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Enhancing 5-Fluorouracil Efficacy in a Primary Colorectal
Cancer by Long-lasting Calcium Supplementation
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Abstract. Background/Aim: 5-Fluorouracil (5-FU) over-use
has led to an urgent need for alternative treatment regimens,
such as a lower concentration of the drug because of its toxic
effects. The aim of this study was to investigate the possibility
of improving the antitumor effect of 5-FU without toxicity by
targeting primary colorectal cancer (CRC) with sustained
calcium supplementation. Materials and Methods: The
viability of CRC cells was determined after treatment of 5-
FU, lactate calcium salt (CaLac), or the combination of te
two. Western blot analysis for the focal adhesion kinase
(FAK) signaling cascade was performed to investigate the
underlying mechanism. A xenograft model was established to
evaluate antitumor efficacy of each treatment, and the
necrotic effect was also observed in tumor tissues. Results:
By the combined treatment, proteolysis of FAK signaling
cascade, was mediated by sustained calcium supplementation
resulting in further decrease in the clonogenicity of CRC
cells. The in vivo anticancer efficacy including tumor necrosis
was significantly increased by the combination treatment
compared to single treatment of with 5-FU. Conclusion:
Sustained calcium supplementation was able to enhance the
potency of 5-FU targeting the primary CRC.

Colorectal cancer (CRC) is the third most commonly
diagnosed cancer and the third leading cause of cancer-
related death worldwide (1). Nearly 1.4 million people were
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diagnosed with CRC in 2012, with the Republic of Korea
displaying the highest incidence rates, followed by Slovakia
and Hungary (2).

5-Fluorouracil (5-FU) is usually administered in patients
diagnosed with CRC (3). Combination treatments with
oxaliplatin and irinotecan are also conducted as a second-line
regimen (4). However, the toxic effects of the treatment (5)
have led to urgent need for alternative treatment regimens,
such as a lower concentration of drugs.

Many considerations related to CRC treatment have been
investigated. Recent studies indicated that dietary calcium
supplementation plays a key role in the prevention of colon
carcinogenesis (6) and also reduces the risk of CRC (7).
However, controversy still exists regarding the effectiveness
of calcium supplementation in CRC prevention. Thus, further
research work is required to confirm the effect of calcium
supplementation on CRC.

In medicine, Lactate calcium salt (Calac) is most
commonly used as a calcium supplement for the treatment
of calcium deficiencies (8). The neutral chemical structure
confers the remarkable property of being able to easily
diffuse into cells without a specific ion channel. It has been
reported that Calac treatment leads to a significant calcium
intake to CRC cells (9).

In this study, we used human-derived CRC cells to
investigate the possibility of enhancing the antitumor
efficacy of 5-FU by sustained calcium supplementation, even
for a dose of 5-FU lower than that used in clinical practice.

Materials and Methods

Cell culture and reagents. Human CRC cell lines (HT-29 and HCT-
116) were purchased from the American Type Culture Collection
(Manassas, VA, USA). Cells were maintained in RPMI-1640 medium
(Welgene, Daegu, South Korea) in a humidified atmosphere of 5%
CO,, at 37°C. 5-FU, CaLac were purchased from Sigma-Aldrich (St
Louis, MO, USA). Primary and secondary anti-rabbit antibodies for
western blot analysis were purchased from Cell Signaling Technology
(Danvers, MA, USA). For the western blot analysis, the primary
antibodies recognized the following proteins: FAK, Src, Akt, and
Glyceraldehyde 3-phosphate dehydrogenase (GAPDH).
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Colony formation assay. CRC cells were seeded at a density of
2.5%102 cells/well in a normal 6-well plate. After 24 h, cells were
treated with 2.5 mM CaLac, 1 uM 5-FU, or a combination of the
two. After 14 days, the colonies were fixed with methanol and
stained using hematoxylin (Thermo Fisher Scientific, Waltham, MA,
USA). Grown colonies were counted under an optical microscope
(Olympus, Center Valley, PA, USA).

Western blot analysis. CRC cells were washed twice with cold PBS
and lysed with lysis buffer (20 mM Tris- HCI (pH 7.6), 1 mM
EDTA, 140 mM NaCl, 1% Nonidet P-40, 1% aprotinin, 1 mM
phenylmethylsulfonyl fluoride, and ImM sodium vanadate). 20 ug
protein extracts were loaded on 10% polyacrylamide gels. Separated
proteins were transferred onto polyvinylidene fluoride membranes
(Merck Millipore, Billerica, MA, USA). After blocking in 5% non-
fat milk (Bio-Rad, Hercules, CA, USA) for 1 h, membranes were
incubated overnight at 4°C with primary antibody diluted in TBST
containing 100 mM Tris-HCI (pH 7.5), 1.5 M NaCl, and 0.5%
Tween-20 (Sigma-Aldrich, St Louis, MO, USA), to which 5% BSA
and 0.1% sodium azide (Sigma-Aldrich, St Louis, MO, USA) had
been added. The specific dilutions for each antibody were as
follows: FAK: 1:1000; Src: 1:1000; Akt: 1:1000; and GAPDH:
1:5000. On the next day, membranes were washed with TBST and
incubated for 2 h with anti-rabbit secondary antibody (1:5000).
Immunoblots were exposed to x-ray film (Agfa, Leverkusen,
Germany) according to the manufacturer’s protocol.

Xenograft animal model. All experiments were performed under the
institutional guidelines established by the Institutional Animal Care
and Use Committee at Gachon university (IACUC-2014-0055). 6-
week old BALB/c nude mice were purchased from Charles River
Breeding Laboratories (Wilmington, MA, USA). All animals were
maintained in a 12-hour light/dark cycle (light on, 08:00) at 22-25°C
with free access to food and water. HCT-116 cells were injected
(1x107 cells) into the dorsal flank to investigate the antitumor
efficacy of 5-FU (50 mg/kg, intravenous; 1.V.), CaLac (2 mg/kg,
subcutaneous; S.C.), or a combination of the two. Tumor sizes were
measured three times a week, and volumes were calculated. At the
end of experiment, tumors were isolated for the measurement of the
weight or H&E staining.

Statistical analysis. All data are presented as the meanz=standard
deviation (SD). Statistical significance was analyzed using a
Student’s #-test depending on the normality of the data. A p<0.05
was considered to be statistically significant (Sigmastat ver. 3.5,
Systat Software Inc., Chicago, IL, USA).

Results

Sustained calcium supplementation enhances the anti-
clonogenicity of 5-FU. Representative pictures for HT-29 and
HCT-116 colonies are shown in Figure 1A and C. The
combination treatment of CalLac and 5-FU resulted in a smaller
colony size than the single treatments. The combination
treatment also led to a reduction in the number of HT-29
colonies, from 67.67+7.23 (control) to 52.33+5.13, 35.33+6.35,
and 12.33+2.51 after treatment with 5-FU, Calac, and the
combination treatment and to a reduction in the number of
HCT-116 colonies, from 116.67+14.46 (control) to 55+2,
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21.33+4.04, and 9.67+2.08 after treatment with 5-FU, Cal.ac,
and the combination treatment, respectively (Figure 1B and D).

Sustained calcium supplementation mediates the inhibition of
FAK signaling cascade. To determine the mechanism
underlying the antitumor effect of sustained calcium
supplementation, FAK signaling cascade was examined.
Compared to control, single 5-FU treatment resulted in a
slight increase in the levels of FAK (Figure 2A) The levels
of Src and Akt was decreased without change in the levels of
FAK following single treatment of HT-29 and HCT-116 cells
with 5-FU (Figures 2B and C). In contrast, Calac treatment
clearly reduced the levels of FAK signaling molecules (Figure
2). Moreover, the results indicated that the combination
treatment caused a clear decrease in the levels of FAK
signaling molecules including Src and Akt, compared to the
single treatment of 5-FU or CalLac (Figure 2).

Sustained calcium supplementation enhances antitumor effect
of 5-FU on CRC. To investigate the in vivo efficacy of
combination treatment, 5-FU was intravenously administered
once a week for 3 weeks, and Calac was subcutaneously
administered 2 times daily for 3 weeks. Representative images
of the tumor mass are shown in Figure 3A. In the group treated
with 5-FU, tumor growth was significantly reduced to 2332.93
mm? on the last day of measurement as compared to the control
(2965.65 mm?), however the growth tended to recur after the
end of the administration (Figure 3B). In the group treated with
Cal.ac, tumor growth was significantly decreased to 1485.35
mm? as compared to the control, and the growth rate of the
tumor was kept slow after the end of the administration (Figure
3B). The tumor growth was significantly decreased to 802.01
mm? by the combination treatment as compared to the control
or the single treatments (Figure 3B). The tumor weight
decreased to 1.50+0.25 g and 1.12+0.36 g after the single
treatment of with 5-FU or Cal.ac, respectively, as compared to
the control (1.90+0.33 g), and the combination treatment
significantly decreased the tumor weight to 0.99+0.29 g (Figure
3C). Histological analysis of the control group revealed high
cell proliferation and a low rate of apoptosis, and partial and
internal necrosis were observed after the individual treatment
with 5-FU or Calac. Following combination treatment, necrosis
was observed in the whole area of the tumor mass, including
the superficial part (Figure 4).

Discussion

In this study, calcium was consistently supplied using Cal.ac
to investigate whether in enhances the antitumor efficacy of 5-
FU in the CRC following calcium-dependent reduction in FAK
signaling molecules. The results demonstrated that sustained
calcium supplementation enhanced the antitumor efficacy of 5-
FU by inducing necrosis in the whole tumor tissue.
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Figure 1. Clonogenic assay for in vitro antitumor effect. (A) The representative images of colonies. (B) Quantitative analysis for the number of
colonies. *p<0.05 and **p<0.001 vs. control, *p<0.05 vs. the control, lactate calcium salt (CaLac), and 5-fluoruracil (5-FU) groups. Results are

the mean+SD. Combi: Combination treatment.

5-FU inhibits access of deoxyuridine monophosphate to the
nucleotide-binding site (10). The result induced deoxynucleotide
pool imbalances and an increased level of deoxyuridine
triphosphate, both of which are factors leading to DNA damage
(3). According to our previous research, calcium influx causes
calpain activation and proteolysis of FAK (11). FAK is involved
in Src-mediated phosphorylation, which is necessary for the
activation of Akt signaling. The signaling cascade of FAK,
phosphatidylinositol 3-kinase (PI3K), and Akt plays an
important role in the survival of cancer cells (12). Therefore, as
the calcium effect on cancer cell is different from that of 5-FU
(3), calcium supplementation would be an effective regimen to
increase the efficacy of 5-FU, without a conflicting mechanism.

The rationale for the in vitro treatment of 2.5-mM CaLac
and 1-uM 5-FU is based on the results on the inhibition of
cell growth by different concentration of CaLac or 5-FU in
our recent study (11). CalLac was at the optimal
concentration for displaying the best antitumor effect. 5-FU
was used at a very low concentration that has significant
antitumor activity (11). We have chosen low concentrations
to minimize the side effects of 5-FU (13).

Furthermore, the weekly usage dose in vivo is 50 mg/kg in
mice via I.V. and the human equivalent dose is approximately
240 mg/person/day. This was a very low dose as compared to
a regimen of up to 4,000 mg/person/day that is used weekly
to advanced gastric patients in a clinical setting. Our results
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Figure 2. Western blot analysis for FAK signaling cascade elements. (A) Western blot analysis for FAK and Src levels. (B) Quantitative analysis for
the Akt levels in HT-29. (C) Quantitative analysis for the Akt levels in HCT-116. *p<0.05 and **p<0.001 vs. control and 5-FU groups, *p<0.05 vs.
control, CaLac, and 5-FU groups. Results are the mean+=SD. Combi: Combination treatment.

indicated that sustained calcium supplementation enhanced the
antitumor effect of 5-FU on primary CRC, which also
suggested that the combined treatment may represent a means
of reducing the required therapeutic doses of 5-FU (14).

In this study, calcium was continuously supplemented during
the experiments. Despite the existence of numerous reports on
the subject, controversy still exists regarding the effectiveness of
calcium supplementation in CRC prevention (15, 16). Thus,
further research including cells derived from a variety of patients
with CRC is required to overcome the controversy on calcium
supplementation and its effectiveness in CRC treatment.
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Conclusion

The combination of 5-FU with calcium supplementation
significantly inhibited CRC progression, even with a 5-FU
dose below the clinical level. However, the use of calcium as
a clinical therapy would require additional work to examine
other parameters, such as application dose and route.
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Figure 3. In vivo antitumor effect on CRC xenograft model. (A) Representative images of the tumor mass following autopsy. (B) Comparison of the
tumor volume. (C) Quantitative analysis of the tumor weight. *p<0.05 vs. control, *p<0.05 vs. the control, and 5-FU groups. 3p<0.001 vs. the
control, CaLac, and 5-FU groups. Results are the mean+SD. Combi: Combination treatment.
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Figure 4. Histological analysis of tumor tissue. H&E staining was performed to observe tumor cell differentiation and apoptosis and to select
necrotic areas. 5-FU: Partial necrosis; CaLac: internal necrosis; Combination (Combi): whole necrosis, including the superficial part.
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