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Abstract 
In Black-and-White cattle, polymorphism of blood leukocyte acid phosphatase (AcP) is determined by a pair of 
autosomal alleles. Blood leukocyte AcP polymorphism exhibits a correlation with the white cell composition and 
the granulocyte metabolic efficiency in clinically healthy animals. The aim of the study was to determine the 
relationship between the AcP polymorphism and the lymphocyte proliferation response capacity in the first three 
months after calving of cows naturally-infected with bovine leukaemia virus. The study covered 61 Black-and-
White cows originating from one herd. The ELISA and PCR tests were used in the diagnosing BLV infections. 
Additionally agarose gel electrophoresis was used to determine the AcP polymorphism and the lymphocyte 
proliferation efficiency was determined based on the lymphoblastic transformation test using the isotope method.  
The obtained results suggest that the product of blood leukocyte acid phosphatase gene is likely to participate in 
the lymphocyte activation and proliferation and that there is an association between the biological function 
expression of the AcP gene product and the cows’ susceptibility to infection with bovine leukaemia virus. 
Moreover,  the results obtained seem to indicate that the correlation of both factors − the bovine leukaemia virus 
and the month of lactation − modifies the proliferation response of the phytohaemagglutinin unstimulated 
lymphocytes. 
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Zusammenfassung 
Titel der Arbeit: Profilerative Antwort der Lymphozyten bei Kühen mit anderen Phänotypen der sauren 
Phosphatase von weißen Blutkörperchen, die auf natürliche Weise mit dem Virus der Rinderleukose 
infiziert wurden 
Der Polymorphismus der sauren Phosphatase (AcP) der Leukozyten bei Kühen der Schwarz-Weißen Rinderrasse 
ist durch das Paar autosomaler Allele bedingt. Er beweist die Verbindung mit der Populationsgrösse mancher 
Zellen des Systems der weißen Blutkörperchen und der metabolischen Leistungsfähigkeit der Granulozyten bei 
klinisch gesunden Tieren. Das Ziel der Untersuchungen bestand darin, die Abhängigkeiten zwischen dem 
Polymorphismus AcP und der Fähigkeit der Lymphozyte zu einer proliferativen Antwort in den ersten drei 
Monaten nach dem Auskalben, bei den auf natürliche Weise mit dem Virus der Rinderleukose infizierten Kühen, 
zu bestimmen. Es wurden 61 Kühe der Schwarz-Weißen Rasse aus einer Herde der Untersuchung unterzogen. Es 
wurden die Tests ELISA und PCR zwecks Diagnostizierung der BLV-Infizierungen eingesetzt. Für die 
Bestimmung des Polymorphismus AcP wurde eine Elektrophorese in Agar-Agar Gel angewendet. Die 
Leistungsfähigkeit der Lymphozyten wurde im Test einer blastischen Transformation der Lymphozyten 
unterzogen, bestimmt unter Anwendung einer Isotopenmethode.  
Die erzielten Ergebnisse lassen eine Schlussfolgerung zu, dass sich das Genprodukt der sauren Phosphatese der 
Leukozyten höchstwahrscheinlich an der  Aktivierung und Proliferation der Lymphozyten beteiligt und dass eine 
Verbindung zwischen der Expression der biologischen Funktion des Genproduktes AcP und der Anfälligkeit der 
Kühe gegen eine Infektion mit dem Virus der Rinderleukose besteht. Die erzielten Ergebnisse weisen 
darüberhinaus auch auf eine Mitwirkung von beiden Faktoren – dem Virus der Rinderleukose und dem 
Laktationsmonat bei der Modifizierung der proliferativen Antwort der nicht phytohaemagglutinin (PHA) 
stimmulierten Lymphozyten hin. 
 
Schlüsselwörter: Blastische Transformation der Lymphozyten, 3H-Thymidin, Interaktionen, Polymorphismus, 
PHA, saure Phosphatase 
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1.  Introduction 
Lymphocyte proliferation efficiency indicates the organism immunological condition 
(NOZOE et al., 2003) and it is determined based on the lymphocyte proliferation 
ability to respond to an antigen or a mitogen (THORN et al., 1981; JENSEN and 
CHRISTENSEN, 1981). Lymphocyte response to a mitogen in vitro produces similar 
effects to the immunological response caused by an antigen in vivo (MUSCOPLAST 
et al., 1974). These factors (mitogen or antigen) produce lymphocyte morphological 
and metabolic changes, which in turn, result in an increase in the blastic form pool 
ready for intensified immunological response (PEARSON et al., 1979). Glycoprotein 
gp51 of the bovine leukaemia viral envelope is the main antigen component 
powerfully stimulating lymphoblastic transformation (CALLEBAUT et al., 1993). 
Bovine leukaemic virus infects mainly B lymphocytes and evokes enzootic bovine 
leukaemia (EBL) (MIRSKY et al., 1996). In about 30% of BLV-infected specimens, 
this disease can occur as a non-neoplastic (persistent lymphocytosis) accompanied by 
B lymphocyte polyclonal expansion. A mechanism of BLV-induced lymphocytosis 
has not yet been identified. The study results seem to indicate that susceptibility to 
BLV infections is to some extent determined by genetic predispositions (MIRSKY et 
al., 1998; KACZMARCZYK et al., 2004; KACZMARCZYK et al., 2005c). The 
correlations between the blood leukocyte acid phosphatase polymorphism and the 
number of some white cell types in clinically healthy cows suggest that acid 
phosphatase participates in their proliferation (KACZMARCZYK et al., 1989; 
KACZMARCZYK and TAUBE, 1990; KACZMARCZYK et al., 2004; 
KACZMARCZYK et al., 2005a).  
The polymorphism of blood leukocyte acid phosphatase (AcP) is determined by a pair 
of autosomal alleles. The dominant gene AcPB controls the synthesis of isoenzyme B, 
present in phenotype AB. This phenotype is determined by two genotype groups: 
dominant homozygote B/B and heterozygote B/b. The recessive gene AcPb in the 
homozygous genotype determines phenotype A, in which isoenzyme B does not occur. 
Fraction A, which is encoded independently of a genetically determined AcP 
polymorphism, occurs in both phenotype groups (KACZMARCZYK and 
WALAWSKI, 1992).  
Previous results suggesting the likely participation of blood leukocyte acid 
phosphatase in the peripheral blood lymphocyte proliferation highlight the need to 
determine the relationship between AcP polymorphism and lymphocyte capacity to 
proliferative response in the first three months after calving of cattle naturally-infected 
with bovine leukaemia virus.  
 
 
2.  Material and methods 
Studies were performed on the population of 61 Black-and-White cows, aged 3-6 
years, from a leukaemia-dominated herd. The animals were reared indoors in stalls 
under good zoohygienic conditions. The ELISA and PCR tests, as well as the 
previously described EBL diagnosis methods and principles, were applied in this study 
(KACZMARCZYK et al., 2004). The lymphocyte proliferation efficiency was 
determined based on the lymphoblastic transformation test using the isotope method. 
Phytohaemagglutinin (PHA) was used for stimulation of lymphoblastic 
transformation. Initial analyses were performed in the second half of the first month of 
lactation and were continued in the second and third month after calving. 
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Polymorphism of blood leukocyte acid phosphatase was assayed by electrophoresis as 
described previously (KACZMARCZYK et al., 2004).  
 
2.1.  Peripheral blood mononuclear cell preparation 
Peripheral blood mononuclear cells (PBMC) were isolated from the whole blood by 
density gradient centrifugation with Histopaque 1077, according to the procedure 
supplied by the manufacturer (Sigma Chemical Company, USA). In the MGG stained 
smears, lymphocytes amounted to at least 95% and their viability checked with 0.2% 
solution of Trypan blue was at least 93%. 
 
2.2.  Lymphocyte transformation assays  
Lymphoblastic transformation test was assayed as described previously 
(KACZMARCZYK et al., 2005b). The lymphocyte proliferation efficiency in the 
experimental cows was determined based on the spontaneous and PHA-induced 
lymphoblastic transformation rate and the stimulation index (SI = mean count per 
minute of cultures stimulated with PHA/mean count per minute of non-stimulated 
control cultures). 
 
2.3.  Statistical analysis of data 
The results obtained were statistically analysed (mean, standard deviation, data 
distribution conformity test with the normal distribution curve). In the absence of 
conformity with this model, the values obtained were subjected to logarithmic 
transformation (log10) and statistical calculations were made on logarithmic values. 
The statistical analysis did not include the stimulation index (SI) because this trait did 
not produce normal distribution even after logarithmic transformation of data. The 
impact of natural BLV infection (EBL+ and EBL- cows) on the lymphocyte 
proliferation capacity (single factor variance analysis) as well as the effect of acid 
phosphatase polymorphism in blood leukocytes (A phenotype and AB phenotype) 
(factor 1) and month of lactation (1, 2, 3 months after calving) (factor 2), as well as the 
impact of interactions between these factors on the level of the studied indices in the 
EBL-positive and EBL-negative cows (double factor variance analysis) were analysed. 
The general ANOVA/MANOVA for the factor systems and the POST HOC TEST and 
the Scheffe method were applied. Calculations were made with STATISTICA 6.0 
computer software. 
 
 
3.  Results 
The diagnostic tests found 43 cows (70.5%) to be BLV- infected and 18 specimens 
(29.5%) were diagnosed as EBL-negative. Within the EBL-positive cow group 11 
specimens (25.6%) were identified as phenotype A and 32 specimens (74.4%) as 
phenotype AB, while within the EBL-negative cow group, phenotype A was recorded 
in 5 cows (27.8%), and phenotype AB in 13 cows (72.2%). 
While comparing the lymphoblastic transformation rate in the experimental cows, a 
significantly (P ≤ 0.05) higher values of the spontaneous lymphoblastic transformation 
test and somewhat higher values of the PHA-induced lymphoblastic transformation 
were found in the leukaemic cows than in the clinically healthy cows (Table). 
Moreover, the variability of the PHA-induced lymphoblastic transformation rate was 
greater than that of the spontaneous transformation (Table). 



 
KACZMARCZYK et al.: Naturally BLV-infected cows with different phenotypes of blood leukocyte acid phosphatase 

144

In analysing the effect of acid phosphatase polymorphism on the lymphocyte 
immunological response capacity, the diversity of lymphocyte spontaneous 
proliferation rate in cows of different AcP phenotype was not recorded (Fig. 1). 
However, the rate of PHA-stimulated lymphoblastic transformation varied between 
these cows. A significantly higher (P ≤ 0.01) PHA-stimulated lymphocyte reactivity 
was recorded in the BLV-positive A phenotype cows in comparison to the AB 
phenotype cows.  
 
Table 
Lymphocyte capacity to proliferate in the experimental cows - 3[H]thymidine incorporation, log10 (Fähigkeit der 
Lymphozyten zur Proliferation bei den untersuchten Kühen - 3[H]thymidine incorporation, log10) 

EBL+ EBL- Indices 
x  SD x  SD 

Proliferation 
unstimulated 

2.21a 0.61 1.98a 0.41 

Proliferation PHA-
stimulated 

2.55 0.82 2.46 0.86 

x Stimulation index 0.35 0.68 0.49 0.75 
Mean values denoted with the same of small letters are significant at P ≤ 0.05.
X Not statistically analysed (no conformity with the normal distribution model). 

 

 
 
Fig. 1: Lymphocyte proliferation efficiency in cows with different AcP phenotypes (a) EBL-positive cows (b) 
EBL-negative cows (mean ± SD) (Proliferative Leistungsfähigkeit der Lymphozyten bei den Kühen mit anderen 
Phänotypen AcP) (a) EBL-positive Kühe (b) EBL-negative Kühe ** P ≤ 0.01 
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Also, in the EBL-negative cows higher PHA-stimulated proliferation rate was 
exhibited by the lymphocytes of the A phenotype cows, however, the differences were 
statistically insignificant (P=0.22). Moreover, the lymphocytes in the AB phenotype 
cows showed a similar PHA stimulation rate in both groups (EBL-positive - 2.45; 
EBL-negative - 2.37), while the lymphocyte response to this mitogen in the A 
phenotype cows varied (EBL-positive - 2.89; EBL-negative - 2.69) (Fig. 1a, b). 
However, the observed differences were not statistically significant. Moreover, the A 
phenotype cows exhibited higher stimulation index rates regardless of the cows’ health 
state, however, these values were not statistically analysed (Fig. 1). 

 
 

 
 
Fig. 2: Lymphocyte proliferation response in cows in particular months of lactation (a) EBL-positive cows (b) 
EBL-negative cows (mean ± SD) (Proliferative Antwort der Lymphozyten bei Kühen in den einzelnen 
Laktationsmonaten. (a) EBL-positive Kühe (b) EBL-negative Kühe)  
Mean values denoted the same of small letter are statistically different at P ≤ 0.05 
Mean values denoted the same of capital letter are statistically different at P ≤ 0.01 
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In analysing the diversity of lymphocyte proliferation efficiency in cows in the first 
months after calving, certain differences in changes in the cows’ health states were 
recorded (Fig. 2).  
A significant (P ≤ 0.01) decrease in the spontaneous lymphoblastic transformation rate 
and a regular but not statistically significant (P=0.28) decrease in the PHA-stimulated 
lymphoblastic transformation rate in subsequent months after calving was recorded in 
the EBL-positive cows. The lymphocyte spontaneous proliferation was lower in the 
EBL-negative than in the EBL+ cows, however, it was very even. On the other hand, 
the PHA-stimulated lymphocyte proliferation was maintained at a level similar to that 
recorded for the leukaemic cows, however, the differences in the analysed months 
were small and statistically insignificant (Fig. 2b). 
 
 
4.  Discussion 
The assessment of the cellular immunity state is most frequently done based on a 
lymphoblastic transformation test which permits the determination of the proliferation 
efficiency of antigen- or mitogen-stimulated lymphocytes (JENSEN and 
CHRISTENSEN, 1981). The amount of the [3H]thymidine incorporated to DNA 
during cell division is a very sensitive marker of the ability of cell to divide  
(CHAROENPPORNSOOK et al., 1998). The [3H]thymidine uptake by peripheral 
blood lymphocytes is greater in mitogen-stimulated lymphocytes than in those 
unstimulated (QUADE and ROTH, 1999; KACZMARCZYK et al., 2005b). A similar 
regularity was found in the present study (Table). In other hand, blastogenic activity of 
unstimulated lymphocytes was significantly higher in the EBL-positive cows than in 
the clinically healthy animals (Table). It is postulated that the spontaneous lymphocyte 
proliferation in the BLV-infected PL cattle is mainly caused by B lymphocyte 
proliferation, which do not take part in viral antigen expression and to a lesser extent 
by a participation of proliferating T lymphocytes (STONE et al., 2000). The 
progression of BLV infection to PL is likely to be linked with a reduced expression of 
classical Th1 and Th2 cytokines by CD4+ T cells, which can indicate aberrant Th 
regulation in sublinically infected animals (AMILLS et al., 2002). A significant role in 
the spontaneous lymphocyte proliferation is ascribed to interleukine 2 (IL-2), released 
mainly by Th1 lymphocytes (CD4+) activated by viral proteins (STONE et al., 1995, 
2000; TRUEBLOOD et al., 1998). It is postulated that a positive feedback loop 
between IL-2 and viral expression and the increased T-lymphocyte expression of IL-2 
in BLV-infected cows contributes to development and/or maintenance of persistent B 
lymphocytosis (STONE et al., 1995; TRUEBLOOD et al., 1998).  
In the present study, a relationship between the polymorphism of acid phosphatase of 
blood leukocytes and a diversity in lymphocyte response to a mitogen connected with 
the BLV-infection was observed (Fig. 1). The proliferation efficiency of the PHA-
stimulated lymphocytes is greater in A phenotype specimens than in the AB phenotype 
animals, however, only the differences between the phenotypes found in the BLV-
infected animals were statistically significant. A diversified lymphocyte response to 
PHA between different AcP phenotypes cows seems to indicate a greater susceptibility 
of the cells isolated from the A phenotype cows than the lymphocytes originating from 
the AB phenotype animals. These differences were particularly explicit in the BLV-
infected animals (Fig. 1a). Exogenic mitogens affecting T lymphocytes (e.g. 
phytohaemagglutinin) increased BLV expression in infected cells (CORNIL et al., 
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1988). It is postulated that an increase in the provirus expression is caused by a PHA 
induced protein described as BLV-transcription stimulatory (BTS) protein 
(CHATTERJEE et al., 1985). It is likely that the first step of BLV stimulation is the 
result of PHA interaction with a membrane receptor of B lymphocytes 
(CHATTERJEE et al., 1985; CHATTERJEE and GUPTA, 1989), however, the 
mechanism that initiates this reaction and BTS synthesis has not been identified yet. 
Cytokines secreted by T lymphocytes, as well as cell-cell interactions participate in the 
B lymphocyte stimulation by PHA (QUADE and ROTH, 1999).  
The results of the previous studies found a relationship between the blood leukocyte 
AcP polymorphism and the diversity of peripheral blood lymphocyte profile 
(KACZMARCZYK et al., 2004). In the A phenotype cows, a significantly higher 
number of CD19+ B lymphocytes as well as lower numbers of CD2+ and CD8+ T 
lymphocytes were recorded, compared with the AB phenotype cows. Moreover, an 
interaction between the AcP polymorphism and BLV infection had an effect on the 
number and percentage of CD19+ B lymphocytes. It seems that the stronger 
lymphocyte response to PHA observed in the present study in recessive homozygotes 
(A phenotype) may indicate a greater ability of these B lymphocytes to activate and, in 
the case of BLV infection, uncontrollably proliferate. The presented hypotheses need 
to be verified in further, more detailed studies.  
Assuming that PHA induced proteins cause an increase in the expression of viral 
genome (CHATTERJEE et al., 1985) and the first step of BLV stimulation is the result 
of PHA interaction with a membrane receptor of B lymphocytes (CHATTERJEE et 
al., 1985; CHATTERJEE and GUPTA, 1989), it seems that a molecule identified by 
mouse IgM anti-bovine B-B2 antibodies similar to the human CD19 (WINNICKA et 
al., 1999) could be such a receptor. The CD19 molecule is recognised as a key 
component of an intercellular pathway responsible for B lymphocyte activation 
(FUJIMOTO et al., 1999). In addition, it participates in the co-stimulation of B 
lymphocyte activated by a specific antigen or mitogen in the first step of cellular 
activation (FUJIMOTO et al., 1998). A similar role is played by CD2 molecule 
towards T lymphocytes (DANIELAN et al., 1992). Evoking a positive signal of 
lymphocyte activation requires activation of co-stimulating molecules. Otherwise, the 
cell undergoes anergy (loses the activation ability). The results of the previous 
(KACZMARCZYK et al., 2004) and the present study seem to indicate possible blood 
leukocyte AcP gene product-mediated signalling from B lymphocyte surface receptor 
to the inner part of a cell. The AcP participation in the activation and proliferation of 
lymphocytes may also be connected with the expression of the enzymatic function of 
acid phosphatase in the lymphocytes of BLV-infected or clinically healthy cows with 
different AcP phenotypes (interaction between AcP polymorphism and leukaemia) 
(KACZMARCZYK et al., 2005c). Significantly higher activity of this enzyme was 
recorded in lymphocytes of the clinically healthy A phenotype animals than in the 
lymphocytes of AB phenotype animals. This may impair the dephosphorylation of 
important elements (e.g. protein kinase) which participate in signal transmission from 
a membrane receptor complex into the inner part of the cell and consequently decrease 
the threshold of B lymphocyte activation. 
Proteins undergoing a reversible phosphorylation participate in numerous biological 
processes in a cell. The phosphorylation degree of these proteins is regulated by 
opposed processes catalysed by kinases and protein phosphatases, however, the 
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mechanisms of this regulation have not yet been thoroughly researched. In recent years 
an increasing interest in protein phosphatases has been observed. This was caused by a 
discovery of their significant role in tumour supression and in the regulation of cellular 
cycle (LI and DIXON, 2000; WEN et al., 2001). Some of them are multifunctional 
(DISSING et al., 1991; KIMBERLEY et al., 1992).  
The results of the previous and the present study seem to indicate that the product of 
blood leukocyte acid phosphatase gene is likely to participate in lymphocyte activation 
and proliferation and seems to confirm that there is an association between the 
biological function expression of the AcP gene product and the cows’ susceptibility to 
natural infection with the bovine leukaemia virus.  
The ability of lymphocytes to form an immunological response, which is recorded in 
the first three months of lactation, seemed to be largely determined by diagnosed BLV 
infection (Fig. 2). A regular decrease in the spontaneous blastogenesis rate, as well as 
similar, but statistically insignificant, diversification of lymphocyte response to PHA 
was observed in the EBL+ cows (Fig. 2a).  
It is postulated that during the perinatal period, the diminished lymphocyte functions 
and the delayed host immune responsiveness occur which are caused by an increase in 
the level of immunosupressive factors (e.g. steroids, pregnancy zone protein, early 
pregnancy factor, etc.) (WEINBERG, 1984). A reduced proliferation response of 
lymphoid cells to antigen or a mitogen was observed in vitro (SHAFER-WEAVER et 
al., 1996) as well as a decreased ability of lymphocytes to produce antibodies and of 
cytokine secretion (SORDILLO et al., 1991; NAGAHATA et al., 1992). The 
disturbances in immunological functions occurring for a short period before and after 
delivery may favour new infections and the spreading of microorganisms in the body 
(SHAFER-WEAVER et al., 1996). BLV infections in leukaemic herds are also more 
frequent in this period. In BLV+ cows, the synthesis of anti-BLV antibodies begins 
between 2 and 8 week after infection (BURNY et al., 1980) and the antibodies in vitro 
inhibit spontaneous proliferation of peripheral blood mononuclear cells (PBMC) 
(THORN et al., 1981; TRUEBLOOD et al., 1998). The regular decrease in the PBMC 
proliferation abilities observed in the EBL+ cows in the first three months of lactation 
seems to be caused by new BLV infections in the perinatal period and by the 
development of an immunological response by the host. Interactions between B and T 
lymphocytes may contribute to an increase in antibody response to cell-dependent 
antigens (ISAACSON et al., 1998) and have an effect on the lymphocyte spontaneous 
proliferation in EBL+ cows. In clinically healthy cows, a similar ability of 
lymphocytes to spontaneous lymphoblastic transformation and a little differentiation in 
cell response to PHA was observed throughout the entire trimester of lactation (Fig. 2), 
which seems to confirm our hypothesis. The results of the present study do not 
confirm the reduction of lymphocyte proliferation activity in the first month of 
lactation, only previously cited results of the author have indicated a significant 
decrease in the percentage of CD19+ B lymphocytes in clinically healthy cows 
(KACZMARCZYK et al., 2004). The obtained results could have been caused by the 
research start date which was in the middle of the first month of lactation. The 
possibility of comparison and interpretation of the results is largely hindered by the 
lack of publications presenting the dynamics of the changes in lymphocyte 
proliferation efficiency in clinically healthy cows in the subsequent weeks or months 
of the first trimester of lactation.  
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The wide variability in both the spontaneous and PHA-induced blastogenesis rate was 
recorded in the present experiment as well as by other authors (THODE-JENSEN and 
CHRISENSEN, 1981; FISCUS et al., 1983; TIERNEY et al., 1997; FLAMING et al., 
1997). A possible polygenic nature could explain a wide variability of this trait.  
The obtained results suggest that the product of blood leukocyte acid phosphatase gene 
is likely to participate in the lymphocyte activation and proliferation and that there is 
an association between the biological function expression of the AcP gene product and 
the cows’ susceptibility to infection with the bovine leukaemia virus. Moreover, the 
results obtained seem to indicate that the synergy of both factors - the bovine 
leukaemia virus and the month of lactation modifies the proliferation response of the 
phytohaemagglutinin unstimulated lymphocytes.  
The obtained results encourage further more detailed studies into the properties and the 
role of the blood leukocyte AcP gene product in the pathogenesis of enzootic bovine 
leukaemia. 
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