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Introduction: Multiple myeloma (MM) is a refractory haematological malignancy. Interleukin 38 (IL-38) is a novel cytokine that has
attracted significant research in recently years. However, no study has investigated IL-38 expression in MM. This study aims to
investigate the expression of IL-38 in MM and to provide valuable insights for clinical treatment and efficacy evaluation.
Methods: A total of 241 patients with MM (146 males, 95 females; R-ISS stage I: 111 cases, stage II: 74 cases, stage III: 56 cases)
and 50 healthy individuals were included in this study. Medical records were reviewed for staging. Interleukin-1 (IL-1), interleukin-2
receptor (IL-2R), interleukin-8 (IL-8), and tumor necrosis factor-alpha (TNF-a) were detected by chemiluminescence method, IL-38
was detected by enzyme-linked immunosorbent assay (ELISA). Immunoglobulins, free light chains (FLC) and B2-microglobulin
(B2-MG) were detected by immune nephelometry, and multiple biochemical indicators were detected by automatic biochemical
analyzers.

Results: Compared with healthy control group, IL-1, IL-2R, IL-8, and TNF-a were elevated in all three stages of MM. In contrast,
compared with normal control group, IL-38 was significantly decreased in patients with MM. When the cut-off value of IL-38 was
18.61 pg/mL, the diagnostic efficacy for MM had a sensitivity of 0.8176 and a specificity of 0.9000.

Discussion: IL-38 exhibited decrease in MM patients (p<0.0001). It also showed a gradual increase with disease improvement after
effective treatment, IL-38 may be a potential biomarker for the diagnosis and prognostic assessment of MM.
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Introduction
Characterised by “CRAB” symptoms, elevated calcium levels, renal insufficiency, anemia, and bone disease, MM is
a severe systemic disease. It manifests in diverse forms, including secondary amyloidosis." Despite the fact that
chemotherapy and autologous transplantation currently prove effective in controlling MM and extending the patient’s
life cycle, the unfortunate reality is that eventual relapse and irreversible disease progression create a despairing situation
for individuals. The disease exhibits a high prevalence, yet its aetiology remains elusive, necessitating long-term
treatment and monitoring. Timely diagnosis and intervention serve as effective means to impede disease progression.”
MM is a pathological condition characterised by the proliferation of abnormal haematopoietic stem cells that produce
ineffective immunoglobulins. This results in the generation of non-functional immunoglobulins by many cloned plasma cells,
ultimately leading to systemic harm.? Due to the impaired function of immunoglobulins in MM, patients often exhibit severely
diminished immune systems, rendering them highly susceptible to infections and subsequent inflammatory diseases.*
IL-38 has emerged as a prominent cytokine in recent years and has generated considerable interest in scientific
community. Belonging to interleukin 1 family, IL-38 was initially identified in 2001. Notably, IL-38 is recognised for its
anti-inflammatory properties, primarily achieved through the inhibition of pro-inflammatory cytokine secretion. The
inhibitory effects of IL-38 extend to the reduction of T lymphocyte maturation, with a specific focus on targeting TH17
cells.® Extensive research has been conducted on IL-38 in the context of chronic inflammatory conditions, encompassing
such as rheumatoid arthritis, systemic lupus erythematosus (SLE), and multiple sclerosis. It has also demonstrated
promise in treating diverse conditions, including colon tumours, allergic rhinitis and asthma, stroke, thyroid adenopathy,
acute respiratory distress syndrome (ARDS), and sepsis.’
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To our knowledge, IL-38 has not been extensively studied in the context of MM. Previous studies have demonstrated
that IL-38 possesses potent anti-inflammatory properties with evidenced inhibitory effects on a range of diseases and
a regulatory effect on autoimmune disorders.® As Allegra et al stated, MM is associated with infectious diseases due to
the dysfunction of immunoglobulins. Given that IL-38 has anti-inflammatory properties, there may be a potential link
between IL-38 and MM.

This study aims to investigate the expression of IL-38 in MM, preliminarily explore whether IL-38 holds potential
utility in the diagnosis and prognosis of MM, and lay the groundwork for further mechanistic studies. We also detected
some cytokines that have not been studied in MM, such as IL-1, IL-2R, IL-8, and TNF-a, hoping to provide some clues
for clinicians.

Materials and Methods

Patient Characteristics

MM patients admitted to the First Affiliated Hospital of Chongqing Medical University from March 2022 and
February 2024 were recruited in this study, according to the latest Chinese Guidelines for the Diagnosis and
Treatment of Multiple Myeloma (2022 Revision). Exclusion criteria for case enrollment: patients who are using
immunosuppressive medications, organ transplant recipients, diagnosed with malignancy, diabetic, kidney dialysis,
pulmonary infection and with HIV infection or autoimmune diseases. For control comparisons, healthy individuals,
relatively matched by age and gender were included in this study. The latest revised international staging standard
(R-ISS, 2015) was consulted through the medical record system to determine the disease stage.” MM patients were typed
based on serum and urine immunofixation electrophoresis. Subsequently, serum examinations were conducted before and
after treatment to identify any variance in the corresponding parameters. In this study, a total of 241 patients were
included in the analysis, comprising 111 patients in Stage I, 74 patients in Stage II, and 56 patients in Stage III. The
characteristics of the patients are described in Table 1. The treatment effects were graded following the guidelines of the
International Myeloma Working Group (IMWG). The grading system comprised six categories: strictly complete
remission (sCR), complete remission (CR), very good partial response (VGPR), partial remission (PR), stable disease
(SD), and disease progression (PD)."°

Table | Chracteristics of MM Patients and Health Control

Health R-ISS | R-ISS 1 R-ISS 1l P value: **#*p < 0.0001,
#+*p < 0,001,
**P < 0.01, *P < 0.05,
n=50 n=111 n=74 n=56 R-ISS 1 vs II; R-ISS | vs
1I; R-ISS 1l vs 11
Demographics
Age, years(median, IQR) 59.5 (53.0; 65.3) 63 (53; 69) 65 (51; 70) 70 (58.7; 72) 0.922; **; **
Gender: Male/Female 39/11 65/46 48/26 33/23
Phenotypic characteristics
IgA NA 15 11 12
1gG NA 51 39 15
I1gM NA | 0 0
LCMM NA 5 5 20
Negative NA 39 18 9
Uncharacterized NA 0 | 0
(Continued)
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Table | (Continued).

Health R-ISS | R-ISS 1 R-ISS 11l P value: *¥#P < 0.0001,
kP < 0,001,
*#P < 0.01, *P < 0.05,
n=50 n=111 n=74 n=56 R-ISS 1 vs II; R-ISS | vs
1I; R-ISS 11 vs 111
Laboratory data(median,
IQR)
Hb (Hemoglobin), g/L 150 (140; 158), n=50 118 (104; 130), n=111 95 (78.5; 110.5), n=74 76.5 (66; 89), n=56 ik ootk stttk
ALB (Albumin), g/L 49 (45; 73) 41 (38; 43) 36 (32; 41) 35 (315 38) itk ik 0,102
B2MG (B2-microglobulin), mg/L 1.61 (1.45; 1.76), n=50 24 (2.1;29), n=111 44 (3.6, 4.9), n=74 11.9 (7.8; 32.3), n=52 ik leiok, elotok

Ca (Serum total calcium), mmol/L

2.56 (2.48; 2.60)

22 (2.1; 2.3), n=96

2.2 (2.0; 2.3), n=67

2.2 (2.0; 2.3), n=51

0.093; 0.328; 0.510

LDH (Lactate dehydrogenase), U/L

84 (71; 124), n=37

166 (141; 193), n=111

187 (151; 249), n=73

207 (168; 337), n=56

ok, ok, 0,075

IL-38 (Interleukin 38), pg/mL

426 (22.0; 53.7)

12.0 (6.34; 20.46)

9.46 (2.59; 15.13)

9.01 (2.09; 15.15)

0.199; 0.126; 0.597

IL-2R (interleukin-2 receptor), IU/mL

367 (297; 416)

447 (327; 589)

635 (517; 809)

950 (677; 1408)

ok dciok ok

CysC (Cystatin C), mg/L

0.85 (0.76; 0.89)

0.95 (0.82; 1.07), n=10I

103 (0.93; 1.24), n=69

2.16 (1.31; 4.64), n=52

ok, bk, ik

TNF-0, pg/mL

4.69 (2.82; 6.19)

4.95 (4.39; 6.51)

103 (7.42; 13.83)

15.1 (12.7; 16.4)

skiok, ook, ok

Mg (Serum magnesium), mmol/L

0.95 (0.91; 0.97)

0.87 (0.82; 0.92), n=90

0.86 (0.79; 0.91), =62

0.86 (0.77; 0.95), n=48

0.319; 0.513; 0.939

IL-I (Interleukin 1), pg/mL, n=20 0.50 (0.10; 1.08) 050 (0.10; 1.22) 1.87 (1.08; 2.48) 2.78 (1.50; 3.45) ok ik, 0,02
BUN (Urea), mmol/L 49 (4.4; 5.8), n=50 58 (5.0; 7.1) 53 (4.1;7.2) 9.6 (74; 14.7) 0.212;8k, ok
IL-8 (Interleukin 8), pg/mL 13.9 (10.8; 21.9) 139 (9.2, 17.7) 25.1 (7.9; 33.4) 27.6 (13.9; 45.3) 0.087;%; 0.251
Cr (Creatinine), umol/L 81 (71; 85), n=50 72 (60; 83) 77 (67; 89) 158 (84,329) skl ik
Serum kappa light chain, g/L NA 6.5 (4.4;9.45), n=105 | 7.1 (3.9;32.8),n=66 | 55 (2.5; 14.8), n=42 0.29; 0.63; 0.23
Serum lambda light chain, g/L NA 33 (22; 5.7), n=105 4.1 (1.1; 7.7), n=66 56 (1.1; 19.8), n=42 0.935; 0.177; 0.340
Globulin, g/L 1.9 (1.5; 27) 21 (17; 27) 25 (19; 41) 23 (18; 35) #5; 0,069; 0.184

UA (Uric acid), umol/L

321 (282; 372), n=50

280 (191; 327), n=77

288 (210; 366), n=58

311 (197; 448), n=50

0.229; 0.037; 0.283

Note: Data are presented as median and interquartile range (median, IQR).
Abbreviation: TNF-o, tumour necrosis factor-alpha.

Serum Collection and Sample Processing

Serum specimen was collected without anticoagulant and then centrifuged at 3000xg for 10 minutes at 4°C. The resulting
serum was stored at —80°C for subsequent analysis. Samples with lipidaemia, haemolysis, or those stored in vitro for
more than 24 h at room temperature were not included. Additionally, cases involving patients with cardiac disease,
hypertension, hyperlipidaemia, pregnancy, and non-multiple myeloma diseases leading to increased plasma cell levels
were excluded during case collection.

Instruments and Reagents

IL-38 was detected using the ELISA method (R&D Systems, USA, Lot # DY9110-05), and the matching coating kit was
purchased from R&D Systems (Lot #: DY008). The experiments were conducted strictly according to the manufacturer’s
instructions, and a two-well calibration curve was established. An ELISA microplate reader was used to measure the
absorbance and quantify IL-38 (TECAN, GENios Plus, Switzerland). IL-1, IL-2R, IL-8, and TNF-a were detected using
the chemiluminescence method (Siemens immulite1 000, Germany). FLC, f2-MG were detected using the immunoscatter
turbidimetric (Siemens BNII, Germany). The immunoscatter turbidimetric (Beckman Immage800, USA) was used to detect
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immunoglobulin. Serum levels of albumin (ALB), lactate dehydrogenase (LDH), urea (BUN), creatinine (Cr), uric acid (UA),
cystatin C (Cys C), total calcium (Ca), and magnesium (Mg) were quantified using the Cobas ¢701 automated biochemical
analyzer (Roche Diagnostics, Switzerland) with the corresponding reagents provided by the manufacturer. Hemoglobin was
measured using the automated hematology analyzer line system (Sysmex XN-20, Japan). The details of the manufacturers,
batch numbers, and instrument models used for various laboratory indicators are presented in Supplementary Table 1.

The Selection of Chemotherapy Regimens for Multiple Myeloma

The chemotherapy regimen for newly diagnosed multiple myeloma (NDMM) patients with MM needs to be selected
based on whether the patient is eligible for autologous stem cell transplantation (ASCT). For NDMM patients who are
eligible for transplantation, induction therapy regimens are typically based on combination therapies, most of which
include proteasome inhibitors (such as bortezomib), immunomodulatory agents (such as lenalidomide), and dexametha-
sone. For NDMM patients who are not suitable for transplantation, the selection of chemotherapy regimens should take
into account factors such as the patient’s age, physical condition, and disease characteristics to achieve the best
therapeutic effect and quality of life. The specific treatment regimen can refer to the Diagnostic Guidelines for
Multiple Myeloma (2022 Revision).

Statistical Analysis

All analyses were conducted using GraphPad Prism version 8.0.2 (GraphPad Software, San Diego, CA, USA). p value <
0.05 was considered statistically significant. Comparisons between groups were conducted using the Mann—Whitney
U-test with non-parametric tests. The detection results of IL-1, IL-2R, IL-8, 1L38, and TNF-a are presented in
scatterplots, showing individual values for each parameter. Receiver operating characteristic (ROC) curves were
generated using GraphPad Software, the sensitivity and specificity were imported into excel to calculate the Youden
Index and obtain the cut-off values.

Results
The Cytokine IL-38 Decreased in MM Patients

Compared to normal group, the level of IL-38 in MM patients was lower. On the contrary, patients with MM had elevated IL-1,
IL-2R, IL-8, and TNF-a levels than normal control (Figure 1). The correlation between the four cytokines and IL-38 is not very
good (Supplementary Figure 1). Table 1 shows the levels of IL-38 (pg/mL) in each stage (median, IQR): Health control 42.6
(22.0; 53.7) versus R-ISS 1 12.0 (6.34; 20.46) versus R-ISS II 9.46 (2.59; 15.13) versus R-ISS III 9.01 (2.09; 15.15). The
p-values obtained using the Mann—Whitney non-parametric test in the unpaired #-test were as follows: R-ISS I versus control
»<0.0001, R-ISS II versus control p<0.0001, R-ISS III versus control p<0.0001 (Figure 1E).

The Levels of IL-38 Increased in MM Patients After Effective Chemotherapy

Once diagnosed with MM, patients subsequently receive chemotherapy, with the efficacy evaluated according to the IMWG
guidelines. Effective treatment generally correlates with improvements in disease progression, with grading progressing from
PD to SD, PR, VGPR, and sCR. In this section, we observed the clinical data of 20 patients with effective treatment. As the
patient’s condition improved, the levels of IL-38 gradually increased (Figure 2). However, both before and after treatment
improved, the patients consistently exhibited lower IL-38 levels than healthy individuals.

IL-38 as An Independent Diagnostic Predictor for MM

To better demonstrate the diagnostic efficacy of IL-38 for MM, we plotted the ROC curve for other 13 laboratory items,
as shown in Figure 3. When the cut-off value of IL-38 is 18.61 pg/mL, the diagnostic efficacy for MM has a sensitivity of
0.8176 and a specificity of 0.9000, with an area under the curve(AUC) of 0.9288. This indicator can be comparable to
B2MG, LDH, and Ca, that currently included in the diagnostic guidelines for multiple myeloma (2022 Revision). Among
these 14 indicators, IL-8 and Cr have the lowest diagnostic efficacy for MM (IL-8 AUC=0.5808, Cr AUC=0.5229). It is
worth noting that Hb and ALB have higher diagnostic efficacy for MM (Hb AUC=0.9610, ALB AUC=0.9568).
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Figure 1 IL-38 levels in MM patients decrease with higher R-ISS stages and are more pronounced in advanced stages. IL-1, IL-2R, IL-8, and TNF-a were detected in three
different R-ISS stages in MM. IL-1, IL-2R, IL-8, and TNF-a are increased, and as the staging increases, the detection value increased. IL-38 is decreased in MM, with the
increase in staging, the detection value decreases. (A) IL-1 ng/mL (B) IL-2R ng/mL (C) IL-8 ng/mL (D) TNF-a ng/mL (E) IL-38 pg/mL.
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Figure 2 IL-38 can be used as indicator to evaluate the chemotherapy efficacy of MM. Newly diagnosed MM (NDMM) patients were treated with chemotherapy for 3
months (n=20), FLC and IL-38 were measured before and after chemotherapy treatment. FLC decreased significantly in patients with effective treatment. IL38 demonstrated
a trend towards slow recovery in MM patients with effective treatment. There was a statistical difference before and after treatment (IL-38, p =0.0223). (A) FLC mg/L (B) IL-

38 pg/mL.

IL-38 in Three Stages of R-ISS Demonstrated Significant Diagnostic Value
We plotted ROC curves for MM patients in the three stages of R-ISS. In R-ISS I MM patients, when the cut-off value is
17.86, it has a sensitivity of 0.85 and a specificity of 0.9, with AUC=0.9400; in R-ISS II patients, when the cut-off value
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Figure 3 The ROC curve demonstrates the diagnostic efficacy of IL-38.
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Figure 4 The ROC curves of MM patients in three different R-ISS stages.

is 18.61, it has a sensitivity of 0.85 and a specificity of 0.90, with AUC=0.9350; in R-ISS III patients, when the cut-off
value is 15.75, it has a sensitivity of 0.70 and a specificity of 0.95, with AUC=0.9113 (Figure 4). Although some
differences can be seen from the figures, there were no significant differences in IL-38 among the three stages: R-ISS
I versus R-ISS II, p=0.199; R-ISS I versus R-ISS III, p=0.126; R-ISS II versus R-ISS III, p=0.597 (Figure 5).

Discussion
IL-38 is one member of interleukin-1 family, which was newly discovered in the 21% century. It plays an important role

11,12 13715 and autoimmune diseases.'®?° Some studies focused

as an anti-inflammatory factor in tumours, inflammation,
on to discover whether IL38 increases or decreases in one disease.”’ This also sparked our interest in investigating the
expression profile of IL-38 in MM.

In our study, we included MM patients across the three R-ISS stages and examined the changes in IL-38 levels before
and after treatment in patients who responded well to chemotherapy. We ultimately found that, compared with the healthy
control group, untreated patients had significantly lower IL-38 levels. In contrast, patients whose conditions improved
with treatment experienced a rebound in IL-38 values.

In terms of MM disease, the most interleukins studied are IL—6,22*24 IL—10,25’26 IL—34,27 IL-17,28 and 1L-16.2%% Few

studies have been conducted on IL-37,*! IL-32,*? and IL-9.>* Most of the interleukins were elevated in MM, including

960 htps: Cancer Management and Research 2025:17



Shen et al @

IL-38 pg/mil
- N w e N (2] ~
o o o o o o o o
1 1 | 1 | | ]

Figure 5 The outcomes of MM patients in three different R-ISS stages.

cytokines IL-1, IL-2R, IL-8, TNF-a in this study, and the increase in cytokines may be associated with the disease state to
some extent. The cytokine IL-38 investigated in our study is consistent with the findings of Zun et al, who studied 1L-37,
which is also found to be downregulated in MM.*! It is worth noting that both IL-37 and IL-38 are expressed at lower
levels in MM. They are both members of the cytokine family, and there may be some correlation between the two in the
pathogenic mechanisms of MM, which warrants further investigation. Specifically, whether a hierarchical relationship
exists and how it might influence the growth of MM cells are questions that require additional study. Further research is
required to verify this hypothesis.

To demonstrate the diagnostic efficacy of IL-38 in MM, we analyzed the ROC curves of various serological markers.
Surprisingly, we found that the diagnostic efficacy of IL-38 for MM had an AUC of 0.9288, which is second only to the
currently listed markers in the MM guidelines: p2MG, Ca, and LDH. Its diagnostic efficacy is significantly higher than
that of the renal function indicators BUN and Cr, indicating that IL-38 has considerable diagnostic value for MM.

It is evident that, from the ROC curve, we can also observe that ALB and Hb demonstrate the highest diagnostic
value in MM (ALB, AUC = 0.9568; Hb, AUC = 0.9610). The results of these two indicators are consistent with the
findings of Wan et al (ALB, AUC = 0.910; Hb, AUC = 0.952).>*

IL-38 decreased significantly in each stage compared with the healthy control group (p<0.0001), but the difference
between the three groups of R-ISS was not significant (Figure 5), and there may be many factors involved, such as the disease
course of each patient between different stages, different treatment regime (chemotherapy cycle, chemotherapy drugs used,
interactions between drugs), and so on. It also involves the correlation between the staging indexes (32MG, ALB, LDH) and
IL-38, which may not be closely correlated with the staging indexes. In the diagnostic indicators of a disease, if the correlation
between multiple indicators is not good, there may be the following reasons. The relationship between these markers may not
be a simple linear relationship, but is influenced by a variety of factors. For example, in some diseases, multiple indicators may
influence the disease process through different mechanisms, resulting in insignificant correlations between them. Different
diagnostic indicators may reflect different aspects of the disease. For example, some indicators may primarily reflect
inflammatory responses, while others may be related to tissue damage or metabolic status. This difference in biological
characteristics can lead to poor correlation between them. The disease itself may be highly heterogeneous, and manifestations
may vary greatly between different patients or within the same patient at different stages. This heterogeneity may lead to
inconsistent correlations between indicators. By increasing the sample size, we can improve the effectiveness of statistical
analysis and reflect the relationship between indicators more accurately.
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Two limitations should be considered. First, after assessing the treatment outcomes of the patients included in the
experiment, we only tested the levels of IL-38 before and after treatment in those who responded effectively to the
therapy. We did not conduct tests on patients who did not respond to the treatment or whose conditions worsened during
treatment. We hope to further improve this part of the experimental data in subsequent experiments. Second, in the
detection of IL-38, we selected 20 patients for analysis in each R-ISS stage. The limited sample size in this study,
primarily due to financial constraints, may affect the generalizability of our findings. However, the significant results
obtained suggest that the observed effects are robust and warrant further investigation with larger cohorts. Future studies
should aim to validate these findings in larger cohorts to confirm the observed effects and to explore the underlying
mechanisms in greater detail. Our findings provide a novel perspective and lay the groundwork for future research.

Conclusion

In conclusion, this study elucidates the value of IL-38 in the diagnosis and therapeutic efficacy assessment of MM. 1L-38
levels were significantly reduced in MM patients across different stages and gradually rebounded following treatment
improvement, suggesting that IL-38 may serve as a biomarker for the diagnosis and prognosis of MM. This study may
provide some scientific evidence for the early diagnosis and therapeutic efficacy evaluation in patients with multiple
myeloma.
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B2-microglobulin; IMWG, International Myeloma Working Group; sCR, strictly complete remission; CR, complete
remission; VGPR, very good partial response; PR, partial remission; SD, stable disease; PD, disease progression; ALB,
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