
Introduction

The properties and biological function played by

acid phosphatase (AcP) of blood leukocytes have

been relatively modestly researched. In Black-

and-White cattle, this enzyme demonstrates a ge-

netically controlled polymorphism determined by

a pair of autosomal alleles. The dominant gene

AcPB controls the synthesis of isoenzyme B, pres-

ent in phenotype AB. This phenotype is deter-

mined by two genotype groups: dominant

homozygote B/B and heterozygote B/b. The reces-

sive gene AcPb in the homozygous genotype deter-

mines phenotype A, in which isoenzyme B does

not occur. Fraction A, which is encoded independ-

ently of a genetically determined AcP polymor-

phism, occurs in both phenotype groups

(Kaczmarczyk and Walawski 1992). The activity

of this enzyme was found in granulocyte and lym-

phocyte lysosomes, but not in monocytes

(Kaczmarczyk et al. 1989; Kaczmarczyk and

Taube 1990; Kaczmarczyk and Walawski 1990).

The total activity of AcP in leukocytes in recessive

homozygotes (phenotype A) is significantly lower

than in phenotype AB animals (Kaczmarczyk

et al. 1989; Kaczmarczyk and Taube 1990; Ka-

czmarczyk and Bojarojæ 1999). In young, clini-

cally healthy animals, AcP polymorphism and

activity are correlated with leukocyte composition

and both phagocytic and metabolic activities of

granulocytes (Kaczmarczyk et al. 1989; Kaczmar-

czyk and Taube 1990; Kaczmarczyk and

Walawski 1990). Enzyme activity in granulocytes

and lymphocytes of clinically healthy cows dem-

onstrates a statistically significant repeatability,

which can indicate a high degree of inheritance of
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AcP activity in animals immune to pathogenic in-

fections (Walawski et al. 1993).

The extremely low inheritance of immunity to

diseases limits the efficiency of breeding methods

used and highlights the need to find single genes

that participate in immune processes in the body

and could be used as genetic markers (MAS –

Marker-Assisted Selection) of immunity to

diseases. The monogenic character of AcP

polymorphism, modestly studied biological

functions of the enzyme and its location in cells

playing important immunological functions,

highlight the need to determine the correlations

between AcP polymorphism in blood leukocytes

and the metabolic efficiency of phagocytes in

the first three months after calving of cows

naturally infected with the bovine leukaemia virus

(BLV).

Material and methods

The studied population consisted of 91

Black-and-White cows aged 3–6 years, from one

herd. The animals were maintained under good

zoohygienic conditions. The herd was free from

tuberculosis and brucellosis. They were fed

a balanced energy-protein diet. Blood for analyses

was sampled from the jugular vein, using heparin

as an anticoagulant. The measurements were

performed three times in monthly intervals,

beginning from the first month after calving.

DNA preparation

Genomic DNA was isolated from blood

leukocytes obtained as a result of erythrocyte lysis

with a 0.85% solution of NH4Cl. To isolate DNA,

a Wizard Genomic DNA Purification Kit was used

according to the isolation procedure outlined by

the producer (Promega USA). The amount

and quality of DNA isolated were assayed

spectrophotometrically (GeneQuant-Pharmacia,

USA) and electrophoretically.

Enzootic bovine leukaemia (EBL) diagnosis

and PCR protocol

EBL was diagnosed with the immuno-enzymatic

ELISA method (Rhone-Poulenc, France)

and a PCR molecular test. A 364-bp fragment

of the BLV genome, located in the area of the gag

gene (628–1806 bp) and a 273-bp fragment

of the bovine kappa casein gene (CASK) were

amplified from genomic DNA (an indicator

of a proper course of the PCR reaction). Primers

with the following nucleotide sequences were

used:

leu1: 5’GTCGACAACCTTCCCGACGG3’;

leu2: 5’GACAGTCTCGTTTCCAATGG3’

kapp1: 5’GAAATCCCTACCATCAATACC3’

kapp2: 5’CCATCTACGCTAGTTTAGATG3’

The primers were synthesised by

MWG-Biotech (Germany) and the previously

described (Czarnik et al. 2000) composition

of the reaction mixture and PCR protocol were

used. The PCR products, a positive control

sample, a blind sample, and molecular marker

PhiX 174 HaeIII (Fermentas) were subjected to

electrophoresis on agarose gel with ethidium

bromide with the application of 0.1 M TBE buffer

and typical parameters of direct current. The PCR

products were visualised and documented with

the use of a UV transluminator (UVP system,

England). The cows that obtained at least one

positive result in a serological or molecular test

were designated as EBL-positive, while those

which obtained a negative result in the three

subsequent months of lactation were designated as

EBL-negative.

Determination of the polymorphism and activity

of AcP of blood leukocytes

Polymorphism and activity of AcP were assayed

as described previously (Kaczmarczyk 1986;

Kaczmarczyk and Walawski 1990). Agarose gel

electrophoresis and the cytochemical method were

used to determine AcP polymorphism and activity

in leukocytes, respectively.

Nitroblue tetrazolium (NBT) reduction test

The test was carried out according to a quantitative

method (Raman and Poland 1975). The ab-

sorbance increment was expressed as the absolute

amount of formazane released in an enzymatic

reaction.

Statistical analysis

The indices whose parameters confirmed

the non-conformity of distribution of a trait with

the normal distribution pattern, were subjected to

logarithmic transformation (log10). Multivariate

analysis of variance (MANOVA) was applied.

The effect of the three factors was analysed: AcP

polymorphism in blood leukocytes (phenotype A,

phenotype AB), BLV infections (EBL+, EBL–)

and month of lactation (1, 2, and 3 months after

calving). Besides, the impact of interactions
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between these factors on the indices was assessed.

The means of the particular animal groups were

compared by a post hoc test. Calculations were

made with STATISTICA 6.0 software.

Results

The diagnostic tests performed identified 72

EBL-positive cows (79.1% of the population)

and 19 EBL-negative cows (20.9%). The AcP

polymorphism examinations showed that 72 cows

(79.1%) had phenotype AB and 19 cows (20.9%)

had phenotype A. Within the AB phenotype cows,

58 animals (80.6%) were EBL-positive and 14 an-

imals (19.4%) were EBL-negative. Within the A

phenotype cows, 14 animals (73.7%) were

EBL-positive and 5 animals (26.3%) were

EBL-negative.

While analysing AcP activity in morphologi-

cally diverse white cells of the examined cows,

higher values were registered for the lymphocytes

than for the granulocytes. Within the group of

granulocytes, biologically mature cells (segment

granulocytes) had higher levels of AcP activity

than the immature cells (band granulocytes) (Ta-

ble 1). Additionally, significant differences were

observed in AcP activity between the segment

granulocytes and the total granulocytes, as well as

in the total enzyme activity in the leukocytes be-

tween cows with different AcP phenotypes (Ta-

ble 1). The AB phenotype cows had a significantly

(P � 0.01) higher levels of AcP activity in those

cells than the A phenotype cows. However, AcP

activity in the lymphocytes was similar for both

phenotype groups. A significant (P � 0.01) effect

of leukaemia on the total activity of AcP in the leu-

kocytes was found. Higher values were registered

for the leukaemic cows than for the healthy ani-

mals. A similar tendency was observed in the lym-

phocytes, but differences between the means of

both groups of animals were not statistically sig-

nificant (Table 1). The AcP polymorphism × leu-

kaemia interaction was found to have a significant

effect on AcP activity in the granulocytes (seg-

ment and total) and the lymphocytes (Figure 1).

This interaction was exhibited by a significant

variation, in AcP activity among the healthy cows

and a similar AcP activity level in the leukaemic

cows, regardless of the phenotype of the examined

cows. The highest AcP activity was found for

the granulocytes of AB phenotype cows

and the lowest in A phenotype animals. A reverse
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Table 1. The activity of acid phosphatase (AcP) in morphologically diverse white cells of Black-and-White cows

with alternative AcP phenotypes, leukaemia diagnosis and in different month of lactation

AcP phenotypes
(1)

Diagnostic test result
(2)

Month of lactation
(3)

Interaction

A AB EBL+ EBL– I II III 1×2 1×3 2×3 1×2×3

Total
leukocytes

(„total score”)

x
SD

75.98A

7.49
80.19A

8.67
79.90B

8.71
77.09B

7.84
78.80
8.57

78.99
8.95

80.17

X (log10)
x

SD
1.88
0.04

1.90
0.05

1.90
0.05

1.88
0.04

1.89
0.05

1.89
0.05

1.90
0.05

Lymphocytes
(„total score”)

x
SD

46.49
11.91

46.20
13.06

47.08
12.94

43.12
11.93

44.42
11.25

45.45
12.92

48.91
13.83

*

(log10)
x

SD
1.65
0.12

1.65
0.12

1.66
0.12

1.62
0.12

1.63
0.11

1.64
0.12

1.67
0.13

Total
granulocytes

(„total score”)

x
SD

29.49C

12.05
33.99C

14.66
32.82
14.14

33.96
14.80

34.38
14.44

33.54
13.75

31.26
14.55

**

(log10)
x

SD
1.48
0.23

1.43
0.21

1.47
0.23

1.49
0.21

1.52
0.21

1.39
0.26

1.48
0.21

Mature
granulocytes

(„total score”)

x
SD

25.33D

10.34
30.81D

13.47
29.64
12.93

29.84
13.66

30.66
13.54

30.27
12.51

28.12
13.12

*

(log10)
x

SD
1.44
0.23

1.36
0.21

1.42
0.24

1.43
0.22

1.44
0.21

1.43
0.26

1.40-
0.22

Immature
granulocytes

(„total score”)

x
SD

4.17
4.24

3.29
3.11

3.30
3.31

4.12
3.62

3.74
4.22

3.54
2.76

3.14
3.02

n.a. n.a. n..a n.a.

Mean values with capital letters are significant at P� 0.01; * P� 0.05; ** P � 0.01
X Calculations were completed with logarithm values (log10).

n.a. – not statistically analysed (no conformity with the normal distribution model)



relationship was found for the lymphocytes (Fig-

ure 1).

No significant differences were found while

analysing AcP activity in the three subsequent

months after calving. However, a small increase in

AcP activity in the lymphocytes and a small de-

crease in AcP activity in the granulocytes were ob-

served in this period. The total AcP activity in the

leukocytes was quite similar (Table 1).

The metabolic activity of phagocytes (granulo-

cytes, monocytes-macrophages) and their destruc-

tive ability towards phagocytosed microorganisms

were evaluated with the nitroblue tetrazolium

(NBT) reduction test (Figure 2). Significant

(P � 0.01) differences in results of this test were

found among animals with different AcP pheno-

types. The obtained test values in A phenotype

cows were higher (0.81 �g/min) than in AB phe-

notype cows (0.73 �g/min). No significant differ-

ences in NBT reduction levels were observed

between the EBL-positive and EBL- negative and

between the three subsequent months after calving

(Figure 2).

Discussion

The analysis of variation in AcP activity in white

cells showed that its activity in granulocytes

(segment granulocytes and total granulocytes) and
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Figure 1. Effect of the AcP polymorphism × leukaemia interaction on the AcP activity in white blood cells.

*difference significant at P � 0.05; ** difference significant at P � 0.01

Figure 2. Values of NBT reduction test in the examined animals (mean � SD). Mean values with capital letters differ

significatly at P � 0.01



the total AcP activity were significantly lower in

the leukocytes of phenotype A cows than in

the leukocytes of phenotype AB cows. Similar

correlations were found earlier in young cattle:

heifers and bulls (Kaczmarczyk et al. 1989;

Kaczmarczyk and Taube 1990). Additionally,

a positive correlation between AcP activity in

granulocytes and the number of neutrophils was

reported for young cattle (Kaczmarczyk and

Walawski 1990). In the same study, an AcP

polymorphism × leukaemia interaction was

observed. That correlation was reflected in

a significant variation in AcP activity in

granulocytes and lymphocytes of clinically

healthy cows representing different phenotypes of

AcP as well as by the levelled enzyme activity in

leukaemic cows regardless of AcP phenotype.

However, the total AcP activity in leukocytes in

leukaemic cows was significantly higher than in

clinically healthy animals. No significant

differences in AcP activity in lymphocytes and

granulocytes were found between leukaemic and

clinically healthy animals. However, a somewhat

higher enzyme activity was registered in

the lymphocytes of the EBL-positive cows.

Similar trends of varied activity of AcP in

lymphocytes were also observed by other authors

(Raich et al. 1983; Grundboeck and Szczotka

1993). The presence of AcP in these reactions

modifies the nature of enzymatic reaction from

granular (in AcP-positive lysosomes) to diffused

(in the cytoplasm), which indicates the likelihood

of the presence of cells that are defective (Sitarska

et al. 1981; Czumiñska and Katkiewicz 1990).

Changes in AcP activity or improper enzyme

location, resulting from instability of lysosomes,

accompany disturbances in humoral and cellular

resistance, which were observed in humans

suffering from some diseases (Yoshida et al. 1981;

Kozak et al. 1985).

Enzootic bovine leukaemia (EBL) is

an infectious and tumorous disease causing

chronic proliferation of B lymphocytes unable to

develop and differentiate into plasmatic cells

(Burny et al. 1988, Kettman et al. 1994).

The etiological factor is a bovine leukaemia virus

(BLV), which belongs to exogenous type C

retroviruses (Maaten and Miller 1990). A charac-

teristic symptom of EBL is a persistent

lymphocytosis, which intensifies with animal age

(Nagy et al. 2002). The degree of lymphocytosis

can vary from values slightly exceeding

the referential range to 106 of cells in 1 �l of blood.

The count of lymphocytes in some BLV-infected

animals is normal and this form of leukaemia is

called aleukaemic (Dequiedt et al. 1999). 2–10%

of animals develop a lymphosarcoma, which

always ends with death (Burny et al. 1988).

In previously studied leukaemic cows (at 3–6

years of age), a moderate lymphocytosis (8.75

× 109/l; 69.8%) was reported (Bojarojæ-Nosowicz

2002). It could have been connected with

the young age of the animals and with

the aleukaemic form of the disease diagnosed in

some of the animals. It seems that similar

conditions can accompany relatively small

differences in AcP activity between EBL-positive

and EBL-negative cows reported in the present

study. The role of AcP in lymphocytes has not yet

been thoroughly studied. This enzyme is supposed

to participate in activation and proliferation of

these cells (Astaldi et al. 1973; Kaczmarczyk et al.

2004

AcP in human granulocytes participates in

the destruction of phagocytosed pathogenic

microorganisms (Lisiewicz 1980). Phagocytosis

is phylogenetically the oldest and most efficient

element of the immune system. It operates very

quickly but with a low specificity. After absorbing

a microorganism into the cytoplasm, a cascade of

metabolic processes is triggered, aiming at

destruction of the absorbed microorganism

(Bertram 1985). Intracellular destruction of

microorganisms is carried out through oxygen-in-

dependent and oxygen-dependent mechanisms.

An oxygen-independent system consists of

enzymes of primary and secondary granularity,

represented by phosphatases, lysozyme and

others. The release of lysosomal enzymes results

from degranulation of phagosomes in the final

phase of phagocytosis. AcP and other acid

hydrolases take part in it. The efficiency of

the oxygen-independent mechanism is mainly

determined by the activity of the enzymes

participating in the destruction of phagocytosed

microorganisms. Deficiencies in the enzymes

participating in intracellular destruction of

microorganisms result in numerous genetically

dependent immunological defects (Rotrosen and

Gallin 1987; Babior 2000). It seems that

the registered significant differences in AcP

activity in granulocytes between cows with

different AcP phenotypes can indicate the role of

the AcP gene in processes taking place in

phagosomes in the final phase of phagocytosis.

The significantly lower AcP activity in

biologically mature granulocytes of recessive

homozygotes (A phenotype) can lower

AcP and metabolic efficiency of phagocytes in BW cattle 63



the immunological efficiency of phagocytes,

reflected in a poorer degradation of microorgan-

isms, and can facilitate their spread throughout

the body.

Oxygen-dependent mechanisms play

a particularly important role in the intracellular

destruction of phagocytosed microorganisms.

This system consists of active oxygen derivatives:

myeloperoxidase, as well as oxidants containing

chlorine and bromine, e.g. hypochlorous and

hypobromous acids, chloramines and bromamines

(Thomas et al. 1986). They are toxic to bacteria,

intracellular parasites (viruses, fungi, protozoans)

and neoplastic cells (Lehrer et al. 1988). They are

formed in the pentose-phosphate cycle of

phagocytosing cells. There is a close correlation

between disturbances in this cycle and the ability

to reduce NBT (Baehner et al. 1970). The NBT

reduction mechanism is most probably deter-

mined by the activity of NADPH oxidase

(Baehner et al. 1976), but it has not yet been

thoroughly studied. Under normal conditions,

NBT is phagocytosed and then reduced to

formazane, which forms blue and violet deposits

in phagocytes (Raman and Poland 1975).

The amount of deposited formazane in these cells

is the measure of the intensity of cell oxygen

metabolism. Granulocytes with functional dis-

turbances do not reduce NBT to formazane or

reduce it only partly. A very low NBT reduction

level occurs in a heritable neutrophil anomaly

(chronic granulomatous disease) and accompanies

chronic bacterial infections (De Chatelet and

Shirley 1975; Philips et al. 1982). A lower

percentage of NBT-positive neutrophils and lower

values of NBT test reduction were also observed

in viral infections (Jastard 1977; Nagahata et al.

1987). The correlation between AcP polymor-

phism in blood leukocytes and the level of NBT

reduction observed in this study agree with

the results of previous studies carried out on

young, clinically healthy animals (Kaczmarczyk

et al. 1989; Kaczmarczyk and Taube 1990).

Significantly higher values registered for

phenotype A animals could indicate more

effective intracellular processes occurring during

phagocytosis and result from a greater intensity of

oxygen processes in phagocytes of these animals,

in comparison with the animals of phenotype AB.

Additionally, those authors observed small and

statistically insignificant differences between

clinically healthy and leukaemic cows as well as in

the subsequent months of the first lactation

trimester.

It seems that significant differences in the level

of NBT reduction reported for animals with

different AcP phenotypes (in the present and

previous studies) could indicate AcP gene product

participation in phagocyte oxygen metabolism.

The role of the product of this gene could involve

dephosphorylation of a yet-unknown protein that

participates in the processes of the pentose-phos-

phate cycle. A significant portion of cellular

proteins undergoes reversible phosphorylation,

which is an essential modification in the regula-

tion of numerous biological processes taking place

in a cell (Hunter 1995). The phosphorylation

degree of these proteins is determined by

the regulation of opposed processes catalysed by

kinases and protein phosphatases, but

the mechanisms of this regulation have not yet

been thoroughly researched (Hermiston et al.

2002). Recently, an increasing interest in

phosphatases has been observed. This was caused

by the discovery of their significant role in tumour

suppression and in the regulation of the cell cycle

(Maehama and Dixon 1999; Li et al. 2000;

Pendaries et al. 2003). This group of enzymes

includes low molecular weight phosphatases

(LMW-PTPs), which are expressed by all

eukaryotes (Ramponi and Stefani 1997).

The LMW-PTPs have a conserved signature

motif, CXXXXXRS/T, in their active site, but lack

most other sequences conserved among PTPs

(Stone and Dixon 1994). Several isoforms of

LMW-PTPs were identified in mammals, which

are supposed to have been formed as a result of

alternative splicing (Lazaruk et al. 1993; Tailor et

al. 1999). Isoforms of this enzyme may differ in

kinetic characteristics and substrate specificities

(Cirri et al. 1996; Rudbeck et al. 2000).

LMW-PTP is associated with acid phosphatase of

blood erythrocytes (ACP1), occurring in all major

human tissues (Wo et al. 1992; Zang et al. 1998).

One of the ACP1 isoenzymes (ACP1 Bs) exhibits

a high degree of homology with the 18-kDa

cytosolic AcP from bovine liver (Dissing et al.

1991). A cellular substrate of this phosphatase is

flavin mononucleotide (FMN), participating in

flavin metabolism. FMN phosphatase from

Chinese hamster ovary (CHO) cells may be

involved in the regulation of intracellular levels of

the flavin coenzymes (Kimberley et al. 1992).

The authors of that paper suggest that ACP1 is

a FMN phosphatase and do not rule out a dual

function of this enzyme: also as a protein tyrosine

phosphatase. They also point to the immunologi-

64 E. Kaczmarczyk et al.



cal similarity to the bovine heart ACP1 gene

product.

The lack of significant differences in the levels

of the analysed indices between EBL-positive and

clinically healthy cows in the present study could

indicate a low variation in metabolic efficiency of

phagocytes and could result from the low

involvement of phagocytes in mechanisms of

BLV destruction in cattle. Additionally, the simi-

lar levels of NBT reduction and the low variation

in AcP activity in granulocytes recorded in

the first three months after calving could indicate

that phagocytosis is one of those immunological

processes on which the effect of hormones or

neurotransmitters (playing a significant role in

the peri-calving period) is low.

Conclusions

Our results suggest that the AcP gene product of

blood leukocytes is likely to have an effect on

functional efficiency of granulocytes. Addi-

tionally, it seems that phagocytes play a minimal

role in fighting BLV infections and that their

metabolic efficiency is not determined by changes

in the hormonal profile occurring in

the peri-calving period.
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