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Abstract. The role of IL‑37 in cancer is currently largely 
unknown. The present study aimed to investigate IL‑37 
expression in hepatocellular carcinoma (HCC), paracancerous 
tissues (PT) and liver cancer cell lines, and their associations 
between IL‑37 and NF‑κB. A total of 65 HCC and 65 PT 
tissues were collected. The expression of IL‑37 and NF‑κB in 
tissues was detected by immunohistochemistry (IHC) and the 
data was analyzed using SPSS software. In the in vitro studies, 
IL‑37 gene was transfected into HepG2 and MHCC97H cell 
lines with Lipofectamine 3000, and the protein regulation of 
NF‑κB by IL‑37 was verified by immunofluorescence (IF) 
and western blotting. In HCC, the positive expression rates of 
IL‑37 and NF‑kB were 21.5 and 95.4%, respectively. In PT, 
strong positive staining of IL‑37and weak positive staining of 
NF‑κB  were observed. The normal expression levels of IL‑37 
and NF‑κB, the increased IL‑37 and decreased NF‑κB induced 
by IL‑37 gene transfection were observed through IF in cell 
lines. In terms of clinical significance, the difference in IL‑37 
expression between HCC and PT was statistically significant 
(χ2=55.05; P<0.001). IL‑37 expression in HCC but not PT was 
negatively associated with serum AFP (χ2=6.522; P=0.039). 
IL‑37 expression in PT was associated with sex (χ2=13.12; 
P=0.003) and tumor size (χ2=7.996; P=0.045). NF‑κB expres-
sion in PT was associated with age, sex and BCLC stage. 
Notably, there was a negative correlation between IL‑37 and 
NF‑κB in HCC (r=‑0.277; P=0.029) but not in PT (P>0.05). 
IL‑37 overexpression downregulated the NF‑κB protein by 

56.50% in HepG2 cells (P<0.05) and 30.52% in MHCC97H 
cells (P<0.05). In conclusion, the expression of IL‑37 in HCC 
and PT was specifically associated with serum AFP and tumor 
size, respectively. IL‑37 expression was negatively correlated 
with NF‑κB protein expression in HCC tissues and liver cancer 
cell lines.

Introduction

Liver cancer, primarily known as hepatocellular carci-
noma (HCC), is the fifth most common cancer worldwide. 
Furthermore, >780,000 new cases of liver cancer were esti-
mated worldwide in 2012 (1). Various injury factors, including 
hepatitis B virus (HBV) infection  (2), chronic aflatoxin 
intake (3) and alcohol consumption (4), could induce long‑term 
chronic inflammation and promote carcinogenesis. Therefore, 
inflammation and inflammatory pathways play a role in the 
occurrence and development of liver cancer, indicating that 
anti‑inflammatory cytokines or drugs will be a potential way 
for the prevention and treatment of liver cancer (5).

The new interleukin anti‑inflammatory cytokine IL‑37 was 
first cloned in 2000 and officially named in 2010 (6). IL‑37 
exerted anti‑inflammatory and immunomodulatory effects 
by inhibiting a variety of pro‑inflammatory factors, including 
IL‑6, IL‑1α, IL‑1β and TNF‑α (6). It has been reported that 
IL‑37 can relieve the inflammatory response in a variety of 
diseases, such as colitis (7), rheumatoid arthritis (8), allergic 
disease (9), leprosy (10), systemic lupus erythematous (11) 
and transplantation rejection (12). Certain studies have also 
demonstrated that IL‑37 can protect the liver from isch-
emia‑reperfusion injury (13) and inhibit T cell‑dependent liver 
injury (14). Given the close association between liver inflam-
mation and liver cancer, IL‑37 may play a crucial part in the 
occurrence and development of liver cancer.

The role of IL‑37 in liver cancer currently remains unclear. 
In previous studies, IL‑37 has been demonstrated to inhibit 
the proliferation and invasion of cervical cancer cells through 
STAT3, and promoted cell apoptosis through Bcl‑2‑like protein 
11 (15,16). In non‑small cell lung cancer and renal cell carci-
noma, IL‑37 played an anticancer role through STAT3 (17). In 
gallbladder carcinoma, IL‑37 acted as a tumor suppressor by 
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inhibiting cell migration and invasion (18). In another study, 
IL‑37 and CD66b+ TANs (tumor‑associated neutrophils) were 
considered as independent factors for evaluating the prognosis of 
colorectal cancer (19). In HCC, IL‑37 was associated with CD57+ 
natural killer cells (20). However, to the best of our knowledge, 
data remain limited in further understanding the role of IL‑37 
in HCC. NF‑κB functions as not only a transcription factor in 
the process of inflammation but also an important regulator of 
tumorigenesis in HCC. The present study focused on the signifi-
cance of IL‑37 and NF‑κB expression in HCC, paracancerous 
tissues (PT) and liver cancer cell lines. The present study aimed 
to investigate the expression of IL‑37 in hepatocellular carci-
noma, paracancerous tissues and liver cancer cell lines, and the 
association between IL‑37 and NF‑κB expression.

Materials and methods

Specimens. The present study was reviewed and approved 
by the Medical Ethics Committee of Foshan First People's 
Hospital, Foshan, China [approval no. L(2016)3]. All patients 
agreed to the use of their samples in the present study and 
provided written informed consent. All personal information 
will be kept confidential and not disclosed. Slices of specimens 
of 65 HCC and 65 PT (2 cm from tumor tissue) were collected 
from the Department of the Pathology of Foshan First People's 
Hospital. Among 65 cases of HCC, there were 51 males and 
14 females. Their ages ranged from 16‑89, with an average 
age of 48.8±10.5 years, and a median age of 51 years. There 
were 17 cases of AFP negative (≤8.1 ng/ml) and 28 cases of 
AFP positive. All subjects were diagnosed with HCC for the 
first time and did not receive radiotherapy or chemotherapy. 
Patients with diabetes, autoimmune diseases or other diag-
nosed serious or chronic inflammatory diseases, including 
colitis or pneumonia, were excluded from this study.

Materials. Human liver cancer cell lines, HepG2 and 
MHCC97H were purchased from the Cell Bank of Typical 
Culture Preservation Committee of Chinese Academy of 
Sciences (Shanghai, China), where the cell lines were authenti-
cated via STR profiling. IL‑37 gene (NM_014439) was cloned 
into a pEZ‑M02 vector (Genecopoeia, Inc.) by the manufac-
turer. Lipofectamine 3000 was purchased from Invitrogen; 
Thermo Fisher Scientific, Inc. Rabbit anti‑human IL‑37 
(cat. no. ab153889), NF‑κB (cat. no. D14E12) and GAPDH primary 
antibody (cat. no. AB‑P‑R 001) were obtained from Abcam, 
Cell Signaling Technology, Inc., and Goodhere Technology, 
respectively. HRP‑labeled goat anti‑mouse IgG (cat. no. A0216), 
HRP‑labeled Goat Anti‑Rabbit IgG (cat. no. A0208), ECL kit, 
BCA Protein Quantitative kit, RIPA buffer, SDS‑PAGE kit and 
DAPI staining kit were obtained from Beyotime Biotechnology. 
PVDF membranes were purchased from EMD Millipore.

Immunohistochemistry (IHC). IHC was performed as described 
in a previous study  (21). Briefly, the paraffin‑embedded 
sections (4 µm thick) were dewaxed with xylene and rehy-
drated using decreasing gradient of alcohol (100, 95, 85 and 
75%). Antigen retrieval was performed under high pressure at 
115˚C for 6 min. The samples were incubated with primary 
antibodies against IL‑37 (1:100) and NF‑κB (1:100) overnight 
at 4˚C. Samples were visualized following incubation with 
3'‑diaminobenzidine at room temperature for 30‑90 sec. In 
addition, sections were counterstained with hematoxylin 
at room temperature for 3‑10 min. PBS served as a control 
instead of the primary antibody.

The following method was used for IHC analysis: Five 
high‑power visual fields (magnification x40; under a light 
microscope) with a large number of parenchymal cells were 
randomly selected on each slice. Then, the strong positive, weak 
positive and negative results were determined by the intensity 

Figure 1. IL‑37 and NF‑κB protein expression in HCC and paracancerous tissues. (A) IL‑37 expression in HCC tissues. (B) IL‑37 expression in paracancerous 
tissues. (C) NF‑κB expression in HCC tissues. (D) NF‑κB expression in paracancerous tissues. Scale bar, 60 µm. HCC, hepatocellular carcinoma.
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Table II. Expression of NF‑κB protein in 65 cases of HCC and paracancerous tissues.

	 NF‑κB expression
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Group	 n (100%)	‑	  +	 ++	 +++	 χ2	 P‑value

HCC tissues	 65	 3 (4.6)	 13 (20.0)	 17 (26.2)	 32 (49.2)	 25.966	 <0.001
Paracancerous tissue	 65	 3 (4.6)	 28 (43.1)	 28 (43.1)	 6 (9.2)		

HCC, hepatocellular carcinoma.

Table I. Expression of IL‑37 protein in 65 cases of HCC and paracancerous tissues.

	 IL‑37 expression
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Group	 n (100%)	‑	  +	 ++	 +++	 χ2	 P‑value

HCC tissues	 65	 51 (78.5)	 12 (18.5)	 0 (0.0)	 2 (3.1)	 55.05	 <0.001
Paracancerous tissue	 65	 12 (18.5)	 18 (27.7)	 15 (23.1)	 20 (30.8)

HCC, hepatocellular carcinoma.

Figure 2. Gene transfection of IL‑37 in two liver cancer cell lines changes the protein expression of IL‑37 and NF‑κB through immunofluorescence staining. 
(A) Immunofluorescence staining for IL‑37 and NF‑κB in HepG2 cells. (B) Immunofluorescence staining for IL‑37 and NF‑κB in MHCC97H cells. 
Magnification, x40. Scale bar, 10 µm. IL‑37 group, cells transfected with IL‑37 overexpressing plasmid pEZ‑M02‑IL‑37; Control group, cells transfected with 
the control plasmid, pEZ‑M02.
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of positive staining and the percentage of positive cells. The 
intensity of positive staining was: Score of 0, no coloring; 
score of 1, pale yellow; score of 2, brown‑yellow; score of 
3, tan. The percentage of positive cells was: Score of 1, the 
percentage of positive cells <30%; score of 2, the percentage of 
positive cells ≤30‑60%; score of 3, the percentage of positive 
cells >60%. The final results were determined by the sum of 
the scores of the intensity of positive staining and percentage 
of positive cells: Score of 0, negative (‑); score of 2‑3, weakly 
positive (+); score of 4‑5, moderately positive (++) and score of 
6, strong positive (+++).

Cell culture and gene transfection. Human liver cancer cells 
were cultured in Dulbecco's modified Eagle's medium (DMEM; 
Gibco; Thermo Fisher Scientific, Inc.) supplemented with 10% 
fetal bovine serum (lot no . D213FD0254; BBI Life Sciences 

Corporation), 100 mg/ml penicillin and 100 U/ml streptomycin, 
and cultured in a wet incubator containing 5% CO2 at 37˚C. 
For gene transfection, pEZ‑M02 or pEZ‑M02‑IL‑37 vector 
was transfected into cells by Lipofectamine 3000. PEZ‑M02 
was an empty vector and used as the control plasmid for trans-
fection. A total of 5x105 cells were transfected with 1.5 µl/ml 
Lipofectamine 3000 and 3 µl/ml auxiliary reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.; cat.  no.  L3000015), and 
1.5 µg/ml plasmid. Cells were subsequently cultured for 48 h 
and harvested for immunofluorescence (IF) and western blot 
analyses.

IF. HepG2 and MHCC97H cells were seeded on cover glass 
(5x104  cells/slide) previously sterilized (121˚C, 0.12 MPa, 
30 min) and soaked in 1x poly‑L‑lysine for 10 min. After 
2 days, the cells were fixed with 100% methanol for 5 min 

Table III. Association between the expression of IL‑37 protein and clinicopathological parameters in 65 cases of HCC tissues.

	 IL‑37 expression
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Group	 n (100%)	‑	  +	 +++	 χ2	 P‑value

Age 					     1.177	 0.634
  ≤55 years	 49	 39 (79.6)	 8 (16.3)	 2 (4.1)		
  >55 years	 16	 12 (75.0)	 4 (25.0)	 0 (0.0)		
Sex					     2.259	 0.357
  Male	 51	 38 (74.5)	 11 (21.6)	 2 (3.9)		
  Female	 14	 13 (92.9)	 1 (7.1)	 0 (0.0)		
Tumor size 					     1.548	 0.434
  ≤2 cm	 17	 15 (88.2)	 2 (11.8)	 0 (0.0)		
  >2 cm	 48	 36 (75.0)	 10 (20.8)	 2 (4.2)		
Serum AFP					     6.522	 0.039
  ≤8.1 ng/ml	 17	 11 (64.7)	 4 (23.5)	 2 (11.8)		
  >8.1 ng/ml	 48	 40 (83.3)	 8 (16.7)	 0 (0.0)		
HBsAg					     1.37	 0.624
  Negative	 12	 9 (75.0)	 2 (16.7)	 1 (8.3)		
  Positive	 53	 42 (79.2)	 10 (18.9)	 1 (1.9)		
Histological differentiation					     1.978	 0.719
  Well	 16	 13 (81.3)	 3 (18.8)	 0 (0.0)		
  Moderatea	 43	 34 (79.1)	 7 (16.3)	 2 (4.7)		
  Poor	 6	 4 (66.7)	 2 (33.3)	 0 (0.0)		
BCLC stage					     3.174	 0.28
  A	 26	 19 (73.1)	 7 (26.9)	 0 (0.0)		
  B&C	 39	 32 (82.1)	 5 (12.8)	 2 (5.1)		
Liver cirrhosis					     2.928	 0.331
  Absence	 38	 31 (81.6)	 5 (13.2)	 2 (5.3)		
  Presence	 27	 20 (74.1)	 7 (25.9)	 0 (0.0)		
Vascular infiltration					     1.112	 0.659
  Negative	 59	 47 (79.6)	 10 (16.9)	 2 (3.4)		
  Positive	 6	 4 (66.7)	 2 (33.3)	 0 (0.0)		

aThe cases of the moderate positively expressed IL‑37 in cancer tissue was 0, so this was not shown in the statistical software. HCC, hepatocel-
lular carcinoma; BCLC, Barcelona Clinic liver cancer; HBsAg, hepatitis B surface antigen; AFP, α‑fetoprotein.
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at room temperature. Then the cells were permeabilized with 
Triton X‑100 for 10 min at room temperature and blocked in 
the animal non‑immune serum [reagent B, UltraSensitiveTM 
SP (Mouse/Rabbit) IHC Kit from MXB Biotechnologies] for 
1 h at room temperature. The cells were incubated with the 
primary antibodies against IL‑37 (1:100) and NF‑κB (1:100) 
at 37˚C for 1 h. Finally, cells were washed three times with 
PBS and stained with Dylight 594‑conjugated secondary anti-
body (1:100; cat. no. A23420; Abbkine Scientific Co., Ltd.) for 
1 h. Images were analyzed under a fluorescence microscope 
(magnification x40). Staining intensity was calculated using 
ImageJ software (version 1.52p; National Institutes of Health).

Western blot analysis. HepG2 and MHCC97H cells were 
lysed in RIPA buffer (cat. no. P0013C; Beyotime Institute of 
Biotechnology) on ice, collected into tubes and centrifuged 

at 12,000 x g for 20 min at 4˚C. The supernatants were then 
boiled and protein concentrations were determined using a 
BCA assay. An equal amount of protein (200 µg per lane) was 
separated via SDS‑PAGE (10% gel) and transferred onto PVDF 
membranes. Membranes were blocked in PBS containing 5% 
powdered milk and 0.05% Tween 20 for 1  h at 25˚C. Membranes 
were then incubated overnight at 4˚C with antibodies against 
IL‑37 (1:500), NF‑ κB (1:1,000), and GAPDH (1:500). After 
being washed wish PBST, the membranes were incubated with 
goat anti‑rabbit horseradish peroxidase‑conjugated secondary 
antibody (1:1,000; cat.  no.  A0208; Beyotime Institute of 
Biotechnology) for 1 h and visualized using ECL kit under 
the Amersham Imager 600 automated chemiluminescence 
image analysis system (Roche Diagnostics). The amount of 
target protein was calculated by gray scanning using Image J 
software (version 1.52p, National Institutes of Health).

Table IV. Association between the expression of IL‑37 protein and clinicopathological parameters in 65 cases of paracancerous 
tissues.

	 IL‑37 expression
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Group	 N (100%)	‑	  +	 ++	 +++	 χ2	 P‑value

Age						      6.29	 <0.999
  ≤55 years	 49	 6 (12.2)	 13 (26.5)	 13 (26.5)	 17 (34.7)		
  >55 years	 16	 6 (37.5)	 5 (31.3)	 2 (12.5)	 3 (18.8)		
Sex						      13.12	 0.003
  Male	 51	 11 (21.6)	 9 (17.6)	 12 (23.5)	 19 (37.3)		
  Female	 14	 1 (7.1)	 9 (64.3)	 3 (21.4)	 1 (7.1)		
Tumor size						      7.996	 0.045
  ≤2 cm	 16	 0 (0.0)	 8 (50.0)	 4 (25.0)	 4 (25.0)		
  >2 cm	 49	 12 (24.5)	 10 (20.4)	 11 (22.4)	 16 (32.7)		
Serum AFP						      1.257	 0.774
  ≤8.1 ng/ml	 17	 2 (11.8)	 4 (23.5)	 5 (29.4)	 6 (35.3)		
  >8.1 ng/ml	 48	 10 (20.8)	 14 (29.2)	 10 (20.8)	 14 (29.2)		
HBsAg						      0.894	 0.873
  Negative	 12	 2 (16.7)	 3 (25.0)	 2 (16.7)	 5 (41.7)		
  Positive	 53	 10 (18.9)	 15 (28.3)	 13 (24.5)	 15 (28.3)		
Histological differentiation						      1.829	 0.949
  Well	 16	 3 (18.8)	 5 (31.3)	 3 (18.8)	 5 (31.3)		
  Moderate	 43	 7 (16.3)	 11 (25.6)	 11 (25.6)	 14 (32.6)		
  Poor	 6	 2 (33.3)	 2 (33.3)	 1 (16.7)	 1 (16.7)		
BCLC stage						      3.681	 0.319
  A	 26	 2 (7.7)	 9 (34.6)	 6 (23.1)	 9 (34.6)		
  B&C	 39	 10 (25.6)	 9 (23.1)	 9 (23.1)	 11 (28.2)		
Liver cirrhosis						      1.881	 0.637
  Absence	 38	 6 (15.8)	 10 (26.3)	 11 (28.9)	 11 (28.9)		
  Presence	 27	 6 (22.2)	 8 (29.6)	 4 (14.8)	 9 (33.3)		
Vascular infiltration						      1.612	 0.715
  Negative	 59	 12 (20.3)	 16 (27.1)	 13 (22.0)	 18 (30.5)		
  Positive	 6	 0 (0.0)	 2 (33.3)	 2 (33.3)	 2 (33.3)		

HCC, hepatocellular carcinoma; BCLC, Barcelona Clinic liver cancer; HBsAg, hepatitis B surface antigen; AFP, α‑fetoprotein.
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Statistical analysis. The results were analyzed using SPSS 
software (version 19.0; SPSS, Inc.) and expressed as the 
mean ± standard deviation. The differences were compared 
by χ2 test, student's t‑test or Spearman correlation. P<0.001, 
P<0.01 or P<0.05 were considered to indicate statistically 
significant difference.

Results

Protein expression of IL‑37 and NF‑κB in HCC and PT. In 
HCC, IL‑37 protein expression was at a low level with weak 
positive staining (Fig. 1A). The positive rate was 21.5% (14/65). 
In PT, the moderately positive staining of IL‑37 protein was 
27.7% (18/65), and the strongly positive was 30.8% (20/65) 
(Fig. 1B). The positive rate was 81.5% (53/65). There was a 
significant difference in the expression of IL‑37 between HCC 
and PT (χ2=55.05, P<0.001; Table I).

For NF‑κB expression, strong positive expression in HCC 
tissues (Fig. 1C) and weak positive expression in PT (Fig. 1D) 
was observed. NF‑κB protein expression was observed in the 
cytoplasm and nucleus. Notably, the expression rate of NF‑κB 
protein in both HCC and PT was 95.4% (62/65). However, the 
positive intensity of NF‑κB in HCC tissues was significantly 
different from that in PT (χ2=25.966, P<0.001; Table II)

Gene transfection of IL‑37 in liver cancer cell lines 
increases the protein expression of IL‑37 and decreases 
NF‑κB through IF staining. In order to assess whether the 
protein expression levels of liver cancer cell lines was similar 
to that of the HCC tissues, IF was performed in the present 
study. Weak positive IL‑37 and strong positive NF‑κB were 
observed in both of the two cell lines (Fig. 2), which was 
consistent with that of the IHC results. Furthermore, plas-
mids overexpressing IL‑37 were constructed and transfected 

Table V. Association between the expression of NF‑κB protein and clinicopathological parameters in 65 cases of HCC tissues.

	 NF‑κB expression
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Group	 N (100%)	‑	  +	 ++	 +++	 χ2	 P‑value

Age						      3.071	 0.389
  ≤55 years	 49	 2 (4.1)	 8 (16.30)	 12 (24.5)	 27 (55.1)		
  >55 years	 16	 1 (6.3)	 5 (31.3)	 5 (31.3)	 5 (31.3)		
Sex						      0.452	 0.968
  Male	 51	 2 (3.9)	 10 (19.6)	 13 (25.5)	 26 (51.0)		
  Female	 14	 1 (7.1)	 3 (21.4)	 4 (28.6)	 6 (42.9)		
Tumor size						      4.383	 0.226
  ≤2 cm	 17	 1 (5.9)	 1 (5.9)	 7 (41.2)	 8 (47.1)		
  >2 cm	 48	 2 (4.2)	 12 (25.0)	 10 (20.8)	 24 (50.0)		
Serum AFP						      1.352	 0.727
  ≤8.1 ng/ml	 17	 1 (5.9)	 2 (11.8)	 4 (23.5)	 10 (58.8)		
  >8.1 ng/ml	 48	 2 (4.2)	 11 (22.9)	 13 (27.1)	 22 (45.8)		
HBsAg						      2.496	 0.48
  Negative	 12	 0 (0.0)	 4 (33.3)	 2 (16.7)	 6 (50.0)		
  Positive	 53	 3 (5.7)	 9 (17.0)	 15 (28.3)	 26 (49.1)		
Histological differentiation						      4.875	 0.584
  Well	 16	 0 (0.0)	 3 (18.8)	 5 (31.3)	 8 (50.0)		
  Moderate	 43	 2 (4.7)	 10 (23.3)	 11 (25.6)	 20 (46.5)		
  Poor	 6	 1 (16.7)	 0 (0.0)	 1 (16.7)	 4 (66.7)		
BCLC stage						      2.147	 0.593
  A	 26	 1 (3.8)	 3 (11.5)	 8 (30.8)	 14 (53.8)		
  B&C	 39	 2 (5.1)	 10 (25.6)	 9 (23.1)	 18 (46.2)		
Liver cirrhosis						      1.168	 0.788
  Absence	 38	 1 (2.6)	 8 (21.1)	 11 (28.9)	 18 (47.4)		
  Presence	 27	 2 (7.4)	 5 (18.5)	 6 (22.2)	 18 (46.2)		
Vascular infiltration						      0.473	 1
  Negative	 59	 3 (5.1)	 12 (20.3)	 15 (25.4)	 29 (49.2)		
  Positive	 6	 0 (0.0)	 1 (16.7)	 2 (33.3)	 3 (50.0)		

HCC, hepatocellular carcinoma; BCLC, Barcelona Clinic liver cancer; HBsAg, hepatitis B surface antigen; AFP, α‑fetoprotein.
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into HepG2 (Fig. 2A) and MHCC97H cells (Fig. 2B). The 
results revealed that the fluorescence intensity of IL‑37 was 
significantly increased and higher than that in the control 
group (Fig. 2A and B). The fluorescence intensity of NF‑κB 
was markedly decreased by IL‑37 expression, indicating that 
IL‑37 inhibited the protein expression of NF‑κB in both of 
the two cell lines (Fig. 2A and B).

Association between expression of IL‑37 protein and clinical 
indexes in HCC and PT. The expression of IL‑37 protein in 
HCC was associated with serum AFP (χ2=6.522, P=0.039) but 
not with other clinicopathological features (P>0.05; Table III). 
In AFP‑negative HCC, the weak positive and strong positive 
expression rates of IL‑37 protein were 23.5% (4/17) and 11.8% 
(2/17), respectively. In AFP‑positive HCC, IL‑37 expression 
was only weakly positive, with a positive rate of 16.7% (8/48). 
The expression of IL‑37 protein in the PT was associated with 
the sex of the individual (χ2=13.12, P=0.003) and tumor size 

(χ2=7.996, P=0.045) but not with other clinicopathological 
features (Table IV).

Table VI. Association between the expression of NF‑κB protein and clinicopathological parameters in paracancerous tissues.

	 NF‑κB expression
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Group	 N (100%)	‑	  +	 ++	 +++	 χ2	 P‑value

Age						      14.9	 0.002
  ≤55 years	 49	 0 (0.0)	 19 (38.8)	 26 (53.1)	 4 (8.2)		
  >55 years	 16	 3 (18.8)	 9 (56.3)	 2 (12.5)	 2 (12.5)		
Sex						      13.15	 0.006
  Male	 51	 0 (0.0)	 25 (49.0)	 21 (41.2)	 5 (9.8)		
  Female	 14	 3 (21.4)	 3 (21.4)	 7 (50.0)	 1 (7.1)		
Tumor size						      5.703	 0.126
  ≤2 cm	 17	 1 (5.9)	 11 (64.7)	 5 (29.4)	 0 (0.0)		
  >2 cm	 48	 2 (4.2)	 17 (35.4)	 23 (47.9)	 6 (12.5)		
Serum AFP						      5.703	 0.126
  ≤8.1 ng/ml	 17	 0	 8 (47.1)	 6 (35.3)	 3 (17.6)		
  >8.1 ng/ml	 48	 3 (6.3)	 20 (41.7)	 22 (45.8)	 6 (12.5)		
HBsAg						      0.863	 0.957
  Negative	 12	 0	 6 (50.0)	 5 (41.7)	 1 (8.3)		
  Positive	 53	 3 (5.7)	 22 (41.5)	 23 (43.4)	 5 (9.4)		
Histological differentiation						      5.779	 0.439
  Well	 16	 0 (0.0)	 9 (56.3)	 7 (43.8)	 0 (0.0)		
  Moderate	 43	 2 (4.7)	 17 (39.5)	 19 (44.2)	 5 (11.6)		
  Poor	 6	 1 (16.7)	 2 (33.3)	 2 (33.3)	 1 (16.7)		
BCLC stage						      9.048	 0.02
  A	 26	 1 (3.8)	 17 (65.4)	 7 (26.9)	 1 (3.8)		
  B&C	 39	 2 (5.1)	 11 (28.2)	 21 (53.8)	 5 (12.8)		
Liver cirrhosis						      0.584	 0.917
  Absence	 38	 2 (5.3)	 15 (39.5)	 17 (44.7)	 4 (10.5)		
  Presence	 27	 1 (3.7)	 13 (48.1)	 11 (40.7)	 2 (7.4)		
Vascular infiltration						      2.909	 0.388
  Negative	 59	 2 (3.4)	 26 (44.1)	 25 (42.4)	 6 (10.2)		
  Positive	 6	 1 (16.7)	 2 (33.3)	 3 (50.0)	 0		

HCC, hepatocellular carcinoma; BCLC, Barcelona Clinic liver cancer; HBsAg, hepatitis B surface antigen; AFP, α‑fetoprotein.

Table VII. Correlation between the protein expression of IL‑37 
and NF‑κB in HCC tissues.

	 NF‑κB
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
IL‑37	 n (100%)	‑	  +	 ++	 +++

‑	 51	 3	 8	 8	 32
+	 12	 0	 5	 7	 0
+++	 2	 0	 0	 2	 0
r=‑0.277	 P=0.029				  

HCC, hepatocellular carcinoma.
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Association between NF‑κB expression and clinical indexes 
in HCC and PT. In HCC, there was no association between 
the expression of NF‑κB protein and the clinicopathological 
features of patients with HCC (P>0.05; Table  V). In PT, 
the expression of NF‑κB protein in PT was associated with 
age (χ2=14.9, P=0.002), sex (χ2=13.15, P=0.006) and BCLC 
stage, which is a clinical staging system for liver cancer (22) 
(χ2=9.048; P=0.02; Table VI).

Correlation between the protein expression of IL‑37 and 
NF‑κB in HCC and PT. The results of the present study 
demonstrated that there was a correlation between the protein 
expression of IL‑37 and NF‑κB in HCC (r=‑0.277, P=0.029), 
suggesting a negative correlation between the two genes 
(Table VII). However, there was no correlation between the 
protein expression of IL‑37 and NF‑κB in PT (P>0.05, data 
not shown).

Overexpression of IL‑37 inhibited NF‑κB protein expression in 
liver cancer cell lines. In order to further verify whether IL‑37 
modulates the protein expression of NF‑kB in liver cancer 
cells, gene transfection of IL‑37 and western blot analysis was 
performed. Herein, IL‑37 gene transfection upregulated IL‑37 
protein expression in HepG2 and MHCC97H cells (Fig. 3). 

Overexpression of IL‑37 inhibited NF‑κB protein expression 
by 56.50% in HepG2 cells (P<0.05; Fig. 3A) and 30.52% in 
MHCC97H cells (P<0.05; Fig. 3B).

Discussion

HBV infection involves the infection of the virus itself and 
a series of pathological reactions induced by HBV (2). The 
present study indicated that there is no significant associa-
tion between IL‑37 and HBV (HBsAg positive), but IL‑37 
may be associated with HBV infection‑induced immune 
responses through NF‑kB. HBV infection could trigger a 
rapid innate immune response through NF‑κB (23). The 
present study demonstrated that IL‑37 protein expression 
downregulated NF‑kB protein expression, indicating that 
IL‑37 may play an inhibitory role in HBV infection‑induced 
immune responses through inhibition of NF‑kB. This 
hypothesis requires further research in the future and was 
not the primary focus of the present study. The present study 
mainly focused on the protein expression IL‑37 in HCC, 
and the results did provide new clues for understanding the 
development of HCC.

The present study revealed a low expression of IL‑37 
in HCC, which was negatively associated with serum AFP. 

Figure 3. Overexpression of IL‑37 inhibits NF‑κB protein expression in the liver cancer cell lines by western blotting. (A) Western blot analysis of IL‑37 and 
NF‑κB in HepG2 cells. (B) Western blot analysis of IL‑37 and NF‑κB in MHCC97H cells. The histogram demonstrates the changes of NF‑κB expression 
relative to GAPDH. IL‑37 group, cells transfected with IL‑37 over‑expressing plasmid pEZ‑M02‑IL‑37; Control group, cells that transfected with the control 
plasmid, pEZ‑M02. **P<0.01.
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IL‑37 expression is at a very low level in normal tissues and 
increases markedly as a response to the inflammatory stimu-
lation. The expression of IL‑37 is also very low in cancer 
tissues, such as colorectal cancer (24) and non‑small cell lung 
cancer (25). The results of the present study demonstrated 
that IL‑37 expression was high in PT cells and markedly 
decreased in liver cancer cells. Notably, the present study 
revealed a negative association between serum AFP and 
IL‑37 of cancer tissues, but not in PT. AFP usually increases 
with the deterioration of hepatocellular carcinogenesis and 
is a relatively specific clinical index for the diagnosis of 
primary liver cancer, but the specificity and sensitivity of 
diagnosis are relatively low (26). Some researchers have tried 
to combine AFP detection with some interleukin detection 
for the diagnosis and prognosis of liver cancer (27). In the 
present study, serum AFP was revealed to be specifically 
associated with IL‑37 of cancerous tissues, but not PT. This 
phenomenon indicated that combining the detection of 
AFP and cancerous IL‑37 may improve the sensitivity and 
accuracy for the diagnosis and prognostic judgment of liver 
cancer.

There were 59 cases (59/65) that were associated with 
HBV, hepatitis C virus or non‑alcoholic steatohepatitis in 
those 65 specimens. The results revealed that there was no 
statistical difference in IL‑37 expression (data not shown). In 
addition, due to strict ethical requirements, it is often difficult 
to collect large amounts of human tissues. In the present study, 
the Pathology Department of Foshan First People's Hospital 
provided 65 specimens, and no wax tissues. There were two 
slices of each specimen provided. Larger sample sizes are 
required in order to further investigate the role of IL‑37 and 
the associated mechanisms in liver cancer.

There was a significant difference between the NF‑κB 
protein expression in cancer tissues and PT. The expression 
rate of NF‑κB in cancer tissues was markedly increased 
compared with that in PT. This was consistent with that in a 
variety of tumors, such as colorectal cancer, gastric cancer, 
prostate cancer and liver cancer, in previous studies (28).

Furthermore, the correlation between IL‑37 and NF‑κB 
expression in HCC tissues was unclear before, and therefore 
analyzed in the present study. NF‑κB expression was nega-
tively correlated with IL‑37 expression in cancer tissues but 
not in PT. Here, if was demonstrated that the decrease of IL‑37 
can increase inflammation, and the increase of NF‑κB can 
directly promote the release and activation of inflammatory 
factors. These abnormal changes may form positive feedback 
to promote the controllable inflammation into uncontrollable 
inflammation, and finally caused the malignant transformation 
of normal cells and the occurrence of tumor.

In conclusion, IL‑37 expression was negatively correlated 
with NF‑κB expression in both HCC tissue and liver cancer 
cell lines. IL‑37 may play a role in the development of liver 
cancer.
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