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ABSTRACT
Despite aggressive treatment and recent advances, cancers of the colon and rectum remain a leading cause of death
worldwide. In the case of rectal cancer, chemo-radiotherapy (CRT) is given prior to surgery to provide a greater
chance of sphincter sparing surgery and lower the incidence of local recurrence. However, toxicity of CRT remains a
problem. The tumor suppressor, Par-4, serves to sensitize tumor cells to chemotherapy and radiation therapy. This
study tested the effects of increased Par-4 expression in HT29 human colon cancer cells. The results show the success
of Par-4 in sensitizing the tumor cells to both radiation and chemo therapies. In addition, the presence of increased
Par-4 caused a positive response to lower doses of both therapies. This supports the idea that Par-4 may be a viable
target for gene therapy in cancer treatment, particularly in the case of accessible tumors such as rectal cancers, serving
to reduce the required doses of CRT, and consequent side effects, for a successful treatment of rectal cancer.
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1. Introduction
Cancers of the colon and rectum are the number two
cause of cancer deaths worldwide in both sexes [1]. Surgery alone is inadequate for rectal cancers that extend
through the wall of the rectum (T3 or T4) or have spread
to regional lymph nodes. Local failure in the pelvis is a
predominant cause of disease recurrence in these patients,
with rates of 20% to 45% being reported [2,3]. In the
case of locally advanced rectal cancer, radiation and
concurrent 5-fluorouracil (5-FU) based chemotherapy
(CRT) is delivered preoperatively. This approach, when
combined with a total mesorectal excision, reduces the
locoregional recurrence rate from 35% to about 5%. CRT
can also downstage the primary tumor, increasing the
rate of sphincter sparing surgery. However, a complete
response from CRT alone is only achieved in about 10%
of patients. Tumor downstaging in response to CRT is an
independent prognostic factor, so current clinical trials
have been focused on finding regimens that improve this
surrogate endpoint. Although beneficial, CRT has a
moderate toxicity profile, causing acute Grade 3 or 4
toxicity in about 25% of patients, and late Grade 3 or 4
toxicity in about 15% of patients.
Prostate apoptosis response protein-4 (Par-4) is a tu-
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mor suppressor that was originally identified in rat prostate cancer cells undergoing apoptosis [4]. Par-4 is a protein that causes cancer cells, but not normal cells, to undergo apoptosis, or programmed cell death. The activation of Par-4 results in inhibition of the NFκB survival
pathway as well as activation of Fas apoptotic pathways
[5]. This pro-apoptotic protein activates both the intrinsic
and extrinsic pathways of apoptosis in tumor cells [6].
Par-4 is secreted from both normal and tumor cells and
has a bystander effect on other cancer cells systemically,
inducing apoptosis through the FADD/caspase 8 pathway
[6]. Thus, overexpressing Par-4 can increase susceptibility to apoptotic agents, including doxorubicin, TNF-,
and TRAIL [7-10]. In addition, Par-4 has been found to
play a role in ionizing radiation-induced bystander effects in lung cancer cells [11].
The downregulation of the Par-4 protein has been
proposed to be a critical event in tumorigenesis [12]. Par4 is downregulated in a number of cancers, including
endometrial [13], prostate [10], and pancreatic cancers
[14] as well as cancers of the central nervous system [15].
Our hypothesis was that colorectal cancer cells made to
overexpress Par-4 may be more susceptible to the effects
of radiation, 5-FU, or both. If tumor cells can be sensi-
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tized to chemotherapy and radiation, this will enhance
tumor regression. This study shows that Par-4 overexpressing colon tumor cells are more sensitive to radiation
therapy alone, and to the combined radio-chemo-therapy
compared to wild type tumor cells, or tumors with less
Par-4. The optimal doses of both 5-FU and radiation
were determined in vitro, starting at 1 Gy, which is below the standard radiotherapy fraction size used clinically. Results showed that sensitivity to radiation alone
was increased in a dose dependent manner in cells that
overexpressed Par-4, and the combined therapy was even
more effective in these cells. Finally, the potential for
using Par-4 as gene therapy in conjunction with radiation
therapy for rectal cancer was assessed by examining the
time of transient transfection of tumor cells in relation to
the radiation therapy.

proper aseptic technique. 5-FU treatment in some cases
was followed by radiation at increasing doses and frequency.

2. Materials and Methods

All data analysis was conducted using a T-test.

2.1. Cell Culture
The human colon cancer cell line HT29 was cultured in
RPMI containing 10% FBS and 1% Pen/Strep at 37˚C
and 5% CO2. After overnight incubation, medium was
removed and replaced with fresh medium. HT29 cells are
a cancer cell line with a low native expression of Par-4.
For all experiments, cells were seeded at 6 × 10^5 per
100-mm culture dish. Cells were transfected with either
rat par-4 cDNA, a kind gift of Vivek Rangnekar of the
University of Kentucky, or with empty vector, as described previously [7]. Trypsin was used to release the
cells from plates for passage and plating for the assays.
Proper sterilization technique was utilized at all times.

2.2. Irradiation
Both single fraction experiments and multiple fraction
experiments were utilized to see the different effects of
varying radiation doses and to more closely mimic the
real life treatment schedule that rectal cancer patients
would receive, respectively. Cells from the various cell
lines (HT29 Par-4 and HT29 Wild Type) were placed
into separate wells, each of a tissue culture dish. The
dishes were separated into various treatment groups. Radiation doses were performed using a Cobalt 60 source
emitting 1.25 MV gamma-rays. Radiation doses of 1 Gy,
2 Gy, 4 Gy, 6 Gy, 8 Gy, and 10 Gy were delivered in
single fraction experiments. Total doses of 20 Gy, 16 Gy,
12 Gy, 8 Gy, and 4 Gy were delivered in the multi-fraction experiments, using 4 Gy per fraction.

2.3. Chemotherapeutic Application
Cells were plated and allowed to attach for 24 hours.
Medium was removed and fresh medium was added with
either 100 μM or 50 μM 5-fluorouracil (5-FU) using
Copyright © 2011 SciRes.

2.4. Cell Viability Assay
Following treatment of cells with irradiation and chemotherapy, in vitro cytotoxic efficacy was measured using
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, a tetrazole (MTT) cell viability assay (CTO1-5,
Chemicon). Cells were incubated with the 5mg/ml MTT
in PBS for 3.5 hours. Media was removed and the resulting product was solublized for 30 min. in MTT solvent, 4
mM HCl, 0.1% NP-40 in isopropanol. The absorbance
was read at 590 nm with a reference filter of 620.

2.5. Statistical Analysis

3. Results
Human HT29 cells were used for this study. HT29 cells
are a human colorectal cancer cell line that has a relatively low expression of Par-4 and consistently grows
tumors in nude mice. The cells were transfected to overexpress Par-4 and the effects of increased Par-4 levels
were tested for sensitization to radiation and chemotherapy. The chemotherapy drug used was 5-fluorouracil (5FU, Acros Organics, 228440010), a frequently used drug
for rectal cancer treatment. The effects of treatments
were assessed using an MTT assay for metabolic activity.

3.1. Par-4 Induced Chemo and Radio
Sensitization of Colon Tumor Cells
To test the chemosensitizing and radiosensitizing effects
of Par-4, wild type and Par-4 transfected HT29 cells
were treated with either no radiation or radiation doses of
1 and 10 Grays, radiation doses at the top and bottom of
the range to be used. Within each radiation group, cells
were either left untreated or were treated with 100 μM of
5-FU. The results of the first experiment show that the
difference between untreated (UT) and 100 μM 5-FU
treatment groups is larger in the HT29 Par-4 cells than in
the HT29 wild type cells. Without radiation, cells overexpressing Par-4 are 2.8-fold more sensitive than those
with wild type Par-4 levels (Figure 1(a)). As such, Par-4
appears to be acting as a chemosensitizer.
Par-4 acts as a radiosensitizer, as there is a statistically
significant decrease in the number of living, viable cells
after radiation in the Par-4 treated cells in comparison to
the wild type cells (Figures 1(b) and (c)). In this experiment, results revealed that Par-4 transfected HT29 were
more sensitive to radiation alone at both 1 Gy and 10 Gy
than wild type HT29 cells, as shown by cells that were irradiated but not treated with 5-FU, shown in the black and
JCT
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Figure 1. Par-4 sensitizes cells to 5-FU and radiation therapy. Par-4 overexpression sensitized tumor cells to both radiation
and chemotherapy. (a) shows cells treated only with 5-FU, no radiation. Data were normalized to untreated samples. Significance shown is between 5-FU treated Par-4 overexpressing cells and wild type (WT) cells (p < 0.001). (b) compares 5-FU and
1 Gy treated cells. Radiation alone had a significant effect, and 5-FU increased the effect. (p < 0.001 in each case). (c) compares 5-FU and 10 Gy treatment (p < 0.001). Asterisks indicate statistically significant differenced between WT and Par-4
transfected cells.

striped bars. The addition of 5-FU doubled the effects of
radiation in Par-4 transfected cells, shown by white bars

3.2. Par-4 Lowered the Level of 5-FU Needed for
Treatment.
In an effort to determine if lower and, thus, less toxic,
doses of 5-FU would result in significant cell death with
Par-4 overexpressing cells, a dose of 50 μM 5-FU was
compared to the 100 μM dose normally used on these
cells. Par-4 acted as a chemosensitizer, as the Par-4
transfected cells were more sensitive to both doses of 5FU than were the wild type HT29 cells with both doses
of 5-FU (Figure 2(a)). Par-4 transfected cells showed
more cell death at 50 μM 5-FU than wild type cells did at
100 μM 5-FU.

3.3. Par-4 Sensitized Cells to Radiation in a Dose
Dependent Manner
Both single fraction experiments and multiple fraction
experiments were utilized to see the different effects of
varying radiation doses and to more closely mimic the
real life treatment schedule that rectal cancer patients
would receive, respectively. To determine if Par-4 acts as
a radiosensitizer in a dose dependent manner in comparison to the wild type cells, cells were given a one time
treatment of irradiation at increasing doses. While wild
type cells showed little dose response, the Par-4 overexpressing cells showed a linear response to increasing
radiation doses (Figure 2(b)). Finally, repeated treatments with a single dose of 4 Gy were performed, from 1
to 5 times on subsequent days. As expected, both wild
type and Par-4 overexpressing cells responded to increasing treatments with radiation (Figure 2(c)), with
Par-4 overexpressing cells showing more sensitivity at
each treatment point.
Copyright © 2011 SciRes.

3.4. Transient Transfection with Par-4 Is Time
Dependent in Relation to Radiation
Treatment
Although stably transfected cells are useful for providing
information demonstrating the biological effects of certain proteins on tumor cells, the situation is not realistic
for translation to tumors growing in patients. Therefore,
wild type HT29 cells were subjected to transient transfection to examine the effects of newly transfected cells
on radiation and chemosensitivity. In addition, as radiation effects killing of cells by damaging the DNA, we
considered the possibility that radiation would damage
the transfected Par-4 plasmid, reducing or eliminating the
benefits of the Par-4 transfection. To address this issue,
cells were transiently transfected with the Par-4 plasmid,
either 48 hours prior to or immediately following radiation treatment of the cells, as depicted in the scheme in
Figure 3. Cells were treated with one dose of either 2 or
4 Gy. For the post radiation transfection, cells were irradiated and within 1 hour were transfected with the Par-4
plasmid. 24 hours after the radiation treatment, the MTT
assay was performed. Results showed that without radiation treatment, transfection 72 hours prior to the MTT
assay was more effective than transfection 24 hours prior
to the MTT assay. On the other hand, when cells were
irradiated, the transfection that was performed prior to
the radiation treatment was less effective than was the
transfection per formed after the radiation treatment
(Figure 4). This supports our hypothesis that irradiation
damaged not only the genomic DNA of the cells, but also
the transfected par-4 gene.

4. Discussion
This study demonstrated the efficacy of Par-4 expression
for sensitizing colon tumor cells to both radiation and
chemotherapy, and both. The exploration of transient
JCT
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Figure 2. Par-4 chemo- and radio-sensitizes in a dose dependent manner. (a) Panel 1 shows treatment with 100 μM and 50
μM doses of 5-FU with no radiation (p = 0.0002 and p < 0.001, respectively). Panel 2 shows the same doses of 5-FU with 8 Gy
of radiation (p < 0.001 and 0.003, respectively). (b) Cells were treated with increasing doses of radiation, one dose only, and
assayed 24 hours later. (c) Cells were treated with 5 Gy for 0 - 4 days, and assayed 24 hours later.

Figure 3. Scheme of timing for transient transfections in relation to radiation treatment.

transfection supports the potential applicability to in vivo
tumor treatment. Par-4 expressed in cells has been shown
to be secreted to sensitize tumor cells growing distally to
the Par-4 overexpressing cells, as shown by Sharma et al.
[16] in which wild type tumor growth was reduced as a
result of Par-4 secreted from distant tumors. This adds to
the appeal of Par-4 as gene therapy. When comparing the
different radiation treatment groups (0 Gy to 10 Gy),
results support the conclusion of a radiation dose response, with no irradiation the least effective treatment
(i.e., it produces the least cell death). As expected, it was
found that 50 μM 5-FU results in more cell death than no
5-FU. Furthermore, when the cells overexpress Par-4, 50
μM 5-FU is more potent that 100 μM 5-FU is in cells
with wild type Par-4 expression levels. This could mean
Copyright © 2011 SciRes.

that patients with tumors expressing more Par-4 will be
more responsive to lower doses of chemo- or radiotherapy than those with less Par-4. This would result in
reduced acute and late toxicity while maintaining efficacy.
While gene therapy is not a trivial procedure, the accessible location of rectal tumors is conducive to such
treatment. In conjunction with radiation, however, the
caveat is that gene therapy treatment may be negated by
radiation, as suggested by our results. Therefore, if gene
therapy is performed in patients in conjunction with radiation therapy, our results indicate that the gene therapy
maybe more effective following radiation therapy. In
addition, the fact that Par-4 sensitizes only tumor but not
normal cells to apoptotic agents, indicates that this would
JCT
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Figure 4. Transient transfection prior to and post radiation therapy. Transient transfection with Par-4 is effective after radiation treatment. x axis: WT: Wild Type, untransfected; prior: transfected 48 h before irradiation; post: transfected immediately after irradiation. (a) no radiation treatment; cells were transfected on day 1 after plating or day 3 after plating, or not at
all. Asterisks indicate differences between 72 hour and 24 hr transfections. (P = 0.00005) (b) cells were transfected on day 1 or
on day 3 just after radiation treatment, or not at all (p < 0.001). All cells were treated with 2 Gy on day 3. (c) cells were transfected as in (b), but cells were treated with 8 Gy on day 3. Assay was performed on day 4 in all cases. Asterisks indicate differences between prior and post transfectants for (b) and (c).
Schwarze and V. M. Rangnekar, “The Tumor Suppressor
Par-4 Activates an Extrinsic Pathway for Apoptosis,” Cell,
Vol. 138, No. 2, 2009, pp. 377-388.
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be a safe target for therapy. This warrants further research with in vivo models to address these questions.
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