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Interleukin-38 serum levels in breast cancer: A comparative
analysis of women under 40 and over 50

Abstract

Background: Interleukin-38 (IL-38) is an anti-inflammatory cytokine with
immunomodulatory properties, but its role in breast cancer (BC) is unclear. This study
aimed to evaluate IL-38 serum levels in BC patients aged <40 and >50 years and to
correlate the findings with clinicopathological features.

Methods: 1L.-38 levels were measured using an enzyme-linked immunosorbent assay
(ELISA) in the serum of 30 BC patients aged <40, 30 aged >50, and 30 healthy controls.
Non-parametric tests were used for statistical comparisons, and Spearman's correlation
was used to examine the correlation between IL-38 and age and tumor size.

Results: There was no significant difference in serum IL-38 levels between patients
aged >50 and those aged <40 or their age-matched controls. However, patients aged <40
years had significantly lower IL-38 levels than healthy individuals of the same age
(P=0.003). In addition, serum IL-38 levels were significantly different between healthy
individuals aged <40 and >50 years. Patients with stage I and II BC had significantly
lower serum IL-38 levels than healthy controls (P=0.04 and P=0.003, respectively).
However, there were no significant associations between IL-38 serum levels and
histological grade (P=0.09), nuclear grade (P=0.11), lymphovascular invasion (P=0.72),
perineural invasion (P=0.21), lymph node involvement (P=0.71) and tumor size
(P=0.70).

Conclusion: Our results suggest that any change in IL-38 serum levels is likely to affect
the anti-inflammatory response in BC patients, especially those under 40 years of age.
However, this is a preliminary study, and further studies with larger cohorts are needed
to validate these findings.
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Breast cancer (BC) is the most frequent cancer among women globally and is
responsible for the majority of cancer-related deaths in women throughout the world
(1). BC is generally considered an age-related disease, with age over 40 recognized as a
significant risk factor for its development (2, 3). In developed countries, the incidence
of BC among women under 40 is infrequent (6-10%), however, in less developed
countries a higher proportion of patients are under 40 (approximately 20%), with the
average age of onset being about 10 years lower than in developed countries. In Iran,
the average age of BC incidence is also lower compared to developed countries (4, 5).
BC in women under 40 is often more aggressive with unfavorable prognosis compared
to older women (6). The immune system's role in biology of BC in young women has
yet to be fully understood. Importantly, inflammation predisposes to tumor growth and
participates in all stages of tumorigenesis, making the association between inflammatory
components of the immune system and breast cancer a crucial area of cancer research

.
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Pro-inflammatory and anti-inflammatory cytokines, key
components of the immune system, have been extensively
studied in BC. However, the role of newly identified
cytokines, such as IL-38, in cancer progression and/or
protection is still under investigation (8-12). IL-38 has been
known for over a decade and is a member of the IL-1 family.
IL-38 is believed to act as a natural inhibitor of
inflammation, attenuating the created inflammation at the
early phases of diseases such as multiple sclerosis and
systemic sclerosis (13). The anti-inflammatory properties
of IL-38 are mediated by binding to several receptors,
including interleukin-36 receptor (IL-36R), interleukin-1
receptor accessory protein-like 1 (IL-1RAPL1), and
interleukin-1 receptor 1 (IL-1R1), to block binding to other
pro-inflammatory cytokines and inhibit downstream
signaling pathways such as nuclear factor-xB (NF-kB) (14,
15).In addition, IL-38 enhances the immunosuppressive
activity of regulatory T cells and stimulates the generation
of Th2-related cytokines and anti-inflammatory
components (e.g. IL-10 and TGF-B) (16). IL-38 is expressed
in various tissues, including tonsils, spleen, thymus, fetal
liver, lungs, heart, placenta, and skin, and shows significant
homology with IL-36Ra and IL-1R, exerting anti-
inflammatory effects through interaction with IL-36R and
IL-1R1(15, 17). Due to the novelty of IL-38, investigations
into its role in cancer pathogenesis are limited. In colorectal
cancer (CRC), IL-38 expression was shown to be 95%
lower in tumor tissues than in unaffected adjacent tissues
correlating with longer survival and smaller tumor size (18).
Conversely, in lung adenoma carcinoma, higher expression
of IL-38 was detected in tumor cells which were associated
with worse prognosis (19). Furthermore, 1L-38-transfected
Lewis lung carcinoma cells exhibited lower tumor growth
compared to empty vector-transfected cells (20). Hence, the
involvement of IL-38 in cancer pathology remains
underexplored and findings to date are controversial. To the
best of our knowledge, no published studies have assessed
the role of IL-38 in BC. Therefore, the purpose of this study
was to investigate the serum levels of IL-38 in BC. Given
that the immune system is expected to be more robust in
younger individuals, yet young BC patients exhibit a more
malignant phenotype, it is crucial to evaluate the immune
system components in this population. Considering the
significant impact of age-related inflammation on the
biology of BC and the increasing incidence of BC among
young women, IL-38 serum levels were analyzed in two age
groups: <40 and >50. Moreover, the associations between
IL-38 serum levels and the clinicopathological
characteristics of the patients were examined.

Methods

Study population: In total, 60 new cases of BC (mean age
45.72+11.47) and 30 age- and sex-matched healthy controls
(mean age 45.80+12.04) were enrolled in this case-control
study. All patients were diagnosed with invasive ductal
carcinoma and the diagnosis was performed clinically and
pathologically at Faghihi Hospital, Shiraz, Iran. BC patients
were equally divided into 2 age groups <40 and >50 years,
each containing 30 patients. The control group consisted of
two equal groups of healthy people under 40 years of age
and over 50 years of age, with 15 subjects in each group. As
research has shown that both hematological and biological
parameters are drastically altered by chemotherapy in
people with BC, the blood samples were collected before
any medical intervention (21, 22). Those with other
malignancies, immune-related diseases, and infectious
diseases within the month before blood sampling were
excluded from the study. The control group included
healthy women who had no family history of malignancies,
immune-related diseases, infectious diseases, and anti-
inflammatory drug administration within the month before
the sample collection. The clinicopathological
characteristics of patients (including stage, histological
grade, nuclear grade, tumor size, skin involvement, muscle
involvement, lymphovascular invasion, perineural invasion,
and lymph node involvement) were obtained by reviewing
their medical records and are indicated in table 1. All the
participants signed the written informed consent form.
IL-38 measurements in serum: Venous blood samples
were collected and immediately centrifuged for 10 minutes
at 2500 x g at 4°C. The serum samples were collected and
stored at -80°C until further analysis. IL-38 serum levels
were measured using enzyme-linked immunosorbent assay
(ELISA) kits from SHANGHAI CRYSTAL DAY
BIOTECH CO., LTD. The assay range of the kit was 0.5 to
200 pg/mL and the sensitivity was 0.23 pg/mL.

Statistical analysis: Data analysis was conducted using the
SPSS22 software package. IL-38 serum levels did not show
normal distribution as assessed by the Kolmogorov—
Smirnov test. Accordingly, non-parametric tests, including
Mann—Whitney U and Kruskal-Wallis H, were used to
compare IL-38 serum levels between the patients and
control group and to investigate their association with the
clinicopathological characteristics of patients. The
correlation between IL-38 serum levels and age and tumor
size was examined using Spearman's correlation. The
results were presented as the mean+SEM and median. A p-
value of less than 0.05 was used to determine statistical
significance.
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Table 1. Clinicopathological characteristics of patients

Parameters

Age Group

Stage

Histologic
Grade

Nuclear Grade

M

Skin
Involvement

Muscle
Involvement

Lymphovascular
Invasion

Perineural
Invasion

Lymph Node
Involvement

Categories
<40
>50

I

Early
II

Advanced III

Well-
differentiated

Moderately-
differentiated

Poorly-
differentiated

Unknown

I
II
111
Unknown
1
2
3
4
Unknown
Unknown
0
1
2
3
0
Unknown
Involved
Free
Involved
Free
Involved
Free
Involved
Free

Involved

Free
Unknown

30
30
20
23
17

17

23

18

21
21
10
31
23

Frequency Percent

50
50
333
38.4
28.3

28.3

38.4

30.0

33

13.3
35.0
35.0
16.7
51.7
38.3
33
1.7
5.0
5.0
38.4
333
13.3
10.0
5.0
95.0
1.7
98.3
1.7
98.3
333
66.7
20.0
80.0

.56.6

38.4
5.0

Results

Serum levels of IL-38 in different groups: The IL-38
serum levels were observed to be significantly lower among
BC patients (16.40+3.16) in comparison to the control
group (27.31£5.60) (P=0.007) (figure 1 and table 2). No
statistically significant differences were found in IL-38
serum levels between patients aged<40 (16.65+3.82) and
patients aged >50 (16.15+5.11) (P=0.89). Moreover, 1L-38
serum levels were found to be significantly lower in patients
aged <40 (16.65+3.82) than in healthy individuals aged <40
(39.034£9.74) (P=0.003). IL-38 serum levels were not
significantly different between patients aged >50
(16.15£5.11) and healthy individuals aged >50
(15.59+3.93) (P=0.48). Moreover, serum IL-38 levels were
significantly higher in healthy individuals aged <40 than in
those >50 (figure 1 and table 2).

Association of IL-38 serum levels with pathological
characteristics of patients: Breast cancer is generally
classified into four stages, with stages I and II considered
early stages and stages III and IV as advanced stages. In this
study, patients were in stages I to III of BC: 20 patients in
stage I, 23 in stage II, and 17 in stage III. There was no
statistically significant difference in IL-38 serum levels
among the three stages (P=0.27).

Accordingly, IL-38 serum levels were not statistically
significant between stage I and II (P=0.495), between stage
IT and III (P=0.090), or between stage I and III (P=0.478).
The next step was to compare the data from each stage
separately in different age subgroups. Our results showed
among patients with stage I disease, IL-38 serum levels
were significantly lower in patients aged>50 years
(10.38+3.53) than in those aged<40 years (27.61+8.13,
P=0.042). Furthermore, IL-38 serum levels in stage II did
not show any significant difference between patients
aged<40 (11.08+3.65) and those aged >50 (9.46+1.46,
P=0.785). The same results were observed in stage III
between patients aged<40 (25.14+13.20) and those aged
>50 (26.45+12.87, P=0.660).

However, compared to the control group (27.31+5.60),
IL-38 serum levels were significantly lower in stages I and
IT (14.6943.65, P=0.04 and10.80+3.01, P=0.003). 1L-38
serum levels in stage III (25.99+9.29) were not significantly
different from the control group (27.31+5.60, P=0.36).
Although IL-38 levels were higher in the advanced stage
(25.99 +£9.29) compared to the early stage (12.60+2.33), the
difference was not statistically significant (P=0.16). There
were no associations between IL-38 serum levels and other
pathologic characteristics of patients, including histological
grade (P=0.09), nuclear grade (P=0.11), lymphovascular
invasion (P=0.72), perineural invasion (P=0.21), lymph
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node involvement (N) (P=0.71) and tumor size (T) (P=0.70) Correlation between IL-38, age and, tumor Size: There
(data are provided in Table 2). It should be noted that groups were no significant correlations between IL-38 serum levels
containing <2 patients were not included in the and age (N=60, R=-0.06, P=0.65) as well as IL-38 serum
comparisons. levels and tumor size (N=57-, R=0.06, P=0.66), as

investigated by Spearman's correlation test.

Table 2. Association of IL-38 serum levels with clinicopathological characteristics of patients

IL-38 Serum Level (pg/mL)
Number P-value

Mean+S.E.M Median Minimum Maximum

Total patients 60 16.40+3.16 9.31 0.53 152.88
Characteristics 0.007
Total Controls 30 27.31 £5.60 19.79 0.54 159.20
Patients <40 30 16.65+3.82 8.85 0.53 78.66
0.890
Patients=>50 30 16.15+£5.11 10.54 0.53 152.88
Controls <40 15 39.031+9.74 35.24 1.88 159.20
0.010
Controls =50 15 15.59+£3.93 15.10 0.54 55.49
Age
Patients=>50 30 16.15+£5.11 10.54 0.53 152.88
0.480
Controls =50 15 15.59+£3.93 15.11 0.54 55.49
Patients <40 30 16.651+3.82 8.85 0.53 78.67
0.003
Controls <40 15 39.03+9.74 35.24 1.88 159.20
Stage I 20 14.6943.65 11.30 0.53 55.96 Ivs. II 0.495
Stage 11 23 10.80+3.01 8.32 0.53 72.58 Ivs. III 0.478
Stage I1I 17 25.9949.29 12.30 0.86 152.88 II vs. III 0.09
Stage I 20 14.69+3.65 11.30 0.53 55.96
0.040
Controls 30 27.31 £5.60 19.79 0.54 159.20
Stage Stage 11 23 10.80+3.01 8.32 0.53 72.58
0.003
Controls 30 27.31 £5.60 19.79 0.54 159.20
Stage 111 17 25.9949.29 12.30 0.86 152.88
0.360
Controls 30 27.31 £5.60 19.79 0.54 159.20
Early Stage (I, I) 43 12.60+2.33 8.32 0.53 72.58
0.160
Advan(‘l’fg I 17 25.9949.29  12.30 0.86 152.88
Well-
differentiated 17 27.7449.37 12.77 0.59 152.88
Histologic Moderately-
Grade differentiated 23 11.974+2,67 8.08 0.53 51.63 0.090
Poorly-
differentiated 18 11.67+3.86 8.14 0.53 72.58
| 8 24.8749.31 14.35 0.59 78.67
Nuclear Grade 11 21 10.97+3.27 6.68 0.53 55.96 0.110

-1 21 12.26%3.36 9.14 0.53 72.58
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IL-38 Serum Level (pg/mL)

Number

Mean+S.E.M Median Minimum Maximum

Lymphovaseul Involved 20 13.7243.46  8.44 0.53 55.96 0720
ar Invasion Free 40 17.74+4.43 10.43 0.53 152.88
Perineural Involved 12 8.13+1.75 7.67 0.53 20.96 0210
Invasion Free 48 18.4743.88 9.84 0.53 152.88 '
0 23 13.38+3.24 8.08 0.53 55.96
Lymph Nodes 1 20 19.98+7.74 9.31 0.74 152.88 0710
involvement 1 8 22944997  13.18 0.86 78.67 '
111 6 14.4243.37 11.71 4.69 27.39
T1 31 15.0843.28 9.49 0.53 78.67
Tumor size (T) 0.700
T2 23 14.30+3.41 9.60 0.75 72.58
60- : K :
A
3 40- o
E —
g
3
2 204
= 20 - T T
Controls Patients Controls Controls Patients Patients

=40

=50 <40 =50

1. Comparison of IL-38 serum levels between patients with breast cancer and control group

Discussion

IL-38 has been investigated for its potential involvement
in the development of various diseases, but its exact role in
cancer remains unclear and controversial (14, 23, 24).
Although a few limited studies have explored the expression
of IL-38 in tumor tissues, none have measured it in sera until
now (15). To the best of our knowledge, this research is the
first to investigate IL-38 levels in the sera of BC patients
and their association with the clinicopathological
characteristics. Our data revealed that IL-38 serum levels -
were significantly lower in BC patients than in controls.
Consistent with our findings, an immunohistochemical
study of IL-38 in CRC showed significantly lower
expression of IL-38 in tumor tissue compared to
neighboring normal tissue, however, the expression of IL-
38 was correlated with smaller tumor size and longer
survival in CRC (18). In contrast to our results, higher IL-
38 expression was detected in tumor cells in lung

adenocarcinoma, which was associated with poor prognosis
in this cancer (19). The higher expression of IL-38 in lung
cancer was shown to promote tumor progression by
reducing CD8+ tumor-infiltrating lymphocytes (TILs) (20).
These discrepancies may be due to differences in sample
types, measurement methods, and tumor pathogenesis. BC
incidence has increased among Iranian young women (5).
The average age of BC appearance in Iran is approximately
10 years lower than in developed countries (5). Moreover,
BC in young women tends to be more aggressive (25). Due
to the rising trend of BC in Iranian women, particularly
those under 40, we assessed IL-38 serum levels in two
different age groups of women with BC. One group
consisted of patients aged <40, representing young women.
Given the onset of immunosenescence after 50 and aging-
associated inflammation as a contributing factor to BC
development, the second group included patients aged >50
(3, 26). A 10-year gap was applied to clearly examine the
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effect of age on IL-38 serum levels in BC. IL-38 serum
levels were significantly lower in patients aged <40
compared to their counterparts in the control group, while
no significant differences were found in patients aged >50
compared to controls. Although more studies with larger
sample sizes are required, this may suggest a potential
protective effect of IL-38 against BC in young women. IL-
38 serum levels were significantly lower in patients in
stages 1 and II of BC compared to the control group.
Moreover, among BC patients with stage I disease, serum
IL-38 levels were significantly lower in patients aged >50
years than in those aged <40 years. In addition, we observed
a non-significant decrease in serum IL-38 concentrations in
the early stages of BC compared to the advanced stages. The
close and complex interplay between inflammation and
cancer may explain these observations, at least in part. On
the one hand, acute inflammatory reactions can mediate
anti-tumor effects by stimulating dendritic cell maturation,
antigen presentation, and cytokines and chemokine
production (27, 28).

On the other hand, inflammation is considered a
hallmark of cancer that plays a pivotal role in every step of
carcinogenesis (29). Non-specific, chronic inflammation is
a contributing factor to the development and progression of
different types of cancer including BC (27, 30). In other
words, the in-time resolution of acute inflammation is
necessary to prevent chronic inflammation and its
consequent pro-tumoral effects (31).

Thus, the decrease in anti-inflammatory mediators,
including IL-38, in the early phase of tumorigenesis may be
involved in tumor development and progression. However,
the elevation of IL-38 in BC patients may inhibit specific
inflammatory responses, leading to tumor progression.
Overexpression of IL-38 might contribute to tumor
development and progression of tumors by inhibiting the
function of IL-36, another member of the IL-1 cytokine
family, which participates in anti-tumor responses through
CD8+ T cell activation and Th1 polarization (32). However,
inflammation and cytokines like IL-38 are considered a
double-edged sword in cancer and IL-38 might exert
different effects at different stages of BC. Our results
suggest that any change in IL-38 serum levels is likely to
affect the anti-inflammatory response in BC patients,
especially those under 40 years of age. However, this is a
preliminary study and the findings should be validated by
further studies in larger patient cohorts.
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