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Abstract

Mycosis fungoides (MF) is the most common form of cutaneous T-cell lymphoma. In several
studies the relationship between catalase (CAT), human cytosolic carbonic anhydrases
(CA; hCA-I and hCA-II) and xanthine oxidase (XO) enzyme activities have been investigated
in various types of cancers but carbonic anhydrase, catalase and xanthine oxidase activities
in patients with MF have not been previously reported. Therefore, in this preliminary study
we aim to investigate CAT, CA and XO activities in patients with MF. This study enrolled
32 patients with MF and 26 healthy controls. According to the results, CA and CAT activities
were significantly lower in patients with mycosis fungoides than controls (p50.001) (p50.001).
There was no significant difference in XO activity between patient and control group
(p¼ 0.601). Within these findings, we believe these enzyme activity levels might be a
potentially important finding as an additional diagnostic biochemical tool for MF.
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Introduction

Mycosis fungoides (MF) is the most common variant of primary
cutaneous T-cell lymphoma. It is characterized by slow progres-
sion, from patch to tumor. The name mycosis fungoides is very
misleading; it loosely means ‘‘mushroom-like fungal disease’’.
The disease, however, is not a fungal infection but rather a type of
non-Hodgkin’s lymphoma. It was so named because a French
dermatologist Jean-Louis-Marc Alibert described the skin tumors
of a severe case as having a mushroom-like appearance1. Most
patients present with limited skin lesions as patches or plaques in
the early stage of disease. Late stage of MF is associated with
involvement of lymph nodes, visceral organs and bone marrow2.
Therefore, the late stages have a much more negative prognosis
than the early stages3. Early in the course of disease, skin lesions
may be non-specific. The median duration from onset of
symptoms to diagnosis is 4–6 years4. Accurate diagnosis is
thought to be very important for improving the prognosis of
patients with MF in the early stages. Even with a skin biopsy, the
diagnosis of MF is not always easy to establish, so additional tests
are often necessary. The incidence of MF is �0.36 cases per
100 000 population per year. It most often presents in those aged
45–60 years but has been diagnosed in children and adolescents as
well. It is 50% more common in black than in white patients and
twice as frequent in men as in women5. There are multiple
theories about development of MF. These include genetics,
exposure to chemicals, viral infections and chronic lymphocyte
stimulation. The association between MF and genetics has been
confirmed by many case reports of familial aggregation6.

The discovery of cancer biomarkers has become a major focus
of cancer research7 which holds promising future for early
detection, diagnosis, monitoring disease recurrence and thera-
peutic treatment efficacy to improve long-term survival of cancer
patients. As cancer is a complex disease, it might require a panel
of multiple biomarkers in order to achieve sufficient clinical
efficacy. Researchers have noted for years, a correspondence
between low levels of enzymes and cancer8. Hence, we aim to
investigate xanthine oxidase (XO), cytosolic carbonic anhydrases
(Cas) and catalase (CAT) activities in order to identify patients at
risk for the early stages of MF.

The CAs form a family of metalloenzymes that catalyze the
reversible hydration of carbon dioxide to carbonic acid9. It has
been recently demonstrated that CA IX, a member of carbonic
anhydrases, is upregulated in tumors10 and implicated in the
pathogenesis of hypoxic solid tumors.

CAT is an enzyme which catalyzes the decomposition
of hydrogen peroxide to water and oxygen11. CAT protects the
cell from oxidative damage by reactive oxygen species (ROS).
CAT activity changes in oxidative stress and some diseases
including cancer12. XO is an enzyme that generates ROS13.
It catalyzes the oxidation of hypoxanthine to xanthine and
xanthine to uric acid.

To the best of our knowledge in this preliminary study, XO,
CA and CAT activities in patients with MF have not been
investigated in the previous literature.

Material and methods

Subjects

In total, 32 patients with MF (the mean age: 52.31 ± 10.95 years)
and 26 healthy controls (the mean age: 51.38 ± 11.67 years) were
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included in the study. Diagnosis of MF was confirmed by clinical
observations, histopathological and immunocytochemical exam-
inations of skin biopsy in Diskapi Yildirim Beyazit Training and
Research Hospital in Ankara, Turkey. All patients were lifetime
non-smokers and free of drug, alcohol or antioxidant supplement
consumption and any metabolic disease. None of the patients
had any other significant disease or malignancies except for MF.
Controls were randomly selected from a group of healthy non-
smoking volunteers with no history of previous disease or drug or
alcohol consumption. The patients were classified into five groups
according to the 2005 WHO/EORTC system (2): All patients
had MF stage IA. None of the patients presented with visceral
organ involvement. The study protocol was approved by the local
human ethics committee (Diskapi Yildirim Beyazit Training and
Research Hospital, Ankara, Turkey) and informed consent was
obtained from each patient.

Sample preparation

Venous peripheral blood samples (1.5 mL) were collected into
Venoject tubes coated with EDTA (from 0.47MK3-EDTA) and
placed on ice. The blood samples were centrifuged at 1500 rpm
for 20 min, and the plasma and buff coat were removed. After
washing the red cells twice with NaCl (0.9%), erythrocyte lysates
were prepared by putting the cells through three freeze–thaw
cycles in dry ice with the addition of five volumes of ice-cold
distilled water. These hemolysates were used to determine both
the CA and CAT activities14.

Assay of CA activity

CA activity was determined by following the hydration of CO2

according to the method of Wilbur and Anderson15. In this
method, the rate of pH reduction is measured using an electrode
as soluble CO2, in a standardized solution, is converted to HCO�3
by the action of CA, when compared with the uncatalyzed
reaction. Assays were performed at least twice on each lysate and
the mean value determined.

Assay of CAT activity

CAT activity was measured spectrophotometrically using the
UV assay method16. CAT-catalyzed decomposition of H2O2

was monitored for 5 min by measuring the decrease in absorbance
at 240 nm, at 25 �C. The results were expressed as units
per liter (U/L).

Assay of XO activity

XO activity was assayed essentially according to the method
described by Roussos17. Change in absorbance was recorded
at 290 nm at 15 s interval for 1 min. Suitable control was run
simultaneously. Roussos17 has defined 1 U of activity as
change in absorbance at 290 nm in 1 min by 1 mL enzyme
preparation.

Statistical analysis

All statistical calculations were performed using the Statistical
Package for Social Sciences (SPSS) v15.0 for Microsoft Windows
(Turkey). The results are expressed as the mean ± standard
deviation. Continuous variables were compared using Student’s
t test and Mann–Whitney U-test. One-way ANOVA test was used
for comparing CA, CAT and XO levels in patients with different
stages of MF. For correlations between variables, Spearman
correlation coefficients were estimated. p50.05 was regarded as
statistically significant.

Results and discussion

The clinical data of patients with MF is available as
‘‘Supplementary material’’. There were no statistically significant
differences between patients with MF and healthy subjects with
respect to age and gender (p40.05).

CA, CAT and XO enzyme activities were assayed in all
samples. The mean activities of the enzymes are summarized in
Table 1.

The mean value of CA activity was significantly lower in
patients with MF (8.38 ± 3.24 U/L) than those of healthy controls
(16.26 ± 4.61 U/L) (p50.001). In addition, the mean value of
CAT activity was significantly lower in patients with MF
(0.064 ± 0.093 U/L) than those of healthy controls
(0.121 ± 0.044 U/L) (p50.001). In patients with MF, there was
a positive, marked, linear correlation between CA and CAT
activities (p¼ 0.007, r¼+0.353). However, statistically there was
no significant differences determined between the activity of CA
level, age, gender of patients, duration, stage of the disease,
involvement of body area for the patients with MF, the values are
also shown as; p¼ 0.182, p¼ 0.739, p¼ 0.821, p¼ 0.488,
p¼ 0.765, respectively (Figure 1A). Additionally, there was
also no correlation between the activity of CAT and age, gender,
duration, stage of the disease, involvement of body area for the
patients with MF. The values are determined as respectively,
p¼ 0.078, p¼ 0.544, p¼ 0.623, p¼ 0.298, p¼ 0.937 (Figure 1B).
The mean value of serum XO activity was higher in patients with
MF (29.40 ± 38.14 U/L) than the mean value of serum XO
activity in healthy subjects (20.40 ± 23.15 U/L). However, there
was no statistically significant difference in XO activities between
MF and control group (p¼ 0.601) (Figure 1C). It is apparent that
tumorigenesis can elicit biochemical changes at distant sites from
the origin of tumor which may have potential diagnostic or
prognostic value. Because of their prognostic value, they may be
utilized as peripheral markers of the disease. One of these
biochemical markers that has been increasingly investigated is
oxidative stress which has been implicated in the pathogenesis of
solid tumors, Alzheimer’s and other neurodegenerative diseases18.

MF is the most common type of cutaneous lymphomas in
which lymphocytes become malignant and affect the skin19. MF
may move through patch, plaque and tumor phase2. Sometimes it
may be difficult to diagnose accurately in the early stages because
early lesions are frequently confused with other dermatoses.
Multiple skin biopsies, peripheral blood smear, complete blood
count are some of the most common tests that are used to detect
and diagnose MF. In some situations, those enzyme activity tests
may be inadequate to make the correct diagnosis for these
patients.

In this study, we analyzed CA, CAT and XO levels in patients
with MF. Additionally, we aimed to determine the relationship
between these enzyme activities and stage of the disease. To the
best of our knowledge, no other studies have examined cytosolic
CAs, CAT and XO levels in patients with MF.

XO, which catalyzes the oxidation of xanthine to uric acid,
contributes to the generation of ROS. According to the results of
Samra et al., an elevated level of XO activity was observed in
cancer patients. Among different cancers, comparatively high

Table 1. The mean activities of the CA, CAT and XO.

Parameters
Patients
(n¼ 32)

Control
(n¼ 26) p Value

Catalase (U/L) 0.064 ± 0.093 0.121 ± 0.044 50.001
Carbonic anhydrase (U/L) 8.38 ± 3.24 16.26 ± 4.61 50.001
Xanthine oxidase (U/L) 29.40 ± 38.14 20.40 ± 23.15 40.05
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level of XO activity was measured in acute lymphoblastic
lymphoma patients except cervix cancer patients, where a low
level was observed20. There was no other study determining XO
activity in patients with MF. We didn’t get any significant
differences in XO activities between patient and control group.
According to the results of our study, we consider that XO does
not play a crucial role in the pathogenesis of MF.

CAT is usually located in peroxisomes21 and protects cells
against the enormous deposits of ROS. CAT prevents the
accumulation of H2O2 by catalyzing the rapid decomposition of
H2O2 to O2 and H2O and it is one of the most important
antioxidant enzymes. Although there are several reports that CAT
activity is suppressed in cancerous tissues22–25, some authors
found unchanged or increased activity in some tumor tissues26,27.
Durak et al.22 found decreased CAT activity in cancerous bladder
tissues. Corrocher et al.25 reported decreased CAT activity in
human hepatoma. Several studies have shown decreased CAT
levels in patients with lung cancer23,24. On the other hand, there is
a study about the relationship between the antioxidant system and
acute leukemias28. According to their results, CAT activity was
found to be significantly decreased in acute leukemias as
compared with the control group. In another study, Ozensoy
et al.14 also investigated whether cytosolic CAs and CAT enzyme
activities were altered in patients who have carcinoma. The group
was determined as the mean (±SD) CAT activities did not differ
significantly,that is, 0.0035 (±0.0015) EU/mL in carcinoma

patients versus 0.0031 (±0.00075) EU/mL in controls. However,
mean carbonic anhydrase activities of 204 (±91) EU/mL in the
carcinoma patients were significantly higher than the 158 (±35)
EU/mL in controls (p value of 0.0065)14.

There is a lack of studies about the levels of antioxidant
enzymes on MF patients. In this study, we observed that serum
CAT levels were significantly lower in patients with early stages
of MF than in healthy controls. Our results suggest a possible
association between reduced CAT activity, an antioxidant enzyme
as a result of elevated free radicals. We consider that increased
free radicals and oxidative stress may also play a key role in the
pathogenesis of MF within the our study results of CAT.

CAs are involved in physiological and pathological functions
such as pH and CO2 homeostasis. The primary function of the
enzyme in living organisms is to interconvert carbon dioxide and
bicarbonate to maintain acid–base balance in blood and other
tissues and to help transport carbon dioxide out of tissues. The
two major CA isozymes (hCAI and hCAII) are present at high
concentrations in the cytosol of erythrocytes, while others are
widely distributed28. It has been recently demonstrated that
carbonic anhydrase IX (CA IX), a hypoxia-inducible member of
the carbonic anhydrase family, is associated with aggressive
tumor phenotype and a poor prognosis. Studies have demon-
strated that high CA IX expression yields in many cancer types
and leads to acidification of extracellular environment surround-
ing the cancer cells10.

In another study, it was shown that there was no significant
difference in CA activity between esophageal cancer and control
group29. In another study, it was reported that erythrocyte CA
activity was significantly lower in patients with lung cancer
compared with controls23. According to the results of Demir
et al., erythrocyte CA activity was significantly increased in
acute leukemia group compared with the control group28.
However, there is no information regarding CA activity in
patients with MF in the literature. CA activity increases as a result
of tumor hypoxia and it indicates failure in therapy and poor
prognosis. It was shown that hypoxic tumors are associated with
poor prognosis, metastasis30. Our patients used in this study are in
the early phase of MF disease, as a consequence they have
decreased levels of cytosolic CAs. MF is usually curable in the
early stages of disease, there may be a possible link between non-
hypoxic MF and its resistance to metastasis and better prognosis
than hypoxic tumors.

We observed that CA and CAT levels were significantly lower
in patients with MF than in healthy controls. Besides, there was no
correlation between the activities of those enzymes and age,
gender, duration, stage of the disease and involvement of body
area. Decreased CA and CAT activities may play a role in the
pathogenesis of MF. We did not find any statistical significant
difference in patients with various stages of disease. The activities
of those enzymes may be beneficial to distinguish early stage of
MF from other dermatoses.

Conclusions

Cytokines are considered to be of major importance for the
pathogenesis of MF. Investigations of cytokine production in skin
lesions or peripheral blood lymphocytes from patient with
cutaneous T-cell lymphomas led to the general concept that a
shift in cytokine profile from type Th1 to Th2 accompanies
disease progression31,32. In the literature, Vacca et al. demon-
strated a study about progression of MF, which is associated with
changes in angiogenesis and expression of metalloproteinases 2
and 9 (MMP 2 and 9) and their in situ data show that angiogenesis
and overexpression of MMP-2 and MMP-9 mRNAs occur
simultaneously during MF clinical progression. This suggests

(a)

(b)

(c)

Fig. 1 Box plots comparing (a) CAT activities, (b) CA activities and
(c) XO activities between MF patients and healthy volunteers,
respectively.
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more opportunities for MF cells to disseminate locally and to
enter the circulation and spread systemically in parallel with
tumor progression33. That is why this kind of studies on MF-
related enzymology where it has caused alterations in circulating
human proteins or enzymes such as metalloproteinases has leaded
our study also. For this purpose, our study is the first attempt for
investigating CA, CAT and XO enzyme activities in patients with
MF. Therefore, we believe that CA and CAT levels may be an
informative diagnostic marker for MF particularly in patients with
early stage. Further investigations in a larger cohort of patients
with MF are needed to provide definitive data about the
prognostic role of CA, CAT and XO enzyme activities. Therapy
with anti-angiogenic agents and/or tissue inhibitors of these
enzymes can be envisaged as possible future development.
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