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Objective
To evaluate the clinical significance of preoperative serum lev-
els of interleukin-10 (IL-10) and interleukin-6 (IL-6) in patients
with resectable hepatocellular carcinoma (HCC).

Summary Background Data
IL-10 is an immunosuppressive factor and IL-6 is a multifunc-
tional cytokine that plays a role in host defense mechanisms.
Both have been reported to be related to the disease progno-
sis in some human solid tumors. Their role in human HCC has
not been investigated.

Methods
Preoperative serum samples of 67 patients with HCC who
underwent potentially curative resection and 27 normal
healthy donors were assayed. Levels of IL-10 and IL-6 were
determined by enzyme-linked immunosorbent assay. The
clinical significance of serum IL-10 and IL-6 was evaluated

and compared with conventional clinicopathologic factors.

Results
Levels of IL-10 and IL-6 were significantly higher in patients
with HCC than in healthy subjects. There was no correlation
between IL-10 and IL-6 levels. Tumor resection resulted in a
decrease in IL-10 and IL-6 levels. On univariate analysis, pa-
tients with high IL-10 levels had a worse disease-free survival,
but IL-6 levels had no correlation with the disease-free sur-
vival. Multivariate analysis identified IL-10 levels as a predictor
of postresectional outcome, in addition to the well-established
clinical risk factors.

Conclusions
In patients with HCC, the preoperative serum IL-10 level is
related to the clinical outcome. IL-10 may play an important
role in the progression of HCC.

Hepatocellular carcinoma (HCC) is a common malig-
nancy that often occurs in patients with chronic liver dis-
ease, usually resulting from type B or C virus infection.
Although surgical resection is an effective treatment for the
disease, the rate of tumor recurrence after resection is high.1

Occult microscopic intrahepatic or extrahepatic metastasis
and background factors of the diseased liver, including

active inflammation,2,3 had been regarded as significant risk
factors for tumor recurrence.

Interleukin-10 (IL-10) is a pleiotropic cytokine produced
by macrophages, T-helper 2 cells, and B lymphocytes (CD5
subset) and can both stimulate and suppress the immune
response.4 IL-10 has been shown to inhibit various immune
functions, such as antigen presentation, cytokine produc-
tion, macrophage activation, and antigen-specific T-cell
proliferation. By interfering with the costimulatory function
of antigen-presenting cells (e.g., downregulation of class II
MHC expression of monocytes and costimulatory molecule
expression of macrophages), IL-10 reduces antigen-specific
T-cell proliferation. Recently, it has been proposed that
IL-10 plays a key role in the oncogenetic and metastatic
ability of neoplasms,5,6 and increased levels have been
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found in the plasma of patients with different histotypes of
solid and hematopoietic tumors.7–9

Interleukin-6 (IL-6), a multifunctional cytokine produced
by a range of cells, plays a central role in host defense
mechanisms.10 Recently, it was shown that IL-6 is produced
by human epidermal cells and epidermoid carcinoma cell
lines,11 as well as other epithelial tumors, including bladder
carcinoma,12 renal cell carcinoma,13 and ovarian cancer.14

Increased serum IL-6 levels have been found in patients
with multiple myeloma,15 renal cell carcinoma,16 bladder
carcinoma,17 head and neck cancer,18 ovarian cancer,19 and
cholangiocarcinoma.20

Serum IL-10 levels have been observed to be signifi-
cantly elevated in patients with type C chronic liver disease,
and IL-10 may be related to the development of HCC.21

High serum IL-6 levels had been observed in patients with
advanced HCC.22 However, it is not known whether serum
levels of IL-10 and IL-6 are related to the prognosis of
patients with relatively early and resectable disease. The
present study was designed to investigate the serum level of
IL-10 and IL-6 in patients with resectable HCC, to deter-
mine whether human hepatoma cell lines can produce IL-10
and IL-6 in vitro, and to elucidate the possible role of IL-10
and IL-6 in tumor biology and their prognostic impact.

PATIENTS AND METHODS

Patients

Preoperative serum samples of 67 patients (age 63.46
1.5 years; male:female ratio, 8.6:1) with histologically con-
firmed HCC who underwent hepatic resection for HCC at
Veterans General Hospital—Taipei were assayed. No pa-
tient had obvious infection (fever, leukocytosis) at the time
of blood withdrawal, which was performed immediately

before surgery. Serum samples were also obtained from a
control population of 27 normal healthy donors with com-
parable sex and age distribution characteristics. Normal
volunteers had no history of gastrointestinal complaints.

Tumor Cell Lines

Human hepatoma cell lines Hep3B, HepG2,23 and
HA22T/VGH24 were cultured in DMEM (Gibco/BRL,
Grand Island, NY) containing 10% fetal bovine serum, 0.01
mg/mL gentamicin, and 0.1 mmol/L nonessential amino
acid. Cells were grown in a CO2 incubator at 37°C, with 5%
CO2 and 95% filtered air. From each of three human hep-
atoma cell lines, 23 106 cells were seeded in 25-cm2

culture flasks in 5 mL culture medium. IL-6 and IL-10
proteins were determined in spent media collected 24, 48,
72, and 96 hours after seeding.

Measurement of IL-10 and IL-6 Levels

Serum samples were kept at280°C and thawed imme-
diately before the determination of the cytokine levels.
IL-10 and IL-6 levels were determined using enzyme-linked
immunosorbent assay kits (Quantikine, R&D Systems, Inc.,
Minneapolis, MN). All samples were measured in duplicate.
Sensitivity was 1.5 and 0.79 pg/mL for IL-10 and IL-6,
respectively.

Surgical Procedures and Follow-Up

The surgical procedures have been described previ-
ously.25–27 After surgery, the resected specimens were ex-
amined meticulously by both the surgeon and the patholo-
gist. The specimens were cut into slices approximately 10
mm thick. The macroscopic features of the tumor, including
size, number, capsular formation, and tumor venous inva-
sion, were recorded. DNA ploidy, analyzed with fresh tissue
samples, was measured with a flow cytometer (Epics Pro-
files, Coulter Electronics, Hialeah, FL), as previously de-
scribed.28,29After surgery, patients were followed up every
2 to 3 months with measurement of seruma-fetoprotein
(AFP), ultrasonography, CT, or MRI. If recurrence was
suspected, angiography was performed. Intrahepatic tumor
recurrence was diagnosed when the results of at least two of
those five modalities were positive.

Statistical Analysis

Values are expressed as median (ranges) or as mean6
SEM when appropriate. IL-10 and IL-6 levels for patients
and for healthy subjects were compared using the Wilcoxon
rank-sum test. Statistical comparisons of other variables
were made using the Studentt test, the chi-square test, or the
Fisher test, as appropriate. Survival rates were calculated by
the Kaplan-Meier method,30 and survival curves were com-
pared using the log-rank test. For IL-10 and IL-6, Kaplan-

Figure 1. Serum levels of interleukin-10 and interleukin-6 on a loga-
rithmic scale in patients with hepatocellular carcinoma and healthy sub-
jects. Horizontal lines indicate the median values.
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Meier estimates were performed defining the best cutoff
values for discrimination between poor and good survival.
Univariate and multivariate analyses of prognosis for the
patient’s background factors were performed using the Cox
proportional hazards model.31 Statistical difference was de-
fined asP , .05.

RESULTS

IL-10 and IL-6 Levels

Serum IL-10 levels (median 9.8 pg/mL, range 2.3–50.7)
were significantly higher in the 67 patients with HCC than
in the 27 healthy subjects (median 6.3 pg/mL, range 3.6–
13.3) (P 5 .001) (Fig. 1). Taking 12 pg/mL as the cutoff
value, 24 patients with HCC (36%) had an IL-10 level of
more than 12 pg/mL.

Serum IL-6 levels (median 5.2 pg/mL, range 1.6–39.1)
were also significantly higher in the 67 patients with HCC
than in the 27 healthy subjects (median 2.4 pg/mL, range
1.6–6.5) (P , .001). Taking 6.0 pg/mL as the cutoff value,
27 patients with HCC (40%) had an IL-6 level of more than
6.0 pg/mL.

The clinicopathologic features of the patients stratified

according to the IL-10 and IL-6 levels are shown in
Tables 1 and 2. No factor was found to be related sig-
nificantly to the serum IL-10 level, but tumor size and
DNA ploidy status correlated significantly with the serum
IL-6 level. In patients with HCC, the serum IL-10 levels
did not correlate with serum IL-6 levels (r 5 0.0704,P 5
.571) (Fig. 2).

Serial IL-10 and IL-6 Levels

Serial serum IL-10 levels were measured in 10 patients
with HCC who had elevated levels before surgery and
were disease-free at the time postoperative levels were
assessed. Eight of these patients also had elevated IL-6
levels. Decreased IL-10 levels were observed during a
period of 6 to 13 months in all of these patients (Fig. 3).
Decreased IL-6 levels were observed in nine of these
patients (Fig. 4).

Effect of IL-10 Levels on Survival

Patients with high IL-10 levels had a significantly worse
disease-free survival (P 5 .007, log-rank test) (Fig. 5). No

Table 1. RELATION BETWEEN CLINICAL CHARACTERISTICS AND SERUM LEVELS OF
INTERLEUKIN-10 AND INTERLEUKIN-6

Variable

Interleukin-10

P value

Interleukin-6

P value
≤12 pg/mL

(n 5 43)
>12 pg/mL

(n 5 24)
≤6 pg/mL
(n 5 40)

>6 pg/mL
(n 5 27)

Age (years)
#65 21 (48.8) 13 (54.2) .676 21 (52.5) 13 (48.1) .727
.65 22 (51.2) 11 (45.8) 19 (47.5) 14 (51.9)

Sex
Male 38 (88.4) 22 (91.7) 1.000 34 (85.0) 26 (96.3) .228
Female 5 (11.6) 2 (8.3) 6 (15.0) 1 (3.7)

Disease symptomatic
Yes 28 (65.1) 19 (79.2) .275 27 (67.5) 20 (74.1) .599
No 15 (34.9) 5 (20.8) 13 (32.5) 7 (25.9)

a-Fetoprotein
#200 ng/mL 31 (72.1) 17 (70.8) 1.000 31 (77.5) 17 (63.0) .270
.200 ng/mL 12 (27.9) 7 (29.2) 9 (22.5) 10 (37.0)

HBsAg
Positive 23/42 (54.8) 16/21 (76.2) .168 22/36 (61.1) 17 (63.0) .881
Negative 19/42 (45.2) 5/21 (23.8) 14/36 (38.9) 10 (37.0)

Anti-HCV
Positive 12/41 (29.3) 4/22 (18.2) .382 12/36 (33.3) 4 (14.8) .144
Negative 29/41 (70.7) 18/22 (81.8) 24/36 (66.7) 23 (85.2)

ICG-15
#10% 23 (53.5) 12 (50.0) .784 19 (47.5) 16 (59.3) .345
.10% 20 (46.5) 12 (50.0) 21 (52.5) 11 (40.7)

Alanine transaminase
#65 U/L 30 (69.8) 17 (70.8) 1.000 27 (67.5) 20 (74.1) .599
.65 U/L 13 (30.2) 7 (29.2) 13 (32.5) 7 (25.9)

HBsAg, hepatitis B surface antigen; HCV, hepatitis C virus; ICG-15, indocyanine green retention rate at 15 minutes (normal values 0–10%).
Values in parentheses are percentages.
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significant difference in survival was noted between patients
with high and low IL-6 levels (P 5 .647, log-rank test) (Fig.
6). Univariate and multivariate analyses using the Cox pro-
portional hazards model showed that IL-10 level was an
independent prognostic factor (risk ratio5 4.0202,P 5
.0016) (Table 3).

Production of IL-10 and IL-6 by Human
Hepatoma Cell Lines

IL-10 was detected in spent media from three human
hepatoma cell lines, with levels from 34.6 to 135.6 pg/mL
(Table 4). In contrast, Hep3B and HA22T cells secreted

Table 2. RELATION BETWEEN HISTOPATHOLOGIC CHARACTERISTICS AND SERUM
LEVELS OF INTERLEUKIN-10 AND INTERLEUKIN-6

Variable

Interleukin-10

P Value

Interleukin-6

P Value
≤12 pg/mL

(n 5 43)
>12 pg/mL

(n 5 24)
≤6 pg/mL
(n 5 40)

>6 pg/mL
(n 5 27)

Tumor size
#5.0 cm 24 (55.8) 10 (41.7) .267 25 (62.5) 9 (33.3) .026*
.5.0 cm 19 (44.2) 14 (58.3) 15 (37.5) 18 (66.7)

Tumor number
Single 26 (60.5) 9 (37.5) .081 23 (57.5) 12 (44.4) .294
Multiple 17 (39.5) 15 (62.5) 17 (42.5) 15 (55.6)

Capsular formation
Yes 26 (60.5) 15 (62.5) 1.000 16 (40.0) 10 (37.0) .807
No 17 (39.5) 9 (37.5) 24 (60.0) 17 (63.0)

Venous invasion
Yes 24 (55.8) 16 (66.7) .444 20 (50.0) 20 (74.1) .075
No 19 (44.2) 8 (33.3) 20 (50.0) 7 (25.9)

Tumor DNA ploidy
Diploid 18/42 (42.9) 6 (25.0) .147 18/39 (46.2) 6 (22.2) .047*
Aneuploid 24/42 (57.1) 18 (75.0) 21/39 (53.8) 21 (77.8)

Liver cirrhosis
With 19 (44.2) 11 (45.8) .897 21 (52.5) 9 (33.3) .141
Without 24 (55.8) 13 (54.2) 19 (47.5) 18 (66.7)

* Statistically significant.
Values in parentheses are percentages.

Figure 2. Scattergram of serum levels of interleukin-10 and interleu-
kin-6 in patients with hepatocellular carcinoma. No significant correla-
tions were noted.

Figure 3. Serial serum levels of interleukin-10 in 10 patients with hep-
atocellular carcinoma.
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high levels of IL-6, but negligible levels was found in spent
media of HepG2 cells.

DISCUSSION

We found that serum IL-10 and IL-6 levels were in-
creased significantly in patients with resectable HCC com-
pared with healthy subjects. Tumor resection resulted in a
decrease of IL-10 and IL-6 levels. Multivariate analysis
found serum IL-10 levels to be an independent prognostic
factor for disease-free survival after tumor resection.

Elevated serum IL-10 levels have been observed in pa-
tients with chronic liver disease, including chronic hepatitis
and cirrhosis,21,32and the levels are closely associated with
disease progression. Kakumu et al21 found that IL-10 levels
correlated with serum alanine aminotransferase values, sug-
gesting that this cytokine may also reflect the degree of
inflammation in the liver. This increment in serum IL-10
during the course of chronic disease of the liver may be

Figure 4. Serial serum levels of interleukin-6 in 10 patients with hepa-
tocellular carcinoma.

Figure 5. Disease-free survival of patients with hepatocellular carci-
noma stratified by serum interleukin-10 level before resection (P 5 .007,
log-rank test).

Figure 6. Disease-free survival of patients with hepatocellular carci-
noma stratified by serum interleukin-6 level before resection (P 5 .647,
log-rank test).

Table 3. UNIVARIATE AND
MULTIVARIATE ANALYSES OF POSSIBLE

PROGNOSTIC FACTORS

Variable

Univariate Multivariate

Risk
ratio P value

Risk
Ratio P value

Interleukin-10 (.12 pg/mL) 2.7733 .007 4.0202 .0016
Interleukin-6 (.6 pg/mL) 1.2003 .647 — —
a-fetoprotein (.200 ng/mL) 2.5621 .016 1.6385 .1456
Tumor number (.1) 3.1826 .006 2.0214 .0789
Tumor size (.5 cm) 3.6900 .001 5.1475 .0004
Age (.65 years) 1.0807 .846 — —
Albumin (.3.5 mg/dL) 1.3883 .510 — —
ALT (.65 U/L) 1.1668 .708 — —
AST (.65 U/L) 1.3507 .456 — —
Tumor capsule (presence) 1.0643 .877 — —
HBsAg (positive) 1.5686 .294 — —
ICG-15 (.10%) 1.0594 .883 — —
Liver cirrhosis (presence) 1.0847 .836 — —
Venous invasion (presence) 1.8846 .136 — —

ALT, alanine transaminase; AST, aspartate transaminase; HBsAg, hepatitis B
surface antigen; ICG-15, indocyanine green retention rate at 15 minutes (normal
values 0–10%).
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ascribed to increased IL-10 production by several cell types,
including CD41 T cells, monocytes/macrophages, and B
cells. IL-10 may be produced in response to the intrahepatic
inflammatory changes as an antiinflammatory cytokine. The
antiinflammatory characteristics of IL-10 downregulate the
host immune response33 and provide a mechanism for mod-
ulating the deleterious overreaction by the host immune
response during the progression of chronic viral infection.21

A high IL-10 level was suggested to contribute to a relative
state of immunosuppression and, in patients with HCC, may
help the tumor cell to escape host immune surveillance and
potentiate tumor cells to metastasize.

In addition to being produced at the site of inflammatory
changes with activated infiltrating mononuclear cells in the
liver, the high serum IL-10 levels in patients with HCC
presumably also resulted from secretion of IL-10 by tumor
cells. Secretion of IL-10 by human hepatocellular tumors
had been observed previously.34 This assumption is also
supported by our observations that hepatoma cancer cell
lines secreted IL-10 and that serum IL-10 levels decreased
after tumor-bearing tissues were removed. However, the
IL-10 levels after surgery were still higher than the average
for healthy subjects (see Figs. 1 and 3). One of the key
functional parameters of an immunologic response to tu-
mors is the local production of cytokine at the tumor site.
The observation that certain human epithelial cancer cell
lines elaborate significant quantities of IL-10 suggests a
potential role for this molecule in solid tumor development
and in host–tumor interactions, and autocrine production of
IL-10 by tumor cells may have a role in HCC development
and antitumor immunity.35

We found that IL-10 concentrations were not related to
those of IL-6. This finding may indicate that an independent
response occurs between IL-10 and IL-6 in HCC-related
immunity.

In contrast to IL-10, serum IL-6 levels were not elevated
in patients with chronic liver disease.36 In patients with
advanced HCC, elevated levels of IL-6 have been found,
correlating with the tumor burden.22 Consistent with this
finding, our study showed that serum IL-6 levels were also
elevated in patients with relatively early and resectable
disease and were also correlated with tumor size (see Table
2). In a study of 14 patients with advanced HCC, Goydos et
al20 found that IL-6 levels were higher than in healthy
subjects, but with no correlation between IL-6 and AFP

levels. Similarly, IL-6 levels did not correlate with AFP
levels in our study (see Table 1). In addition, there was no
significant survival difference between patients with high or
low levels of serum IL-6.

In our study, elevated IL-10 levels had no correlation
with other adverse prognostic factors, including tumor size,
tumor number, and venous invasion (see Table 2). Serum
IL-10 was found to be an independent prognostic factor on
multivariate analysis, indicating the important biologic sig-
nificance of this cytokine in the HCC disease process. The
immunosuppressive effects of IL-10 may play a major role
in the development of neoplastic processes by suppressing
macrophage activation and interferon-g production, thereby
crippling two potential mediators of an antitumor response.
The functional consequences of IL-10 binding to its recep-
tors on tumor cells could be the prevention of programmed
cell death and the promotion of proliferation.37 In addition,
IL-10 may contribute to the development of an environment
favorable to neoplastic cells and to the enhancement of their
metastatic potential. IL-10 may influence the expression or
activity of as-yet-untested or unknown adhesion molecules
and may affect the migratory abilities of immune effector
cells or the metastatic abilities of tumor cells.5 Production of
IL-10 by tumors or other cells is mostly likely to be bene-
ficial to the tumor but detrimental to the patient. The pos-
sible biologic mechanisms responsible for the prognostic
value of serum IL-10 levels in patients with HCC are under
investigation in our laboratory.

We speculate that chronic liver disease provokes both
inflammatory and antiinflammatory responses, with the lat-
ter responsible for the high serum levels of IL-10 found in
certain patients. The tumor may benefit accidentally from
the antiinflammatory effect from the host. In addition, IL-10
can be produced vigorously by some tumor cells. High
circulating and local levels of IL-10 result, allowing tumor
cells to elude host defense mechanisms and affecting the
tumor’s metastatic potential. However, an active inflamma-
tory status in the liver may result in further tumor appear-
ance.3,38The result is potentiation of recurrence after resec-
tion. If this hypothesis is true, the inhibition of IL-10
production and the administration of anti–IL-10 should be
able to disrupt this cascade. The inflammatory response
should also be suppressed. In HCC, IL-10 may be a prom-
ising cytokine for future cancer immunotherapy or gene
therapy protocols to restore host cellular antitumor response

Table 4. CONSTITUTIVE PRODUCTION OF INTERLEUKIN-10 AND INTERLEUKIN-6 BY
HUMAN HEPATOMA CELL LINES

Hepatoma Cell Line

Interleukin-10 Level (pg/mL) Interleukin-6 Level (pg/mL)

24 hrs 48 hrs 72 hrs 96 hrs 24 hrs 48 hrs 72 hrs 96 hrs

Hep3B 64.3 48.5 34.6 36.1 215.6 366.0 400.3 406.8
HepG2 135.6 56.4 35.9 41.1 1.7 2.1 2.0 2.4
HA22T/VGH 50.5 35.1 46.3 38.6 232.7 252.8 279.2 238.3
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by antagonizing the IL-10–mediated immunosuppressive
events.
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