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Background: Interleukin-37, which was discovered in 2000, is a natural suppressor of
immune and inflammatory responses. Recent studies reported that IL-37 was abnormally
expressed in several tumor patients, including those with hepatocellular carcinoma, gastric
cancer, lung cancer, colon cancer, epithelial ovarian cancer, and multiple myeloma. However,
the expression and potential function of IL-37 in leukemia remain unknown.

Objective: The aim of this study was to evaluate 1L-37 as a prognostic factor and its
possible mechanism of action.

Methods: Polymerase chain reaction products were analyzed by agarose gel electrophoresis and
were purified and subsequently sequenced by a genetic testing laboratory. Human PBMC was
purified from whole blood samples by using Ficoll-Paque PLUS. The concentrations of human
IL-37 and human IL-6 were measured using enzyme-linked immunosorbent assay (ELISA) kits.
Results: 1L-37, especially isoform b and d, was expressed in the bone marrow of AML,
CML, ALL, and CLL. Importantly, IL-37 expression was downregulated in newly diagnosed
AML patients and restored in patients in complete remission. Moreover, a significant
association was found between IL-37 expression and NPM1 mutation or possible prognosis
evaluated by karyotype and gene mutation. Further analysis revealed that IL-37 expression
was negatively correlated with IL-6 expression. With regard to the mechanism, recombinant
human IL-37 could suppress IL-6 expression stimulated by LPS in PBMC of AML patients.
Conclusion: Our study suggested that [L-37 may be an important prognostic factor in AML
and is involved in AML via the IL-6 signaling pathway, indicating that IL-37 is an innovative
research strategy for AML pathogenesis and therapy.
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Introduction
Acute myeloid leukemia (AML) is a malignant hematologic neoplasm that is
characterized by aberrant proliferation and bone marrow infiltration of myeloid
progenitor cells (leukemic blasts).! AML is highly heterogeneous with respect to
cytomorphology, immunophenotype, cytogenetics, and gene mutation, as well as
response to therapy.” It is the most common acute leukemia and often occurs in
older persons (>65 years old).' However, more than 50% of patients will experience
relapse due to the large heterogeneity, and the cure rate is relatively low (<15%).>*
This somatic heterogeneity poses great challenges to AML treatment. Therefore,
exploring unifying mechanisms in the initiation and progression of AML is neces-
sary, providing guidance for more effective treatment options.

IL-37, a newly discovered member of the IL—1 family, has been identified as
a natural suppressor of innate immunity and inflammatory responses.”® Five different
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splice variants of IL-37 exist, which are referred to as IL-
37a-e.”'° IL-37b is a biologically functional isoform with the
greatest amounts of exons and detected in various human
tissues, including brain lymph nodes, thymus, bone marrow,
lung, thymus, testis, placenta, uterus, immune cells, and
tumors.”'"!? TL-37 could suppress the expression of TLR-
induced pro-inflammatory cytokines in PBMCs and human
monocytic cell line THP-1 such as IL-1pB, IL-6, and TNF-
o.”'2 IL-37 protects against several inflammatory models in
IL-37 transgenic mice, such as colitis,"* endotoxic shock,’
and obesity-induced inflammation.'* Administration of thIL-
37 attenuated multiple diseases such as rheumatoid
arthritis,'> systemic lupus erythematosus,'® Con A-induced
hepatitis,'” and psoriasis.'® However, the biological role of
IL-37 in tumor remains to be further investigated. Recent
studies reported that IL-37 mediated antitumor activity in
several solid tumors. Our previous study found that in lung
adenocarcinoma, IL-37 inhibited tumor metastasis via inhi-
biting Racl activation.'” Wang et al reported that IL-37
inhibited the proliferation and invasion of human cervical
cancer cells through STAT3 signaling.”® Zhao et al found that
the tumor-suppressive role of IL-37 in the growth of human
hepatocellular carcinoma (HCC) was exerted through
recruiting CD57+NK cells.?! However, whether IL-37 is
involved in the progression of AML remains unknown.

A recent study reported that the serum levels of IL-37
were low and negatively associated with angiogenesis in
multiple myeloma, a bone marrow—derived tumor.”> AML
is another hematological malignancy. The activity of gen-
eral immune system is modulated by leukemia cells in
AML. The dysregulated cytokine expression promoted
hematological malignancies and also showed significant
association with resistance and relapse of AML.>* % All
the above-mentioned evidence prompts us to suppose
whether IL-37 is involved in AML by regulating the
expression of pro-inflammatory cytokines.

Materials and Methods

Patients and Samples

This study recruited 117 patients with leukemia and 15
patients with IDA at the Affiliated Yantai Yuhuangding
Hospital of Qingdao University from September 2018 to
December 2019. Of these 117 patients, 108 were AML.
The number of patients with CML, ALL, and CLL was 3,
respectively. All patients were diagnosed through cytomor-
phology, cytogenetic, and molecular genetic analysis of BM
aspirates, and they were classified based on the revised 2008

World Health Organization (WHO) criteria. Sixty-six healthy
individuals who were receiving a health checkup served as
the control group. The serum supernatants were obtained
from the peripheral blood after being centrifuged at
3000 rpm for 10 min at 4°C and stored at 80°C for the next
analysis. Bone marrow (BM) aspirate specimens of 14
patients with newly diagnosed AML, 4 AML patients achiev-
ing complete remission, 4 relapsed or refractory AML
patients, and 15 IDA patients were collected. The character-
istics of patients with newly diagnosed AML are summarized
in Table 1. This study was approved by the Ethics Committee
of the Affiliated Yantai Yuhuangding Hospital of Qingdao
University (2017210) and conducted in accordance with the
Declaration of Helsinki. All participants provided signed
informed consent.

RNA Isolation, PCR, and Sequencing

Total RNA from bone marrow was isolated using TRIzol
reagent (Invitrogen, Carlsbad, CA, USA), and complemen-
tary DNA was obtained using a reverse transcription kit
(TransGen Biotech, Beijing, China). For semiquantitative
PCR, polymerase chain reaction (PCR) products were
analyzed by agarose gel electrophoresis and were purified
and sequenced subsequently by a genetic testing
laboratory*® (Beijing Liuhe Huada Gene Technology Co.,
Ltd., Beijing, China). Quantitative RT-PCR was performed
using a SYBR RT-PCR kit (TransGen Biotech, Beijing,
China) and 7500 Fast Real-time PCR system®"*® (Applied
Biosystems, Foster City, CA, USA). The PCR products
were verified by melting curve analysis. The relative mes-
senger RNA (mRNA) levels of target genes were calcu-
lated using the 2**“* method.*® Primers for human IL-37,
IL-37a, IL-37b, IL-37c, IL-37d, IL-37e, IL-6, IL-1B,

TNFo, and B-actin are shown in Table 2.

PBMC Isolated, Culture with Human

Recombinant IL-37

Human PBMC was purified from whole blood samples by
using Ficoll-Paque PLUS**?' (GE Healthcare. Illinois,
USA) and seeded into 12-well plates with 1ml RPMI
1640 containing 10% FBS. After being cultured overnight,
the cells were pretreated with gradient concentrations of
recombinant IL-37b from 0 pg/mL to 10 ng/mL for
12 h. After lipopolysaccharide (LPS) stimulation for 8 h,
the supernatants were collected by centrifugation at
1000 g for 5 min and were used for direct analysis or
stored at —80°C.
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Table | Relationship Between the Expression of IL-37 and Clinical Features of Acute Myeloid Leukemia

Patient’s Parameter Low (n=33) High (n=18) P-value
Sex, male/female 17/16 9/9 0918
Median age, years (range) 57 (6-88) 65 (28-80) 0.561
Age, <60/260 18/15 711 0.285
Median WBC, x10/L (range) 5.68 (10.49-201.99) 29.32 (1.10-124.85) 0.053
Median hemoglobin, g/L (range) 71 (37-126) 71 (34-99) 0.370
Median platelets, x 10%/L (range) 54 (9-514) 45 (11-169) 0.561
BM blasts, % (range) 55.5 (20.5-94.5) 68.5 (24-93.5) 0.827
PM blasts, % (range) 44 (0-96) 44 (0-97) 0.391
Karyotype classification

Favorable 7 (21%) 5 (28%) 0.423

Intermediate 15 (46%) 7 (39%)

Poor 10 (30%) 2 (11%)

No data I (3%) 4 (22%)
Karyotype

Normal 11 (34%) 8 (44%) 0.117

t (8,21) I 3%) 2 (12%)

t (16,16) 0 (0%) I (5%)

t (15,17) 3 (9%) 0 (0%)

+8 3 (9%) I (5%)

Others 7 (21%) 0 (0%)

Complex 7 (21%) 3 (17%)

No data I (3%) 3 (17%)
Gene mutation
CEBPA

Wide type 22 (67%) 13 (72%) 0.502

Mutated 2 (6%) 2 (11%)

No data 9 (27%) 3 (17%)
NPMI

Wide type 22 (67%) 9 (5%) 0.025%

Mutated 2 (6%) 6 (33%)

No data 9 (27%) 3 (17%)
FLT3

Wide type 20 (61%) Il (61%) 0.360

Mutated 4 (12%) 4 (22%)

No data 9 (27%) 3 (17%)
c-KIT

Wide type 24 (73%) 13 (17%) 0.142

Mutated 0 (0%) 2 (11%)

No data 9 (27%) 3 (17%)

Note: *Compare with Mutated group, the difference was statistically significant P<0.05.

Cytokine Concentration Measurement
The concentrations of human IL-37 and human IL-6 were
measured using enzyme-linked immunosorbent assay
(ELISA) kits (R&D System, Minneapolis, USA) according
to the manufacturer’s instruction. IL-37 and IL-6 levels
were calculated according to the standard curves.

Statistical Analysis

All statistical analyses were performed using SPSS version
22.0 (SPSS Inc., Chicago, IL, USA) and GraphPad Prism
software (La Jolla, CA, USA). Data are shown as mean +
standard deviation. Differences between two groups were
analyzed using Student’s #-test. Chi-square test was used to
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Table 2 Primer Sequences for Specific Genes

Primer Name

Primer Sequence

IL-37 sense
IL-37 antisense
IL-37a sense
IL-37a antisense
IL-37b sense
IL-37b antisense
IL-37c sense
IL-37c antisense
IL-37d sense
IL-37d antisense
IL-37e sense
IL-37e antisense
IL-6 sense

IL-6 antisense
IL-1PB sense
IL-1B antisense
TNFa sense
TNFa antisense
B-actin sense
B-actin antisense

5-TTCTTTGCATTAGCCTCATCCTT-3 '
5-CGTGCTGATTCCTTTTGGGC-3’
5-GCGCTTAAGAGG TCCAAAGGT-3'
5'-GCTATGAGATTCCCAGAGTCCAG-3’
5-TCACACAAGTCCAAAGGTGA-3'
5'- AGCCAGCTTCATCAGTTTCT-3'
5-TCACACAAAGATCTTCTTTGCA-3'
5-CAGCCAGCTTCATCAGTTTC-3'
5-GCTTAGAAGGTCCAAAGGTGAA-3'
5-GAGCTCAAGGATGAGGCTAATG-3’
5'- GCTGCTTAGAAGAGATCTTCTTT-3'
5-CTGAAGGGATGGATGACTTTG-3'
5-GCCAGAGCTGTGCAGATGAG-3'
5-TCAGCAGGCTGGCATTTG-3'
5-GCAATGAGGATGACTTGTTCTTTG-3'
5-CAGAGGTCCAGGTCCTGGAA-3'
5-TGCTTGTTCCTCAGCCTCTT-3’
5-CAGAGGGCTGATTAGAGAGAGGT-3'
5-GTCATTCCAAATATGAGATGCGT-3'
5-GCTATCACCTCCCCTGTGTG-3'

analyze the relationship between IL-37 levels and the clin-
icopathological characteristics. The correlation between IL-
37 and IL-6 was assessed by Spearman correlation analysis.

A P-value <0.05 was considered significant.

Results
IL-37 Expression in the Bone Marrow of

Leukemia Patients

A previous study reported that IL-37 could be expressed in
the bone marrow of healthy people.*> We first analyzed the
expression of IL-37 in the bone marrow of four different
types of leukemia by using RT-PCR. IL-37 was observed
in the bone marrow of AML, CML, ALL, and CLL
(Figure 1A). Further sequencing analysis of PCR-
amplified products confirmed the result (Figure 1B).
Among all the five IL-37 isoforms, IL-37a, b, and d were
predicted to be functional,”® and we investigated the
expression of five different isoforms by using isoform-
specific primers. As shown in Figure 1C, the transcripts
for IL-37b and d could be detected in the bone marrow of
leukemia patients, but the transcripts for I1L-37a, ¢, and
e were absent. The data suggest that the IL-37 isoforms
detected in the bone marrow of leukemia patients are
biologically functional and may participate in the devel-
opment of leukemia.

IL-37 Expression Was Decreased and
Significantly Associated with NPM|
Mutation in AML Patients

AML is the most common acute leukemia and patients
often have a poor prognosis. Thus, we further explored
IL-37 mRNA (n = 14) and protein levels (n = 51) in
newly diagnosed AML patients. The reduction in the IL-
37 mRNA level was observed in the bone marrow but
was statistically non-significant (Figure 2A and B). This
result may be due to the short half-life of the cytokine
mRNA because of the presence of an mRNA instability
motif in the coding sequence of exon 5.°* Importantly,
IL-37 expression was significantly downregulated in the
serum of newly diagnosed AML patients compared with
that in healthy controls (Figure 2C). To further analyze
the relationship between IL-37 expression and clinico-
pathological features, we divided the newly diagnosed
AML patients into IL-37 high-expression and IL-37
low-expression groups. A significant association was
found between IL-37 expression and NPM1 mutation
status (Table 2). These results indicate that the abnormal
expression of IL-37 may be an important factor in the
microenvironment of AML.

Low IL-37 Expression Predicted Poor
Prognosis of AML

To further investigate the possible role of IL-37 in the
progress of AML, we next detected IL-37 levels in patients
with newly diagnosed AML, complete remission (CR)
AML, and relapsed or refractory (R/R) AML. The
decreased IL-37 levels in newly diagnosed AML was
reversed in CR AML. However, IL-37 expression was
still kept at a low level in patients with R/R AML
(Figure 3A—-C). Moreover, a significant difference was
observed in IL-37 expression between favorable and inter-
mediate/poor prognosis evaluated by both karyotype and
gene mutation (Figure 4). These results indicate that IL-37
expression may be associated with the prognosis of AML
patients.

IL-37 Expression Was Negatively
Correlated with IL-6 Expression in the
Serum of AML Patients

Recent studies indicate that abnormal cytokine signaling
pathways may significantly contribute to the growth,
resistance, and relapse of AML.*® Therefore, the levels
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IL-37

Sequencing

IL-37

Figure 1 IL-37 mRNA levels in bone marrow of patients with leukemia. (A) IL-37 mRNA levels in patients with different types of leukemia by semiquantitative PCR. (B)

Sanger sequencing for PCR products of IL-37. (C) mRNA levels of five IL-37 isoforms.

of cytokines that may modulate AML development,
such as IL-1B, IL-6, and TNF-a, were measured by
using RT-PCR in bone marrow and ELISA in the
serum. The mRNA of IL-1p and TNF-a
increased, but no statistical significance was observed
(Figure 5A and B). However, IL-6 mRNA and protein
levels were significantly upregulated in newly diagnosed
AML compared with the healthy controls (Figure 5C
and D). The upregulation in IL-6 protein levels was
reversed in CR AML and reoccurred in R/R AML
(Figure 5D). Further correlation analysis revealed that

levels

IL-37 expression was negatively correlated with 1L-6
expression in the serum of AML patients (Figure SE).
These results indicate that IL-37 may be involved in the
development of AML via regulating IL-6 expression.

IL-37 Suppressed IL-6 Expression in
PBMCs of AML Patients

To demonstrate the effect of IL-37 on IL-6 expression of
AML patients, PBMCs were extracted in peripheral blood
and stimulated by LPS and recombinant human IL-37
(thIL-37) protein. Morphological changes of PBMCs
were observed after stimulation by LPS alone for 12
hours, such as changes in cell shape and formation of
pseudopodia, thereby indicating that PBMCs were acti-
vated. However, compared with the group stimulated
with LPS alone, the group pretreated with rhIL-37 did
not exhibit obvious morphological changes (Figure 6A).
Importantly, the pretreatment with rhIL-37 at 1 ng/mL in
the supernatant of PBMCs could weaken the increase in
IL-6 expression induced by LPS (Figure 6B). These results
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Figure 2 IL-37 levels were decreased in patients with newly diagnosed AML. (A and B) IL-37 mRNA levels in patients with newly diagnostic AML and IDA controls by
semiquantitative PCR. (C) Serum IL-37 levels in patients with newly diagnosed AML (n = 36) and healthy controls (n =55) by ELISA. Data show the mean * SD. *p < 0.01.
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Figure 3 IL-37 mRNA and serum levels in patients with newly diagnosed AML, CR AML and R/R AML. (A and B) IL-37 mRNA levels in patients with newly diagnosed AML,
CR AML, R/R AML and IDA controls by semiquantitative PCR. (C) Serum IL-37 levels in patients with newly diagnosed AML (n = 36), CR AML (n =43), R/R AML (n =12) and
healthy controls (n =55) by ELISA. Data show the mean * SD. **p < 0.0l, *p < 0.05.
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Figure 4 Serum IL-37 levels in patients with favorable prognosis (n=8) and inter-
mediate/poor prognosis (n=23) evaluated by karyotype and gene mutation. Data
show the mean + SD. *p < 0.05.

indicate that IL-6 could be inhibited by IL-37 in PBMCs
of AML patients.

Discussion

IL-37 is a newly identified member of the IL-1 family.
Recent studies demonstrate that IL-37 may have an impor-
tant tumor suppressive role in tumors, which has five iso-
forms, and the expression of different isoforms is tissue
specific.’> 1L-37 could be detected in many human and
tumor tissues. However, the 1L-37 levels in bone marrow
of leukemia are still unknown. IL-37 occurred in four
different types of leukemia, namely, AML, CML, ALL,
and CLL (Figure 1A). Furthermore, IL-37b and IL-37d
were the main isoforms expressed in the bone marrow of
AML, while IL-37a, IL-37c, and IL-37e were not detected
(Figure 1C). The five isoforms of IL-37 can all be
expressed in healthy bone marrow, and IL-37d and e are
present in the bone marrow only.”*® This finding is

different from our results, indicating that AML may
change the expression ratio of isoforms in bone marrow.
However, the above hypothesis needs to be further
confirmed.

Of the five isoforms, IL-37b is the only one that is
demonstrated to have biological functions. Our recent
study first reported that IL-37d was another functional
isoform and participated in the inflammation in a Smad3-
dependent way.>’ This evidence indicates that IL-37
expressed in the bone marrow of AML is biologically
functional and may be involved in the development of
AML. The findings of this study demonstrate that IL-37
was markedly downregulated in newly diagnosed AML
(Figure 2) and restored in CR AML. However, IL-37
expression was suppressed again in patients with R/R
AML (Figure 3). Further analysis revealed that IL-37
expression was significantly associated with the possible
prognosis of AML patients evaluated by both karyotype
and gene mutation (Figure 4). The somatic heterogeneity,
including cytomorphology, immunophenotype, molecular,
and cytogenetic phenotypes, can affect the outcome of
chemotherapy and the rate of relapse, thus bringing great
challenges to clinical treatment. AML patients exhibit
multiple gene mutations, such as the nucleophosmin
(NPM1) gene, the FMS-related tyrosine kinase 3 (FLT3)
gene, the CCAAT/enhancer-binding protein alpha gene,
and the myeloid-lymphoid or mixed-lineage leukemia
gene. The mutation frequency of the NPM1 gene was the
highest and is the only detectable genetic change in about
28% of cases.*™*’

In the recently updated WHO classification of acute
leukemia, exon 12 mutations of the NPM1 gene have been
defined as a distinct molecular leukemia entity.***' In this
study, we confirmed that IL-37 expression was associated
with NPM1 mutation in newly diagnosed AML patients.
Therefore, our results demonstrate that IL-37 may be
a predictive molecular marker of favorable prognosis of
AML patients.

Recent studies indicate that dysregulated cytokine
expression, which is a general hallmark of chronic inflam-
mation and auto-inflammatory diseases, may also contri-
bute to the development of hematological malignancies.*?
We demonstrated that the levels of IL-6, described as key
pro-inflammatory cytokines that promote inflammatory
diseases and are involved in the regulation of hematopoi-
esis, were upregulated in newly diagnosed AML patients
(Figure 5C). Van Loo et al found increased cytokine
release of IL-6, IL-8, IL-10, and TNF a in whole blood
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Figure 5 IL-37 expression was associated with IL-6 in AML patients. (A—C) mRNA levels of IL-1B, TNFa and IL-6 in patients with newly diagnosed AML by qRT-PCR. (D)
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of AML patients in 2015.** In 2020, Hou et al found that
AML cells could remodel HS-5 cells to secrete more IL-
6.% These results are consistent with those of our study.
Interestingly, we found that IL-37 expression was nega-
tively correlated with IL-6 expression in the serum (Figure
5E). Reports indicate that IL-6 could stimulate the prolif-
eration of blast cells and influence the prognosis of AML
patients.***> We next explored whether IL-37 could regu-
late the production of IL-6 in AML patients. Previous
studies suggested that elevated levels of TLRs were
observed in various hematological malignant cells,
including primary AML cells, and associated with chemore-
sistance and monocytic differentiation.*®*” The pathogen-
and danger-associated molecular patterns such as teichoic
acid, LPS, and lipoprotein could bind to these TLRs, recruit
adaptor proteins, and initiate the signaling cascades subse-
quently, leading to the transcription of pro-inflammatory
cy‘tokines.“sf50 Therefore, we extracted PBMC, which con-
tained many leukemic blasts from the peripheral blood of
newly diagnosed AML patients, and added LPS and gradi-
ent concentrations of rhIL-37 into the supernatants. We
found that the overexpressed IL-6 stimulated by LPS was
markedly inhibited by rhIL-37 at 1 ng/mL (Figure 6B). Our
results suggest that IL-37 may involved in the development
of AML via the IL-6 signaling pathway.

In conclusion, our results showed that IL-37 is
a potential indicator for the prognosis of AML patients.
Moreover, IL-37 might participate in the pathophysiology
of AML progression through regulating the IL-6 signaling
pathway. Therefore, IL-37 offers new insights into the

pathogenesis and potential therapeutic strategies.
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