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Abstract Although the proinflammatory cytokine
interferon-c (IFN-c) has been generally thought to en-
hance antitumor immune responses and be involved in
antitumor mechanisms of many other immunotherapy
molecules, it has also been reported that IFN-c could
promote tumor immune evasion. In this report, by using
an ideal mouse model that expresses IFN-c locally in
muscle, we demonstrate that sustained low-level
expression of IFN-c promotes the development of sev-
eral types of tumor including H22 hepatoma, MA782/5S
mammary adenocarcinoma and B16 melanoma. How-
ever, transitory expression of IFN-c does not have such
an effect. On the other hand, sustained high-level
expression of IFN-c mediates significant antitumor ef-
fect on H22 hepatoma. Low level of IFN-c upregulates
expression of PD-L1, PD-L2, CTLA-4 and Foxp3,
which may partly account for the tumor immune evasion
promoted by IFN-c. Furthermore, blockade of PD-L
inhibits IFN-c’s tumor-promoting effect. Our findings
provide a mechanistic link between chronic inflamma-
tion and cancer and would have potential implications
for cancer prevention and also for the design of cyto-
kine–based cancer immunotherapy.
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Introduction

Cytokines regulate the survival, proliferation, differen-
tiation and function of immune cells as well as cells of

most organ systems [15] and are also involved in the
mechanisms of many diseases including cancer. Cyto-
kines have been widely employed as biological drugs for
cancer targets [5]. On the other hand, many cytokines
such as TNF-a and IL-1b produced in chronic inflam-
mation may contribute to cancer growth and progres-
sion through mechanisms such as DNA damage, by
functioning as growth and survival factors, by promot-
ing angiogenesis, and so on [1, 6].

Interferon-c (IFN-c), a potent proinflammatory
cytokine, is mainly secreted by T lymphocytes under
certain conditions of activation and by natural killer
cells. Although originally defined as an agent with direct
antiviral activity, IFN-c is capable of upregulating both
MHC classes I and II, and has demonstrated direct
inhibitory effects on tumor proliferation [13]. However,
it has also been reported that IFN-c could promote tu-
mor development through downregulation of the
endogenous tumor antigen [2, 17] and enhance the sur-
vival of tumor cells and their metastatic potential under
certain conditions [14, 25]. Taken together, these results
indicate that the action of IFN-c in cancer is paradoxi-
cal.

In this report, we explored the possibility of the
involvement of IFN-c in tumor development by using
experimental tumor models. By using naked plasmid to
express IFN-c locally in muscle, we demonstrate that
sustained low-level expression of IFN-c promotes tumor
development. However, sustained high-level expression
of IFN-c mediates significant antitumor effect. These
results indicate that IFN-c may serve as a ‘‘two-edged
sword’’ either in tumor development or in tumor
immunotherapy.

Materials and methods

Tumor initiation and progression models

All studies involving mice were approved by the insti-
tute’s Animal Care and Use Committee. All tumor

Y.-F. He Æ X.-H. Wang Æ G.-M. Zhang Æ H.-T. Chen Æ H. Zhang
Z.-H. Feng (&)
Department of Biochemistry and Molecular Biology, Tongji
Medical College, Huazhong University of Science and Technology,
Wuhan, 430030 The People’s Republic of China
E-mail: fengzhg@public.wh.hb.cn
Tel.: +86-27-83650754
Fax: +86-27-83650754

Cancer Immunol Immunother (2005) 54: 891–897
DOI 10.1007/s00262-004-0654-1



models were established in hind thigh muscle of BALB/
c mice. To determine the minimal dose of tumor cells
that can form tumor, mice were inoculated i.m. with
different doses of tumor cells. For the tumor initiation
models of H22 hepatoma and MA782/5S mammary
adenocarcinoma, mice were inoculated with 8·103 and
1·105 tumor cells respectively. In some experiments
BALB/c mice were inoculated with 2·105 B16 mela-
noma cells. For the tumor progression model, mice
were inoculated with 5·104 H22 tumor cells. All mice
received the indicated plasmid injections beginning on
day 2 after tumor cell inoculation. When tumor is
palpable, the two perpendicular diameters were moni-
tored and the tumor diameter was calculated using the
formula (a+b)/2, with a as the larger diameter and b as
the smaller diameter. In some experiments, mice were
sacrificed and tumors were dissected and weighed on
the indicated days.

Plasmids

The mIFNG plasmid was constructed by insertion of the
mouse IFN-c cDNA into a simple eukaryotic expression
vector, pCDx [22], which does not express any other
unwanted protein except for the one encoded by the
inserted cDNA. The mIFNG plasmid can express bio-
logically active IFN-c as determined by an antiviral as-
say as described [20]. The pGRA and pPD-1A plasmids
were constructed by insertion of the cDNA encoding
extracellular region of mouse IFN-c receptor a-chain or
PD-1 receptor into the expression vector pcDNA3.1
(Invitrogen), respectively. The eukaryotic-expressed
extracellular domain of IFN-c receptor has been proved
to bind IFN-c specifically and efficiently [9]. We also
confirmed this by NO release assay [16] after pGRA was
transfected into mouse muscle in vivo (data not shown).
Expression product of pPD-1A is PD-L specific and
binds efficiently to PD-L as determined in vitro by an
antibody-blocking assay [10]. Plasmid DNA was pre-
pared by selective compaction with spermine (Sigma) as
described in [18] and endotoxin levels were less than
0.15 EU/lg of plasmid DNA. Spectrophotometric
analysis of the plasmid DNA preparation revealed 260/
280 nm ratios ‡1.80. Purity and conformation of the
prepared DNA were confirmed by agarose gel electro-
phoresis.

Gene transfection and expression detection

Naked plasmid DNA at the indicated dose in 100 ll of
saline was injected into the tumor inoculation site every
other day. Mice of control groups received equal volume
of saline or equal amount of empty vector plasmids. For
short- or long-term expression, mice received injections
twice or eight times respectively. To detect IFN-c
expression, RT-PCR and real-time PCR were performed
with RNA extracted from muscle tissues of injection

sites at the indicated time. Also the treated muscle tis-
sues were excised, minced and cultured in vitro and the
culture supernatants were assayed for IFN-c expression
by ELISA as described [20].

RT-PCR and real-time PCR

Total RNA was isolated and treated with RNase-free
DNase I. To detect IFN-c expression, an equal amount
of RNA was reverse-transcribed and amplified by PCR
for 26 cycles using gene-specific primers. ß-actin mRNA
was used as an internal control and co-amplified.
Amplified products were analyzed by electrophoresis on
agarose gel and stained with ethidium bromide.

Relative quantitative real-time PCR was also per-
formed using the TaqMan probe to detect expression
level of IFN-c, as described in [24]. To detect the
expression level of PD-L1, PD-L2, Foxp3 and CTLA-4,
RNA was isolated from peritumor tissues of tumor-
bearing mice. The primer and probe sequences were as
follows: PD-L1, sense 5¢-GGAATTGTCTCAGAATG
GTC-3¢, antisense 5¢-GTAGTTGCTTCTAGGAAGG
AG-3¢, and probe 5¢-CACCAAACCAGCTCTATTCC
CTCAGCCTAT-3¢; PD-L2, sense 5¢-AAGACTGACA
ATCTTCCCTC-3¢, antisense 5¢-CCTGAAAGTCATT
AGGAGCC-3¢, and probe 5¢-TCAAGACTCTCTGAA
CAGCAAGACCCCAAT-3¢; CTLA-4, sense 5¢-GTCT
TCTCTGAAGCCATACAG-3¢, antisense 5¢-GACCTC
ATCAGTGTTGTGTGA-3¢, and probe 5¢-TACAGGT
GACCCAACCTTCAGTGGTGTT-3¢. The primers
and probe used for Foxp3 were as described in [11].
Each gene was normalized to the housekeeping gene (ß-
actin) from the same sample before fold change was
calculated to account for variations between different
samples. The mRNA level in normal muscle tissue was
used as the calibrator.

Cell proliferation assay and flow cytometry analysis

Proliferation of tumor cells was tested using the Boeh-
ringer Mannheim Cell Proliferation Kit II (XTT). H22
tumor cells were plated in 96-well plates at a concen-
tration of 5·104 cells/ml and cultured in the presence of
recombinant mIFN-c or 36-h tissue culture supernatants
from BHK cells transfected with either mIFNG or
control pCDx plasmid at different dilution rates. Three
days later the cells were analyzed for expression of PD-
L1 and PD-L2 using PE-labeled monoclonal antibodies
(eBioscience, San Diego, CA, USA) by flow cytometry,
or after every 3 days 12–15% of cells were passaged and
supplemented with the corresponding IFN-c. The XTT
labeling reagent was added to the rest of the cells and the
OD value was determined at 490 nm 6–24 h later. The
proliferation index was determined by the formula:
OD490 of cells incubated with IFN-c-containing super-
natants or recombinant mIFN-c/OD490 of cells incu-
bated with control supernatants.
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Data analysis

Tumor incidence was compared by applying Fisher’s
exact test on treatment and control group. Other data
were expressed as mean ± SEM and results were
interpreted using one-way ANOVA (or followed by
Student–Newman–Keuls test when needed). Differences
were considered to be statistically significant when P<
0.05.

Results

Sustained low-level expression of IFN-c promotes tumor
development in several mouse tumor models

To evaluate the potential role of IFN-c in tumor
development, we first injected different doses of H22
hepatoma cells into the hind thigh muscle of mouse and

tumor growth was monitored. The mean tumor onset
time was prolonged when less number of tumor cells
were inoculated. Only 12.5% of mice (2/16) inoculated
with 8·103 H22 cells developed tumors by day 18 and
others remained free of tumors up to 100 days after
inoculation (Fig. 1a). The role of IFN-c in tumor
development was evaluated by i.m. injection of an IFN-
c-expressing plasmid, mIFNG, into mice inoculated with
8·103 H22 cells. The mice received different doses of
mIFNG plasmid at inoculation site every other day eight
times, beginning on day 2 after inoculation. The treat-
ment with 10 lg of mIFNG plasmid significantly in-
creased tumor incidence, with 45.8% of the recipients
(11/24) developing palpable tumors by day 40 after
inoculation. On the other hand, the treatment with
control plasmid did not increase tumor incidence neither
did the treatment with higher doses (30 lg or 100 lg)
and lower dose (5 lg) of mIFNG plasmid (Fig. 1b).

The reason that why we used plasmid DNA to ex-
press IFN-c is that the expression level of IFN-c could
be controlled by the injection dose and frequency. IFN-c
mRNA expression level increased in step with the
increment of mIFNG plasmid dose as determined by
RT-PCR. We also confirmed this result by real-time
PCR. IFN-c protein level also increased following the
same pattern (Fig.1c). When we injected mIFNG plas-
mid into mouse muscle every other day for eight times,
IFN-c mRNA expression level became relatively stable
from day 12 (Fig. 1d). This sustained expression model
may be similar to the cytokine expression profile in
physiopathological state such as chronic inflammation
in vivo, maintaining a lower-level but more stable con-
centration of IFN-c in local site and avoiding the sharp
peaks and drops that occur after bolus protein injection
[12].

To further determine whether the tumor-promoting
effect of mIFNG plasmid injection was mediated by
expressed IFN-c, we used a plasmid, pGRA, carrying
the cDNA encoding extracellular region of mouse IFN-c
receptor a-chain, to make a sustained blockade of IFN-c
in the local sites. As compared to the injection of mI-

Fig. 1 Sustained low-level expression of IFN-c promotes tumor
development. a Mean tumor onset time (left) and tumor incidence
(right) in BALB/c mice (n=16 per group) inoculated i.m. with
different doses of H22 tumor cells. b BALB/c mice were inoculated
with 8·103 H22 cells and received treatment with saline (n=16),
10 lg of pCDx plasmid (n=16) or different doses of mIFNG
plasmid (n=24 per group) for eight times. *, P=0.040 by Fisher’s
exact test, two-sided, compared with pCDx control. c BALB/c mice
(n=5 per group) received mIFNG plasmid injections twice and
5 days after the second injection, RT-PCR (up, showing a
representative sample in each group) and relative quantitative
real-time PCR (middle) of IFN-c mRNA expression or ELISA
detection of IFN-c protein expression (down, 1 ng/ml approxi-
mately 8 IU/ml). d IFN-c mRNA expression in BALB/c mouse
muscle injected with 10 lg of mIFNG or pCDx plasmid for eight
times (n=3 for each point). e Sustained blockade of IFN-c inhibits
the tumor-promoting effect of mIFNG plasmid. After 8·103 H22
tumor cell inoculation, BALB/c mice (n=16 per group) received
the indicated treatment for eight times (mIFNG, 10 lg; pcDNA3.1
or pGRA, 100 lg). f IFN-c promotes B16 melanoma development
in BALB/c mice. Mice (n=8 per group) received saline, 10 lg of
pCDx or mIFNG plasmid for eight times after 2·105 B16 cells
inoculation. Tumor weight by day 40 after inoculation (left) and
two representative individuals in pCDx or mIFNG plasmid group
were shown (right). Data are representative of two experiments
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FNG plasmid alone, the tumor incidence in mice that
received the injection of both pGRA and mIFNG
plasmid was reduced to the saline control level by day 40
after 8·103 tumor cell inoculation. In contrast, coinjec-
tion of the empty vector pcDNA3.1 with mIFNG plas-
mid did not reduce the tumor incidence (Fig. 1e). In
addition, the expression product of pGRA had no effect
on H22 tumor growth in vitro in a proliferation assay
(data not shown). Taken together, these results indicate
that pGRA mediated the reduced tumor incidence
through blockade of IFN-c and further support that low
level of IFN-c expressed by mIFNG plasmid at local site
promotes tumor development.

We then explored whether the tumor-promoting ef-
fect of IFN-c could be applied to other tumor models.
The effect of low dose of mIFNG plasmid was evaluated
in BALB/c mice inoculated with i.m. injection of 1·105
MA782/5S mammary adenocarcinoma cells. The tumor
incidence was 12.5% (2/16) in saline control group by
day 45 after inoculation but increased to 43.8% (7/16,
P=0.057) if mice received 10 lg of mIFNG plasmid at
inoculation site for eight times. Interestingly, we found
that sustained low-level expression of IFN-c also pro-
moted B16 melanoma (H-2b) development in BALB/c
mice (H-2d) (Fig. 1f). In these two models, treatment
with either empty vector or 5, 30 or 100 lg of mIFNG
plasmid did not increase tumor incidence as compared
to saline control treatment (data not shown).

Short-term expression of IFN-c does not promote tumor
development

To determine whether the tumor-promoting effect of
IFN-c depends on its sustained expression, mice received
local injection of mIFNG plasmid only twice after
inoculation with 8·103 H22 tumor cells. Neither lower
doses (5 lg or 10 lg) nor higher doses (30 lg or 100 lg)
of mIFNG plasmid could increase the tumor incidence
as compared with saline or empty vector controls
(Fig. 2a). Real-time PCR revealed that IFN-c mRNA
expression level began to decline by day 7 after the
second injection (Fig. 2b), and the same profile was
observed when protein expression was determined (data
not shown). These results suggest that short-term and
sharp expression of IFN-c has no tumor-promoting ef-
fect regardless of the expression level of IFN-c.

Sustained high-level expression of IFN-c mediates sig-
nificant antitumor effect

We also tested the effect of IFN-c on mice inoculated
with a higher dose of H22 tumor cells. On day 20 after
inoculation, mice that had received 10 lg of mIFNG
plasmid showed a significant increment in tumor diam-
eter as compared to the controls (Fig. 3a). In contrast,
however, injection of 100 lg of mIFNG plasmid medi-
ated significant antitumor effect, which resulted in long-

Fig. 2 Effect of short-term expression of IFN-c on tumor devel-
opment. Mice were treated as in Fig. 1b but only for twice and the
tumor incidence in each group (a, n=16 per group) as well as the
time course of IFN-c mRNA expression (b, n=4 for each point) are
shown. Data shown in A are representative of two experiments

Fig. 3 IFN-c functions as a ‘‘two-edged sword’’ in tumor growth.
Mice (n=8 per group) were inoculated with 5·104 H22 tumor cells
and received treatment with saline, 100 lg of pCDx plasmid or
different doses of mIFNG plasmid for eight times. a Individual
tumor diameter by day 20 after inoculation. *, P<0.01 by
ANOVA, followed by Student-Newman-Keuls test, compared with
each other. b Long-term survival follow up of these groups. Data
shown are representative of two experiments
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term survival in some cases (Fig. 3a, b), consistent with
the previous results showing that intratumoral injection
of 100 lg of naked IFN-c-expressing plasmid signifi-
cantly inhibited growth of CT-26 tumors [20]. Our re-
sults thus suggest that IFN-c may function as a ‘‘two-
edged sword’’ in tumor development and the expression
pattern of IFN-c could alter the balance of its tumor
promoting and suppressor activity. Sustained low-level
expression of IFN-c mainly has tumor-promoting
activity while high level of IFN-c mainly has tumor-
inhibiting activity.

IFN-c promotes tumor evasion of the immune system
through upregulation of the expression of negative co-
stimulatory molecules

To determine whether the tumor-promoting effect of
IFN-c is mediated directly by its action on tumor cell
growth, we transfected BHK cells with mIFNG plasmid
and incubated H22 tumor cells with the supernatants of
transfected cells (containing about 200 IU/ml of IFN-c)
at different dilution rates. We did not observe a signifi-
cant promoting effect of IFN-c on H22 cell proliferation
during 21 days (Fig. 4), and the same results were ob-
tained when recombinant mIFN-c was used (data not
shown). These results indicate that there are indirect
mechanisms involved in the tumor-promoting effect of
IFN-c. We supposed that IFN-c may promote tumor
immune evasion.

We then examined IFN-c’s role in the regulation of
the expression level of some genes involved in T cell
immune tolerance. Previous studies showed that the
negative signal provided by interactions of PD-1 and its
ligands, costimulatory molecules PD-L1 and PD-L2, is
involved in the mechanism of tumor immune evasion [4,
7, 8, 27]. We found that H22 tumor cells expressed PD-
L1, which could be upregulated by treatment with IFN-c
(Fig. 5a), while PD-L2 was not expressed on H22 cells

(data not shown). Both PD-L1 and PD-L2 mRNAs were
expressed in peritumor tissues and upregulated
(P<0.01) when low level of IFN-c was expressed in local
sites. However, such an effect was abolished (for PD-L1)
or diminished (for PD-L2, P<0.05) when high level of
IFN-c was expressed (Fig. 5b). We also found that
mRNA expression of Foxp3, a specific marker of regu-
latory T cells [11], was upregulated by low but not high
level of IFN-c in peritumor tissues. Consistent with this
result, expression of CTLA-4, also an important marker
of regulatory T cells, was upregulated by low level of
IFN-c and the upregulation was diminished at high level
of IFN-c (P<0.05, Fig. 5b), indicating that regulatory T
cells may be involved in the mechanism of IFN-c-in-
duced tumor immune evasion. Taken together, these
results suggest that low level of IFN-c may induce T cell
immune tolerance to tumor.

To further determine whether the upregulated PD-L
is involved in IFN-c-induced tumor promotion, we used
a plasmid, pPD-1A, which carries the cDNA encoding
extracellular region of mouse PD-1 receptor, to make a
sustained blockade of PD-L in local sites. Compared

Fig. 4 Effect of IFN-c on H22 tumor cell proliferation in vitro.
H22 tumor cells were cultured in the presence of supernatants of
BHK cells transfected with mIFNG plasmid at different dilution
rates and cell proliferation was tested and calculated as compared
with the control cells. Data are representative of three separate
experiments

Fig. 5 Interferon-c promotes tumor evasion of the immune system.
a H22 tumor cells were treated with recombinant mIFN-c at
indicated concentration and harvested 3 days later and stained for
PD-L1 expression. Mean fluorescence intensity (MFI) of the total
stained cells is shown. b Mice (n=5 per group) were treated as in
Fig. 3a and PD-L1, PD-L2, Foxp3 and CTLA-4 mRNA expression
in peritumor tissues by day 20 after tumor cell inoculation were
examined by relative quantitative real-time PCR. Data in a are
representative of three separate experiments. Data in b are
representative of two experiments
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with the treatment with mIFNG plasmid alone, treat-
ment with mIFNG plus pPD-1A plasmid significantly
reduced the tumor incidence and inhibited the tumor
growth (Fig. 6). These results thus support that PD-L/
PD-1 pathway may be involved in the mechanism of
IFN-c-induced tumor immune evasion and suggest the
possibility of using the blockade of this pathway to
prevent and treat cancer. However, whether blockade of
other molecules such as CTLA-4 also can inhibit IFN-
c’s tumor-promoting effect needs to be further studied.

Discussion

Generally, there are two stages of cancer development:
initiation and progression. If cancer cells are not elimi-
nated by the immune system at both stages, they may
continue to grow and subsequently form tumor. Our
study shows that when tumors are initiated (by the
intramuscular injection of a small number of tumor
cells), sustained low level of IFN-c, as may occur in
chronic inflammation, can promote tumor progression.
As low level of IFN-c can promote tumor evasion of
immune system, we suppose that IFN-c may also be
involved in the tumor initiation process.

As IFN-c is involved in many chronic inflammatory
diseases including Helicobacter pylori-related gastritis
[21], the inflammatory bowel diseases [3], chronic active
hepatitis [26], and so on, which have strong association
with malignant tumors [6], our finding that the sustained
low-level expression of IFN-c promotes tumor devel-
opment provides a mechanistic link between chronic
inflammation and cancer and also provides the potential
applications for cancer prevention. Either strategy of
anti-inflammatory or anti-IFN-c therapy, or blockade of
such negative immune regulators as PD-L may be useful
for the prevention of cancer development in chronic
inflammation associated with cancer risk.

Interferon-c is also a cytokine involved in antitumor
mechanisms of many other immunotherapy molecules
such as IL-12 [19] and secondary lymphoid tissue
chemokine (SLC) [23]. In our previous study, we dem-
onstrated that immune evasion was enhanced during
tumor immunotherapy by using SLC [10]. Thus, there is

the possibility that IFN-c produced in SLC therapy may
account for the immune evasion. Similarly, it is impor-
tant to evaluate the possibility whether IFN-c’s tumor-
promoting effect would occur during immunotherapy
using other cytokines that could induce IFN-c expres-
sion directly or indirectly.

A variety of strategies may be attributed to the IFN-
c’s tumor-promoting effect. These include downregula-
tion of endogenous tumor antigen of some kinds of tu-
mors, such as CT-26 colon carcinoma [2] and melanoma
[17], and enhancing the survival of tumor cells partly
through resistance to natural killer cell-mediated ly-
sis[14]. In our study, we found that some negative co-
stimulatory molecules were involved in the mechanisms
of tumor immune evasion promoted by IFN-c. It was
not observed that IFN-c could enhance the survival of
H22 tumor cells in vitro. Whether the downregulation of
the endogenous tumor antigen of the tumors by IFN-c is
related to the expression level of IFN-c in vivo needs to
be further explored.

Generally, use of high dose of cytokines often results in
severe side effects and toxicity [5]. Our previous study also
showed that high doses of SLC induced tumor immune
evasion [10]. In this study, however, we showed that the
cytokine IFN-c, if expressed at a relatively stable low level,
had no antitumor effect, but on the contrary could pro-
mote tumor immune evasion and enhance the tumor
development. This suggests that using low dose of certain
cytokines could also result in severe side effects. As cyto-
kines have been widely employed as biological drugs for
cancer therapy, use of the optimal dose is extremely
important. The dose of cytokines used needs to be opti-
mized according to the different cytokines used (and also
may be different immune state).
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