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Patients with colorectal carcinoma showed statistically significant lower values of
transferrin saturation, total iron binding capacity and serum iron level as compared
with control group, while the level of ferritin and the size of labile iron pool in carci-
noma patients were higher, although this difference was not statistically significant.
Our observations are in favour of the hypothesis which suggests that changes in iron
metabolism restrict iron availability for tumour cells and as consequence, slow their

growth.

Iron is an essential component in the cellular
metabolism. It is a component of many en-
zymes and other proteins. Iron metabolism in
organisms is well controlled by binding to pro-
teins such as transferrin and ferritin to mini-
mize the amount of “free iron pool” or “labile
iron pool”— LIP (low molecular mass iron).
The presence of free iron in a cell can result in

the production of reactive oxygen species
such as hydroxyl radical, which can damage
biomolecules including DNA and lipids [1].
Also epidemiological data suggest that iron
metabolism may play a role in the develop-
ment of cancer [2, 3].

In the case of colorectal cancer and colon
adenoma in humans, opinions on the associa-
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tion with iron metabolism are varied [3, 4].
Therefore in the present study we examined a
broad spectrum of iron metabolism parame-
ters in the blood of colorectal carcinoma pa-
tients. Additionally determination of vita-
min C, which may influence iron intake was
also included. Since LIP can influence the se-
verity of oxidative stress and this in turn may
contribute to lymphocyte dysfunction, i.e. to
the immunological response in cancer pa-
tients [5], our attention was focused on LIP
content in lymphocytes of colon cancer pa-
tients as compared to healthy subjects.

MATERIALS AND METHODS

Patients. The study was conducted in two
groups of subjects. The control group con-
sisted of 51 healthy males (n =21) and females
(n = 30) with a mean age 60 years (range 26 to
87 years). The colorectal cancer patients
group of 45 comprised 26 males and 19 fe-
males. All the patients had histologically
proven adenocarcinomas with G2 (n = 35) and
G3 (n = 16) staging. No differences in the in-
vestigated parameters were found between
the staging groups. The mean patient age was
65 years (range 44 to 90). None of the subjects
from either groups were smokers.

The study was approved by the medical eth-
ics committee of The L. Rydygier Medical Uni-
versity, Bydgoszcz, Poland, No. 10/2000 (in
accordance with Good Clinical Practice, War-
saw 1998) and all the patients gave informed
consent.

Determination of plasma vitamin C
(ascorbic acid) by HPLC. Quantification of
vitamin C by HPLC was as described previ-
ously [6].

Isolation of lymphocytes from venous
blood. Peripheral blood was collected by vein
puncture. Each blood sample was diluted with
RPMI medium (Sigma) and divided into two
aliquots. The blood was carefully applied on
top of Histopaque 1077 solution (Sigma) and
lymphocytes were isolated by centrifugation

according to the procedure recommended by
the manufacturer. For further use the isolated
lymphocytes were slowly frozen (1°C/h) in a
bovine serum solution containing 20%
MGQSO.

Determination of labile iron pool. To mea-
sure the intracellular labile iron pool (LIP) in
human lymphocytes in situ we used the fluo-
rescent assay recently developed by Epsztejn
et al. [7]. This assay is based on the quenching
of the fluorescent calcein by metal ions. In
brief, living cells in suspension are loaded
with a cleavable, permeant calcein acetoxy-
methyl ester and left for at least 20 min at
37°C. Baseline fluorescence of the cell suspen-
sion is then recorded. After a stable baseline
is attained, a highly permeant iron chelator is
added to the loaded cells. The dequenching of
the fluorescence of calcein-iron complex is re-
corded. The extent of fluorescence dequen-
ching evoked by the added chelator provides
the measure of intracellular labile iron pool.
The intracellular concentration of calcein is
determined by titration of the cell suspension
with free calcein standards [8].

Determination of ferritin, transferrin
saturation and total iron in blood serum.
Ferritin, transferrin saturation and iron were
analysed using Vidas and Olympus Auto-
Analyzers during routine laboratory tests.

RESULTS AND DISCUSSION

Body iron stores and dietary iron intake
have been shown to be positively correlated
with the risk of colon cancer [3, 9]. Surpris-
ingly, in our study carcinoma patients showed
statistically significant lower values of
transferrin saturation, total iron binding ca-
pacity and serum iron level when compared
with a control group (Table 1). There may be
several reasons which can explain these dis-
crepancies: (i) in our work patients with fully
developed colon cancer were studied while in
the aforementioned papers body iron stores
were investigated in apparently healthy
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groups with only the documented possible
risk of cancer development was discussed. [2,
10]; (ii) ascorbate could favour an excessive
uptake of iron [11, 12]. Since the concentra-
tion of vitamin C was lower in the blood of can-
cer patients than in healthy subjects this may
contribute to the decreased concentration of
body iron stores (Table 1); (iii) another cause

Table 1. Analytical data.

Mean values of the “labile iron pool” in lym-
phocytes of the patient group were higher
than in the control group although these dif-
ferences were not statistically significant. The
lack of significant differences in LIP and
ferritin concentrations, observed in this
study, may be explained, at least in part, by
the large individual variability of these param-

The presented data are means of 51 and 45 subjects in the control and patients groups, respectively. Labile iron

was determined in 29 and 25 subjects, respectively.

Control group Patients p-value
(mean+S.D.) (mean+S.D.)

Total plasma iron concentration (©g/dl) 106.92 + 36.64 63.00 + 50.28 0.0000035*
Total iron binding capacity (ug/dl) 355.17 + 65.09 283.60 + 97.42 0.000045*
Plasma transferrin saturation (%) 29.72 + 8.56 22.49 + 15.81 0.0056*
Plasma ferritin concentration (ng/ml) 204.93 £ 207.21 232.31 £ 278.09  0.5830
LIP in lymphocytes (uM) 0.5292 + 0.5773 0.6968 + 0.8138  0.3820
Plasma ascorbic acid concentration («M) 52.05 + 29.04 30.66 + 28.22 0.00043*

*Statistically significant differences (Student’s ¢ test, P < 0.05)

of the lower level of iron in cancer patients
could be bleeding of the malformed tissue.
However, it seems unlikely since extensive
bleeding should also decrease ferritin and the
concentration of ferritin in carcinoma pa-
tients was even higher although, non-signi-
ficantly than in the control group (Table 1).
Ferritin is an iron sequestering protein
whose synthesis and concentration is gov-
erned by the labile iron pool. An increase of
the intracellular iron pool leads to stimulation
of ferritin synthesis [13]. To explain why the
concentration of ferritin did not change ac-
cording to the general trend in iron metabo-
lism we decided to analyze the “labile iron
pool”. The analysis was performed in human
lymphocytes. The LIP represents this part of
intracellular iron which is in dynamic equilib-
rium with other intracellular iron forms and
is bound to cytosolic low affinity ligands that
have not yet been identified. This iron form is
catalytically active and participates in reac-
tions involved in the production of harmful re-
active oxygen species (Fenton reaction) [1].

eters. Such huge individual differences in
ferritin concentration were also reported by
others [3]. Since this is the first in vivo study
of LIP in human lymphocytes it is difficult to
compare ours value with literature data. How-
ever, the concentration found is comparable
to the levels estimated for different types of
mammalian cultured cells [8]. We postulate
that the higher concentration of LIP in the
lymphocytes of patients with carcinoma may
explain the distinctive behaviour of ferritin
observed in our report, i.e. the high level of
the intracellular LIP may cause an increase in
ferritin synthesis and determine high plasma
concentration of ferritin. Since the labile iron
pool can influence production of reactive oxy-
gen species our results support a recent obser-
vation that oxidative stress may be responsi-
ble for impaired lymphocyte function in can-
cer patients [5].

Usually, in malignant diseases plasma iron
level falls due to cytokines activity [1]. Our ob-
servations are in favour of the interesting hy-
pothesis, which suggests that the observed
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changes lead to restriction of iron availability
for tumour cells to slow its growth [14]. How-
ever, a larger study group must be analyzed to
detect statistically relationships, and the ten-
dencies found in our results should be con-
firmed in the case of other types of cancer.
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