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Abstract
Purpose This study investigated the expression of interleukin 32 (IL-32) in hepatoblastoma, the most common primary 
pediatric liver tumor, and its possible roles in tumorigenesis.
Methods IL-32 expression was investigated in two hepatoblastoma cell lines (Hep G2 and HuH 6) in the steady state and 
after co-culture with macrophages by RNA-seq analysis and RT-qPCR, and after stimulation with chemotherapy. Cultured 
macrophages were stimulated by IL-32 isoforms followed by RT-qPCR and western blot analysis. IL-32 immunohistochemi-
cal staining (IHC) was performed using specimens from 21 hepatoblastoma patients. Clustering analysis was also performed 
using scRNA-seq data downloaded from Gene Expression Omnibus.
Results The IL-32 gene is expressed by hepatoblastoma cell lines; expression is upregulated by paracrine cell–cell com-
munication with macrophages, also by carboplatin and etoposide. IL-32 causes protumor activation of macrophages with 
upregulation of PD-L1, IDO-1, IL-6, and IL-10. In the patient pool, IHC was positive only in 48% of cases. However, in the 
downloaded dataset, IL-32 gene expression was negative.
Conclusion IL-32 was detected in hepatoblastoma cell lines, but not in all hepatoblastoma patients. We hypothesized that 
stimulation such as chemotherapy might induce expression of IL-32, which might be a critical mediator of chemoresistance 
in hepatoblastoma through inducing protumor activation in macrophages.
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TME  Tumor microenvironment
TNF-α  Tumor necrosis factor alpha
VEGF  Vascular endothelial growth factor

Introduction

Hepatoblastoma (HB) is known to be the most common 
primary liver malignant tumor in the pediatric age group. 
Presentation typically occurs before the age of 3 years with a 
median age of 1.5 years old [1]. The histological subtypes of 
HB represent a wide spectrum: embryonal, fetal, macrotra-
becular, small cell undifferentiated, cholangioblastic, mixed 
stromal and teratoid [2], reflecting different stages in the 
differentiation pathway from human fetal liver multipotent 
progenitor cells [3]. Many cases remain unresectable even 
after repeated cycles of chemotherapy.

The tumor microenvironment (TME), which plays an 
important role in regulating tumor progression, comprises 
tumor-infiltrating immune cells, such as T lymphocytes, den-
dritic cells and tumor-associated macrophages (TAMs) [4], 
which are the most abundant. TAMs have a pro-tumor func-
tion and secrete numerous cytokines (e.g., TGF-β, PDGF 
and EGF) that stimulate the proliferation and invasion of 
tumor cells [5], as well as enzymes that promote tumor 
angiogenesis, such as Cyclooxygenase-2 and MMP-2,7,9 
[6]. Recent studies have focused on the immunosuppressive 
functions of TAMs, as they express a variety of immunosup-
pressive factors, such as PD-L1, PD-L2, IDO-1 and IL-10. 
TAMs-targeted therapy is now a reality, and its efficacy has 
been improved with the application of nanotechnology in 
medicine [7]. At present, many clinical trials are being con-
ducted in which TAMs-targeted therapy is being combined 
with conventional chemo, radio, or other immunotherapies 
(e.g., checkpoint inhibitors), with promising outcomes [7].

Although many studies have demonstrated the clini-
cal significance of TAMs in solid tumors, only a few have 
described the role of TAMs in HB. Increased TAMs den-
sity has been reported in the embryonal component of HB, 
and IL-34 produced from the embryonal component was 
suggested to be involved in TAMs infiltration [8]. Further, 
Macrophage colony stimulating factor receptor (M-CSFR), 
which is an IL-34 receptor in tumor cells, was increased 
in the embryonal component and recurrent lesions. In vitro 
studies have shown that TAMs-derived factors enhance 
M-CSFR and IL-34 expression in tumor cells, and that these 
signals were potentially involved in tumor cell proliferation 
and chemoresistance. Thus, cell-to-cell interactions between 
TAMs and HB cells have been suggested to be associated 
with the progression of HB [9].

In the present study, we newly found that interleu-
kin-32 (IL-32) expression in HB cell lines was increased 
by cell–cell communication with TAMs. IL-32 is a newly 
discovered proinflammatory cytokine, which is encoded in 
humans by the IL-32 gene. Although its definitive recep-
tor remains unknown [10], IL-32 is expressed mainly by 
immune cells; natural killer cells (NKs) have the highest 
expression rates [11]. Macrophages express IL-32 only 
during inflammation or when stimulated with Lipopolysac-
charide (LPS) or Mycobacterium tuberculosis (MTB) [12]. 
IL-32 is involved in the pathogenesis of a variety of inflam-
matory, autoimmune, and infectious diseases, and its role in 
tumors is controversial [13]. To the best of our knowledge, 
no studies have investigated its role in HB. Therefore, we 
examined IL-32 gene expression in HB cell lines and human 
samples in the present study. Since TAMs have been sug-
gested to be affected by IL-32, an in vitro culture study using 
human monocyte-derived macrophages was also performed.

Methods

Ribonucleic acid sequencing (RNA‑Seq)

Hep G2 cells were cultured alone then cocultured directly 
with macrophages for 48 h, followed by total RNA isolation 
using an RNAiso Plus kit (Takara Bio INC. Shiga, Japan) 
and Trizol extraction (Thermo Fisher Scientific, Waltham, 
MA, USA). A BioAnalyzer 2100 (Agilent Technologies, 
Inc. CA, USA) was used to confirm the RNA quality (RNA 
integrity number > 9). For RNA-seq data analysis, the result-
ing reads were aligned to the human genome (UCSC hg19) 
using STAR ver.2.6.0a (Dr. Alexander Dobin, Cold Spring 
Harbor Laboratory, NY, USA) after trimming to remove 
adapter sequences and low-quality ends using Trim Galore! 
v0.5.0 (cutadapt v1.16) (Babraham Bioinformatics, Cam-
bridge, UK). The resulting data was deposited in the Gene 
Expression Omnibus (GEO) at the NCBI [Accession No. 
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GSE212734], and gene expression levels were measured 
as transcripts per million using RSEM v1.3.1 (Dr. Bo Li 
and Dr. Colin Dewey, University of Wisconsin-Madison, 
Madison, WI, USA). Gene Ontology enrichment analysis 
and pathway enrichment analysis were performed using mul-
tiple databases: Metascape (http:// metas cape. org/ gp/ index. 
html#/ main/ step1).

Cell culture of macrophages

The THP-1 cell line was obtained from the American Type 
Culture Collection (Manassas, VA, USA). THP-1-derived 
macrophages were induced by adding phorbol-12-myristate-
13-acetate to the culture media. In addition, blood samples 
were obtained from healthy donors to extract human mono-
cyte-derived macrophages (HMDMs) according to a proto-
col approved by the Kumamoto University Hospital Review 
Board (#1169), as described previously [14]. Monocytes 
were isolated using a RosetteSep Human Monocyte Enrich-
ment Cocktail (STEMCELL Technologies, Vancouver, Can-
ada) and then plated in 12-well plates (2 ×  105 cells/well; 
CellSeed, Tokyo, Japan). AIM-V medium (Thermo Fisher 
Scientific) supplemented with 2% human serum was used 
as a culture medium. Monocyte differentiation into mac-
rophages was induced by adding macrophage-colony stimu-
lating factor (100 ng/ml; Wako Pure Chemical Industries, 
Ltd., Tokyo, Japan) and granulocyte macrophage-colony 
stimulating factor (1 ng/ml; WAKO Pure Chemical Indus-
tries, Ltd.) for 7 days.

Cell cultures of HB cell lines

Hep G2 and HuH-6 cells were obtained from the Japanese 
Collection of Research Bioresources (JCRB) Cell Bank 
(Osaka, Japan). As the culture medium, D-MEM/Ham’s 
F-12 (WAKO Pure Chemical Industries, Ltd.) supplemented 
with 10% fetal bovine serum, 1% non-essential amino acids, 
and 1% penicillin/streptomycin, was used. Hep G2 and 
HuH-6 cells (3 ×  106 cells/well) were cultured on 100-mm 
Petri dishes (Thermo Fisher Scientific) for 2 days.

Co‑culture of Hep G2 cells with macrophages

For the direct co-culture of Hep G2 cells with macrophages, 
Hep G2 cells (3 ×  106 cells/well) and macrophages (1 ×  106 
cells/well) were seeded on 100-mm dishes (Thermo Fisher 
Scientific), and co-cultured for 2 days. Conventional paraf-
fin-embedded cell blocks were prepared as described previ-
ously [15].

For the indirect co-culture of Hep G2 cells with mac-
rophages, Hep G2 cells (3 ×  105 cells/well) were seeded on 
6-well plates (Thermo Fisher Scientific), and macrophages 

(2 ×  105 cells/well) were seeded on the upper side of a 6-well 
cell culture inserts with a 0.4-μm pore size (Falcon, Durham, 
NC, USA). The insert was placed into the well, and the cells 
were co-cultured for 2 days.

Stimulation of macrophages by IL‑32 proteins

Cultured macrophages, either THP-1 derived or HMDMs, 
were stimulated by the addition of 100 ng/ml of recombinant 
human IL-32 proteins (IL-32 alpha: #3040-IL-050, IL-32 
beta: #6769-IL-025, IL-32 gamma: 4690-IL-025/CF; R&D 
Systems, Inc. a Bio-Techne Corp. brand, Japan).

Real time quantitative polymerase chain reaction 
(RT‑qPCR)

RNA extraction from cultured cells and RT-qPCR were 
performed as described previously [16] using the following 
primers: β-Actin, forward 5'-ATT CCT ATG TGG GCG ACG 
AG-3' and reverse 5'-AAG GTG TGG TGC CAG ATT TTC-3'; 
IL-32 α, forward 5'-GCT GGA GGA CGA CTT CAA AGA-3' 
and reverse 5'-GGG CTC CGT AGG ACT TGT CA-3'; IL-32 
β, forward 5'-CAG TGG AGC TGG GTC ATC TCA-3' and 
reverse 5'-GGG CCT TCA GCT TCT TCA TGT CAT CA-3'; 
IL-32 γ, forward 5'-ACG CCC GAA TGG TAA TGC T-3' and 
reverse 5'-CCA CAG TGT CCT CAG TGT CACA-3'; PD-L1, 
forward 5'-GAC CAG CAC ACT GAG AAT CAA CAC -3' and 
reverse 5'-TTG GAG GAT GTG CCA GAG GTAG-3'; IDO-1, 
forward 5'-TGT TCT CAT TTC GTG ATG GAG ACT G-3' and 
reverse 5'-AAA GTG TCC CGT TCT TGC ATTTG-3'; IL-6, 
forward 5'-ATG TGT GAA AGC AGC AAA GAGG-3' and 
reverse 5'-GTG ATG ATT TTC ACC AGG CAAG-3'; IL-10, 
forward 5'-GGT TGC CAA GCC TTG TCT GA-3' and reverse 
5'-AGG GAG TTC ACA TGC GCC T-3'; Cluster of differentia-
tion 163 (CD163), forward 5'-CGA GTT AAC GCC AGT AAG 
G-3' and reverse 5'-GAA CAT GTC ACG CCAGC-3'; VEGF, 
forward 5'-TCT TCA AGC CAT CCT GTG TG-3' and reverse 
5'-TCT GCA TGG TGA TGT TGG AC-3'; and TGF-β, forward 
5'-AGC AAC AAT TCC TGG CGA TAC-3' and reverse 5'-GCG 
AAA GCC CTC AAT TTC C-3'.

Western blot analysis

The cell lysates were harvested using NP-40 lysis buffer and 
the protein concentration of samples was calculated using 
Bicinchoninic acid assay (BCA) (Thermo Fisher Scientific) 
protein assay reagent. Protein (50 μg) was electrophoresed 
on a 15% sodium dodecyl sulfate–polyacrylamide gel, and 
transferred to a polyvinylidene fluoride membrane (Milli-
pore, Bedford, MA, USA). The following antibodies were 
used to examine PD-L1 and IDO-1 protein expression 
by macrophages before and after stimulation with IL-32 

http://metascape.org/gp/index.html#/main/step1
http://metascape.org/gp/index.html#/main/step1
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proteins: anti-PD-L1 antibody (0.1 μg/ml, clone E1L3N; 
Cell Signaling Technology, Inc., Massachusetts, USA), anti-
IDO-1 antibody (0.1 μg/ml, clone ab55305; Abcam PLC, 
Cambridge, UK), and anti-actin antibody (0.1 μg/ml, clone 
sc-47778; Santa Cruz Biotechnology, Inc., TX, USA). Other 
details of the methods used for the western blot analysis 
were described previously [17].

Single‑cell clustering analysis

Single cell RNA-seq (scRNA-seq) data of HB (GSE186975) 
were downloaded from (GEO). GSM5664587 to 
GSM5664593 were used for the analysis [18]. Cells cap-
tured in single-cell RNA sequencing analysis were clustered 
and analyzed using the Seurat (Version 4.3.0) package in R 
(Version 4.2.2)43. Cells with <200 genes, 500 transcripts, 
or a mitochondrial level of ≥ 20%, were filtered out as part 
of the quality control process. Samples were divided into 
two groups, “Tumor source” and “Normal source”, and a 
standard workflow using the sctransform (SCT) method 
was devised to normalize the gene expression for each cell 
and then merge the two groups directly. We calculated and 
returned the top 2000 most variably expressed genes among 
the cells, and principal components analysis (PCA) was per-
formed for linear dimensional reduction; the first 100 princi-
pal components (PCs) were stored for subsequent analysis. 
To determine how many PCs to use for the cluster analysis, 
a JackStraw resampling method was implemented by per-
forming permutations on a subset of data (1% by default) 
and rerunning the PCA for a total of 100 replicates to select 
statistically significant PCs for inclusion in K-nearest neigh-
bors cluster analysis. For graph-based clustering, the first 
50 PCs were selected followed by resolution-level selection 
using the “clustree” package (Version 0.5.0). As a result, a 
resolution of 1.2 was selected, yielding 20 cell clusters. The 
differentially expressed genes (DEGs) in each cluster were 
identified using the FindAllMarker function implemented in 
the Seurat package, and a corresponding p-value was esti-
mated by Wilcoxon’s test followed by Bonferroni correction.

Cell viability assay

To estimate the Half maximal inhibitory concentration (IC50) 
of carboplatin (Wako Pure Chemical Industries, Ltd., Tokyo, 
Japan) and etoposide (Wako Pure Chemical Industries, 
Ltd., Tokyo, Japan), a Cell Counting Kit-8 (WST-8/CCK-8, 
Dojindo, Kumamoto, Japan) was used. HuH-6 and Hep G2 
cells (5 ×  103 cells/well) were preincubated on 96-well plates at 
37 °C for 24 h, and then treated with  10–6,  10–5,10–4,  10–3,  10–2, 
 10–1, and  100 μM carboplatin, etoposide, or medium alone and 

incubated at 37 °C for a further 48 h. Subsequently, 10 μl/well 
of the Cell Counting Kit-8 solution was added, and the cells 
were incubated at 37 °C for 2 h. Absorbance was measured at 
450 nm using a SpectraMax i3x multimode microplate reader 
(Molecular Devices, San Jose, CA, USA).

Human tissue specimens

A total of 21 primary HB tissue specimens, already stored 
as paraffin-embedded blocks, were used in the study. Patient 
characteristics are summarized in Table 1. The specimens were 
obtained previously from pediatric patients who underwent 
hepatic resections for HB at Kumamoto University Hospital in 
Kumamoto, Japan, over two decades between 2000 and 2021. 
The diagnosis of HB was confirmed by histopathological 
examination. Informed consent was obtained from the patients’ 
caregivers to be included in the study. The study design and 
proposal were approved by the Institutional Review Board 
(IRB) at Kumamoto University (IRB No. 2224).

Immunohistochemistry (IHC)

Cell blocks of HuH-6 cells cultured alone and Hep G2 cells 
that were co-cultured directly with macrophages were fixed 
with 10% neutral buffered formalin and embedded in paraf-
fin. Tissue samples were already stored as paraffin-embedded 
blocks. Using a microtome, 3 μm thick tissue slices were pre-
pared and deparaffinized with xylene and ethanol. The fol-
lowing primary antibodies were used: mouse monoclonal 
NCNP24 (WAKO Pure Chemical Industries, Ltd.) to detect 
Ionized calcium-binding adapter molecule-1 (1 μg/ml, Iba-
1, a specific marker for pan-macrophages) and rabbit poly-
clonal ab37158 (1 μg/ml, Abcam) to detect IL-32. Horseradish 
peroxidase-labeled anti-mouse or anti-rabbit immunoglobulin 
antibody (Nichirei, Tokyo, Japan) was used as the secondary 
antibody, and positive signals were detected using 3,3’-diam-
inobenzidine (Nichirei).

Statistical analysis

ImageJ 1.53t software (National Institutes of Health, USA) 
was used to measure the pixel density for relative quantifica-
tion of the western blot bands. GraphPad Prism 9.4.0 soft-
ware (GraphPad, San-Diego, CA, USA) was used for statisti-
cal analysis. Continuous data were presented as (mean ± SD). 
One-way ANOVA with post-hoc Tukey’s HSD test were used 
to precisely compare differences between different groups’ 
means, Fischer’s exact test was used for categorical univariate 
analysis; only differences with P < 0.05 were considered to be 
statistically significant.
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Results

IL‑32 is expressed by HB cells and its expression 
is upregulated by cell–cell communication 
with TAMs

As described in the introduction, we previously demonstrated 

the significance of cell-to-cell communication between 
TAMs and tumor cells in HB progression [8]. Therefore, 
we attempted to clarify changes in gene expression in Hep 
G2 cells with or without direct co-culture with HMDMs by 
means of RNA-seq. Although numerous genes related to 
metabolic processes and signal activation were found to be 

Table 1  Patients’ characteristics 
and IL-32 expression

*Fischer’s exact test was used for comparison and P < 0.05 was considered to be statistically significant
**Annotation factors: [V hepatic vein or IVC involvement, P portal vein involvement, R tumor rupture, and 
C caudate lobe involvement]
***AFP alpha fetoprotein
****MEM mixed epithelial-mesenchymal

N = 21 % IL-32 expression

Negative Positive p-value*

Age (years)
  < 1 11 52.4 7 4 0.59
 1–3 7 33.3 3 4
 4–9 1 4.8 0 1
  > 10 2 9.5 1 1

Sex
 Male 15 71.4 8 7 0.89
 Female 6 28.6 3 3

PRETEXT stage
 I 1 4.8 1 0 0.17
 II 3 14.3 0 3
 III 8 38 4 4
 VI 9 42.9 6 3

Annotation Factors**
 V 4 19 2 2 0.5
 P 5 23.8 2 3
 R 1 4.8 0 1
 C 1 4.8 0 1
 None 14 66.7 9 5

AFP*** (ng/ml) [Highest level]
  < 100 0 0 0 0 0.2
 100–10,000 1 4.8 1 0
 10,000–1,000,000 18 85.7 8 10
  > 1,000,000 2 9.2 2 0

Histological type
 Fetal 9 42.9 7 2 0.06
 Mixed epithelial 4 19 2 2
 MEM**** 7 33.3 1 6
 Macrotrabecular 1 4.8 1 0

Preoperative chemotherapy
 Yes 18 85.7 10 8 0.48
 No 3 14.3 1 2

Recurrence after surgery
 Yes 5 23.8 4 1 0.16
 No 16 76.2 7 9
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up-regulated by co-culture (Fig. 1a–c), we focused on IL-32 
genes in the present study.

Then, RT-qPCR analysis was performed to investigate 
IL-32 gene expression in the steady state for HB cell lines as 
well as HMDMs. The findings showed that macrophages do 
not express IL-32 in the steady state. However, HB cell lines 
express IL-32 in the steady state, and fold change compari-
sons showed that expression in Hep G2 was markedly higher 
than in HuH 6, with results being the same for different iso-
forms of IL-32 [α, β and γ] (Fig. 2a). The findings of the 
RNA-seq analysis were confirmed by the RT-qPCR results 
obtained for Hep G2 cells that were either cultured alone or 
cocultured indirectly with macrophages. Specifically, fold 
change comparisons showed that IL-32 is upregulated by 
cell–cell communication with macrophages using a parac-
rine mechanism. Interestingly, the findings were similar to 
those obtained using THP-1-derived macrophages (Fig. 2b) 
or HMDMs (Fig. 2c).

IL‑32 potentially induces protumor activation 
of macrophages

The influence of IL-32 on TAMs was examined by RT-qPCR 
analysis of genes of interest. Among the isoforms used, the 

β isoform appears to exert the strongest influence on mac-
rophages, and the results were similar to those obtained for 
the THP-1-derived macrophages (Fig. 3a) and HMDMs 
(Fig. 3b). The results showed that macrophages respond to 
IL-32 by upregulation of PD-L1, IDO-1, IL-6, and IL-10. 
However, changes in CD163, VEGF, and TGF-β were gener-
ally not significant/down regulated. Confirmatory western 
blot analysis was performed for PD-L1 and IDO-1 due to 
their well-known immunosuppressive and protumor effects, 
and the results were consistent with those of the RT-qPCR 
analysis (Fig. 3c).

IL‑32 gene expression was not detected in the tumor 
cells of resected HB specimens

IL-32 gene expression in HB samples was investigated using 
previously published scRNA-seq data open database, as 
described in the materials and methods section (Fig. 4a–c). 
Although IL-32 gene expression was not detected in hepa-
toblastoma tissue, it was observed in T cells and proliferat-
ing immune cells (Fig. 4d). The proliferating immune cells 
consisted of a mixed population of myeloid cells, T cells, 
and NK cells.

Fig. 1  RNA-Seq analysis for Hep G2 cells cultured alone and cocul-
tured with macrophages a Replicate comparison scatter plot com-
paring genes of the two groups, with differences expressed in fold 

change (log2). IL-32 is indicated by red dot; b Gene set enrichment 
analysis with P-values expressed in (–log10); c Heat map of upregu-
lated genes of interest, including IL-32
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IL‑32 was potentially induced by chemotherapy 
in HB

IL-32 gene expression was detected in HB cell lines, but 
not in resected HB cells. We hypothesized that the IL-32 
gene was not expressed in tumor cells in the steady state, 
but that it was induced by chemotherapy. Therefore, cell 
lines were stimulated with carboplatin or etoposide and 

IL-32 gene expression was tested by RT-qPCR. Since the 
 IC50 values obtained for carboplatin and etoposide in Hep 
G2 and HuH-6 cells were 0.46, 0.1, 0.44, and 0.04 μM, 
respectively, the cells were stimulated with carboplatin 
and etoposide at lower  IC50 doses. Both agents up-regu-
lated IL-32 gene expression, although IL-32β was more 
strongly induced by etoposide (Fig. 5).

Fig. 2  RT-qPCR analysis of 
IL-32 (a) in the steady state for 
Hep G2, HuH-6 and HMDM 
(b and c) Indirect co-culture 
system for Hep G2 cells with 
macrophages; b THP-1-derived 
macrophages; c HMDM [2 
(− ⊿⊿ Ct) method used to 
analyze relative change in gene 
expression. A one-way ANOVA 
followed by a Tukey’s post-hoc 
HSD test were used for multiple 
comparisons. P < 0.05 was con-
sidered statistically significant]
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IL‑32 expression was observed in HB, but it 
was not associated with TAM infiltration

As a final step, IL-32 expression was examined by IHC. Il-32 
expression was high in the cell block containing the Hep G2 
and macrophage coculture, and low in the cell block con-
taining HuH-6 cells, which was consistent with RT-qPCR 

Fig. 3  RT-qPCR analysis of [PD-L1, IDO-1, VEGF, TGF-β, IL-6, 
IL-10 and CD163] for macrophages ± stimulation with IL-32 iso-
forms [α, β & γ] a THP-1-derived macrophages; b HMDM [2 (− 
⊿⊿ Ct) method was used to analyze relative changes in gene expres-
sion. A one-way ANOVA followed by a Tukey’s post-hoc HSD test 
were used for multiple comparisons. P < 0.05 was considered statisti-
cally significant]; c Confirmatory western blot for PD-L1 and IDO-1

◂

Fig. 4  Single cell clustering analysis a Uniform manifold approxi-
mation and projection (UMAP) of 4,527 cells from one HB patient, 
annotated by cell type; b UMAP, annotated by cell source; c Dot-
plot of all identified populations, each characterized by at least three 

known cell-type markers [average expression is indicated by the color 
gradient, and the percentage of marker expressed is represented by 
dot size]; d violin plot (left) and feature plot (right) of IL-32 expres-
sion
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analysis (Fig. 6a). Using 21 HB cases, IHC analysis showed 
that 52% of cases were negative for IL-32 and 48% of cases 
were positive. Low and high levels of IL-32 expression were 
seen in 70% and 30% of positive cases (Fig. 6b). There was 
no significant correlation between IL-32 expression and 
clinicopathological factors (Table 1). IHC analysis of Iba1 
was performed in serial sections to examine the correlation 
between IL-32 expression and TAMs, however, no signifi-
cant correlation was observed (Fig. 6b).

Discussion

The findings of the present study showed that IL-32 was 
expressed in HB cell lines and up-regulated by cell–cell 
communication with macrophages. It is known that IL-32 
expression is increased by stimulation with inflammatory 
cytokines such as TNF-α and IL-1β, infection, hypoxia, 
and oxidative stress [19]. Several stimuli can induce the 

expression of high levels of TNF-α and IL-1β in mac-
rophages, and these cytokines might affect the expression 
of IL-32 in HB cell lines.

IL-32 expression has been observed in several kinds of 
cancer cells including lung cancer, and hepatocellular car-
cinoma. In hepatocellular carcinoma, IL-32α accelerated 
cancer cell progression via NF-κB and Bcl-2 signals [20]. 
In lung adenocarcinoma, an increase in IL-32 expression 
levels was associated with lymph node metastasis [21], and 
the activation of NF-κB signal, which induced production 
of matrix metalloproteinases, was suggested to be involved 
in cancer cell progression [22]. Thus, IL-32 was potentially 
associated with HB progression via NF-κB signal. Further 
studies are being planned to elucidate the autocrine mecha-
nisms of IL-32 in HB by means of in vitro studies.

In the present study, IL-32 expression was enhanced by 
anticancer drugs. To the best of our knowledge, only one 
report has described the anticancer drug-induced IL-32 
overexpression. Specifically, Zhang et al. demonstrated that 

Fig. 5  RT-qPCR analysis of 
IL-32 in hepatoblastoma cell 
lines stimulated with  IC50 
values of chemotherapeutic 
agents a Hep G2 cells; b HuH-6 
cells [2 (- ⊿⊿ Ct) method was 
used to analyze relative change 
in gene expression. A one-way 
ANOVA followed by a Tukey’s 
post-hoc HSD test were used for 
multiple comparisons. P < 0.05 
was considered statistically 
significant]
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cisplatin induced expression of Phospholipase A2-activating 
protein (PLAA) which up-regulated the IL-32 expression 
[23]. Goda et al. demonstrated the proapoptotic function 
of IL-32 in an in vitro cell culture study using the Tet-On/
Off system in Hela cells [24]. However, the mechanisms 
by which IL-32 affects the chemosensitivity of HB cells 

remain unclear, and further studies are necessary to clarify 
this point.

IHC may be considered a limitation of our study due to 
the variability of the results. However, similar variability has 
been reported in gastric carcinoma [25], lung cancer [21], 
and multiple myeloma [26]. There are many reasons for such 
variability, including the probability that the IL-32 gene and 

Fig. 6  Immunohistochemical staining a IHC analysis of IL-32 for cell 
blocks of Hep G2 directly co-cultured with HMDM (positive control) 
and HuH-6 (negative control); b IHC for IL-32 and Iba1 for human 

tissue specimens [Magnification, 40 × /Scale bar, 20  µm]; c Scheme 
for proposed protumor effects of IL-32 in hepatoblastoma



 Pediatric Surgery International (2023) 39:275

1 3

275 Page 12 of 13

the associated protein may not be expressed in the steady 
state, but only after stimulation (e.g., by chemotherapy), 
as shown in this study. Another possibility is the effect of 
long-term storage of paraffin sections on epitopes, which 
can produce false negative results [27]. More than 50% of 
our samples are more than a decade old, but this was due to 
the rarity of the examined tumors. The variability was also 
correlated with the histological subtype of the lung cancer 
[21]; HB is a heterogenous tumor with a spectrum of seven 
histological subtypes, however, such correlation would be 
meaningless in our study given the small number of patients. 
Despite these limitations, we included the IHC analysis in 
our study as it is necessary to investigate the target at the 
protein level as well as at the gene level [28].

In conclusion, IL-32 is potentially involved in chemore-
sistance through protumor activation of TAMs. IL-32 was 
detected in HB cell lines, but not in all HB patients, and 
we hypothesized that stimulation, such as chemotherapy, 
induced IL-32 expression in HB cells. As a result, IL-32 was 
considered to accelerate cell growth and suppress immune 
responses (Fig. 6c). In addition, our in vitro experiments 
showed that etoposide induced overexpression of IL-32 
in cell lines. Further studies are necessary to confirm our 
hypothesis; however, IL-32 might be a critical mediator of 
chemoresistance in HB.
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