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Abstract

Background: Colon cancer is one of the common malignancies in the world, which its treatment with chemotherapy
are associated with many side effects. Recently, interleukin 12 (IL-12) has shown anticancer effects in studies. In the
present study, the effect of the engineered stem cells containing plasmid encoding IL-12 on colon cancer cell line was
studied.

Methods: HT-29 colon cancer cell line were treated with stem cells containing plasmid encoding IL-12 and IL-12. Cell
survival was studied using MTT test at 0, 24, 48 and 72 hours. Also, in these time intervals, the amount of apoptosis and
necrosis of cells were studied using flow cytometry technique. Data were analyzed using two-way analysis of variance
by GraphPad prism V.8 software.

Results: The results of the present study showed that exposure of HT-29 cell line with stem cells containing plasmid
encoding IL-12 leads to a severe decrease in cell viability compared to IL-12, alone. Also, the death of HT-29 cells as aresult
of exposure to stem cells containing plasmid encoding IL-12 occurred more as a result of apoptosis.

Conclusion: Stem cells containing plasmid encoding IL-12 have the potential to be used in the treatment of colon
cancer. However, more studies are needed to confirm.

Keywords: Colon Cancer, Apoptosis, Necrosis, Stem cell, Recombinant

Background

Colon cancer is the leading cause of death in the world and treatment approaches such as radiation therapy or
about 8% of cancer deaths occur due to this malignancy (1). This chemotherapy (5).

malignancy affects one million people every year (1) and in
recent years, the prevalence of this disease has been increasing
inIran (2).

Chemotherapy is the first line of treatment for colon cancer, but

One of the factors of the immune system involved against
cancer cells is Interleukin 12 (IL-12), which prevents the spread
of cancer cells by stimulating the production of interferon
gamma (IFN-y)(6). This has caused the systemic administration

this treatment method is associated with many side effects and
damage to the patient's health (3). Inmunotherapy is one of the
novel methods in the treatment of all types of cancers, and in
this therapeutic approach, the immune system causes specific
activation of immune factors against cancer cells, which
ultimately leads to the identification and removal of tumor
cells by the individual's own immune system (4). In recent year,
this approach has attracted the attention of researchers,
because it has much less side effects than other cancer

of IL-12 to be considered as one of the cancer treatment
approaches (7). However, the main limitation of this
therapeutic approach is the low half-life of this cytokine (8). To
overcome this problem, gene therapy can be a suitable
solution, because this approach can lead to an increase in the
levels of this protein and cause the death of cancer cells (9).

Recently, our research group based on poly-(amidoamine)
(PAMAM) (G5) introduced a plasmid encoding II-2 into stem
cells and showed that these recombinant cells have a high
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ability to penetrate into cancer cells, which can be used as an effective carrier for cancer treatment (10). In the present study,
considering the increasing trend of colon cancer in different societies, the effect of these recombinant stem cells on the colon cancer
line HT-29 was studied.

2. Materials and Methods
2.1. Cell line preparation

HT-29 cell line was obtained from Institute Pasteur-Tehran, Iran. The cells were cultured in RPMI medium supplemented with fetal
bovine serum (10%), penicillin and streptomycin antibiotics (0.01pg/L) and finally incubated (temperature: 37°C).

2.2. Preparation of engineered stem cell

In our previous work, we delivered IL-12 encoding plasmid to stem cells (10). We used the engineered cells in current study. Briefly,
30% and 5% of the surface amines of generation-five poly-(amidoamine) (PAMAM) was substituted with 10-bromodecanoic acid and
cell-penetrating peptide (low molecular weight protamin), respectively. Physicochemical properties of this modified PAMAM
including size, surface charge, plasmid DNA condensing ability, transfection ability to deliver reporter GFP gene and IL-12 gene into
MSCs, toxicity of prepared nanoparticles, and finally the migration potential of the engineered stem cells into cancer and normal
cells (HepG2 and NIH/3T3) were evaluated (10).

2.3. MIT assay

To perform this test, 5 x 104 HT-29 cells were cultured in a 96-well plate. Then, the cells were treated with 50 ng/ml IL-12 (Sigma, USA)
and 1x106 engineered stem cells and incubated for one day. Then, 20 microliters of MTT solution was added to each plate and
incubated for 180 minutes. Finally, the intensity of light absorption at 570 nm was read by a spectrophotometer.

2.4. Howcytometry

We used this method to measure cells' apoptosis and necrosis. Annexin 5-propidium iodide was used to perform this test; for this
purpose, 24 hours after the cell treatment, the cells adhering to the bottom were separated from the bottom of the plate and
transferred into the eppendorf, and then centrifuged. Buffer Binding is added and then 5 microliters of annexin 5 and propidium
iodide were added to each sample. Then, the samples were incubated for 5 minutes in the dark and checked with a flowcytometer
(FACS Calibur instrument (Becton Dickinson)).

2.5. Statistical analysis

After ensuring data normal distribution by Kolmogorov-Smirnov test, all data were analyzed using one-way analysis of variance
(ANOVA) by GraphPad Prism V.8 software.

3. Results
3.1 Cell Viability

The viability of colon cancer cell line HT-29 treated with IL-12 and engineered stem cells containing plasmid encoding IL-12 was
measured at 0, 24,48 and 72 hours, and the results are shown in Figure 1. As can be seen, there is no significant change in cell viability
up to 24 hours after treatment. Nevertheless, significant changes in cell viability were observed at 48 and 72 hours. At these times,
treatment of the HT-29 cell line with engineered stem cells containing plasmid encoding IL-12 resulted in a significant decrease in
survival compared to the control. In the period of 72 hours, an almost 50% decrease in the viability of HT-29 cells was seen. A strong
effect of engineered stem cells containing plasmid encoding IL-12 was seen in reducing cell viability compared to IL-12 alone.
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Figure 1. The HT-29 cell line viability after treatment with IL-12 and engineered stem cells containing plasmid encoding IL-12 at 0, 24, 48 and 72 hours.
**P<0.01vs. control. *** P<0.001vs. control. *** P<0.0001vs control .
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3.2. Cell apoptosis

The results of the present study showed that the death of HT-29 cells as a result of treating cells with IL-12 and engineered stem cells
containing plasmid encoding IL-12 is more due to apoptosis (Figure 2). Significant differences in the mean percentage of cell
apoptosis were observed one day after the treatment. The highest amount of cells apoptosis was seen after 72 hours as a result of
treatment of cells with engineered stem cells containing plasmid encoding IL-12 (Figure 2).
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Figure 2. The HT-29 cell line apoptosis after treatment with IL-12 and engineered stem cells containing plasmid encoding IL-12 at 0, 24, 48 and 72 hours.
*P<0.05vs. control, **** P<0.0001vs control .

3.3. Cell necrosis

No significant difference was observed in the necrosis of HT-29 cells up to 24 hours after treating the cells with IL-12 and engineered
stem cells containing plasmid encoding IL-12 compared control. Nevertheless, in the period of 48 and 72 hours, a significant increase
in the necrosis of cells treated with engineered stem cells containing plasmid encoding IL-12 was seen. Interestingly, the cells treated
with IL-12 did not show any significant difference in terms of cell necrosis with the control at the studied times (Figure 3).
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Figure 3. The HT-29 cell line necrosis after treatment with IL-12 and engineered stem cells containing plasmid encoding IL-12 at 0, 24, 48 and 72 hours.
**P<0.01vs. control, **** P<0.0001vs control .

4. Discussion

Colon cancer is one of the most common malignancies in the world, and its treatment with chemotherapy has severe and harmful
side effects for the patient's health (3). In recent years, immunotherapy has attracted the attention of researchers as a cancer
treatment approach with low side effects (11). It has been found that IL-12 can help in the treatment of cancer by killing cancer cells.
However, one of its disadvantages is the limited half-life of IL-12 and its systemic administration may be associated with cytotoxic
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Recently, our research group designed engineered stem cells
containing plasmid encoding IL-12 and showed that these
recombinant cells have high invasiveness to cancer cells, which
was proposed as an effective carrier for cancer treatment (10).
In this study, the effects of engineered stem cells containing IL-
12 encoding plasmid on HT-29 colon cancer cells were studied
and these effects were compared with exposure of cells to IL-12.
The results of the present study showed that engineered stem
cells containing plasmid encoding IL-12 have a high ability to
kill HT-29 cells compared to IL-12 alone, which indicates its
potential application in the treatment of colon cancer. This
ability can be attributed to the continuous production of IL-12
by these recombinant stem cells, and therefore, it seems that
the engineered stem cells containing the IL-12 encoding
plasmid designed by our research group were able to overcome
the limitation of the low half-life of IL-12 in cancer treatment.
In the present study, the results of flow cytometry test showed
that the death of HT-29 colon cancer cells due to the treatment
of cells with engineered stem cells containing plasmid
encoding IL-12 is more as a result of apoptosis. The anticancer
effects of 1I-12 have been studied on a variety of malignancies (12-
15), and the results have shown that this cytokine can be a
candidate for cancer immunotherapy treatment, which is in
accordance with the findings of the present research. In the
present study, it has been shown that engineered stem cells
containing plasmid encoding IL-12 have the ability to kill HT-29
colon cancer cells, which indicates its high potential in the
treatment of this malignancy.

However, the present study was done in vitro and needs to
confirm in in vivo and clinical conditions. Therefore, in future
research, it is recommended that the effect of these
recombinant stem cells be studied in animal model and the
mechanism of anticancer effects be investigated at the
molecular level.

5. Conclusion

In general, it is concluded that the engineered stem cells
containing IL-12 encoding plasmid by our research group have
the potential to be used in the treatment of colon cancer.
However, more studies are needed in this field.
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