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Plasma interleukin-12 and interleukin-16 levels are  
increased in hepatocellular carcinoma patients
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Abstract: Background: Research demonstrated conclusively that IL-12 had multiple mechanisms of action and po-
tent anti-cancer activity in animal models, indicating potential efficacy in the treatment of many forms of human 
cancer, while IL-16 is an important inducer of the acute phase response and infection defense in the liver. This study 
aimed to investigate the diagnostic value of IL-12 and IL-16 in PHC. Methods: Plasma IL-12 and IL-16 expression 
levels in 100 PHC patients and 100 healthy subjects were measured by an enzyme immunoassay. In addition, posi-
tive rates of IL-12 and IL-16 in PHC were determined. Results: Plasma IL-12 and IL-16 levels were higher in the PHC 
group than the control group. In addition, patients with stage III PHC had higher levels of plasma IL-12 and IL-16 
than patients with stage I or II PHC (P < 0.01). ROC curve analysis showed that the AUC in the IL-12 + IL-16 group 
was larger than that in the IL-12 or IL-16 groups. In addition, the AUC of AFP alone was slightly lower than that of 
IL-12 combined with IL-16. The positive rate of plasma IL-12 was 79.0% and IL-16 was 82.3% in PHC patients; the 
positive rate of IL-12 + IL-16 was 92.8%. Conclusions: Diagnosis of PHC using IL-12 and IL-16 shows high sensitivity 
and specificity; however, IL-12 + IL-16 are more sensitive than either IL-12 or IL-16 alone. Therefore, plasma IL-12 + 
IL-16 analysis can improve the diagnostic value of IL-12 and IL-16 in PHC. 

Keywords: Combined test, interleukin-12, interleukin-16, primary hepatocellular carcinoma, ROC

Introduction 

Primary hepatocellular carcinoma (PHC) is one 
of the common malignant digestive neoplas- 
ms in recent years. Each year, approximately 
600,000 patients are newly diagnosed with 
PHC, and approximately 250,000 people die 
from PHC worldwide. The PHC mortality rate in 
China is among the top three in the world, 
accounting for 55% of all PHC-associated 
deaths [1-3]. It is difficult to diagnose PHC in  
its early stages, and most PHC patients have a 
history of hepatitis. As such, most PHC patients 
present with intermediate or advanced PHC at 
admission due to the onset of symptoms and 
discomforts [4, 5]. Clinical manifestations of 
PHC vary by stage. Early PHC manifests as  
vascular invasion and intrahepatic metastasis 
while intermediate and advanced PHC mani- 
fest as extrahepatic metastasis [5, 6]. The cur-
rent treatment for PHC mainly involves surgical 
resection; unfortunately, surgery often results 
in recurrence [7]. Therefore, development of 

diagnostic tools to diagnose PHC in the early 
stages can alleviate the burden on patients and 
their families. 

In recent years, tumor markers have become 
an important means of diagnosing PHC. Alpha-
fetoprotein (a-fetoprotein, AFP) is currently the 
most widely used important indicator for the 
diagnosis of PHC [8], but 30% to 40% of HCC 
patients are found to have negative or low lev-
els of AFP in clinical work. Therefore, some 
related factors (PHCA, CA19-9, CEA, AFU, ALP, 
GGT) and other joint tests are valuable for the 
diagnosis of liver cancer [9]. It is proposed  
that the detection of joint tumor markers can 
improve the diagnosis rate of liver cancer and 
indicate which combination method is the best. 
What test method should be used for different 
indicators to better serve the clinic?

Interleukin-12 (IL-12) is an important antiviral 
cytokine that possesses a variety of biological 
activities [10]. It is secreted by macrophages, B 
cells, and dendritic cells [11]. In a previous 
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study, Rodriguez et al. [12] hypothesized that 
intra-tumor administration of secrete-able SFV 
(Semliki Forest virus) can be used as a new 
treatment for hepatocellular carcinoma caused 
by HBV infections. 

Interleukin-16 (IL-16) is a T lymphocyte che- 
mokine that is produced in inflammatory and 
autoimmune diseases and tumors. It has 
immune modulating functions, and is involved 
in the body’s inflammatory response [13]. IL-16 
can stimulate immune cells to produce cyto-
kines, such as IL-1, IL-2, and TNF-α; it can also 
inhibit the production of cytokines, including 
IL-4 and IL-5 [14]. In recent years, studies have 
shown that IL-12 and IL-16 are clinically signifi-
cant in the diagnosis of liver cancer [15, 16], 
but the clinical diagnostic value of interleu-
kin-12 and interleukin-16 in hepatocellular car-
cinoma remains unclear. Therefore, in this 

ts, including 60 males and 40 females; the age 
range was 24-74 years old (mean age: 53 ± 11 
years old). The control group included 100 
healthy subjects, including 57 males and 43 
females, with an age range of 21-68 years old 
(mean age: 43 ± 12 years old). Before the stu- 
dy, PHC patients were untreated and were diag-
nosed by the department of pathology in our 
hospital. Subjects in both groups completed CT 
and ultrasound tests. Informed consent forms 
were signed by all patients and their relatives 
prior to study enrollment. This study was app- 
roved by the Medical Ethics Committee of Sh- 
angrao People’s Hospital. Clinical information 
of all patients including gender, history of hepa-
titis, tumor node metastasis (TNM) stage, tu- 
mor size, smoking history, total bilirubin (TBIL), 
total protein (TP), albumin (ALB), gamma-glu-
tamyl transpeptidase (GGT), aspartate trans-
aminase (AST) and alanine transaminase (ALT) 
are recorded and outlined in Tables 1 and 2. 

The inclusion criteria are as follows: (1) no fam-
ily genetic disease or immune deficiency; (2) no 
congenital heart diseases, hypertension or dia-
betes; (3) follows healthy diet and regular rest; 
and (4) no respiratory or digestive diseases.

The exclusion criteria are as follows: (1) history 
of blood transfusion and use of special drugs; 
(2) patients with severe infection; (3) limb 
defects; (4) non-compliance with treatment 

Table 1. Clinical information of subjects
Group n
Sex
    Male 60
    Female 40
History of hepatitis
    Hepatitis B HBsAg positive 59
    Hepatitis C HCVAb positive 38
    Hepatitis B accompanied by hepatitis C HBsAg positive/HCVAb positive 3
TNM stage
    I 25
    II 64
    III 11
Tumor size
    ≥ 5 cm 55
    < 5 cm 45
Smoking history
    Yes 70
    No 30

Table 2. Clinical information of PHC patients (n 
= 100)
Examination content PHC patients Control group
TBIL (mmoL/L) 16.54 ± 11.32 13.91 ± 4.14
TP (g/L) 67.51 ± 9.54 40 ± 2.18
ALB (g/L) 27.66 ± 7.50 39.43 ± 7.91
GGT (IU/L) 80.65 ± 62.34 40 ± 8.21
AST (IU/L) 48.54 ± 40.93 42.10 ± 12.73
ALT (IU/L) 39.67 ± 33.62 59.67 ± 43.1

study, we investigated the 
value and clinical signifi-
cance of plasma levels of 
IL-12 and IL-16 alone, or in 
combination, in the diagno-
sis of early PHC.

Materials and methods

Patient information

Primary hepatocellular car-
cinoma (PHC) patients ad- 
mitted to Shangrao Peo- 
ple’s Hospital between May 
2015 and April 2017 were 
enrolled in this study. In 
addition, healthy subjects 
visiting our physical exami-
nation center during this 
time were included as con-
trols. The PHC group con-
sisted of 100 PHC patien- 
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and follow-up; and (5) had radiotherapy or che-
motherapy before the study. 

Peripheral blood sample collection

Peripheral blood (3 mL) was drawn from 
patients at admission using EDTA-k anticoagu-
lant tubes. Subsequently, the blood was centri-
fuged at 3000 r/min for 5 min. The supernatant 
(plasma) was transferred to an Eppendorf tube 
and stored at -80°C until further use. 

Test methods

Plasma IL-12 and IL-16 were measured using 
the enzyme-linked immunosorbent assay 
(ELISA) test kit (GL Biochem Ltd, Shanghai, 
China). Briefly, samples, standards, and HRP-
labeled detection antibodies were successively 
added to microwells pre-coated with IL-12 (or 
IL-16) antibodies. Subsequently, the plates 
were incubated at 37°C and washed. For color 
development (blue), TMB was used. The stop 
buffer (H2SO4) was used to terminate the reac-
tion. AFP was measured by radioimmunoassay 
using supply kits (Huzhou Yingchuang Bio-
Technology Co., Ltd) and a gamma-counter  
was used to determine results. The test was 
performed in strict accordance with instruc-
tions provided in the test kit. Two standard 
wells were used for the assay. An automatic 
microplate reader was used for direct reading. 

Statistical analysis

The SPSS software was used for statistical 
analysis. Patient age, test data, and continuous 
variables were shown as mean ± SD. The 
Student’s t-test was used for comparisons 
between groups, and the X2 test was used for 
comparisons among groups. ROC was used to 
predict the evaluation indicators. P < 0.05 was 
considered to be statistically significant.

Results

Comparison of IL-12 and IL-16 levels between 
PHC and control groups

Plasma IL-12 and IL-16 concentrations in the 
PHC group were higher than those in the con-
trol group. In the PHC group, plasma IL-12  
was 386.64 ± 28.86 ng/mL and IL-16 was 
451.03 ± 35.67 ng/mL, which was 4.5-fold  
and 6.3-fold higher than that of the control 
group (85.74 ± 12.84 ng/mL and 71.23 ± 
10.34 ng/mL). The differences between the 
two groups were significant (P < 0.01), as sh- 
own in Figure 1. 

Comparison of IL-12 and IL-16 levels among 
patients with different TNM stage PHC

Plasma IL-12, IL-16 and AFP levels were higher 
in patients with stage I PHC than control (P < 
0.05). Plasma IL-12 concentrations were hig- 
her in patients with stage III PHC than stage  
I or II PHC (P < 0.01). In addition, IL-12 concen-
trations were lower in patients with stage I  
PHC than stage II PHC (P < 0.05). Similarly, 
Plasma IL-16 concentrations were significan- 
tly higher in patients with stage III PHC than 
stage I or II PHC (P < 0.01). IL-16 concentrations 
were lower in patients with stage I PHC than 
stage II PHC (P < 0.05), as shown in Table 3. 

Area under the ROC curves of IL-12 and IL-16 
test results

IL-12 and IL-16 ROC curves were plotted, and 
the areas under the ROC curves of IL-12 and 
IL-16 were 0.822 and 0.871, respectively. The 
area under the IL-16 ROC curve was larger  
than that of IL-12. It was also found that the 
AUC of the combined group was 0.924, which 
was significantly greater than that of either 
IL-12 or IL-16 alone. This result suggests that 
the diagnostic efficiency of IL-12 + IL-16 is sig-

Figure 1. Comparison of IL-12 and IL-16 levels be-
tween PHC and control groups. Plasma IL-12 and 
IL-16 levels were measured using an enzyme-linked 
immunosorbent assay (ELISA). Plasma IL-12 concen-
trations in the PHC group (n = 100) were significantly 
higher than those in the control group (n = 100). **P 
< 0.01 compared with the control group.
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nificantly higher than that of IL-12 or IL-16 
alone. In addition, the AFP concentration was 
significantly higher in PHC stage III patients 
than stage I and II (P < 0.01), and the expres-
sion levels of AFP in PHC stage I and II patients 
were different (P < 0.05). Further, we found that 
the AUC of AFP alone was slightly lower than 
that of IL-12 combined with IL-16, as shown in 
Figure 2 and Table 4. 

prove the health, safety, and treatment of PHC 
patients. However, the diagnostic methods 
have some limitations. In particular, experi-
enced clinicians are required for diagnosis of 
PHC using imaging methods [20, 21]. Plasma  
AFP is an effective diagnostic marker since 
plasma AFP is higher in PHC patients than unaf-
fected patients; however, the sensitivity and 
specificity of AFP are not satisfactory for clinical 

Table 3. Plasma IL-12 and IL-16 levels in patients with different 
clinical stages of PHC
TNM stage n IL-12 (ng/mL) IL-16 (ng/mL) AFP (ng/mL)
Control 100 85.49 ± 12.91 71.18 ± 10.12 63.25 ± 11.07
Stage I 25 187.94 ± 15.54# 234.74 ± 22.67# 108.61 ± 79.54#
Stage II 64 274.57 ± 28.44* 317.19 ± 35.17* 124.86 ± 94.57
Stage III 11 392.41 ± 34.39** 435.66 ± 31.87** 168.54 ± 115.76
#P < 0.05 compared with control; *P < 0.01 compared with stage I; **P < 0.05 
compared with stage II. 

Figure 2. Area under the ROC curves of IL-12 and IL-16 test results. IL-12 and 
IL-16 ROC curves were plotted (n = 100); the areas under the ROC curves of 
IL-12 and IL-16 were 0.822 and 0.871, respectively.

Table 4. Area under ROC curves of IL-12 and IL-16 tests
Test item AUC Standard error P 95% CI
IL-12 0.822 0.033 0.035 0.794-0.904
IL-16 0.871 0.021 0.027 0.831-0.943
Combined test 0.924 0.010 0.005 0.884-0.971
AFP 0.915 0.012 0.012 0.874-0.963
Compared with AUC, P = 0.5.

Diagnostic value of IL-12 or IL-
16 alone versus IL-12 + IL-16 
in PHC

Plasma IL-12 and IL-16 con-
centrations were analyzed wi- 
th ROC curves. It was found 
that the sensitivity and speci-
ficity of IL-12 alone was 79.4% 
and 68.4%, respectively; the 
sensitivity and specificity of 
IL-16 alone was 83.0% and 
59.7%, respectively. However, 
the sensitivity of IL-12 + IL-16 
was significantly higher at 
89.4%, which is sufficient for 
clinical diagnosis of PHC. AFP 
has a sensitivity of 70.5%  
and a specificity of 100.0%; 
yet, the positive rate of diag-
nosis by the combined test is 
significantly higher than that 
of AFP (Table 5). 

Discussion 

Currently, early diagnosis of 
PHC is a major problem for cli-
nicians and researchers. PHC 
in the early stage is obscure, 
and the clinical symptoms are 
unknown. The existing diag-
nostic methods are limited;  
as a result, for most patients, 
disease has already pro-
gressed to intermediate or 
advanced PHC at the time of 
diagnosis [17, 18]. Diagnosis 
and operation at the early 
stage of PHC can effecti- 
vely reduce patients’ mortality 
and improve 5-year survival 
rates [19]. Therefore, addi- 
tional effective diagnostic 
methods are needed to im- 
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diagnosis [22, 23]. In this study, we investigat-
ed IL-12 and IL-16 for early diagnosis of PHC. 

IL-12 is mainly produced by mononuclear giant 
cells, dendritic cells, and B cells. It is also 
secreted by Th cells. It has indirect anti-tumor 
and anti-infection effects [24]. Studies have 
shown that IL-12 is expressed in many malig-
nant tumors, such as ovarian [25] and rectal 
cancers [26]. IL-16 is an important inflamma-
tory and lymphocyte chemotactic factor in the 
body. As such, it plays an important role in 
inflammatory reactions and immune regulation 
by promoting the secretion of IL-6, TNF-α and 
other factors [27]. It has been reported that 
IL-16 is highly expressed in the plasma of asth-
matic patients [13]. In addition, higher IL-16 
content in children was associated with more 
severe asthma conditions. In our study, IL-12 
and IL-16 showed good sensitivity and specific-
ity in the diagnosis of PHC. Furthermore, the 
sensitivity of IL-12 + IL-16 was higher than 
either IL-12 or IL-16 alone. Therefore, the plas-
ma IL-12 + IL-16 test improved the diagnostic 
value of IL-12 and IL-16 in PHC. 

Plasma IL-12 and IL-16 levels in the PHC  
and control groups were tested in this study. It 
was found that plasma IL-12 and IL-16 levels 
were higher in the PHC group than the control 
group. This suggested that IL-12 and IL-16  
were involved in the development and occur-
rence of PHC, and could be used as evalua- 
tion criteria for the diagnosis of PHC. Plasma 
levels of IL-12 and IL-16 in patients with differ-
ent clinical stages of PHC were also analyzed.  
It was found that plasma IL-12 and IL-16 lev- 
els were significantly higher in patients with 
stage III PHC than stage I or II PHC (P < 0.01). 
This suggested that the reduction in IL-12 and 
IL-16 levels may be due to decreased immunity 
in patients with intermediate and advanced 
PHC. These findings were consistent with the 
study by Greten and Grivennikov [28]. 

Additionally, ROC curves were analyzed to  
evaluate the sensitivity and specificity of IL- 
12 and IL-16. It was found that the area un- 

der the ROC curve of IL-16 (0.871) was larger 
than IL-12 (0.822). Both IL-12 and IL-16 were 
promising indicators for clinical diagnosis of 
PHC. The area under the ROC curve of IL-12 + 
IL-16 was 0.924, and the sensitivity was as  
high as 89.4%. These results confirmed that 
IL-12 or IL-16 alone showed limited capacity to 
detect PHC; therefore, they should not be 
regarded as ideal tumor markers. However, the 
IL-12 + IL-16 combination effectively reduced 
the missed detection rate and demonstrated 
greater clinical value for early PHC diagnosis. 

There were some limitations in this study. For 
example, only preliminary studies were carried 
out on plasma IL-12 and IL-16 levels in PHC 
patients. An in-depth study on the mechanism 
or process of occurrence should be included  
in the future. Furthermore, the number of sub-
jects in this study was small, and only local  
subjects were enrolled in this study. As a re- 
sult, geographical and racial differences were 
not evaluated. Studies with a larger sample  
size should be conducted to verify the results 
and explore other potential clinical diagnostic 
indicators. 

In summary, the plasma IL-12 + IL-16 test is of 
great value for the clinical diagnosis and stag-
ing of PHC and could provide a reference for 
clinical diagnosis of early PHC. Additional stud-
ies on the mechanisms underlying changes in 
IL-12/16 in the occurrence and development of 
PHC should be conducted in the future. 
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