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Abstract. Background/Aim: Pancreatic cancer is the most
lethal cancer of the digestive system. IL-29 is a new member
of the IFNJ family and well-known for its strong antiviral
activity. However, its direct effect on pancreatic cancer is still
unclear. This study was performed to investigate if IL-29 has
any direct effect on Pan-48 pancreatic cancer cells. Materials
and Methods: Clonogenic survival assay, cell proliferation,
and caspase-3 activity kits were used to evaluate the effects
of IL-29 on cell survival, proliferation, and apoptosis of
Pan-48 pancreatic cancer cells. RT-PCR and IHC were
subsequently performed to explore IL-29’s potential
molecular mechanisms. Results: The percentage of colonies
of Pan-48 cells was decreased following the addition of
IL-29. This was consistent with a decreased optical density
(OD) value of cancer cells. Furthermore, the relative
caspase-3 activity in cancer cells was increased after the
addition of IL-29, indicating increased apoptosis of cancer
cells. The anti-proliferative effect of IL-29 on cancer cells
correlated with increased expression of the anti-proliferative
molecule p21. The pro-apoptotic effect of IL-29 on cancer
cells correlated with an increased expression of the
pro-apoptotic molecule Bax. Conclusion: IL-29 constrains
Pan-48 pancreatic cell growth via up-regulation of p21 and
Bax. Our study suggests a potential use of IL-29 in
immunotherapy for pancreatic cancer treatment.
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Pancreatic cancer (PCA) is estimated to have cost over
44,000 lives in 2018, as it is the most lethal digestive cancer
(1). Trailing only lung, colorectal, and breast cancer,
pancreatic cancer has the highest mortality rate in the world.
The 5-year survival rate for people with stage IA, IB, IIA,
III, and IV pancreatic cancer is 14%, 12%, 7%, 3%, and 1%
respectively. What concerns both physicians and patients is
that PCA is considered a “silent” cancer, as the pancreas
cannot be palpated on physical exam and its tumor serum
markers are often non-specific. Most closely related to PCA
are tumor markers CA19-9 and the carcinoembryonic antigen
(CEA). However, these protein markers do not always rise
in pancreatic cancer patients, and even if they do, the cancer
is likely to have already metastasized to a distant location
(1). Moreover, these tumor markers can be elevated even if
the patient does not have pancreatic cancer. Thus, physicians
do not routinely use blood tests to screen for PCA, as they
are nonspecific in nature. Furthermore, screening for
average-risk patients is not currently recommended by any
major professional group, as the benefits of screening do not
outweigh the risks of going unscreened. Thus, PCA is a
frightening and deadly diagnosis.

Current treatment for PCA revolves around the individual
patients’ life expectancy and goals. Several options are
present for patients who wish to battle PCA, including
surgery, ablation, radiation, and chemotherapy. However, as
the previously mentioned 5-year survival rates indicate,
current treatments are not adequate. Cytokine therapy is a
relatively new treatment strategy for cancer patients. The role
of cytokines in tumor biology is currently undergoing intense
study as these peptides influence tumor growth, invasion,
angiogenesis, and metastasis (2). The activation of the
immune system for the therapeutic benefit in cancer patients
has been previously investigated and the administration of
cytokines has shown to be a successful cancer treatment that,
however, warrants further investigation (3, 4).
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Figure 1. Effect of IL-29 on growth and proliferation on Pan-48 cells. (A)
Clonogenic survival assay of Pan-48 pancreatic cancer cells in the presence
or absence of IL-29 (50 ng/mL). The number of colonies was counted and
expressed as a percentage of the total colonies compared to the control (Cx,
without IL-29). (B) Cell proliferation was evaluated with a proliferation kit
in the presence and absence of IL-29. Results are expressed as the mean
optical density (OD+SEM in each group. A significant difference in the
percentage of colonies and OD value in each group compared to that of
controls is indicated by an asterisk (p<0.05).

In 2003, a new member of the IFNA family was
discovered, named IL-29 (5). Well-known for its strong
antiviral activity, IL-29’s mechanism of action is by targeting
epithelial cells. Thus, high levels of IL-29 are expected
during infections of the gastrointestinal (GI), respiratory
tract, and mucosal regions (5). In recent years, the role of IL-
29 in the pathogenesis of an assortment of cancers has been
investigated. IL-29 has been found to either induce tumor
promoting effects or tumor inhibiting effects, depending on
the cancer cell type (5). Concomitant with its ambiguous role
in other types of cancer, the role of IL-29 in pancreatic
cancer is also very unclear. This current study was performed
to investigate if IL-29 has any direct effect on the widely
investigated Pan-48 pancreatic cancer cells.

Materials and Methods

Human pancreatic cell line. The human Pan-48 PCA cell line used in
this study was provided by Dr. Citrin from the Radiation Oncology
Branch in NIH (Center for Cancer Research, National Cancer
Institute, MD, USA). Pan-48 PCA cells were cultured in DMEM
(Invitrogen, Carlsbad, CA, USA), supplemented with 10% heat-
inactivated FBS and 1% penicillin-streptomycin (Invitrogen) as
previously described (6-9). Treatment with cytokine IL-29 or medium
alone was performed when Pan-48 cells reached 70% confluence.
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Figure 2. Effect of IL-29 on the expression of pro- and anti-proliferative
molecules in Pan-48 cells as evaluated by RT-PCR. Results are expressed
as the mean ratio of molecule densitometric units/ GAPDH+SEM, and
are representative of 3 independent experiments. An asterisk indicates a
significant difference (p<0.05) between untreated (Cx) and IL-29-treated
groups.

Treatment of pancreatic cell line with IL-29. Pan-48 cells were
treated with IL-29 at the concentration of 50 ng/mL (Shenandoah
Biotechnology, Warwick, PA, USA) for 3 days or DMEM medium
alone. The concentration and incubation time for the IL-29
treatment was based on our studies (6-13).

Clonogenic survival assay. Three days after incubation with IL-29,
Pan-48 cells were counted in a hemocytometer following
detachment. Clonogenic survival assay was performed as described
previously (6-9). The number of colonies was counted and then
expressed as a percentage of total colonies in controls.

Determination of proliferation with Quick Cell Proliferation Assay
Kit. A Quick Cell Proliferation Assay Kit (BioVision, Milpitas, CA,
USA) was used to evaluate Pan-48 cell proliferation as previously
described (6-9).

RT-PCR. Pan-48 cells treated with and without IL-29 were
homogenized in TRIzol (Invitrogen). RNA was extracted and its
concentration was determined using NanoDrop (Invitrogen).
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Figure 3. Effect of IL-29 on the apoptosis of Pan-48 Cells. Cellular
caspase-3 activity was measured using the caspase-3/CPP32
colorimetric assay kit. Results are expressed as mean activity relative
to controls (RT)+SEM. Assays were done in triplicates. An asterisk
indicates a significant difference (p<0.05) between untreated (Cx) and
IL-29-treated groups.
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Figure 4. Effect of IL-29 on the expression of pro- and anti-apoptotic
molecules in Pan-48 cells evaluated by RT-PCR. Results are expressed
as the mean ratio of molecule densitometric units. An asterisk indicates
a significant difference (p<0.05) between untreated (Cx) and IL-29-
treated groups.

Reverse transcription was performed with 1 pg of Pan-48 RNA, as
previously described (7-11). GAPDH was used to monitor and
ensure that an equal amount of RNA was amplified. Sequences for
primers used in this study have been described previously (6-9).
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Figure 5. Effect of IL-29 on the expression of Bax in Pan-48 cells
evaluated by immunohistochemistry. Cytoplasmic BAx staining is
obvious in the IL-29-treated group (bottom image, original
magnification: x400) compared to the nuclear staining in the untrated
(Cx) group (top image, original magnification: x400). Bax staining
intensity was analyzed and results are expressed as the average
integrated staining intensity relative to that of control (Cx) cells
(graph). A significant difference in staining intensity in the IL-29-treated
group compared to the control is indicated by an asterisk (p<0.05).

Measurement of Caspase-3 activity. A caspase-3/CPP32 colorimetric
assay kit (BioVision) was further used to evaluate apoptosis by
measuring the cellular caspase-3 activity and the results were
expressed as a relative caspase-3 activity compared to that of
control untreated cells (6-9).

Immunohistochemistry (IHC). IHC staining for Bax was performed
as previously described (6-9). Following incubation with 0.1%
saponin in 1% BSA for 0.5 hour, cancer cell slides were incubated
with a specific polyclonal Antibody (Ab) (Santa Cruz
Biotechnology, Santa Cruz, CA, USA) for 1 hour at room
temperature. Immunoreactivity was demonstrated using the avidin-
biotin complex immunoperoxidase system (Vector, Burlingame, CA,
USA) and was developed by using NovaRED (Vector) as the
chromogen following incubation with a secondary biotinylated Ab
for 0.5 hour (Jackson, West Grove, PA, USA). Hematoxylin was
used as a negative control and for counterstaining. Average
immunostaining intensity for a specific protein was measured with
the assistance of MetaMorph image analysis software. Results are
expressed as the average integrated immunostaining intensity of 3
slides + SEM relative to that in control.

Statistics. All experiments were repeated at least two to three times.

Statistical analysis was carried out using an unpaired two-tailed
Student’s -test. A p-Value <0.05 was considered significant.
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Results

IL-29 inhibits growth and proliferation of Pan-48 cells. Pan-
48 cells were used to investigate the effect of IL-29 on PCA.
Overall, the percentage of colonies of Pan-48 cells
significantly decreased following treatment with IL-29. This
is further supported by the decreased optical density (OD)
value following treatment with IL-29 (Figure 1).

IL-29 up-regulates the mRNA expression of the antiproliferative
molecule p21. The normal balance that exists between pro- and
anti- proliferative molecules is important for cancer cell
proliferation and survival. The molecules p16, p18, and p21
have all been shown to bear important anti-proliferative
properties. In contrast, cyclin B and cyclin D have
demonstrated important pro-proliferative effects. Using RT-
PCR, the mRNA expression of these pro- and anti-proliferative
molecules in Pan-48 cells treated with or without IL.-29 (50
ng/mL) was evaluated (Figure 2). Overall, an increased mRNA
expression of the anti-proliferative molecule p21, was
observed. These results indicate that a decrease in Pan-48 cell
proliferation correlates with an increased expression of p21 as
induced by IL-29. Interestingly, a decreased mRNA expression
of the anti-proliferative molecule pl8 was also observed;
however, the detailed reason remains unknown.

IL-29 promotes apoptosis of Pan-48 cells. The inhibitory effect
of IL-29 on the growth of Pan-48 cells could be in part due to
a mechanism that acts viag increased apoptosis. To investigate
the pro-apoptotic effect of IL-29 on Pan-48 cells, 70% confluent
Pan-48 cells were treated with IL-29 or medium alone for 3
days and apoptosis was subsequently evaluated using a caspase-
3 activity kit. Overall, a significant increase in apoptosis was
found in the Pan-48 cells treated with IL-29 (Figure 3). This
result supports a second mechanism of action for IL-29, which
is the inhibition of Pan-48 cells growth by inducing apoptosis.

IL-29 up-regulates the expression of the pro-apoptotic molecule
Bax. In order to test the molecular mechanism of action by
which IL-29 induces apoptosis in Pan-48 cells, the mRNA
expression of the major pro- and anti- apoptotic molecules, such
as Bax, FLIP, Bcl-2 and survivin, was measured using RT-PCR.
Overall, mRNA expression of Bax was significantly increased
in the Pan-48 cells treated with IL-29 as compared to the control
(Figure 4). Results obtained from IHC staining further
confirmed our findings (Figure 5). These results indicate that an
increase in apoptosis of Pan-48 cells correlates with an
increased expression of Bax induced by IL-29.

Discussion
In this study, we demonstrated that IL-29 exhibits an anti-

tumoral effect on Pan-48 PCA cells by inhibiting their
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proliferation and promoting their apoptosis. The inhibitory
effect of IL-29 on proliferation is associated with the up-
regulation of the anti-proliferative molecule p21, while the
apoptosis inductive effect of IL-29 is associated with the up-
regulation of the pro-apoptotic molecule Bax. These results
implicate IL-29 as a novel and promising potential
therapeutic agent for patients with PCA.

In recent years, cytokine-cancer immunotherapy has gained
extensive interest in research (22). As the mortality and
incidence of PCA continues to rise, more patients continue to
present with advanced-staged disease that is virtually
untreatable when diagnosed. While current treatment strategies
have been unremarkable in the treatment for PCA, novel
cytokine therapies represent hope for patients diagnosed with
this deadly disease. Further exploration of the various effects
of the existing cytokines on cancer is needed. This area of
research has the potential to become the mainstay in treatment
not only against pancreatic cancer, but to help many different
cancer patients around the world. Despite our promising result
is not consistent with a previously done study by Torres et al.,
which has demonstrated that up-regulation of serum IL-29 can
be one of several cytokines that carries a poor prognosis in
patients with pancreatic ductal adenocarcinoma (14). It should
be noted that in this study there was no assessment of the
molecular mechanism of action and that treatment with IL-29
was not specific to Pan-48 cells, which likely explains the
differences in outcomes between their results and ours.
Interestingly, our data are consistent with a study from Novak
et al., which has shown that IL-29 has an inhibitory effect on
the growth of multiple myeloma cancer cells (15). Further
research is needed to fully elucidate the effects of IL-29 on
various cell lines so that its potential power in cytokine therapy
can be fully harnessed.

Though the recent studies investigating the role of IL-29 as
a potential cancer immunotherapy molecule are encouraging,
our study is the first to demonstrate potential molecular
mechanisms of action of this cytokine. In our study, an up-
regulation of p21 represented a significant anti-proliferative
potential when PCA cells were treated with IL-29. p21 is a
cyclin-dependent kinase inhibitor that is primarily associated
with the inhibition of CDK2 (cyclin-dependent kinase 2), which
leads to cell cycle arrest in the setting of DNA damage (16-18).

Bax is a member of the Bcl-2 gene family and is a
regulator of apoptosis (19-21). Bax has been shown to be
involved in the p53-mediated pathway of apoptosis, which
involves the release of cytochrome ¢ (9, 10). Through the
regulation of apoptosis, Bax is a crucial protein involved in
the regulation of cancer cells. Thus, our finding of increased
mRNA expression of Bax is critical for the inhibitory
mechanism of IL-29 on PCA, as it represents an increase on
the levels of apoptosis in cancer cells.

Interestingly, a decreased mRNA expression of the anti-
proliferative molecule pl8 was also observed in our
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experiment. Although the exact reason and mechanism for
this decrease is yet unknown, we believe that a decreased
mRNA expression of pl8 might be a compensatory
phenomenon arising from the inhibition of PCA by IL-29. If
this is true, the PCA would seem to be fighting off the
inhibitory effects of IL-29. Interestingly, this is not the first
time we have noticed pl18 in such a role. Our lab has
observed on previous occasions a similar decrease in p18
mRNA expression and we therefore believe it to be due to
IL-29’s inhibition in PCA cells (6, 8, 22).

This study was limited due to the examination of the
effects of IL-29 in a single pancreatic cell line. However,
future studies should include the examination of the effects
of IL-29 across multiple cell lines within a specific type of
cancer. This way, the effects of IL-29 can be fully elucidated
and its role in cancer cytokine therapy can be examined more
closely. Overall, it has become clear that the effects of IL-
29 are cancer cell-specific. Future research must also be
directed towards investigating of what other cancer cells IL-
29 may be inhibiting or stimulating. This way, a working
knowledge of cancer types, which could potentially be
treated by IL-29, can be established.

Conclusively, this study represents a promising start and
a hope that cytokine immunotherapy, and IL-29 specifically,
can one day be the future of pancreatic cancer therapy for
patients around the world.
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