
Abstract. Background/Aim: This study was designed to
investigate the effect of IL-39 on T24 bladder cancer (BC)
cell line survival and growth. Materials and Methods: In
order to assess the direct effect of IL-39 on survival,
proliferation, and apoptosis of T24 BC cells, we utilized a
clonogenic survival assay, a cell proliferation assay, and
caspase-3 activity kits. Potential proliferative and apoptotic
molecular mechanisms were evaluated by RT-PCR. Results:
Treatment of T24 BC cells with IL-39 resulted in a
significant reduction in the percentage of colonies. The anti-
tumor effect of IL-39 on T24 bladder cancer cells correlated
strongly with a decrease in cyclin E, in combination with an
increase in the mRNA levels of Fas. Conclusion: IL-39
impedes the growth and survival of T24 BC cells by
inhibiting growth and promoting apoptosis. This ability to
modulate gene transcription in neoplastic cells shows
promise and warrants further research in immunotherapy. 

According to the American Cancer Society, in 2020 there were
approximately 81,400 incidences and 17,980 mortalities
involving bladder cancer (1). Bladder cancer in women occurs
at lower frequencies, but in men it is the fourth most prevalent
cancer with the average age of diagnosis being 73. The five-
year survival rates of patients with bladder cancer in situ
alone, localized, regional, and distant are 96%, 70%, 36% and
5% respectively (1). Urothelial carcinoma, also referred to as
transitional cell carcinoma, accounts for 90% of the total cases
of bladder cancer (2). Of this 90%, approximately 70% are

diagnosed with non-muscle invasive bladder cancer (NMIBC).
The recurrence rate of NMIBC is 50%-70%, and of that
percentage, 10%-20% will progress into muscle invasion
bladder cancer (MIBC) (2, 3). Nearly 66% of those who
advance to MIBC will succumb to the disease within 48
months even with radical treatment (4). Current treatment of
BC depends on the pathological state of the neoplasm at the
time of the transurethral resection of bladder tumor (TURBT)
as well as staging, according to the tumor-node-metastasis
classification system (5). Treatment for NMIBC and MIBC
can range from bladder cancer surgery, intravesical therapy,
chemotherapy, radiation therapy, immunotherapy and targeted
therapy drugs. Treatment options are contingent upon patient
staging, and frequently multiple treatments are used in
combination to achieve the desired effect (6).

According to current medical research, exploitation of the
immune system and cytokines has shown promise as an
effective approach to treat those suffering from varying
diseases. Further research is warranted given the viability of a
novel bladder cancer treatment method that could diminish the
current painful and detrimental treatment options, while
increasing the survival rates (7, 8). Interleukin-39 (IL-39) is the
most recent member of the interleukin-12 cytokine family. It
is composed of a heterodimeric chain-pairing of alpha IL-
23p19 and beta EBI3 (9). IL-39 has been studied in various
diseases such as systemic lupus erythematosus (SLE).
Furthermore, IL-39 in lupus-like mice was observed to produce
an immunopathogenic effect by promoting the pro-
inflammatory response (9). A recent study focused on IL-39’s
effects on a mouse concanavalin A (ConA) induced liver injury
model. The results showed that IL-39 increased serum alanine
aminotransferase (ALT) and aspartate aminotransferase (AST)
levels, inflammatory infiltration, and hepatocyte necrosis. IL-
39 also increased serum concentrations of interferon-γ, tumor
necrosis factor-α, and IL-17α, eliciting a pro-inflammatory
state (10). Based on this concept and other studies, IL-39 has
demonstrated the potential to regulate the immune system and
possibly provide new treatment alternatives. However, IL-39’s
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role in immunotherapy and oncology is still vastly unexplored.
The purpose of this study was to investigate the direct effects
of IL-39 on the growth, survival, and gene alterations of T24
human bladder cancer cells.  

Materials and Methods

Human bladder cancer cell line. T24 bladder cancer (BC) cell line,
derived from human transitional cell carcinoma, was supplied by
Dr. Longcheng Li from (University of California, San Francisco,
CA, USA). T24 BC cells were cultured in Dulbecco's Modified
Eagle Medium (DMEM), supplemented with 10% heat-inactivated
fetal bovine serum (FBS) and 1% penicillin-streptomycin
(Invitrogen, Carlsbad, CA, USA) as previously described (11-15).
When cells reached 70% confluency, they were either treated with
IL-39 or DMEM medium alone.

Treatment of T24 BC cells with IL-39. Once 70-80% confluency was
achieved, T24 BC cells were treated with either IL-39 (50 ng/ml R&D
Systems, Minneapolis, MN, USA, Cat# 9990-IL-050) or DMEM for 3
days. The concentration and incubation time for IL-39 were established
from our preliminary experiments and prior cytokine studies (11-15).

Clonogenic survival assay. T24 BC cells were divided and counted
by hemocytometer following the 3-day incubation period with IL-39.
Clonogenic survival assay was carried out by plating 1,000 cells into
a Petri dish (Corning, Lowell, MA, USA) in triplicate. Fresh media
were added at day 5. Nine days after incubation, cells were fixed and
stained with 0.05% crystal violet. Colonies were quantified and then
expressed as a percentage of total colonies in the controls.

Determination of proliferation using Quick Cell Proliferation Assay
Kit. Quick Cell Proliferation Assay Kit (BioVision, Milpitas, CA,
USA), as described by the manufacture’s protocol (11-15), was
utilized to assess T24 bladder cancer cell proliferation.

Reverse transcription-polymerase chain reaction (RT-PCR). T24 BC
cells treated with and without IL-39 were washed with PBS and then
homogenized in TRI-zol (Invitrogen, Carlsbad, CA, USA). NanoDrop
was used to quantify RNA. Reverse transcription was carried out
using 1 μg of T24 RNA, as described in previous studies (11-15).

Measurement of Caspase-3 activity. Further evaluation of apoptosis
in T24 BC cells was accomplished by assessing caspase-3 activity
using caspase-3/CPP32 colorimetric assay kit (BioVision) as
described previously (11-15).

Statistics. All experiments were performed two to three times in
duplicate. Statistical analysis was conducted using an unpaired two-
tailed Student’s t-test. A p-value <0.05 was considered significant.

Results

IL-39 inhibits growth and proliferation of T24 BC cells. The
direct effects of IL-39 were examined utilizing T24 BC
cells. Once cells reached 70-80% confluency, they were
treated with either IL-39 or medium alone for 3 days.
Survival was monitored by using clonogenic survival

assays. Considerable differences in growth rate were
observed between the two groups. Treatment with IL-39
decreased substantially the growth of T24 BC cells
compared to control. This was supported by the reduced OD
value measured by Quick Cell Proliferation Assay Kit in the
IL-39-treated group when compared to the control (Figure
1, p<0.05). These results strongly suggest that IL-39 inhibits
proliferation of T24 BC cells. 

IL 39 decreases expression of cyclin E in T24 cells. Pro- and
anti- proliferative molecules directly control cell proliferation
and survival. For example, cyclin B, cyclin D, cyclin E,
cdk2, and cdk4 are crucial pro-proliferative molecules. In
contrast, p18, p21, p27, and p53 are essential anti-
proliferative molecules. mRNA expression of the above
stated molecules was examined to determine the direct
molecular effects of IL-39 on T24 cell survival. RT-PCR was
used to determine mRNA expression levels of the pro- and
anti- proliferative molecules in T24 BC cells treated with or
without IL-39 (50 ng/ml). The expression levels of all but
two mRNAs were comparable in both groups (p>0.05).

ANTICANCER RESEARCH 41: 2239-2245 (2021)

2240

Figure 1. Effect of IL-39 on the growth and proliferation of T24 bladder
cancer cells. A: Clonogenic survival assay of T24 bladder cancer cells
in the presence or absence of IL-39 (50 ng/ml). The number of colonies
was counted and expressed as a percentage of the total colonies
compared with the Control (Cx, without IL-39). B: Cell proliferation
evaluated using a Cell Proliferation kit in T24 cells treated with IL-39
(50 ng/ml) or medium alone. Results are expressed as the mean optical
density (OD) + SEM of bladder cancer cells in each group. Error bars
denote mean±SD; Student’s t-test was used for statistical analysis.
Asterisk indicates significant difference (p<0.05).



Cyclin D was considerably increased in T24 cells upon
treatment with IL-39 compared to the control, whereas cyclin
E was significantly decreased in the presence of IL-39
compared to the control (Figure 2; p<0.05).

IL-39 promotes apoptosis of T24 cells. IL-39’s ability to
inhibit the proliferation and survival of T24 BC cells may be
influenced by an increase in apoptosis. To explore such a

pro-apoptotic effect, 70-80% confluent T24 cells were
treated with IL-39 or medium alone for 3 days. Caspase-3
activity kits were then used to assess apoptosis in both the
treated cultures and controls. There was a statistically
significant (p<0.05) increase in apoptosis in the treated
group compared to control (Figure 3). This indicates that
induction of apoptosis is a secondary mechanism through
which IL-39 inhibits T24 BC cell growth.
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Figure 2. Effect of IL-39 on pro- and anti- proliferative molecules evaluated by RT-PCR. mRNA was extracted as described in the Materials and
Methods section. Experiments were performed in triplicate. Results are expressed as the mean ratio of the examined molecule densitometric
units/GAPDH + SEM. Significant difference in mRNA expression between cells treated without and with IL-39 is indicated by the asterisk (p<0.05).



IL-39 up-regulates the expression of the pro-apoptotic
molecule Fas in T24 BC cells. The equilibrium between pro-
and anti- apoptotic molecules determines proliferation and
senescence, and when altered, it can lead to disease. For
instance, Fas, FasL, TRAIL, TRAILR1 and Bax are all
notable pro-apoptotic molecules. Conversely, FLIP, Bcl-2
and survivin are essential anti-apoptotic molecules. To
investigate the direct effects of IL-39 on apoptosis of T24
BC cells, the mRNA expression levels of the molecules
mentioned above were analyzed using RT-PCR. A prominent
increase in the mRNA expression of Fas, a pro-apoptotic
molecule, was detected in T24 BC cells treated with IL-39
(50 ng/ml) compared to the control (Figure 4). This up-
regulation of the pro-apoptotic molecule Fas indicates an
increase in apoptotic activity in T24 BC cells treated with
IL-39 (50 ng/ml).

Discussion

With more than 80,000 new cases and greater than 17,000
deaths annually in addition to a multitude of undesirable
painful treatment options ranging from surgical resection,
intravesical chemotherapy, systemic chemotherapy, and
radiation therapy, it is understandable why novel treatment
options are imperative for patients afflicted by BC (1, 6).

As immunotherapy expands into more clinical treatment
methods and assays are developed for specific BC cell
biomarkers such as p53, E-cadherin, bladder tumor antigen
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Figure 3. IL-39 promotes apoptosis of T24 bladder cancer cells. T24
cellular caspase-3 activity was measured using caspase-3/CPP32
colorimetric assay kit. Results are expressed as mean activity relative
to controls + SEM. Assays were performed in triplicate. Error bars
denote mean±SD; Student’s t-test was used for statistical analysis.
Asterisk indicates significant difference (p<0.05).

Figure 4. Effect of IL-39 on the expression of pro-and anti- apoptotic
molecules as evaluated using RT-PCR. Extraction of mRNA is described
in the Materials and Methods section and experiments were performed
in triplicate. Results are expressed as the mean ratio of pro- and anti-
apoptotic molecule densitometric Units/GAPDH + SEM (×100).
Asterisk indicates a significant difference in mRNA expression between
cells treated with IL-39 and untreated (Cx) cells.



(BTA) and hyaluronic acid (16), it is logical to explore the
potential of cytokines such as IL-39, as treatment
modalities. 

BC, along with all neoplasms, emerges from mutations that
disrupt the cell cycle alongside with mutations that impede a
proper immune response. These mutations lead to uninhibited
and unchecked growth. For example, cyclin E plays a critical
role in the progression from the G1 to the S phase of the cell
cycle. Cyclin E forms a complex with cyclin-dependent
kinase, (CDK2) which subsequently phosphorylates
retinoblastoma leading to cell cycle progression.
Consequently, if a neoplasm up-regulates cyclin E, cell cycle
flux will be increased, resulting in a pro-proliferative state.
Conversely, Fas is a pro-apoptotic molecule which is often
down-regulated in neoplasms. Fas is a member of the tumor
necrosis factor (TNF) family. When Fas binds to its adaptor
protein receptor, Fas associated death domain (FADD) will be
recruited, which will bind procaspase-8 and form the death
inducing signaling complex (DISC). This activates effector
caspase-3, ultimately causing apoptosis. If Fas is down-
regulated, neoplasms can evade apoptosis and grow
unchecked. Neoplasms up-regulate or down-regulate a myriad
of genes to increase cell proliferation, avoid apoptosis, and
promote metastasis. The transitional cell carcinoma explored
in this study, T24 cell line, is a common and widely used cell
line. The IL-39-induced gene alterations noted in this research
will be subsequently compared to other neoplastic cell lines. 

Our basic understanding of the pathophysiological role
that IL-39 plays in various diseases has been based on prior
research. For example, systemic lupus erythematosus
research of lupus-like mice found that IL-39 was secreted by
stimulated B-cells. B-cell stimulation causes an up-regulation
of neutrophils and subsequent a positive feedback loop. This
positive feedback loop was found to be mediated by the B
cell activation factor, BAFF, which subsequently results in
further B-cell activation and IL-39 secretion. The
Interleukin-12 family, including IL-39, have demonstrated
promise as potential therapeutic targets in autoimmune
diseases (9, 17). Furthermore, anti-IL-39 polyclonal
antibodies in lupus-like mice reduced both inflammatory cell
numbers as well as infiltrating inflammatory cells, resulting
in a reduction of autoimmune symptoms (18). Additional IL-
39 research in skin diseases such as psoriasis and atopic
dermatitis as well as ConA-induced hepatitis have been
shown to play a pro-inflammatory role (19, 20). Conversely,
IL-39 has been discovered to play a different role in adipose
tissue. In adipose tissue, IL-39 has been shown to affect anti-
inflammatory genes, exhibit a paracrine/autocrine insulin-
sensitizing action, as well as to stimulate muscle-fat crosstalk
to promote the expression of genes that are associated with
browning of the white adipose tissue (21, 22).

Due to various roles of IL-39 in a tissue non-specific pattern
and in the immune system, further investigation of its

involvement in different pathophysiological states, particularly
bladder cancer, is warranted. In this study, we utilized the T24
BC cell line to investigate the direct effects of IL-39. Notably,
we discovered that treatment of T24 BC cells with IL-39
inhibited proliferation while simultaneously promoting
apoptosis. These results were supported by substantially
decreased percentages of colonies formed by T24 BC cells in
the presence of IL-39. In addition, IL-39 increased caspase-3
activity indicating induction of apoptosis. To expand our
understanding of BC’s uncontrolled growth, we analyzed the
expression of proliferation and apoptosis factors. We found an
anti-tumor effect of IL-39 on T24 BC cells that correlated with
a decrease in the levels of the pro-proliferative molecule cyclin
E and an increase in the pro-apoptotic molecule Fas. Together,
these results support IL-39’s capacity to exhibit an anti-
proliferation and pro-apoptotic activity in bladder cancer cells.

An equilibrium between proliferative and apoptotic
molecules is present in healthy individuals, that when
unbalanced can lead to various diseases. The molecules that
promote cell proliferation include cyclin B, cyclin D, cyclin
E, cdk2 and cdk4, whereas the anti-proliferative molecules
include p18, p21, p27 and p53 (23-25). Similarly, pro-
apoptotic molecules include Fas, FasL, TRAIL, and
TRAILR1, whereas anti-apoptotic molecules include FLIP,
Bcl-2 and survivin (26). Our results demonstrated that IL-39
affects BC by decreasing the levels of the pro-proliferative
molecule cyclin E, while increasing those of the pro-apoptotic
molecule Fas (26). The levels of Cyclin D, a pro-proliferative
molecule, were also found to be up-regulated. This could be
a protective factor to compensate for the decrease seen in
cyclin E. Thus, our results revealed IL-39’s capacity to shift
the proliferative and apoptotic molecular equilibrium in T24
BC cells. This shift ultimately causes decreased cell
proliferation and increased apoptosis. IL-39’s ability to
regulate gene transcription in neoplastic cells shows promise
and warrants further research in immunotherapy. 

There are several limitations to this study. First, it was
carried out at the mRNA level and was not reinforced by
protein analysis techniques such as immunohistochemical
staining (IHC). This would have confirmed that the up-
regulation observed in mRNA did result in increased
translation of the corresponding proteins. Furthermore, our
experiment focused on one cell line, T24 BC, which limits
our ability to generalize our results to other bladder cancers.
Currently, IL-39’s effects on various cell lines, including
other cell lines of BC, are being explored in our lab. We are
also implementing IHC staining to reinforce the up-
regulation seen in the mRNA levels.  
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