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Enzyme Polymorphism as a Biochemical Cell Marker: Application to 
the Cellular Origin and Homogeneity of Human Macrophages and to the 
Classification of Malignant Lymphomas * 
H. J. Radzun, M. R. Parwareseh, and K. Lennert 

The polymorphism of enzyme systems can be 
ascribed to four different mechanisms. Physi
cochemical heterogeneity ensues from free 
combination of subunits constituting the qua
ternary structure of enzyme proteins. The 
so-called microheterogeneity is caused by the 
presence of nonpeptide groups in the enzyme 
molecules. Furthermore, genetic activity leads 
to the appearance of molecular enzyme va
riants called isoenzymes. Finally, the phenoty
pical expression of genetic variations is usually 
obscured by the inductive and repressive 
influences exerted during ontogenesis and 
differentiation. This is referred to as balanced 
polymorphism (Ford 1940). 

There is ample evidence that the pattern of 
enzyme variants remains constant within a ho
mogeneous cell population and reveals a stable 
feature specific to this cell co hort (Li et al. 
1970). We have used isoelectric focusing on 
poly acryl amide gels for investigation of the 
lysosomal acid esterase (BC 3.1.1.6) and 
lysosomal acid phosphatase (EC3.1.3.2) poly
morphism in purified human blood cell types 
(Radzun et al. 1980, to be published). It could 
be shown that clear differences in the pattern 
of enzyme variants were detectable between 
platelets, red blood cells, granulocytes, mono
cytes, and T and B lymphocytes. 

The unique distribution pattern of acid 
esterase in human blood monocytes with four 
minor and one major anodic band within a pH 
range of 6.25-5.70 was used to detect the 
homogeneity and cellular origin of human 
peritoneal macrophages. Purified unstimula
ted sessile peritoneal macrophages, obtained 
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from noninflammatory peritoneal cavity, sho
wed in addition- to the five isoenzymes of acid 
esterase which are specific for blood monocy
tes, two further enzyme variants (Fig. 1). 
Exposure of blood monocytes to an uncoated 
glass surface led to the appearance of these two 
bands on the third day of culture. From these 
results we deduce that sessile peritoneal ma
crophages, like exudate peritoneal macropha
ges, represent a monocytic cell cohort. Thus, 
all macrophages of the peritoneal cavity con
stitute a homogeneous cell population. This 
contradicts the opinion of other authors, who 
hold the view that sessile peritoneal macropha
ges are self-sustaining (Daems et al. 1973). 

Another example for the application of 
cell-specific polymorphism of enzymes is its 
employment in the characterization of tumor 
cells. On the basis of morphological conven
tions and enzyme cytochemical and immuno
cytochemical methods, human malignant lym
phomas have been successfully classified (Len
nert et al. 1978). It has been shown that the 
four lymphoma entities - chronic lymphocytic 
leukemia of B-cell type, follicular lymphoma, 
lymphoplasmacytic/lymphoplasmacytoid lym
phoma, and plasmacytoma - represent B lym
phocyte neoplasias, imitating various stages of 
activity and differentiation of normal B lym
phocytes. In line with these considerations all 
four lymphoma entities shared the isoenzyme 
pattern of lysosomal acid phosphatase obser
ved in normal human B lymphocytes (Fig. 2). 
Furthermore, the stepwise rise in enzyme 
activity from one lymphoma entity to the next 
was at least partly due to the appearance of 
additional isoenzymes (Schmidt et al. , to be 
published). These results show that it is pos
sible to classify a tumor as B lymphocytic in 
origin on the basis of its typical isoenzyme 
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Fig. 1. Polymorphism of lysosomal acid esterase in normal human blood monocytes and sessile peritoneal 
macrophages. Prolonged exposure of blood monocytes to uncoated glass surface showed a gradual transition 
of the monocytic pattern of acid esterase into that of peritoneal macrophages. pI, isoelectric point 
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Fig. 2. Polymorphism of lysosom al acid phosphatase in chronic lymphocytic leukemia of B-cell type 
(B-CLL), follicular lymphoma (CB/CC), lymphoplasmacytic/lymphoplasmacytoid lymphoma (IC), and 
plasmacytoma (PC) in comparison with normal human B lymphocytes (B-Ly) 

pattern as long as pure populations of tumor 
cells are provided. 

The examples mentioned above document 
the new perspectives of using enzyme poly
morphism as a biochemical marker for the 
characterization of maturational stages, func
tional derivatives, and neoplastic variants of 
a certain cellline. 
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