.9 NO/N1: NS
NI1/N2: NS
Distant metastasis
MO 246 (93.5) 29.4 NS
Ml 17 (6.5) 23.7
Stage (TNM)
I 42 (16.0) 34.8 All: NS
il 104 (39.5) 26.7 1/1V:0.0413
11 100 (38.0) 28.9 I/II: NS
v 17 (6.5) 23.7 I/IIL: NS
1I/IV: NS
MI/IV: NS

P values for Wilcoxon signed-rank test and Mann-Whitney U test.
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infiltrating lymphocytes in lung cancer (28), and IL-38 was shown
to potentially impact the further differentiation of CD4" T cells (29).
We hypothesize that IL-38 might inhibit CRC metastasis by
influencing the infiltration of CD4" and CD8" T lymphocytes, a
hypothesis that warrants verification in subsequent experiments.
Additionally, the reason for the observed decrease in IL-38
expression in colorectal regional nodes from CRC patients,
particularly among those with multiple regional nodes metastasis,
remains unclear. While IL-38 appears to play a protective role in
CRC development, the precise pathogenesis involved in CRC is yet
to be thoroughly explored.

The immune checkpoint mechanism is a pivotal factor enabling
tumour cells to evade host immune system attacks (30). Our
findings reveal that IL-38 expression is inversely correlated with
PD-1, but not with CTLA-4 or FOXP3, in regional nodes from CRC
patients. This suggests that IL-38 could be a potential target for
precision medicine in CRC treatment, complementing anti-PD-1/
PD-L1 antibody therapy. This proposition is reinforced by the
positive outcomes observed in anti-PD-1/PD-L1 treatment
reported by others (31).

Our data are supported by previous findings, showing that there
are different components and/or pathways during the development
of cancers, including CRC. It has been reported that the roles of
CTLA-4 and PD-1 in inhibiting immune responses, including
antitumor responses, are largely distinct. CTLA-4 is thought to
regulate T-cell proliferation early in an immune response, primarily
in lymph nodes, whereas PD-1 suppresses T cells later in an
immune response, primarily in peripheral tissues (32). Thus,
clinical interventions to manipulate these 2 checkpoints may vary
based on their mechanistic differences.

Our study reveals an inverse correlation between IL-38
expression levels and PD-1 in CRC draining lymph nodes.
Immunofluorescence double staining results indicate that IL-38 is
primarily expressed in B lymphocytes and plasma cells. Numerous
studies have validated the effective inhibition of cancer metastasis
through PD-1 blockade. We propose that IL-38 might transform
PD-1 positive CRC cells into PD-1 negative CRC cells, thereby
inhibiting CRC development. This intriguing possibility awaits
verification in future research endeavours (33). Furthermore, in
regional lymph nodes, we speculate that IL-38 derived from B
lymphocytes and plasma cells might suppress the expression of PD-
1 on the cell membrane of T lymphocytes, thereby inhibiting cancer
cell metastasis in the lymph nodes. Our data also demonstrate a
correlation between the expression of IL-38 and CD8, suggesting a
potential regulatory role for them during the development of CRC.
This observation is partially aligned with the research conducted by
Kinoshita et al. (28). Thus, we hypothesize that IL-38 may inhibit
lymph node metastasis in CRC by increasing CD8" T lymphocytes.

Nevertheless, no correlation was observed between IL-38 and
CTLA-4 in regional nodes from CRC patients. We posit that this
lack of correlation may stem from the distinct roles played by PD-1
and CTLA-4 during the development of CRC, especially in the
subset of CRC patients with regional nodes metastasis. It has been
reported that FOXP3" Treg cells contribute to the progression of
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TABLE 3 Univariate and multivariate analysis of IL-38, CD4, CD8, PD-1 and clinicopathological features affecting survival of patients with CRC.

Characteristics

Univariate analysis

Multivariate analysis

HR (95% CI) P value HR (95% CI) P value
Sex
Male/female ‘ 1.138 (0.730-1.773) ‘ NS ‘ ‘
o | | |
<70/=70 ‘ 0.521 (0.337-0.804) ‘ 0.003 ‘ 0.611 (0.367 - 1.018) ‘ NS
Position
Right-sided/left-sided ‘ 0.867 (0.554-1.356) ‘ NS ‘ ‘
Size (diameter, cm)
<3/>3 ‘ 0.586 (0.337-1.022) ‘ NS ‘ ‘
Differentiation
Well /moderate/poor ‘ 0.530 (0.262-1.135) ‘ NS ‘ ‘
Invasion depth
T1/T2/T3/T4 ‘ 0.485 (0.019 - 1.435) ‘ NS ‘ ‘
Lymph node metastasis
Nol/yes ‘ 0.738 (0.277 - 1.772) ‘ 0.021 ‘ 0.997 (0.180 - 7.344) ‘ NS
Distant metastasis
Nolyes ‘ 0.261 (0.147 - 0.466) ‘ < 0.001 ‘ 1.175 (0.090 - 0.340) ‘ < 0.001
TNM
ity ‘ 0.236 (0.063 - 0.619) ‘ < 0.001 ‘ 0.161 (0.017 - 0.726) ‘ NS
IL-38
High/low ‘ 1.626 (1.009 - 2.618) ‘ 0.046 ‘ 0.514 (0.090 - 2.920) ‘ NS
CDh4
High/low ‘ 1.636 (1.021-2.622) ‘ 0.041 ‘ 0.353 (0.152 - 0.804) ‘ NS
CDh8
High/low ‘ 1.294 (0.825-2.031) ‘ NS ‘ ‘
PD-1
High/low ‘ 0.468 (0.233-0.939) ‘ 0.033 ‘ 0.469 (0.211 - 1.044) ‘ NS
IL-38 and CD4
DH/ SH/ DL ‘ 2.234 (0.907-5.491) ‘ 0.020 ‘ 2.003 (0.771 - 6.815) ‘ NS
IL-38 and CD8
SH1/ SH2/ DH/ DL ‘ 1.780 (0.684-4.234) ‘ NS ‘ ‘
IL-38 and PD-1
SH1/SH2 or DH or DL 0.500 (0.309-0.807) 0.005 ‘ 0.587 (0.351 — 0.984) ‘ 0.043

DH, double high expression; DL, double low expression; SH, single high expression; SH1, IL-38 high and CD8 low/ PD-1 low expression; SH2, IL-38 low and CD8 high/ PD-1 high expression.

malignancy by regulating host immunity within the local
microenvironment in these susceptible cohorts (34).

Furthermore, our investigation revealed a higher survival rate
among CRC patients with IL-38"" and PD-1'°" expression in
low

colorectal regional nodes compared to those with IL-38°" and
PD-1" expression. The blockade of PD-1/PD-L1 has emerged as a
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revolutionary approach in the management of malignancies (35),
including promising outcomes in CRC patients (36). Notably, our
previous report established a correlation between colonic IL-38
expression and 5-year survival (13). Hence, it is reasonable to infer
that our current finding, indicating a better prognosis for CRC
patients with IL-38" and PD-1'"" expression compared to those
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with IL-38"°" and PD-1™ expression, further underscores the crucial
protective role of IL-38 in CRC development. This may be
associated with its potential to regulate the expression of PD-1.

Classically, PD-1 is primarily expressed in lymphocytes, with
PD-L1 being expressed on cancer cells. However, some studies
indicate that PD-1 can also be expressed in certain cancer cells and
promote tumour growth independent of adaptive immunity (37-
39). Searching The Cancer Genome Atlas (TCGA) database reveals
widespread transcription of the PDCDI gene, which encodes PD-1,
in 17 cancers including CRC (33). Additionally, CRC cell lines have
shown varying degrees of PD-1 expression (33). Our studies
indicate that colonic IL-38 serves as a protective factor, and its
expression level exhibits an inverse correlation with PD-1. This
suggests a potential mutual regulation between IL-38 and PD-1
during the development of CRC. Our speculation provides a
valuable reference for further research in this direction.”

An intriguing observation is that IL-38 upregulates the number
of circulating CD4*/CD25"/FOXP3"* Treg cells in sepsis patients,
possibly reflecting the host’s effort to mitigate the cytokine storm in
sepsis cases (40). While the literature lacks information on the role
of FOXP3™ Treg cells in the context of CRC development,
necessitating further investigation, our study reveals no significant
correlation between IL-38 and FOXP3" Treg cells in the mesenteric
lymph nodes from CRC patients. Such observation suggests that
FOXP3" Treg cells may not play a significant role in the metastasis
observed in the regional nodes from CRC patients.

Furthermore, we established a correlation between IL-38
expression in colorectal regional nodes and the prognosis of CRC
patients, aligning with our earlier discovery in CRC tissues (13).
This consistency implies the protective role of IL-38 in the
progression of CRC. Notably, we observed variations in statistical
power between regional nodes and CRC tissues, with a more
pronounced and significant correlation identified in colorectal
regional nodes. Our data suggest that colorectal regional nodes
may exhibit greater sensitivity compared to CRC tissues, potentially
linked to the heightened accumulation of lymphocytes in
these nodes.

Our current study was an extension of our previous report,
showing that a similar pattern of the expression of IL-38 in
lymphoid tissue and the 5-year survival rate of patients (13).
However, the advantage of current study lies in the expansion of
sample size and an increased follow-up rate (88%). Additionally,
determination of PD-1 enhances the sensitivity of IL-38 in
predicting patient prognosis, indicating a mutual improvement in
sensitivity. An inverse correlation is observed between IL-38 and
PD-1, providing some guidance for the application of immune
checkpoint inhibitors in patients.

Our previous study has demonstrated that IL-38 is inhibited in
CRC tissues, correlating with survival (13). This suggests that
colonic IL-38 plays a protective role during the development of
CRC. In contrast, IL-38 promotes lung cancer through the
infiltration of CD8" T cells (28). The divergent roles of IL-38 in
CRC and lung cancers may be attributed to the significant
differences in microbial flora loads (>1000 fold) between these
two organs (41). These variations could trigger distinct host
immune responses, leading to entirely different regulatory
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functions in the colon and lungs, despite both organs being
safeguarded by mucosal-associated lymphoid organs.

We identified an inverse correlation between IL-38 and PD-1
expression in the lymph nodes of colorectal cancer patients. This
discovery suggests that IL-38 levels may serve as a potential
predictive factor for outcomes in CRC patients undergoing PD-1/
PD-LI therapy.

There are some limitations from the current study, for
example, we should utilize Western blot and/or qRT-PCR to
illustrate the possible signalling pathway, in addition to our current
immunohistochemistry, which is currently being investigated.
We also should extend our study into multiple centres and if
possible, within different regions and/or countries with different
racial backgrounds.

In conclusion, our data demonstrated that the expression of IL-
38 in colorectal reginal nodes from the CRC patients was inversely
correlated with PD-1/PD-L1, but positively correlated with
infiltrating CD4" or CD8" lymphocytes. The combination of IL-
38 and PD-1 expression in colorectal reginal nodes from CRC
patients seems to be a good biomarker in predicting prognosis
of CRC.
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