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ABSTRACT
Interleukin-1α (IL-1α) plays an important role in inflammation and hematopoiesis. Many tumors have 
increased IL-1α expression. However, the immune regulatory role of secreted IL-1α in tumor development 
and whether it can be targeted for cancer therapy are still unclear. Here, we found that tumoral-secreted 
IL-1α significantly promoted hepatocellular carcinoma (HCC) development in vivo. Tumoral-released IL-1α 
were found to inhibit T and NK cell activation, and the killing capacity of CD8+ T cells. Moreover, MDSCs 
were dramatically increased by tumoral-released IL-1α in both spleens and tumors. Indeed, higher tumoral 
IL-1α expression is associated with increased tumoral infiltration of MDSCs in HCC patients. Further studies 
showed that tumoral-released IL-1α promoted MDSC recruitment to the tumor microenvironment 
through a CXCR2-dependent mechanism. Depletion of MDSCs could diminish the tumor-promoting effect 
of tumoral-released IL-1α. On the contrary, systemic administration of recombinant IL-1α protein signifi-
cantly inhibited tumor development by activating T cells. In fact, IL-1α protein could promote T cell 
activation and enhance the cytotoxicity of CD8+ T cells in vitro. Thus, our study demonstrated that 
tumoral-released IL-1α promoted tumor development through recruiting MDSCs to inhibit T cell activa-
tion, while systemic IL-1α directly promoted anti-tumor T cell responses. We further identified calpain 1 as 
the major intracellular protease mediating tumoral IL-1α secretion. Calpain 1 KO tumors had diminished 
IL-1α release and reduced tumor development. Thus, our findings provide new insights into the functions 
of secreted IL-1α in tumor immunity and its implications for immunotherapy.
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Introduction

IL-1α is an important cytokine in IL-1 family, and it is con-
stitutively expressed in a variety of cells. Upon environmental 
stimulation, both hematopoietic and non-hematopoietic cells 
can secret IL-1α to promote inflammation.1 IL-1α is translated 
into 31 kDa precursor form (pro-IL-1α). Pro-IL-1α has 
a functional nuclear localization sequence (NLS) in the 
N-terminal domain for nuclear translocation, which is retained 
in the propiece (N-terminal cleavage product) of IL-1α after 
the cleavage by calpains or other proteases.2 Pro-IL-1α and IL- 
1α-propiece can both translocate to the nucleus and bind to the 
chromatin to exert many functions, such as DNA damage 
repair, cell growth, differentiation, and adhesion.3,4 Pro-IL-1α 
is myristoylated and then anchors to the cell membrane via 
a lectin-like interaction.5 Membrane IL-1α is bioactive through 
IL-1 receptor signaling pathway and is found to promote anti- 
tumor immune response.6 The pro-IL-1α can also be cleaved to 
generate the secreted mature form (17 kDa).7 IL-1α secretion is 
rarely detected in healthy human body fluids.8 However, pro- 
IL-1α and mature IL-1α are thought to be released from necro-
tic cells to initiate inflammation.9 Therefore, IL-1α is a dual 

function cytokine that exerts its function intracellularly and 
also binds to its cell membrane receptor to perform extracel-
lular functions.

IL-1α plays a vital role in inflammatory diseases and 
cancer.10 IL-1α released from necrotic cells activates IL-1 recep-
tor to trigger the proinflammatory cytokine expression, che-
mokine secretion and neutrophil recruitment.11 Moreover, 
extracellular IL-1α can trigger its own release by activating 
surrounding cells, resulting in the aggravation of local 
inflammation.12 The proinflammatory role of IL-1α was con-
firmed in dextran sodium sulfate-induced acute colon inflam-
mation in mice.13 Moreover, previous studies suggest that IL- 
1α promotes the development of chronic inflammatory dis-
eases, including rheumatoid arthritis, psoriasis, atherosclerosis, 
chronic hepatitis, and cardiovascular diseases.14

Many forms of tumorigenesis are associated with chronic 
inflammation, and inflammatory cells and cytokines play 
major roles in the progression of cancer.15 IL-1α binding to 
IL-1 receptor activates MyD88 signaling pathway to initiate 
inflammation which induces carcinogenesis and promotes 
tumor development.16 In head and neck squamous cell 
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carcinoma (HNDCC) and gastric carcinoma, the expression of 
IL-1α was elevated in tumors of patients with distant metas-
tases or poor prognosis.17 IL-1α single nucleotide polymorph-
ism (SNP) rs17561 that results in A114S substitution produces 
the pro-IL-1α mutant form that can be cleaved more easily to 
increase the secretion of IL-1α, and this ratchets up the risk of 
tumorigenesis and metastasis.18 Recently, tumor-derived IL-1α 
was found to act on infiltrating myeloid cells to induce the 
expression of a critical tumor survival factor, the cytokine 
TSLP, therefore promoted the development of breast 
cancer.19 On the other hand, studies also reported that over-
expression of IL-1α in cytosol or on membrane of fibrosarcoma 
or lymphoma cells reduced tumorigenicity and inhibited 
tumor growth. IL-1α exerts anti-tumor immune response 
through CD8+ T cells, NK cells and macrophages.20–22 IL-1 
signaling can also contribute to recruitment and activation of 
antigen presenting cells to the lymph nodes where they can 
induce the activation of T cells.23 Moreover, IL-1α can increase 
the therapeutic efficacy of cetuximab, an EGFR inhibitor, via 
a T cell-dependent mechanism in HNSCC.24 Therefore, IL-1α 
release could both promote and inhibit tumor development 
and the underlying mechanism is not clear.

Although both pro-IL-1α and mature IL-1α can be 
released to the extracellular space, the mature IL-1α has 
been suggested to be more biologically active. Calpains, 
the major intracellular proteases that can cleave pro-IL-1α 
to generate mature IL-1α, are a group of 15 Ca2+- 
dependent cysteine proteases.25 It is not known which 
calpain is most responsible for cleaving IL-1α and whether 
this calpain can be targeted to regulate IL-1α release and 
tumor development. Many pathways of IL-1 active release 
have been proposed in the recent studies.26 IL-1 antago-
nist and blocking antibodies are being tested in clinical 
trials for tumor therapy. Monotherapy with an anti-IL-1α 
blocking antibody showed promising results in patients 
with advanced non-small cell lung cancer, ovarian cancer, 
and other refractory cancers, as well as unresectable or 
metastatic colon cancer.27 It is essential to understand the 
function of the IL-1α release in tumor development in 
order to design more effective therapeutic strategies.

In the current study, we aim to investigate the function 
of tumoral-released and systemically administered IL-1α 
during tumor development. We found that tumoral- 
released IL-1α promoted tumor growth via myeloid- 
derived suppressor cells (MDSCs) recruitment and inhibi-
tion of anti-tumor immune response, while systemic 
administration of IL-1α protein suppressed tumor devel-
opment and directly activated anti-tumor immunity. In 
order to specifically inhibit tumoral IL-1α release, we 
generated calpain 1-deficient tumors and discovered that 
calpain 1-deficient tumors had significantly reduced IL-1α 
release and inhibited tumor development. Our findings 
demonstrate for the first time the opposite roles of 
tumoral and systemic IL-1α release in tumor development. 
Moreover, as the major intracellular protease to generate 
secreted mature IL-1α, calpain 1 could be targeted for 
inhibiting tumoral IL-1α release and tumor growth.

Materials and methods

Mice

Male C57BL/6 mice (6–8 weeks old) were obtained from 
Shanghai Laboratory Animal Center (Shanghai, China) or 
Invivos Pte Ltd. (Singapore). All mice were kept in a specific 
pathogen-free facility. The study was in accordance with the 
National Animal Care and Use Committee and approved by 
the Animal Welfare and Ethics Committee of Soochow 
University and National University of Singapore Institutional 
Animal Care and Use Committee.

Cells and lentiviral constructs

Hepa1-6 and 293 T cells were obtained from American Type 
Culture Collection (ATCC, Manassas, VA) and were cultured 
with 10% FBS DMEM medium (Gibco, Carlsbad, CA). Mouse 
pro-IL-1α (1–270aa, 31 kDa) and secreted IL-1α (110–270aa, 
18 kDa) were amplified by PCR and cloned into lentiviral 
plasmid (kindly provided by Dr. Yun Zhao, Soochow univer-
sity, Suzhou, China). Lentivirus was packaged in 293 T cells 
and then used to infect hepa1-6 cells. Empty vector was used as 
vector control. Hepa1-6 cells stably expressing pro-IL-1α, 
secreted IL-1α or vector control were established via sorting 
YFP-positive cells by FACS Aria III flow cytometer (BD 
Biosciences, San Jose, CA).

The cancer genome atlas profiling data sets

HCC data sets from 434 patients in The GEPIA database 
(http://cancergenome.nih.gov) were used to explore the rela-
tionship between IL1A, CAPN1 expression and survival time in 
HCC patients. Kaplan–Meier survival plots were obtained 
using the GEPIA online tool (http://gepia.cancer-pku.cn/ 
detail.php?gene=&clicktag=survival#iframe). The prediction 
of the immune cell fractions by CIBERSORT was performed 
with the public server (https://cibersort.stanford.edu).

Confocal microscopy

Hepa1-6 cells stably expressing secreted IL-1α or vector were 
plated and observed in borosilicate cover-glass (Thermo 
Scientific, Waltham, MA). Then the cells were fixed, permea-
bilized, and stained with rabbit anti-mouse IL-1α antibody 
(Abcam, Cambridge, MA) and secondary PE-conjugated goat 
anti-rabbit IgG antibody (MultiSciences Biotech, Hangzhou, 
China) as described previously.6 After counterstaining with 
DAPI (Sigma, St. Louis, MO), cells were observed with 
a Nikon A1 confocal microscope spectral detector (Nikon, 
Japan).

Immunohistochemistry (IHC)

HCC tissue microarray slides containing tumor and adjacent 
paracancer tissues (70 cases) were purchased from Outdo 
Biotech (Shanghai, China). The slides were stained with rabbit 
anti-IL-1α antibody (Abcam, Cambridge, UK) and HRP- 
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conjugated anti-rabbit IgG secondary antibody (Santa Cruz, 
Dallas, TX). The DAB peroxidase substrate kit (Beyotime, 
Haimen, China) was used for enzymatic reaction. And the 
slides were scored by evaluating the percentage of positive 
cells and the staining intensity. The percentage of positive 
cells was quantified as follows: Grade 0, <5% cells; 1, 6–25% 
cells; 2, 26–50% cells; 3, 51–75% cells; and 4, 76–100% cells. 
The staining intensity was defined as follows: 0, no staining; 1, 
weak staining; 2, moderate staining; 3, strong staining. The 
final IHC score was calculated by multiplying the grade of 
percentage of positive cells and the staining intensity: 0, total 
score = 0; 1+, total score = 1–4; 2+, total score = 5–8; 3+, total 
score = 9–12.

Cell PROLIFERATION

Cells stably expressing secreted IL-1α or vector control were 
seeded into 96-well plate (3000 per well/100 μL) and incubated 
for 24, 48 and 72 hours. CCK-8 reagent (10 μL per well) 
(Dojindo, Gaithersburg, MD) was added and incubated for 
4 hours at 37°C. The OD value was detected at 450 nm by 
a microplate reader (BioTek, Winooski, VT).

Establishment of HCC murine models

Hepa1-6 cells (1 × 106/100 μL) were injected subcutaneously 
into C57BL/6 mice to establish subcutaneous HCC model. 
Mice were randomly divided into two groups and were injected 
with secreted IL-1α- and vector control-hepa1-6 cells respec-
tively. The growth of subcutaneous tumor was measured with 
digital calipers every 3 days and the mice were sacrificed 3 
weeks after tumor injection. Tumor volume was calculated by 
the following formula: tumor volume = 0.5× width2× length. 
Hepa1-6 cells (1 × 106/2 mL) were either hydrodynamically 
injected into mice or orthotopically implanted (1 × 106/25 μL) 
in the liver to establish orthotopic HCC model.28 Mice were 
randomly divided into two groups and were injected with 
secreted IL-1α- and vector control-hepa1-6 cells respectively. 
In some experiments, mice were first hydrodynamically 
injected with hepa1-6 cells (1 × 106/2 mL). One day after 
tumor injection, mice were randomly divided into two groups 
and injected intraperitoneally with 100 ng recombinant IL-1α 
protein (R&D systems, Minneapolis, MN) every week. Control 
group mice were treated with equal volume of PBS. After 3 
weeks of tumor inoculation, mice were sacrificed and the 
tumor nodules in the liver were counted or measured.

Flow cytometry analysis

Single-cell suspensions were generated from spleen and liver of 
tumor-bearing mice. The following anti-mouse antibodies 
were used: anti-CD45-BUV395, anti-CD3E-PE/CF594, anti- 
CD44-PE, anti-CD4-APC/H7, anti-CD8-APC, anti-CD69- 
FITC, anti-CD86-FITC, anti-CD11c-PE/Cy7, anti-Gr1-PE, 
anti-CD11b-APC, anti-CD19-PE/Cy7, anti-NK1.1-PerCP/ 
Cy5.5 (BD Bioscience, San Diego, CA), anti-Ly6C-BV421, anti- 
Ly6G-AF700, anti-CD4-FITC, anti-CD62L-PerCP/Cy5.5, anti- 
NKG2D-FITC, anti-F4/80-PerCP/Cy5.5, anti-IFN-γ-PE and 
anti-TNF-α-PE/Cy7 (Biolegend, San Diego, CA). Anti-mouse 

CD16/32 FcR block antibody was purchased from Biolegend 
(San Diego, CA). For intracellular cytokine staining, cells were 
stimulated with Cell Activation Cocktail (Biolegend, San 
Diego, CA) for 4 hours and stained with surface antibodies. 
Then cells were fixed, permeabilized and stained with intracel-
lular cytokine antibodies. Cells were analyzed using a FACS 
Canto II flow cytometer (BD Biosciences, San Jose, CA).29 Data 
were analyzed using FlowJo software (Tree Star, Ashland, OR).

Cytokine analysis

The supernatant of hepa1-6 cells stably expressing secreted IL- 
1α or vector control was examined for IL-1α levels by the 
mouse IL-1α ELISA kit (Biolegend, San Diego, CA) according 
to the manufacturer’s instructions.

Cytotoxicity assay

The CytoTox 96 non-radioactive cytotoxicity assay kit 
(Promega, Madison, WI) was used to measure the cytotoxic 
activity of CD8+ T cells against tumor cells. After 1 week of 
tumor inoculation, splenocytes were harvested from tumor- 
bearing mice and stimulated with hepa1-6 cell lysates plus 
rhIL-2 (100 U/mL) for 4 days. For assays of examining the 
in vitro function of IL-1α, splenocytes were harvested from 
mice and stimulated with hepa1-6 cell lysates plus rhIL-2 
(100 U/mL) with or without 25 ng/ml recombinant IL-1α 
proteins (R&D Systems, Minneapolis, MN) for 4 days. CD8+ 

T cells were sorted from splenocytes by negative selection using 
immunomagnetic beads (StemCell Technologies, 
Vancouver, BC) according to the manufacturer’s protocol. 
Then the cytotoxicity assay was performed using hepa1-6 
cells as the target cells.

Transwell assay

MDSCs were cultured as previously described.30 Briefly, BM 
cells were cultured in the presence of 10 ng/mL GM-CSF 
(Peprotech, Rocky Hill, NJ) and 10 ng/mL IL-4 (Peprotech, 
Rocky Hill, NJ) for 4 days to induce the differentiation to 
MDSCs. Supernatants from control or IL-1α-overexpressing 
hepa1-6 cells were added into 24-well plates with Transwell 
polycarbonate-permeable supports (pore size = 8.0 μm; Merck 
Millipore, Burlington, MA). 2 × 105 MDSCs were preincubated 
with or without CXCR2 antagonist, SB265610 (Sigma, 
St. Louis, MO), for 30 min and seeded on the upper chambers 
of the inserts. After incubation for 18 hours, the MDSCs in the 
bottom compartment were counted.

Depletion of MDSCs

Gemcitabine as a chemotherapy drug was reported to deplete 
MDSCs in vivo.31 Mice were injected intrahepatically with 
hepa1-6 cells stably expressing secreted IL-1α. One day after 
tumor injection, mice were randomly divided into two groups 
and were treated with gemcitabine (GEM, LC Laboratories, 
Woburn, MA) at a dose of 100 mg/kg mouse body weight 
every 3 days. Control group mice were treated with equal 

ONCOIMMUNOLOGY e2088467-3



volume of double-distilled water. The depletion of MDSCs was 
confirmed by flow cytometry on day 13 after the initial 
injection.

To deplete the MDSCs with anti-Gr-1 antibody, mice were 
injected intrahepatically with hepa1-6 cells stably expressing 
secreted IL-1α. One day after tumor injection, mice were ran-
domly divided into two groups and were treated with 200 ug 
rat anti-mouse Gr-1 antibody (Bio X Cell, Lebanon, NH) every 
3 days. Control group mice were treated with equal amount of 
rat IgG2b isotype control (Bio X Cell).

SB265610 treatment

Mice were injected intrahepatically with hepa1-6 cells stably 
expressing secreted IL-1α. One day after tumor injection, mice 
were randomly divided into two groups and were treated with 
CXCR2 inhibitor SB265610 (Sigma, St. Louis, MO) at a dose of 
2 mg/kg mouse body weight every 3 days. Control group mice 
were treated with equal volume of DMSO (Sigma, 
St. Louis, MO).

CRISPR/Cas9 transfection

For the generation of Calpain 1 knockout cells using CRISPR- 
Cas9 gene editing, sgRNA targeting Calpain 1 gene (Santa 
Cruz, Dallas, TX) was transfected into pro-IL-1α-expressing 
hepa1-6 cells using Lipofectamine CRISPRMAX Cas9 
Transfection Reagent (Thermo Scientific, Waltham, MA). 
HDR plasmid encoding RFP were co-transfected to be used 
for further cell sorting. Three days after transfection, cells 
expressing RFP were sorted into 96 well plates using MoFlo 
XDP (Beckman Coulter, Indianapolis, IN) to generate stable 
single cell clones. The sgRNA sequences for calpain 1 knockout 
were sequence 1: CCTTCGAGGACTTTACCGGT; sequence 2: 
CGAGACTATTCTGCACCGAG; Sequence 3: 
GTCAAACCCCCAGTTCATCG.

Reverse transcription and quantitative polymerase chain 
reaction (RT-qPCR)

Total RNA extraction was performed using the RNeasy Mini Kit 
(Qiagen, Hilden, Germany). 1 µg of RNA for each sample was 
reverse transcribed to cDNA using the QuantiTect Reverse 
Transcription Kit (Qiagen, Hilden, Germany) on a PCR machine 
(Bio-Rad, Hercules, CA). qPCR was performed using the GoTaq 
qPCR master mix (Promega, Madison, WI) on the ABI 7500 
Real Time PCR system (Applied Biosystems, Waltham, MA). 
The relative expression to GAPDH was calculated according to 
control cells by the comparative threshold cycle method. Primers 
sequences are listed in supplementary Table S1.

SDS-PAGE and western blot analysis

Cells were lysed, and total protein was extracted using the NP40 
lysis buffer mixed with protease and phosphatase inhibitors cock-
tail tablets (Roche, Switzerland). BCA assay was performed using 
Pierce BCA Protein Assay Kit (Thermo Fisher, Waltham, MA) to 
measure protein concentration in the samples. Standardized 
amounts from 25 µg to 100 µg of protein for each sample were 

loaded into 10-well gels to run SDS-PAGE. The gels were trans-
ferred to 0.2 µm polyvinylidene difluoride (PVDF) transfer mem-
branes (Thermo Fisher, Waltham, MA). Membranes were 
blocked with 5% skimmed milk (Sigma, St. Louis, MO) for 
an hour and incubated with respective primary antibodies over-
night. Anti-mouse IL-1α antibody (Abcam, Cambridge, UK), 
anti-mouse Calpain 1 antibody (Thermo Fisher, Waltham, MA) 
and anti-mouse β-actin antibodies (Santa Cruz, Dallas, TX) were 
used as primary antibodies followed by HRP-conjugated goat 
anti-rabbit IgG (Santa Cruz, Dallas, TX). Finally, western blot 
substrates, SignalFire Enhanced Chemiluminescent and Elite 
ECL Reagents (Cell Signaling Technology, Danvers, MA), were 
subsequently used for protein detection.

Calpain activity assay

Cell lysates were prepared using the same method described for 
SDS-PAGE. 50 µg of protein sample was added into the 96-well 
plate to test for calpain activity. 50 µL of Calpain-Glo Reagent 
(Promega, Madison, WI) was added into each well. The plate 
was wrapped with aluminum foil and incubated on a plate 
shaker at 500 rpm for 15 minutes. Luminescence was recorded 
using the Gen5TM All-In-One Microplate Reader (BioTek, 
Winooski, VT).

T cell activation assay

The plates were pre-coated with anti-CD3 (2 μg/mL) and anti- 
CD28 (0.4 μg/mL) antibodies (Biolegend, San Diego, CA) over-
night. Naïve T cells were sorted from splenocytes using FACS 
Aria III flow cytometer and were co-cultured with transduced 
hepa1-6 cells or IL-1α protein for 48 hours in plates. In the co- 
culture system, naïve T cells (2 × 105/well) and transduced 
hepa1-6 cells (1 × 105/well, irradiated with 50 Gy) were seeded 
in 96-well plate. In the transwell system, transduced hepa1-6 
cells (1 × 105) were placed in the upper chamber and naïve 
T cells (4 × 105) were seeded in the lower chamber of 24-well 
plate. For assays examining the in vitro function of IL-1α, naïve 
T cells (2 × 105/well) were stimulated with 25 ng/ml recombi-
nant IL-1α proteins (R&D Systems, Minneapolis, MN) in 96- 
well plate. After 48 hours of incubation, the activation status of 
T cells was analyzed using flow cytometry.

Statistical analysis

All statistical analyses were performed using Student’s t test 
(unpaired, two-tailed) between two groups and One-way 
ANOVA for more than two groups. Data were analyzed with 
GraphPad prism 7 software (Graphpad, San Diego, CA). 
P value < .05 was considered as statistically significant (*), 
P < .01 and P < .001 were shown as ** and ***, respectively.

Results

Tumoral-secreted IL-1α promotes tumor growth in vivo

In the HCC patient samples, we found that IL-1α was highly 
expressed in the adjacent tissues compared to the tumor tissues 
(Fig. S1A & B). IL-1α expression levels are also negatively 
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associated with patient overall survival in HCC patients (Fig. 
S1C). These results indicated that IL-1α may play an important 
role in the HCC development. To specifically investigate the 
effect of secreted IL-1α on tumor growth, we constructed 
hepa1-6 cells stably expressing secreted IL-1α or vector control 
(Figure 1). IL-1α secretion from tumor cells was examined and 
confirmed by confocal microscopy (Figure 1a) and ELISA with 
the culture supernatants (Figure 1b). To assess the direct effect of 
secreted IL-1α on tumor cell growth, we examined the prolifera-
tion of the cells and showed that tumoral-secreted IL-1α had no 
direct effect on the cell proliferation in vitro (Figure 1c).

To dissect the role of tumoral secreted IL-1α in vivo, we first 
established subcutaneous HCC model (Figure 1d). Tumoral- 
secreted IL-1α significantly promoted tumor growth compared 
to vector control group in subcutaneous HCC model. Next, we 
established orthotopic HCC model via hydrodynamical injection 
of secreted IL-1α- or vector control-hepa1-6 cells into C57BL/6 
mice. Both the number of tumor nodules and the liver weights 
were significantly increased in tumoral-secreted IL-1α group com-
pared to vector control group (Figure 1e). These results demon-
strated that tumoral secreted-IL-1α promoted HCC development.

Tumoral-secreted IL-1α inhibits T and NK cell activation 
in vivo

To investigate the mechanism of tumor-promoting activity of 
tumoral-secreted IL-1α, we collected splenocytes and intrahepa-
tic leukocytes from mice one week after orthotopical tumor cell 
injection to analyze the immune cell subsets and their activation 
status via flow cytometry analysis (Figure 2a-d, Fig. S2). The 
percentages and absolute numbers of T cells, B cells and macro-
phages were not affected by tumoral-secreted IL-1α (Fig. S2). 
However, tumoral-secreted IL-1α decreased the percentages of 
activated (CD69+) and effector CD8+ T cells in the liver, while 
there was only a slight decrease in percentages of activated liver 
CD4+ T cells (Figure 2a-b). Moreover, the percentages of naïve 
CD4+ T and CD8+ T cells were increased and percentages of 
effector CD4+ T and CD8+ T cells were decreased in both spleen 
and liver by the expression of tumoral-secreted IL-1α. 
Additionally, the percentage of memory CD8+ T cells was also 
decreased in the spleen by tumoral-secreted IL-1α. We further 
investigated the T cells activation status 3 weeks after tumor 
injection. The results showed that the tumoral-secreted IL-1α 
had no significant effect on CD69 expression on T cells, as well as 
the effector, memory and naive T cell percentages in both spleen 
and liver (Fig. S3A-B). Notably, we found that tumoral-secreted 
IL-1α inhibited IFN-γ production by CD8+ T cells in spleen (Fig. 
S3C). The liver infiltrating TNF-α-producing CD4+ and CD8+ 

T cells, as well as the IFN-γ-producing CD8+ T cells were also 
decreased by tumoral-secreted IL-1α (Fig. S3D). Taken together, 
these results indicated that tumoral-secreted IL-1α inhibited the 
activation of CD4+ and CD8+ T cells.

Furthermore, the percentages and total numbers of NK and 
activated NK cells were decreased in spleens of the secreted IL- 
1α group (Figure 2c &d). Tumoral-secreted IL-1α also decreased 
the percentages and numbers of DCs in spleen and liver. The 
number of activated DCs was also decreased in spleens of the 
secreted IL-1α group compared to the control group. To further 
confirm that the anti-tumor T cell function was inhibited by 

tumoral-secreted IL-1α, we examined the cytotoxicity of CD8+ 

T cells against tumor cells (Figure 2e). CD8+ T cells isolated from 
the mice of secreted IL-1α group exhibited significantly lower 
killing capacity against tumor cells compared to those from the 
control mice. Taken together, these results demonstrated that 
tumoral-secreted IL-1α exerted its tumor-promoting effect 
through inhibiting the activation of T and NK cells.

Tumoral-secreted IL-1α increases MDSCs in vivo

MDSCs suppress immune responses and promote tumor devel-
opment in many tumor models.32 Our previous study showed 
that secreted IL-1α could promote the infiltration and prolifera-
tion of MDSCs in the liver through its function on hepatocytes 
during inflammatory response.33 To investigate whether tumoral- 
secreted IL-1α exerts the tumor-promoting effect through 
MDSCs, we analyzed CD11b+Gr1+ MDSCs in orthotopic tumor- 
bearing mice by flow cytometry analysis (Figure 3). The percen-
tages and numbers of MDSCs in spleen and liver were not 
increased by tumoral-secreted IL-1α at 1 week after tumor injec-
tion (Figure 3a). However, they were significantly increased in 
both spleen and liver 3 weeks after tumor injection in the secreted 
IL-1α group (Figure 3b). We further assessed the presence of the 
two main MDSC subsets, PMN-MDSCs (CD11b+Ly6G+Ly6CLow) 
and M-MDSCs (CD11b+Ly6G−Ly6CHigh) in spleen and liver 
(Figure 3c). The results showed that both the percentages and 
total numbers of the two MDSCs subsets were increased by 
tumoral-secreted IL-1α expression.

To provide the clinical relevance of the results found in our 
murine HCC models, we adopted CIBERSORTx to evaluate 
the tumor-infiltrating fractions of the cells in HCC patients.34 

The results showed that in HCC patients, higher tumoral IL-1α 
expression is associated with increased tumoral infiltration of 
MDSCs (Figure 3d). These results suggested that tumoral- 
secreted IL-1α could recruit MDSCs to inhibit T cell functions 
and promote HCC development.

IL-1 receptor signaling has been reported to be involved in 
MDSCs expansion, migration and function.35 To elucidate the 
mechanism of how tumoral-secreted IL-1α promotes MDSC 
accumulation in the tumor microenvironment, various chemo-
kines recruiting MDSCs were assessed in the control and IL-1α- 
overexpressing hepa1-6 cells. The results showed that IL-1α 
promoted CCL2, CCL26, CXCL1, CXCL2, CXCL5 expression 
while had no effect on CCL3 and CCL12 (Figure 3e), suggesting 
IL-1α might induce the migration of MDSCs through upregulat-
ing chemokine expressions in tumor cells. Transwell experiment 
confirmed that supernatants of IL-1α overexpressing hepa1-6 
cells significantly promoted MDSCs migration compared with 
those from control cells (Figure 3f). Since CXCL1, CXCL2 and 
CXCL5 shared the same chemokine receptor CXCR2, we pre-
incubated MDSCs with CXCR2 inhibitor SB265610 and found 
that CXCR2 blockade diminished the effect of IL-1α on MDSC 
migration. In vivo study also confirmed that SB265610 treatment 
significantly reduced tumor growth (Figure 3g). The tumoral 
MDSC infiltration was also decreased after CXCR2 blockade 
(Figure 3h). Moreover, both tumoral infiltrating CD4+ and 
CD8+ T cells exhibited increased TNF-α production after 
SB265610 treatment (Fig. S4A). These results demonstrated 
that tumoral-released IL-1α promoted MDSC recruitment to 
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the tumor microenvironment through a CXCR2-dependent 
mechanism. Additionally, we depleted MDSCs by administra-
tion of gemcitabine in mice (Figure 3i). Depletion of MDSCs 
dramatically inhibited tumor growth in tumors expressing 

secreted IL-1α, suggesting the tumor-promoting effect of 
tumoral-secreted IL-1α was dependent on the presence of 
MDSCs. MDSC depletion was confirmed by flow cytometry 
analysis in both spleen and liver (Figure 3j). Additionally, we 

Figure 1. Tumoral-secreted IL-1α promotes tumor growth in murine HCC models. (a) Immunofluorescence staining detection of the expression of IL-1α (red) in hepa1-6 
transfected cells (green). Nuclei were stained by DAPI (blue color). Scale bar: 50 µm. (b) The secretion of IL-1α in supernatant of hepa1-6 transfected cells was 
determined by ELISA assay. (c) The cell proliferation ability was determined by CCK-8 assay. (d) Mice (n = 5 each group) were injected subcutaneously with hepa1- 
6-secreted IL-1α or -vector cells. The representative of tumor morphology, tumor sizes and tumor weight are shown. (e) Mice (n = 5–7 each group) were injected with 
hepa1-6-secreted IL-1α or -vector cells via hydrodynamic cell delivery method. Mice were sacrificed 3 weeks later. The representative of tumor morphology, the 
numbers of tumor nodules and liver weight were shown. The data shown are representative of three experiments. Data are presented as means ± SD. * p < .05, 
***p < .001.
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applied an alternative method to deplete MDSCs in vivo by 
injecting the anti-mouse Gr-1 antibody. The results showed 
that the majority of MDSCs were depleted after anti-Gr-1 anti-
body treatment (Fig. S4B). Moreover, MDSC depletion in HCC 
tumor-bearing mice expressing secreted IL-1α significantly 
reduced tumor growth (Fig. S4C). Flow cytometry analysis 
showed that the percentage TNF-α-producing CD4+ T cells 
was increased in the spleen after anti-Gr-1 treatment. The liver 
infiltrating TNF-α-producing CD4+ and CD8+ T cells, as well as 
the IFN-γ-producing CD8+ T cells were also increased by anti- 
Gr-1 treatment (Fig. S4D). In summary, these findings demon-
strated that tumoral-secreted IL-1α suppressed immune 
response and facilitated tumor growth through its promoting 
effect on MDSCs.

Systemic IL-1α administration exerts an anti-tumor effect 
and activates T cells

To determine whether the systemic IL-1α expression could 
have the same effect as the tumoral-secreted IL-1α, we admi-
nistered recombinant IL-1α protein (secreted form) 

intraperitoneally to the tumor-bearing mice with PBS as con-
trol (Figure 4). We found that systemic administration of 
secreted IL-1α protein suppressed tumor growth (Figure 4a). 
Both the number of tumor nodules and the liver weight were 
decreased by systemic IL-1α administration. Moreover, this 
anti-tumor activity of the systemically administered IL-1α 
was dose-dependent (Fig. S5A). To determine whether the 
recombinant IL-1α protein could directly inhibit tumor 
growth, we examined tumor cell proliferation upon treatment 
with various concentrations of recombinant IL-1α protein at 
different time points (Fig. S5B). The results showed that 
recombinant IL-1α protein does not have direct effect on 
tumor cells, indicating that systemically administered IL-1α 
might modulate immune responses to exert its anti-tumor 
activity in vivo.

To address this hypothesis, we analyzed the immune cell 
phenotypes of tumor-bearing mice via flow cytometry analysis. 
Compared to PBS control group, the percentages and cell 
numbers of MDSCs were significantly lower in both spleen 
and liver in rIL-1α group 3 weeks after tumor cells injection 
(Figure 4b), while there was no difference in MDSC 

Figure 2. Tumoral-secreted IL-1α inhibits T and NK cell activation in vivo. Splenocytes and intrahepatic leukocytes were isolated from orthotopic HCC mice (n = 5–7 each 
group) 1 week after tumor injection. The activated (CD69+), naïve, effector and memory cells of CD4+ T or CD8+ T cells in spleen (a) and liver (b) were assessed by flow 
cytometry. NK, activated NK cells, DC and activated DC in spleen (c) and liver (d) were assessed by flow cytometry. (e) Non-radioactive cytotoxicity assay was used to 
evaluate the cytotoxic activity of CD8+ T cells sorted from the spleen of tumor-bearing mice. Data are presented as means ± SD. * p < .05, ** p < .01, *** p < .001.
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percentages and numbers between rIL-1α and control mice 1 
week after tumor cell injection (Fig. S5C). Administration of 
rIL-1α protein did not affect the percentages and total numbers 
of CD4+ T and CD8+ T cells (Fig. S5D). However, it up- 
regulated the percentages of activated (CD69+) CD4+ T and 
CD8+ T in spleen and the percentages and numbers of CD4+ 

T effector and CD8+ T effector cells in liver (Figure 4c &d). 
These results suggested that increased systemic IL-1α levels 
inhibited tumor growth and activated T cells.

To investigate whether there are differential effects of 
tumoral-secreted IL-1α and recombinant IL-1α protein directly 
on T cells activation, we co-cultured naïve T cells stimulated 
with anti-CD3/anti-CD28 with hepa1-6 cells stably expressing 
secreted IL-1α or recombinant IL-1α protein (Figure 5). Flow 
cytometry analysis revealed tumoral-secreted IL-1α signifi-
cantly increased the percentages of both CD4+ and CD8+ 

T effector cells either in a mixed co-culture system with the 
tumor cells secreting IL-1α (Figure 5a) or in a Transwell co- 
culture system with the same cells (Figure 5b). We also noticed 
that co-culturing hepa1-6 expressing secreted IL-1α with 

T cells in a cell-cell contact manner significantly enhanced 
the activation of CD4+ and CD8+ T cells, while this effect of 
secreted IL-1α was less prominent in the Transwell co-culture 
system. Interestingly, T cells, especially CD4+ T cells, of control 
group showed less activation in the cell-cell contact system 
than in the Transwell system, suggesting there was a T cell 
suppression derived from direct contact with tumor cells. 
These results implicated that IL-1α signaling might overcome 
the suppressive effects of tumor cells on T cells.

The percentages of activated and effector CD4+ T and CD8+ 

T cells were also increased by treatment with recombinant IL- 
1α protein (Figure 5c). To further demonstrate the cytotoxicity 
of CD8+ T cells could also be enhanced by secreted IL-1α, we 
performed the cytotoxicity assay using CD8+ T cells against 
hepa1-6 cells (Figure 5d). The result showed that secreted IL- 
1α enhanced the cytotoxicity of CD8+ T cells. Therefore, either 
tumoral-secreted IL-1α or recombinant IL-1α protein could 
promote T cell activation in vitro. Their differential effects on 
tumor growth in vivo could be due to the indirect functions on 
T cells via MDSCs.

Figure 3. Tumoral-secreted IL-1α increases MDSCs in vivo. Splenocytes and intrahepatic leukocytes were isolated from orthotopic HCC mice (n = 5–7 each group). 
CD11b+Gr1+ MDSCs in spleen and liver of the tumor-bearing mice expressing secreted IL-1α or vector control were analyzed by flow cytometry 1 week (a) or 3 weeks (b) 
after tumor injection. (c) The percentages and total numbers of PMN-MDSCs and M-MDSCs were analyzed by flow cytometry. (d) CIBERSORT analysis of the relationship 
between IL1A expression and MDSCs infiltration in HCC patients. (e) Multiple chemokines and cytokines expressions were assessed by qPCR from tumor cells. (f) MDSCs 
were preincubated with CXCR2 inhibitor SB265610 for 30 min to block CXCR2 interaction with its ligands. Transwell assay was performed to detect the chemotaxis 
ability. (g) Mice were treated with SB265610 at a dose of 2 mg/kg mouse body weight every 3 days (n = 5 each group). The tumor size and weight were measured. (h) 
The percentage and total number of tumoral MDSCs infiltration was detected by flow cytometry. (i) Tumor-bearing mice expressing secreted IL-1α were injected with 
PBS or GEM (n = 5–7 each group). The numbers of tumor nodules and liver weight were shown. (j) The depletion of MDSCs was confirmed by flow cytometry. The data 
shown are the representative of three experiments. Data are presented as means ± SD. * p < .05, ** p < .01, *** p < .001.
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Calpain 1 activity is required for tumoral-secreted IL-1α- 
mediated tumor progression

To further confirm the role of tumoral-secreted IL-1α and 
explore the strategy to specifically inhibit tumoral IL-1α 
secretion, we knocked out the calpain 1 gene in hepa1-6 
cells stably expressing pro-IL-1α (Figure 6). Calpains are the 
main intracellular proteases that cleavage pro-IL-1α into its 
secreted form. We analyzed the associations between 

different calpains with the HCC patient survival and found 
that high level of calpain 1 expression was associated with 
poor patient prognosis (Fig. S6). Calpain 1 knockout (KO) by 
Crispr/Cas9 technology was confirmed by RT-qPCR 
(Figure 6a) and western blot (Figure 6b). We also confirmed 
that Calpain 1 KO significantly reduced the calpain activity 
(Figure 6c) and IL-1α secretion (Figure 6d) in pro-IL-1α- 
expressing hepa1-6 cell line. Western blot results also showed 

Figure 4. Systemic administration of recombinant IL-1α inhibits tumor development. Orthotopic murine HCC model was established by hydrodynamic cell delivery with 
hepa1-6 cells. Tumor-bearing mice were injected with PBS or recombinant IL-1α protein (n = 5–7 each group). (a) The livers were collected from mice 3 weeks after 
tumor cell injection, and representative of tumor morphology, the numbers of tumor nodules and liver weight were shown. (b) MDSCs in spleen and liver from mice 3 
weeks after tumor injection were analyzed by flow cytometry. Representative FACS plots were shown. The activated, naïve, effector and memory cells of CD4+ T or CD8+ 

T cells in spleen (c) and liver (d) isolated from mice 1 week after tumor injection were analyzed by flow cytometry. The data shown are the representative of three 
experiments. Data are presented as means ± SD. * p < .05, ** p < .01, *** p < .001.

Figure 5. Secreted IL-1α promotes T cell activation in vitro. Naïve T cells were co-cultured directly (a) or in transwell system (b) with irradiated hepa1-6 expressing 
secreted IL-1α. Meanwhile, naïve T cells were also stimulated with anti-CD3/CD28 antibodies. Activated, naïve, effector and memory cells of CD4+ T and CD8+ T cells 
were assessed by flow cytometry. (c) Naïve T cells stimulated with anti-CD3/CD28 antibodies were culture with 25 ng/mL recombinant IL-1α protein (secreted form). 
Activated, naïve, effector and memory cells of CD4+ T and CD8+ T cells were assessed by flow cytometry. (d) CD8+ T cells were sorted from splenocytes stimulated with 
hepa1-6 cells lysate with or without IL-1α protein. Non-radioactive cytotoxicity assay was used to evaluate the cytotoxic activity of CD8+ T cells. The data shown are the 
representative of three experiments. Data are presented as means ± SD. * p < .05, ** p < .01, *** p < .001.
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that no mature form of IL-1α can be detected in the cells after 
Calpain 1 KO (Fig. S7). Moreover, Calpain 1 KO had no 
effect on tumor cell proliferation, whereas both the early 
and late apoptosis were significantly inhibited in calpain 1 
KO cells (Figure 6e& f).

Next, we established murine orthotopic HCC model 
using the Calpain 1 KO cells (Figure 6g). The results 
showed that Calpain 1 KO group had significantly reduced 
tumor growth compared to the control group (Figure 6g). 
IL-1α levels were also significantly decreased in both 
tumor (Figure 6h) and serum (Figure 6i) of the Calpain 

1 KO group compared with the control group. The per-
centage and absolute number of MDSCs in the liver were 
also reduced in the Calpain 1 KO group (Figure 6j). These 
results suggested that cleavage of pro-IL-1α by Calpain 1 
was essential for secreted IL-1α-mediated HCC 
progression.

To confirm that Calpain 1 promoted HCC development 
through regulating IL-1α maturation, we performed Calpain 
1 KO in parental hepa1-6 cells. The successful KO of Calpain 1 
was confirmed by RT-qPCR (Figure 7a) and western blot 
(Figure 7b). In vitro study showed that Calpain 1 KO had no 

Figure 6. Calpain 1 is essential for tumoral-secreted IL-1α-mediated HCC progression. Hepa1-6 cells stably expressing pro-IL-1α were generated by lentivirus 
transfection and the expression of CAPN1 was knocked out by CRISPR/Cas9 technology. The expression of calpain 1 at mRNA and protein levels were detected by 
qPCR (a) and western blot (b), respectively. (c) Calpain activity in control and calpain 1 KO cells were detected by calpain-glo activity kit. (d) IL-1α expression level in 
control and calpain 1 KO cells were assessed by ELISA. (e) Control and Calpain 1 KO cells were seeded for 24, 48 and 72 hours. The cell proliferation was determined by 
CCK-8 assay. (f) Control and Calpain 1 KO cells were irradiated with UV for 45 min, the apoptosis rate was assessed by Annexin V & DAPI staining. The early apoptosis was 
defined as Annexin V+DAPI−, the late apoptosis was defined as Annexin V+DAPI+. (g) Mice were orthotopically injected with control or calpain 1 KO hepa1-6-pro IL-1α 
cells. Two weeks later, mice were sacrificed for tumor assessment. The representative of tumor morphology, tumor sizes and tumor weight were shown (n = 5). The level 
of IL-1α in the tumor tissue (h) and serum (i) were assessed by ELISA. (J) The percentage and total number of MDSCs in the liver were detected by flow cytometry. The 
data shown are the representative of three experiments. Data are presented as means ± SD. * p < .05, *** p < .001.
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effect on hepa1-6 cell proliferation (Figure 7c). Intriguingly, 
Calpain 1 KO in parental hepa1-6 cells significantly promoted 
HCC growth in vivo (Figure 7d). Flow analysis showed that 
Calpain 1 KO had no effects on T cells activation in the spleen 
(Figure 7e). In the liver, Calpain 1 KO significantly decreased 
the percentages of effector and memory CD4+ T cells, whereas 
CD8+ T cells were not affected (figure 7f). Additionally, 
Calpain 1 KO in parental hepa1-6 cells had no impact on 
MDSC tumoral infiltration, suggesting Calpain 1 regulated 
tumor growth independent of MDSCs in the absence of IL-1α 
expression (Figure 7g). Taken together, these results further 
demonstrated that the tumor-promoting function of Calpain 1 
is via regulating IL-1α maturation.

Discussion

Chronic inflammation is closely associated with tumor devel-
opment, progression and metastasis, especially in solid tumors 
such as HCC.36,37 IL-1α is a pleiotropic cytokine and plays an 
important role in inflammatory immune responses and 
hemopoiesis.38 The expression of IL-1α is increased in many 
inflammatory diseases, including acute liver inflammation,39 

acute viral hepatitis40 and drug-induced liver injury.41 

Moreover, in hypercholesterolaemic mice, IL-1α deficiency in 

kupffer cells decreases inflammatory cytokines expression and 
attenuates liver inflammation.42 Transformation of steatosis to 
steatohepatitis and liver fibrosis is significantly reduced in IL- 
1α deficient mice.43 In diethylnitrosamine-induced liver carci-
nogenesis model, release of IL-1α from necrotic hepatocytes 
can initiate inflammation and promote carcinogen-induced 
compensatory proliferation and carcinogenesis.44 Our previous 
study demonstrated that membrane IL-1α promotes the acti-
vation of T and NK cells to inhibit the HCC development,6 

while passive release of IL-1α from necrotic hepatocytes may 
not be the major mode of IL-1α release during tumor develop-
ment. IL-1α could be cleaved by intracellular calpains and 
actively secreted to regulate anti-tumor immune responses. In 
the present study, we demonstrated, for the first time, that 
tumoral-secreted IL-1α significantly promoted tumor develop-
ment, while systemic IL-1α administration inhibited tumor 
growth in the same murine HCC model. Tumoral-secreted 
IL-1α suppressed T cell functions via promoting MDSCs in 
the tumor microenvironment, while systemic IL-1α may 
directly enhance T cell responses. Further studies showed 
that calpain 1 deficiency could reduce tumoral IL-1α secretion 
and tumor growth. Thus, calpain 1 expression at the tumor site 
may be targeted to specifically suppress tumoral IL-1α 
secretion.

Figure 7. Calpain 1 KO promoted HCC development in parental hepa1-6 cells. CAPN1 was knocked out by CRISPR/Cas9 technology in the parental hepa1-6 cells. The 
expression of calpain 1 at mRNA and protein levels were detected by qPCR (a) and western blot (b), respectively. (c) The proliferation of hepa1-6-Calpain 1 KO cells were 
assessed by CCK-8. (d) Mice were orthotopically injected with control or calpain 1 KO hepa1-6 cells. Two weeks later, mice were sacrificed for tumor assessment. The 
representative of tumor morphology, tumor sizes and tumor weight were shown (n = 5). The activated, naïve, effector and memory cells of CD4+ T or CD8+ T cells in 
spleen (e) and liver (f) were analyzed by flow cytometry. (g) The percentage of MDSCs was detected by flow cytometry. The data shown are the representative of three 
experiments. Data are presented as means ± SD. * p < .05, *** p < .001.

ONCOIMMUNOLOGY e2088467-11



It remains as a fundamental scientific question how the leader-
less cytokines can be actively transported out of the cells. For a long 
period of time, the release of IL-1α was believed as passive due to 
the loss of cell membrane integrity, such as necrosis or physical 
damage.10 However, recent evidence has implicated an active 
transport route for IL-1α secretion. Zhang et al. reported 
a universal unconventional protein secretion (UPS) route for 
leaderless protein, including the mature form of IL-1α, IL-1β, IL- 
36α, IL-36RA, IL-37, IL-38, etc. They revealed that HSP90A binds 
and unfolds leaderless proteins, then interacts with the TMED10, 
resulting in the oligomerization of TMED10 to form a protein 
channel that translocates the leaderless protein into the lumen of 
the ER-Golgi intermediate compartment (ERGIC) for subsequent 
secretion out of the cell via a vesicular intermediate.45 Notably, 
they performed the experiments with mature form of IL-1α, 
whether this UPS could also transport the full-length IL-1α is 
unknown. More recently, Tsuchiya et al. discovered a new secre-
tion route for IL-1α.46 They found that IL-1α maturation resulted 
in more IL-1α release from macrophages upon GSDMD-mediated 
pore formation. These findings suggested mature IL-1α might be 
the dominant form that could be actively transported compared 
with the pro-IL-1α. However, we cannot exclude the possibility 
that pro-IL-1α could also be actively transported out of the cell via 
an unknown route. Further studies are needed to address this 
question.

In the in vitro experiments, we demonstrated that both 
tumoral-secreted IL-1α and recombinant IL-1α protein could 
promote T cell activation. However, tumoral-secreted IL-1α 
inhibited T cell activation to promote tumor development 
in vivo. IL-1α signaling can drive myelopoiesis in the bone 
marrow.47 In the tumor microenvironment, released IL-1α is 
an upstream and alarm cytokine which triggers the production 
of other pro-inflammatory cytokines, chemokines and growth 
factors to initiate inflammatory responses. Our previous stu-
dies have demonstrated that secreted IL-1α from hepatocyte 
can promote the recruitment and expansion of MDSCs in the 
liver during acute liver inflammation through the induction of 
CCL2, CXCL5 and IL-6 expressions.33 Here, we also demon-
strated tumoral-released IL-1α could recruit MDSCs to the 
tumor microenvironment in a CXCR2-mediated chemotaxis 
manner. MDSCs consisting of immature myeloid cells and 
myeloid progenitor cells suppress immune responses and pro-
mote tumor development.48 They have been found to accumu-
late in human HCC and inhibit anti-tumor immune 
response.49 The depletion of MDSCs dramatically inhibited 
the tumor growth induced by tumoral-secreted IL-1α, suggest-
ing the T cell inhibition by tumoral-secreted IL-1α was 
mediated by MDSCs. On the other hand, systemic IL-1α 
expression does not specifically increase IL-1α levels in the 
tumor microenvironment to induce the cytokine and chemo-
kine gradient that can promote MDSC proliferation and 
recruitment in the liver. On the contrary, systemic IL-1α can 
promote T cell activation in the peripheral and secondary 
lymphoid organs. The current therapeutic strategies in clinical 
trials targeting IL-1α can reduce overall IL-1α levels or systemi-
cally block its function, which may achieve some clinical ben-
efits, but are not optimal.

Pro-IL-1α has been well characterized to be cleaved by the 
calcium-dependent proteases: calpain family. Though pro-IL 
-1α is biological active, calpain cleaved secreted (mature) IL- 
1α results in seven-fold increase in bioactivity.50 Besides its 
cleavage activity, calpain has also been proved to be involved 
in IL-1α secretion.51 So far, more than 10 calpain family 
members have been identified. Among them, calpain 1 and 
calpain 2 are the most studied and ubiquitously expressed. 
Calpain 1 expression has been found to be increased in 
schwannomas, meningiomas and renal cell carcinoma.52 

Calpain 1 could affect tumor development in many aspects: 
cell migration, proliferation, death and autophagy.53 

However, the detailed mechanism is still unclear. Here, for 
the first time, we demonstrated that calpain 1 is required for 
tumoral secreted IL-1α-mediated tumor progression in HCC. 
Interestingly, Calpain 1 KO in parental hepa1-6 cells exhib-
ited enhanced tumor development in vivo with no impact on 
MDSCs recruitment in the absence of IL-1α expression. 
These results suggest a dual role of Calpain 1 in cancer 
development. Calpain 1 could act as a tumor suppressor in 
tumors without IL-1α expression which is likely the case for 
tumors without the involvement of inflammation, while it 
could promote tumor growth in the IL-1α enriched settings. 
Therefore, cautions need to be taken when targeting Calpain 
1 for cancer therapy and evaluation of inflammation status 
and IL-1α expression is required. Calpain 2 knock out in 
hepa1-6 cells did not reduce the level of IL-1α secretion 
(data not shown). Thus, calpain 1 could be a potential ther-
apeutic target for specifically reducing tumoral IL-1α secre-
tion and inhibiting tumor development. Over the years, 
more than 40 calpain inhibitors have been developed and 
some of them have been trialed to treat diseases such as 
Alzheimer disease and atopic dermatitis.54 However, most of 
the calpain inhibitors have been abandoned due to low 
efficiency, high cost or severe side effect. Therefore, more 
targeted and specific calpain inhibition strategies are needed 
in the future.

In summary, our studies demonstrated that the location of 
released IL-1α is critical for its role in tumor development. 
Tumoral-secreted IL-1α has a tumor-promoting function and 
suppresses the anti-tumor immune responses through MDSC 
recruitment to the tumor microenvironment. In contrast, sys-
temic IL-1α administration leads to the reduction of tumor 
development by directly activating T cells. Therefore, under-
standing the differential functions of IL-1α release and distri-
bution may facilitate the discovery of novel strategies for more 
targeted and effective immunotherapy.
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