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Several isoenzyme forms of esterase exist 
in primate tissues, providing patterns that 
may be tissue as well as species specific (1). 
A primate-specific esterase imnzyme has 
been found to occur in fetal and adult tissues 
as well as in cultured cells ( 2 ) .  Elec- 
trophoretically it migrates slowly and, in 
agarose electrophoresis, is cathodal with re- 
spect to the origin. I t  is referred to, there- 
fore, as the cathodal esterase. Urine serves 
as a good source of the esterase. Purification 
and partial characterization has shown that 
it is an aliesterase, inhibited by M di- 
isopropyl-fluorophosphate but not by eserine. 
I t  has a molecular weight of approximately 
136,000 (3).  

There has been much speculation concern- 
ing the source of various enzymes in the 
urine (7-10). This report adds to evidence 
that the kidney itself produces large quan- 
tities of the primate-specific esterase. Also we 
submit preliminary evidence that quantita- 
tive differences exist in the primate-specific 
esterase content of certain malignant tissues. 

Materials and Methods. Human tissue 
source. Normal and malignant tissues from 
human males and females ranging in age 
from 23 to 88 yr were obtained at autopsy. 

Tissue extraction. After extensive washing 
in phosphate buffered saline at  pH 7.4, tis- 
sue extracts were prepared as previously de- 
scribed (4).  Protein concentration determi- 
nations were by the Folin-Ciocalteu method. 

Quantitative immunoelectrophoresis. A 
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modification of Laurell’s quantitative immu- 
noelectrophoresis technique was used (5, 6) .  
A rabbit antiserum prepared against the frac- 
tion of human urine precipitated a t  1.6 to 
2.8 M (NH4)zS04 was used as a source of 
standard antibody. A kidney extract with a 
protein concentration of 42 mg/ml was used 
as a standard antigen. Aliquots of the kidney 
standard were initially frozen at  -20” and 
a freshly thawed sample was used for each 
experiment. Glass slides (80 X 100 mm) 
were covered with 13 ml of a 1% agarose 
solution prepared in a buffer solution made 
of equal volumes of 0.05 M barbital (pH 
8.2) and triple distilled water. A 1% (v/v) 
Concentration of standard antiserum was in- 
corporated in the gel. Wells were cut in the 
gel (4 mm diam) with 10 mm between the 
centers of adjacent wells. Each well was filled 
with 10 pl of antigen. Dilutions of the stan- 
dard antigen were used in the last three wells 
of each plate. Electrophoresis was carried out 
in 0.05 M barbital buffer ( p  = 0.05) (pH 
8.2) a t  5-7 V/cm for 4.5 hr. The distance 
of migration for each sample was measured 
from the center of the peak to its base. An 
arbitrary value of 100 “esterase units” was 
assigned to the standard preparation of kid- 
ney extract. The distance migrated by 1:2 
and 1:4 dilutions of antigen represented 50 
and 2 5  units, respectively. A curve plotted 
on a semilog scale showed the relationship 
between esterase units and the migration 
(mm) of the standard antigen (Fig. 1 ) .  The 
number of units for each unknown sample 
was determined from the standard curve. The 
relative esterase concent of a sample was de- 
termined by dividing the number of esterase 
units by the protein concentration. A dose- 
response determination established a linear 
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mg and of esterase units per mg. Kidney had 
the highest relative concentration of 2.65 
units/mg and pancreas had the lowest of 0.36 
units/mg. Kidney has twice the concentra- 
tion of esterase found in the adrenals ( p  < 
0.01). Liver closely follows adrenal with 
heart and brain occupying a middle position 
on the scale. Spleen, lung and pancreas have 
the lowest concentration of esterase. A com- 
parison of the mean of 4 lung tumors with 
that of normal lung showed no significant 
difference. However, the mean esterase con- 
centration of 3 liver tumors was more than 
twice that of normal liver; a signitficant dif- 
ference ( p  < 0.01). 

Discussion. A quantitative analysis of ca- 
thodal esterase among various tissues has 
shown that kidney has the highest relative 
concentration. This suggests that the ester- 
ase, as it exists in urine in relatively large 
amounts, could be derived from the kidney. 
The possibility that certain urinary antigens, 
including enzymes, may leak from tissues 
into the serum and then be concentrated by 
the kidneys has been postulated to explain 
the abundance of these antigens in the urine 
(7 ,  8) .  However, this explanation is unlikely 
in the case of the cathodal esterase with a 
molecular weight of 136,000. More likely the 
main source of enzymes in the urine is the 
renal tissue itself. De Vaux St. Cyr, Her- 
mann and Tala1 (10) demonstrated 2 ester- 
ases in the urine which have their origin in 
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FIG. 1. Migration distance of three dilutions of a 
human kidney extract standlard determined by 
quantitative immunoclectrophoresis and ploltted 
against logarithm of esterase cogtent expressed as 
arbitrary units (see text). 

relationship between the logarithm of con- 
centration of the standard antigen and its 
migration distance in 23 separate electro- 
phoretic runs (Fig. 2 ) .  

Results. Figure 3 shows a typical quantita- 
tive immunoelectrophoresis plate which il- 
lustrates the relationship between enzyme 
content and the distance migrated. The stan- 
dard kidney extract (wells 7,  8 and 9) dem- 
onstrate the progressive reduction in migra- 
tion distance of the esterase as the sample 
is diluted. The same standard kidney extract 
was used on each plate submitted to electro- 
phoresis because subtle variations within the 
procedure might influence the migration of 
the test samples. Examples of these vari- 
ations would be the concentration of agarose 
in the gel, the thickness of the agarose gel 
layer on the plate, the voltage across the 
plate during electrophoresis, and the exact 
time length of electrophoresis. Therefore the 
kidney standard provided an internal control 
on each plate. In actual practice, there were 
negligible differences in the standard migra- 
tion distance among experiments carried out 
on different days as shown by the small stan- 
dard errors in Fig. 2.  

The values of 76 normal tissues and 7 ma- 
lignant tumors were compiled to determine 
the mean relative esterase content. Table I 
shows the results of the quantitative estima- 
mation of the esterase in various tissues ex- 
pressed in terms of migration distance per 
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FIG. 2.  Dose-response relationship of the mean 
migration distance (mm k SE) to bhe concentration 
of protein with standard kidney extract; data com- 
piled fmm 23 different electrophoretic runs. 
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FIG. 3. Quantitative immunoelectrophoretic analysis of tissue extracts, stained for esterase activity 
with indoxyl acetate. Wells: (1) pancreas, 5 5  mg/ml; ( 2 )  lung, 35 mg/ml; (3)  heant, 36 mg/ml; 
(4) spleen, 110 mg/ml; ( 5 )  liver, 108 mg/ml; (6 )  kidney, 182 mg/ml; ( 7 )  1:4 dilution of kidney 
standard ; (8) 1 : 2 dilution of kidney standard; (9 )  kidney standard, 42 mg/ml. 

kidney. One of these may be the equiva- All tissues were collected between 4 and 12 
lent of the cathodal esterasepresently under hr after death. The length of time which 
study. Determination of the level of the ca- elapsed between death and tissue extraction 
thodal esterase in the urine may serve as an did not significantly influence esterase ac- 
indicator of renal injury. tivity among tissues of the same origin as 

The significance of the variation in ester- may be seen by the small standard error 
ase concentration of different tissues is diffi- values in Table I. To check this point further, 
cult to assess. The possibility that the ester- we incubated pieces of human kidney and 
ase is differentially inactivated in various human liver taken at  autopsy 4 hr previously 
tissues following death must be considered. and kept at  37 and 25"  for 1 2  hr. Then the 

TABLE I. Levels of Gatho~dal Esterase in Normal and Abnormal Human Tissues.' 

Esterase conen 

2 distance 5 protein mm migrated/mg 
Tissue migrated (nim) (mg/ml) f SE units/mg & SE 

Normal 
Kidney (12) 
Adrenal ( 5 )  
Liver (12) 
Heart (9)  
Prostate (4) 
Brain (4) 

Spleen (14) 
Pancreas (4) 

Lullg (10)  

Malignant 
Lllllg (4) 
r iver  (3) 

18.8 
13.0 
14.7 
12.2 
11.0 
7.3 
7.8 
8.8 
6.6 

7.7 
15.3 

62.6 
48.6 
78.2 
53.6 
54.7 
25.0 
47.4 
67.4 
57.4 

41.9 
43.3 

0.33 f 0.082 
0.35 & 0.015 
0.21 +- 0.02 
0.25 -+ 0.02 
0.27 0.0'6 
0.31 01.03 
0.21 5 0.02 
0.17 0.012 
0.12 5 0.01 

0.19 5 01.03 
0.35 0.03 

2.65 t 0.31 
1.33 2 0.0,8 
1.22 & 0.2,2 
0.92 f 0.31 
0.86 & 0.12 
0.75 -+ 0.11 
0.46 & 0.018 
0.46 & 0.016 
0.36 f Ot.07 

0.52 f 0.11 
2.51 I+ 0.20 

a Numbcrs in parentheses indicate the number of samples testeld. 
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TABLE 11. Testing for in Pitro Esterase In=- 
tivation. 

Kidney 
4 0 51 12 1.07 

25 12 52 12 1.05 
37 12 52 13 1.30 

Liver 
4 0 100 14 0.90 

25 12 92 14 0.97 
37 12 80 14 1.12 

tissues were extracted and compared for 
esterase content (Table 11). There was no 
discernible drop in esterase concentration, 
making it unlikely that the differences pre- 
sented reflect a differential inactivation of 
enzyme activity in various tissues. Moreover, 
the human-specific esterase has been a very 
stable enzyme during in vitro studies. Re- 
peated freezing and thawing of esterase prep- 
arations did not appear tp reduce the 
activity of the esterase nor alter its migra- 
tion in standard zonal electrophoretic and 
immunoelectrophoretic procedures. 

Nonetheless, a differential effect of factors 
present in situ on esterase activity after 
death cannot be entirely excluded. I t  is known 
that the in vivo level of an enzyme in nor- 
mal animal tissues represents a balance be- 
tween the rate of synthesis and the rate of 
degradation. In the case of liver catalase, 
2 distinct genetic factors affect the enzyme 
activity ( 1  1) .  One controls its catalytic 
activity and the other, its content. The con- 
tent-controlling factor is known to be tissue- 
specific. It is plausible that similar tissue- 
specific factors control the content of other 
enzymes, including esterase. 

Blanco and Zinltham (1) found an in- 
crease in total esterase activity in liver, kid- 
ney and heart with age. These data are con- 
sistent with our findings that adult liver, 
kidney and heart have a relatively high con- 
centration of cathodal esterase compared to 
other tissues tested. This isoenzyme may then 
be significant in the process of aging, at  least 
in some tissues. The same authors point out 
that all tissues have the same set of genes 
capable of controlling synthesis of the enzyme 

but that during development various factors 
modify their expression. In the mouse, the 
enzymes, p-galactosidase and P-glucuronidase, 
are controlled by separate, unlinked structural 
genes, yet the ratio of the 2 enzymes is 
constant in liver, heart and brain during 
development ( 12). Hence they have a com- 
mon developmental pattern presumably con- 
trolled by the same set of regulatory genetic 
factors. While the ratio of the 2 enzyme 
activities is constant within a single organ, 
its range varies during aging from tissue 
to tissue which suggests a further regulatory 
mechanism of a tissue-specific time-dependent 
character. 

Some data on the control of cathodal 
esterase production have been reported. 
Bartholomew, Bartholomew and Rose ( 2 )  
have shown that a human diploid lung line, 
W1-38, transformed by SV40 virus, has a 
markedly reduced ability to synthesize this 
esterase. In other studies we have also ob- 
served a marked reduction of the cathodal 
esterase in 2 other SV40 transformed cell 
lines as well as a spontaneously transformed 
culture of the established FL amnion line. 

The importance of isoenzyme patterns in 
the diagnosis of malignancy is an active area 
of investigation. Many transplantable rat 
hepatomas demonstrate quantitative changes 
in isoenzyme content (13). The degree of 
alteration in rat hepatoma isoenzymes is 
more marked as the degree of dedifferentia- 
tion of the tumor increases. In  the data pre- 
sented here, esterase content is seen to be 
relatively low in normal lung. Accordingly, 
there is no increase in esterase concentration 
in malignant tissue of the lung. Liver has 
high levels of cathodal esterase and in 
hepatomas the esterase is greatly increased. 
In the change from normal to malignant 
growth, a cancerous cell may retain the 
unique isoenzyme pattern of the tissue of 
origin though the quantity of the isoenzyme 
may vary. 

Summary. A relative quantitative estima- 
tion of cathodal esterase in normal and 
malignant tissues has been performed. The 
highest concentration of esterase was found 
in the kidney. A comparison shows that 
human hepatomas have a distinctly in- 
creased level of the esterase over normal 



liver. 
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