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Abstract
AIM: To study whether hemoglobin could amplify colon 
cancer cell proliferation via  reactive oxygen species (ROS) 
production. 

METHODS: Colon cancer cell line HT-29 was grown in 
the conventional method using RPMI1640 media. The 
viability of the cells was measured using the colorimetric 
MTT [3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazo-
lium bromide] assay after adding hemoglobin. We de-
termined reactive oxygen species levels to be indicators 
of oxidative stress in HT 29 cell lines with and without 
hemoglobin and/or 5-fluorouracil (5-FU), 5’-deoxy-5-flu-
orouridine (5-DFUR) using fluorometric dichlorofluorescin 
diacetate (DCFH-DA) assay. 

RESULTS: Cellular proliferation was increased with he-
moglobin in a concentration-dependent manner. A signif-
icant increment on ROS levels was found in HT 29 cells 
following hemoglobin incubation. The cytotoxic effects of 
5-FU and 5-DFUR were significantly blunted by admin-
istration of hemoglobin. There was a slight increase of 
peroxiredoxin 1, superoxide dismutase 1 concentration 
according to different hemoglobin concentrations. 

CONCLUSION: Hemoglobin has a cellular proliferative 
effect on HT-29 colon cancer cell line by production of 
ROS. Also, hemoglobin abates cytotoxic effects of che-
motherapeutic agents such as 5-FU and 5-DFUR. 

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Colon cancer is an important public health issue[1]. There 
are nearly one million cases of  colon cancer diagnosed 
worldwide each year. The increasing trend of  this cancer 
is prominent in Asian countries, including Korea[2,3]. Until 
the present day, scientists have made an intensive effort 
to find a provocative factor of  this major cancer. Many 
epidemiologic studies indicate that a western style diet is 
associated with a high incidence of  colon cancer[4-6]. An 
especially high protein consumption as in the western-style 
diet is regarded as a major factor in inducing colon cancer. 
There is consistent evidence that high meat consumption, 
in particular red meat, confers an increased risk of  this 
cancer. However, recent large prospective epidemiologic 
studies that hypothesized a strong relationship between 
red meat consumption and colorectal cancer development 
have revealed inconsistent results. 
    Hemoglobin is a complex of  heme and globin, which 
contribute an important role of  oxygen delivery processes 
to individual tissues[7]. Intake of  these particular molecules 
contributes nutritional buildup as an iron and protein 
supplementation. Hemoglobin inside food is already in an 
oxidized form, and so cannot be used as an oxygen delivery 
porter. Recently, interesting results about the carcinogenic 
effects of  dietary haemin were reported, documenting that 
dietary haemin increases the number of  aberrant crypt 
foci in rat colon mucosa[8-10]. It is important to understand 
how reactive oxygen species (ROS) are formed in the 
gut lumen and which biological potency they may have, 
since intracellular reactions with active oxygen can result 
in the initiation and progression of  carcinogenesis by 
induction of  gene mutations, chromosomal damage and 
cytotoxic effects[11-13]. Furthermore, active oxygen regulates 
expression of  genes active during cell differentiation and 
growth and therefore, probably plays an important role in 
the promotion phase of  tumor generation. In the colon, 
iron is expected to increase the production of  ROS from 
peroxides via the Fenton reaction, which may be the cause 
of  cellular toxicity and even pro-mutagenic lesions[14]. 
    The aim of  this study was to investigate whether 
hemoglobin could be classified as a proliferative agent 
for colon cancer cells by causing reactive oxygen species 
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release. For this purpose, we have studied the cellular 
viability of  differentiated colon cell line HT29 after 
administration of  hemoglobin at different concentrations. 
ROS production was investigated in each step. Additionally, 
we examined the protective effect of  hemoglobin on the 
cytotoxicity of  chemotherapeutic agents.

MATERIALS AND METHODS
Reagents and antibodies
Human hemoglobin, 5-fluorouracil (5-FU), 5’-deoxy-
5-fluorouridine (5-DFUR) were obtained from Sigma (St. 
Louis, MO, USA). 2’, 7’-Dichlorofluorescein diacetate 
(DCFH-DA) was purchased from Calbiochem (Meudon, 
France). Antibodies to human peroxiredoxin 1 and super-
oxide dismutase 1 were purchased from Labfrontier (Seoul, 
Korea).

Cell culture
The human colon cancer cell line HT-29 and Lovo was 
established from Korean Cell Line Bank. To compare the 
effect on normal fibroblast, we used CCD-33Co normal 
colonic fibroblast cell line purchased from American Type 
Culture Collection (Catalog No. CRL-1539). Cells were 
maintained in stocks of  liquid nitrogen, thawed and grown 
in tissue culture flasks with RPMI 1640 (Gibco BRL, NY, 
USA) supplemented with 100 mL/L fetal bovine serum 
and 10 g/L penicillin/streptomycin at 37℃ in a 50 mL/L 
CO2 incubator. The cultured cells were trypsinized with 
fresh 2.5 g/L trypsin solution, trypsin was removed and 
the culture let sit at 37℃ until the cells detached (about 5 
min). Fresh media was added, aspirated and dispensed into 
new flasks. Subculture was done every 4-6 d.

MTT assay
A freshly prepared cell suspension was serially diluted in 
RPMI 1640 containing 100 mL/L FBS to give a cell den-
sity ranging 109/L to 1011/L counted by hemocytometer. 
After 24 h, the culture medium was replaced with a fresh 
medium containing hemoglobin, 5-FU, 5-DFUR or com-
bination thereof. Six duplicate wells were set up in each 
sample. The cells not treated with the drugs served as 
control cells. After incubation time passed, 20 mL dimeth-
ylthiazol diphenyl tetrazolium bromide (MTT, 3 g/L) was 
added to each well and incubated at 37℃ for 3 h. After re-
moval of  the medium, MTT stabilization solution (DMSO:
ethanol = 1:1) was added, then shaken for 10 min until all 
crystal was dissolved. Then, optical density (OD) was de-
tected in a microplate reader at 550 nm wavelength using 
an ELISA reader (EMAX ED927, Molecular Devices Inc., 
USA). The negative control well had no cells and was used 
as zero point of  absorbance. Each assay was performed in 
triplicate. The following formula was used: cell prolifera-
tion inhibited (%) = [1-(A of  the experimental samples/A 
of  the control)] × 100%. Cell growth curve was completed 
using time as the abscissa and a value (mean ± SD) as the 
ordinate.

Measurement of ROS
Human hemoglobin was dissolved in RPMI 1640. HT 29 

cells were incubated with 5-FU or 5’-fluoro-2’-deoxyuri-
dine (5-FDUR) at 37℃ in suspension culture at different 
concentrations 1 to 2 µg or for different incubation peri-
ods. These samples were processed for analysis of  ROS 
by usual flowcytometric techniques. Briefly, cells were 
harvested, washed twice with PBS and resuspended in 
serum-free medium. They were incubated with 50 µmol/L 
2’,7’-dichlorofluoroscein diacetate (Calbiochem, Meudon, 
France) for 2 h at 37℃ and washed with ice-cold HEPES/
saline and placed on ice. Fluorescence was measured by 
flowcytometry (Becton Diskinson, San Jose, USA). As a 
positive control, cells were separately treated with H2O2 
and processed for ROS detection.

Immunoblot analysis
Harvested cell line extracts were homogenized with ice-
cold lysis buffer (20 mmol/L HEPES pH 7.2, 150 mmol/L 
sodium chloride, 1% Triton X-100, 1 mmol/L EDTA, 1 
mmol/L EGTA, 10 mg/L leupeptin, 10 mg/L aprotinine, 
0.1 mmol/L DTT and 1 mmol/L phenylmethylsulfonyl 
fluoride). For the immunoblot analysis, extracted proteins 
of  10 µg were denatured by heating at 95℃ for 10 min 
with Laemmli cooking buffer and separated on 120 g/L 
SDS polyacrylamide gel electrophoresis. The resolved pro-
tein bands were transferred onto a PVDF membrane (Am-
ersham Biosciences, UK) and blocked non-specific binding 
site by immersing the membrane in 30 mL/L skim milk, 
120 g/L Tween 20 in TBS for 2 h. The membrane was 
incubated with 1:2000 diluted primary antibody for perox-
iredoxin I (Difco, USA) and superoxide dismutase 1 for 1 
h at room temperature on an orbital shaker. The blotted 
membrane was then incubated using secondary antibody 
(anti-rabbit IgG, 1:3000) for 1 h at room temperature on 
an orbital shaker. Detection was performed with the ECL 
system. 

Statistical analysis
Data shown in figures represent mean ± SEM. Unless 
otherwise stated, these means were calculated from the 
means of  triplicate replicates obtained in at least three 
independent experiments. Statistical evaluation was per-
formed with the Prism program version 6.0. Depending 
on sample size and type of  experiment, repeated measures 
of  ANOVA or one-way ANOVAs were used to determine 
the significance of  the experimental variables.

RESULTS
Proliferation effect of hemoglobin
Cell growth was determined by MTT assay. HT-29 cell 
line, the main cell of  colon cancer, and Lovo cell line and 
CCL-33Co cell line were objected to confirm the differ-
ence in proliferation dependant on the types of  cells. It has 
been verified, as demonstrated in Figure 1, when injected 
with hemoglobin, proliferation in all three types of  cell 
lines was much greater. We saw the time effects in HT-29 
cell line. These effects began to display after 30 min of  
treatment and were most obvious after approximately 24 h 
(Figure 1A). After various adjustments of  the concentra-
tion of  the hemoglobin, the results showed that the higher 
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the concentration, the greater the proliferation (Figure 1).

ROS production by hemoglobin
Flowcytometry using DEPC was conducted to measure 
the total quantity of  ROS, which occurs during the admin-
istration of  hemoglobin. As expected, the amount of  ROS 
production showed a significant increase dependent on the 
concentration of  hemoglobin (Figure 2), and ROS produc-
tion increased subject to the amount of  time following 
increment. 

The restraint of proliferation by anti-cancer medicines
Two drugs (5-FU, an anti-cancer drug most commonly 
used in treatment of  colon cancer, and 5-DFUR, the 

activating form of  capecitabine which is presently used 
in metastatic colon cancer) were added to verify the con-
straint of  proliferation effects. Twenty-four hours after 
drug application at varying concentrations, it was found 
that the higher the density, the greater was the constraint 
of  proliferation in all three cell types (Figures 3 and 4). 
Also by flowcytometry, the anti-cancer medication de-
creases ROS production. Hence, it is believed that admin-
istration of  anti-cancer drugs is effective in reducing ROS 
production (Figures 3D and 4D).

Influence of hemoglobin on anti-cancer agents
Twenty-four hours after simultaneously adding 5-FU, 
5-DFUR and hemoglobin at various concentrations into 
three cell lines, results showed evidence of  a weakening 
in the decreased proliferation as compared to using only 
anti-cancer drugs. Results were proportionate to the given 
densities of  hemoglobin (Figures 5 and 6).

Figure 1  Time-course and dose-response effects of hemoglobin on apoptosis of 
colorectal cancer cell lines. A: HT-29 cell line. bP = 0.000 vs 0 µmol/L; B: Lovo cell 
line. bP = 0.000 vs 0 µmol/L; C: CCL-33Co cell line. bP = 0.000 vs 0 µmol/L. 
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Figure 2  Flowcytometry of reactive oxygen species on HT-29 cells. A: After 3 h 
of hemoglobin administration; B: After 24 h of hemoglobin administration. a: Hb 0 
µmol/L; b: Hb 10 µmol/L; c: Hb 50 µmol/L; d: Hb 100 µmol/L; e: Hb 250 µmol/L.
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Figure 3  Relative surviving fraction of cell lines at 24 h after simultaneously 
adding each concentration of 5-fluorouracil. A: HT-29 cell line. bP = 0.001 vs 
Control; B: Lovo cell line. bP = 0.003 vs Control; C: CCL-33Co cell line. aP = 0.039 
vs Control.
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Figure 4  Relative surviving fraction of cell lines at 24 h after simultaneously 
adding each concentration of 5-DFUR. A: HT-29 cell line. bP = 0.001 vs Control; B: 
Lovo cell line. bP = 0.003 vs Control; C: CCL-33Co cell line. bP = 0.010 vs Control.
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Expression of superoxide dismutase and peroxiredoxin
The occurrence of  superoxide dismutase, the most impor-
tant rate-limiting enzyme in ROS production in vivo, and 
peroxiredoxin, which is a producer of  hydrogen peroxide 
(prominent type of  ROS in cancer cells), was compared 
by the amount of  hemoglobin added. Twenty four hours 
following treatment, the rate of  occurrence of  the two 
types of  enzymes increased proportionately to the density 
of  hemoglobin. However, the variation was only slight and 
less than expected (Figures 7 and 8).

DISCUSSION
High intake of  meat is believed to be one of  the main fac-
tors of  high incidence of  colon cancer among Western 
countries as compared with Asian countries. There are 
many reports dealing with which components and nu-
trients inside meat are considered most risky. There are 
plenty of  reports about nutrients such as iron[15], folate[16], 
cholesterol[17], calcium[18], bile salt[19], heterocyclic amines[20] 
and vitamin D[21] etc. related with various gastrointestinal 
malignancies. It is generally known that red meat has more 

Figure 5  Relative surviving fraction of cell lines after adding 5-FU (1 mg/L) and each concentration of hemoglobin. A: HT-29 cell line. bP = 0.004 vs Control; B: Lovo cell 
line. bP = 0.000 vs Control; C: CCL-33Co cell line. bP = 0.005 vs Control; D: Flowcytometry of HT-29 cell line. a: Hb 0 µmol/L; b: Hb 10 µmol/L; c: Hb 50 µmol/L; d: Hb 100 
µmol/L; e: Hb 250 µmol/L.
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Figure 6  Relative surviving fraction of cell lines after adding 5-DFUR (1 mg/L) and each concentration of hemoglobin. A: HT-29 cell line. bP = 0.000 vs Control; B: Lovo cell 
line. bP = 0.006 vs Control; C: CCL-33Co cell line. bP = 0.000 vs Control; D: Flowcytometry of HT-29. a: Hb 0 µmol/L; b: Hb 10 µmol/L; c: Hb 50 µmol/L; d: Hb 100 µmol/L; e: 
Hb 250 µmol/L.
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carcinogenic content than white meat. Due to the fact 
that some cancer patients believe red meat induces cancer-
ous growths or encourages the recurrence thereof, they 
consume little to no red meats. Occasionally, malnutrition 
occurs as a result of  extreme or reckless diet changes[22]. 
However, conclusions about carcinogenic effects of  red 
meat are not confirmed to date, especially the medical ba-
sis is insufficient. Therefore, in vitro research is required to 
effectively prove these carcinogenic effects.
    The term ‘red meat’ refers mainly to mammal flesh 
such as beef, pork and lamb, etc. as with most edible 
meats, whereas the term ‘white meat’ refers mainly to foul. 
The ruddy coloring of  red meat reflects the density of  
myoglobin that is found in muscle tissue and some roles of  
hemoglobin are also included. Hemoglobin is a tetramer 
consisting of  two alpha chains and two beta chains. 
Since each unit can combine with oxygen wherein iron 
is present, 1 hemoglobin can carry 4 oxygen molecules. 
The main function of  hemoglobin is to carry oxygen, in 
addition to the storage of  iron and the place providing 
globin. This type of  function occurs only in vivo and exists 
within the bloodstream. When hemoglobin is inducted 
into the digestive tract, it is dissolved by digestive enzymes 
as are other proteins and absorbed as a protein and other 
nutrients. There are a few reports on the carcinogenic 
effects of  heme or hemoglobin among the components of  
meat[10, 23-27]. Sesink et al[28] stated that dietary heme effects 
on colon epithelial hyperproliferation are hindered by 
calcium. They administered pure hemin in a meal of  an 
F344 female rat. They announced that the resulting effect 
of  a low calcium and heme containing diet increases colon 
wall aberrant crypt foci (ACF). Into an experimental model 
by Pierre et al[10] heme and hemoglobin were injected 
and the size and number of  ACF were compared and 
measured with fecal thiobarbaturic acid reactive substances 
(TBAR). In the case of  hemoglobin, the number of  ACF 
and the amount of  TBAR increased. From these results, 
hemoglobin was announced as a potent promoter of  
colorectal carcinogenesis. Glei et al[14] observed the increase 
of  DNA strand break after the iron overload injected Fe-
NTA (ferric-nitrilotriacetate) which was synthesized from 
the ferric nitrate and nitrilotriacetic acid into HT29 clone 
19A cell line. Also, it was reported that when peroxide was 
added, more DNA strand breaks occurred with increasing 
peroxide concentrations. With these findings, iron content 
within a hemoglobin containing diet increased the DNA 
genotoxicity. We proceeded with this study under the 

assumption that hemoglobin components of  dietary 
red meat affects cell proliferation of  the cancerous and 
normal colonic cells via production of  ROS. As expected, 
the results of  this study confirmed the leading effect of  
hemoglobin. By the amount of  hemoglobin dealt with, not 
only the cellular proliferation increased but also the amount 
of  ROS production increased supporting predictions 
thereof. The proliferation effect of  hemoglobin on normal 
colonic fibroblast was noted similarly in cancer cell lines. 
It is assumed that it presents the effect that exposure of  
hemoglobin leads to normal colon proliferation as well and 
produces ROS, which forms much more DNA breaks and 
also helps in becoming susceptible to other carcinogenic 
stimuli. Enzymes related with ROS production such as 
peroxiredoxin 1[29] and superoxide dismutase 1[30] also 
increased after hemoglobin application but the effect 
was minimal compared with expectations. These results 
suggested that production of  enzymes was not a major 
factor in the process of  colon cancer cell proliferation via 
ROS production. 
    5-FU and 5-DFUR are major chemotherapeutic 
agents in the treatment of  colorectal cancer[31,32]. We used 
these drugs to identify adverse effects of  hemoglobin 
on chemotherapy. Cellular proliferation was decreased 
12 h after adding the 5-FU or 5-DFUR and ROS 
production was decreased as expected. The results with 
5-FU was similar with that of  5-DFUR. These reactions 
were affected by administration of  hemoglobin in a 
concentration-dependent manner in all three cell lines. 
ROS production was also decreased with hemoglobin. It is 
interpreted that hemoglobin administration restricted the 
cytotoxic effect of  anti-cancer drugs in colon cancer cells 
and normal colonic fibroblasts. 
    In conclusion, hemoglobin inside red meat has a 
promoting effect on cellular proliferation in cancer cells 
and in normal colonic fibroblast cells by release of  ROS. 
Furthermore, this phenomenon reduces the cytotoxicity 
of  anticancer drugs, such as 5-FU and 5-DFUR, to colon 
cancer cells, which could be an adverse factor during 
chemotherapy in a clinical setting. 
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