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The effects of some tumor markers on human erythrocyte
(HCA-I and HCA-II), bovine erythrocyte (BCA) and bovine
lung (CA-IV) carbonic anhydrase enzyme activities in vitro
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Abstract: Objective: The influence of prostatic acid phosphatase (PAP) and human chorionic gonadotropin
(HCG), tumor markers have been investigated on human erythrocyte carbonic anhydrase (HCA-I and HCA-II)
and bovine erythrocyte (BCA) and bovine lung carbonic anhydrase (CA-IV) in vitro.

Background: Tumor markers are substances that can often be detected in higher-than-normal amounts in the
blood, urine, or body tissues of some patients with certain types of cancer. Tumor markers are produced either
by the tumor itself or by the body in response to the presence of cancer or certain benign (noncancerous) con-
ditions. In addition to their role in cancer diagnosis, some tumor marker levels are measured before treatment
to help doctors plan appropriate therapy.

Results and conclusion: All of the tumor markers were determined to have inhibition effect, on human CA-I, CA-
I, bovine erythrocyte CA (BCA) and bovine lung CA-IV isoenzymes. The effect of each tumor marker on CA was
investigated by Wilbur-Andersen method modified by Rickly et al Inhibition effects of two different tumor markers
on human CA-I, CA-II, bovine erythrocyte CA (BCA) and bovine lung CA-1V isoenzymes were determined by
using the CO,_-Hydratase method by plotting activity % vs (tumor markers). |, values of tumor markers exhib-
iting inhibition effects were found by means of these graphs (Tab.1, Fig. 2, Ref. 20). Text in PDF www.elis.sk.
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Introduction

Carbonic anhydrase (carbonate hydrolyase, EC 4.2.1.1) iso-
zymes are a family of zinc metalloenzymes which catalyze the
interconversion of CO, and HCO; (1).

CO,+H,0 = HCO, +H"

The enzyme, discovered about 70 years ago (2, 3), is abun-
dantly present in mammalian red blood cells and to a lesser ex-
tent in different types of tissues and secretory organs (5-6). In
addition, carbonic anhydrase from plant, yeast and bacteria have
been reported and partially characterized (5—11). The important
roles of the enzyme in various cell types have been extensively
reviewed (5, 6). At present, approximately 14 isozymes (I-XIV)
are reported and found to be distributed throughout the living or-
ganisms (5, 6, 11).

In man, CA-IV has been identified in the microvilli and basal
infoldings of renal tubular cells, and this isoform has recently
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been purified and characterized (12). An apparently homologous
enzyme (13) has also been purified from human lung. It is pro-
posed that the CA-1V isoenzyme is primarily responsible for the
re-absorption of HCO; in the proximal tubule and is involved in
the formation of lung liquid during fetal life.

The carbonic anhydrase enzyme taken from cow lung has
already been partially purified (12). The process of purification
carried out at our laboratory produced some new and significant
results. The present study made it possible to find new data about
CA-IV enzyme which is of vital importance for respiration which
would otherwise be left incomplete. A new definition for this en-
zyme is presented as a result of our experiment.

The critical enzyme can be thought to be affected by tumor
markers, which are widely consumed. This in vitro study was
planned in order to investigate the effect of tumor markers with
or without alcohol on the enzyme, which is important in respect
of human health.

Materials and methods

Purification of carbonic anhydrase from human erythrocytes
Erythrocytes were purified from human blood obtained from
Blood Center of Research Hospital at Atatiirk University. The
blood samples were centrifuged at 1500 rpm for 20 min and the
plasma and bufty coat were removed. After the packed red cells
had been washed with NaCl (0.9 %) three times, the erythrocytes
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were hemolyzed with cold water. The ghost and intact cells were
removed by centrifugation at 4 °C, 20,000 rpm for 30 min. The pH
of hemolysate was brought to 8.5 with solid tris. The hemolysate
was applied to the affinity column having a structure of Sepharose
4B-L-tyrosine-sulfonyamide and equilibrated with 25 mM Tris-
HCI1/0.1 M Na,SO, (pH 8.5). The affinity gel was washed with
a solution of 25 mM Tris-HC1/ 22 mM Na,SO, (pH 8.5). HCA-I
and HCA-II isoenzymes were eluted with a solution of 1 M NaCl/
25 mM Na,HPO, (pH 6.3) and 0.1 M NaCH,COO /0.5 M NaClO,
(pH 5.6) (14). The elutions were plotted by protein determination
at 280 nm and CO,-hydratase activity and the purification was
controlled with SDS-PAGE (15).

Preparation of carbonic anhydrase from bovine erythrocytes

Bovine blood was anticoagulated with 1.5 mL of ACD solu-
tion (22 g of sodium citrate dihydrate, 8 g of citric acid and 24 g
of dextrose per liter) per 100 mL blood, and red blood cells were
obtained and washed with saline. The cells were lysed with dis-
tilled water. The ghosts were removed by centrifugation. The he-
molysate was applied to the affinity column, having a structure
of Sepharose 4B-L-tyrosine-sulfonyamide and equilibrated with
25 mM Tris-HC1/ 0.1 M Na,SO, (pH 8.5). The affinity gel was
washed with a solution of 25 mM Tris-HC1/ 22 mM Na,SO, (pH
8.5). BCA was eluted with a solution of 0.1 M NaCH,COO / 0.5
M NaClO, (pH 5.6) (14). The elutions were plotted by doing pro-
tein determination at 280 nm and CO,-hydratase activity and the
purification was controlled with SDS-PAGE (15).

Purification of carbonic anhydrase from bovine lung

Samples about 250 g in weight from cow lung were taken
during slaughtering at the Erzurum Municipal Slaughterhouse
and rinsed into a solution of 0.9 % NaCl. Firstly, a piece of lung
was cut into smaller pieces, washed with physiological serum
and then chopped in a blender. Approximately 60 liters of serum
was used in order to eliminate erythrocytes from the medium.
Washing was continued until achieving precipitation that was
clear enough.

The sample of lung, entirely free of erythrocytes, was taken
into 500 mL buffer of 0.05 M Tris-SO, (pH 7.4) containing 1 %
Triton X-100 (2 mL per gram), dismembered by an ultrasonic
dismembrator for 4 hours and then centrifuged for 30 minutes
at 3000xg. The precipitation was removed by filtering through
fiberglass. The supernatant was treated with distilled water for 2
days and with 0.05 M Tris- SO, (pH 7.4) buffer for dialysis. Then
the homogenate was extracted by approximately 500 mL CClI, to
eliminate the lipids from the medium and organic medium was
removed. The pH of homogenate was brought to 8.7 by using solid
Tris until it was prepared to be applied to column. The same af-

Tab. 1. The results of inhibition studies for HCG and PAP compounds
on HCA-I, HCA-11, CA-1V and BCA.

Compound HCA-I HCA-IT CA-IV BCA
L, (nM) L, (nM) L, (nM) L, (nM)

HCG 6.78x107? 6.79 x1072 3.78 x10? 2.59x10?

PAP 6.19x1072 6.08 x102 2.66x102 1.55x1072

finity gel was used for CA-IV. CA-IV was eluted with a solution
of 0.1 M NaCH,COO /0.5 M NaClO, (pH 5.6) (13, 14). Protein
concentration and activity were determined (16). Purification was
controlled with SDS-PAGE (15).

Determination of carbonic anhydrase activity and effect of tumor
markers on isoenzymes

Carbonic anhydrase activity and effect of tumor markers were
assayed by hydration of CO, measured by the method of Rickli et
al (17) and Wilbur-Anderson with bromothymol blue as indicator.
CO,-Hydratase activity as enzyme unit (EU) was calculated by
the equation (t -t /t ) where t and t_are the times for pH change
in non-enzymatic (buffer) and enzymatic reaction, respectively.

Determination of I, values

The values of I (inhibitor concentration reduced the enzyme
activity by 50 %) have been determined graphically using five
different inhibitor concentrations. For hormones showing inhibi-
tion effect, the values of I, with diagram of activity percent-(I]
were calculated.

Results

Many chemicals at a relatively low dosage affect the me-
tabolism of biota by altering normal enzyme activity, particularly
inhibiting specific enzymes (18). The effects can be dramatic
and systemic (19). Although prostatic acid phosphatase (PAP)
and human chorionic gonadotropin (HCG) are used, reduction in
marker concentration indicates effective therapy, and increase in
concentration marks tumor progression, there is no carbonic anhy-
drase activity for these tumor markers used in our study. Indeed,
CA isoenzymes are important enzymes for body methabolism
because they regulate pH in most tissue. Therefore, in the present
study, investigation of effects of certain tumor markers on hu-
man erythrocyte carbonic anhydrase I and II, bovine erythrocyte
carbonic anhydrase (BCA) and bovine lung carbonic anhydrase
(CA-1V) isoenzymes was proposed. In order to conduct this study,
HCA-I, HCA-II separately from human erythrocytes, BCA from
bovine erythrocytes and CA-1V from bovine lung were purified by
Sepharose 4B-L-tyrosine-sulfanylamide affinity chromatography.
Prostatic acid phosphatase (PAP) and human chorionic gonado-
tropin (HCG) as tumor markers were chosen for the investigation
of inhibition or activation effects.

For the tumor markers exhibiting the effect, the inhibitor con-
centrations causing up to 50 % inhibition (I, values) were deter-
mined from the regression analysis graph. I values obtained for
of HCA-I, HCA-II, CA-IV and BCA are shown in Table 1.

To show inhibition effects, values of HCA-I, HCA-II, BCA and
CA-IV for seven different concentrations of each tumor markers
were determined (Figs 1 and 2).

Discussion

Prostatic acid phosphatase (PAP) is normally present only in
small amounts in the blood, but may be found at higher levels in
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Fig. 1. The effect of prostatic acid phosphatase (PAP) on activity of
carbonic anhydrase isoenzymes (HCA-I, HCA-11, BCA and CA-1V).
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Fig. 2. The effect of human chorionic gonadotropin (HCG) on activity
of carbonic anhydrase isoenzymes (HCA-I, HCA-11, BCAand CA-IV).

some patients with prostate cancer, especially if the cancer has
spread beyond the prostate. However, blood levels may also be
elevated in patients who have certain benign prostate conditions
or early stage cancer. Although PAP was originally found to be
produced by the prostate, elevated PAP levels have since been
associated with testicular cancer, leukemia, and non-Hodgkin’s
lymphoma, as well as noncancerous conditions such as Gaucher’s
disease, Paget’s disease, osteoporosis, cirrhosis of the liver, pul-
monary embolism, and hyperparathyroidism.

Human chorionic gonadotropin (HCG) is normally produced
by the placenta during pregnancy. In fact, HCG is sometimes used
as a pregnancy test because it increases early within the first tri-
mester. It is also used to screen for choriocarcinoma (a rare cancer
of the uterus) in women who are at high risk for the disease, and to
monitor the treatment of trophoblastic disease (a rare cancer that
develops from an abnormally fertilized egg). Elevated HCG lev-
els may also indicate the presence of cancers of the testis, ovary,
liver, stomach, pancreas, and lung. Pregnancy and marijuana use
can also cause elevated HCG levels.

It is generally recognized that CA controls the bulk of carbon
dioxide exchange between blood and tissues as well as regulation
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of proton and other ion movements between cells and extracellular
fluids. All of the CA isoenzymes are also deeply involved in a great
number of secretory activities including fluid movements (20).

Conclusion

Since CA is a very important enzyme for the body, the inhibi-
tion effects of these tumor markers should be considered not only
for HCA-I, HCA-II, BCA and CA-IV isoenzymes but also for all
CA isoenzymes.

Tumor markers showing inhibitory effects on HCA-I, HCA-II,
BCA and CA-IV isoenzymes increase their effect bound to active
center of enzymes or other part of enzymes.

The HCG compounds have higher I, values than PAP on
HCA-I, HCA-II, CA-IV and BCA. By comparing I, values of
the compounds, it has been found that compound HCG is a more
potent inhibitor than PAP on HCA-I, HCA-II, CA-IV and BCA.
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