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INTRODUCTION

Gomori (‘48) described a method for demonstrating the enzyme phosphami-

dase in tissue sections. This enzyme is thought to be specific for hydrolyzing the

bond between nitrogen and phosphoric acid in phosphoric acid substituted

amides. He observed large amounts of the enzyme in normal brain tissue and in

malignant tumors of epithelial origin.

The purpose of this study was to estimate the phosphamidase content in the

normal tissue of the oral cavity and in some oral lesions.

MATERIAL AND METHOD

This investigation is based on histologic and histochemical studies of 37 hu-

man biopsy specimens. The method for the demonstration of phosphamidase

was as follows:

Specimens were fixed in 95% chilled alcohol for 24 hours, and in absolute

chilled alcohol for 24 hours, then cleared in benzene and embedded in paraffin of

a melting point of 50#{176}-52#{176}C.To minimize exposure to heat, embedding was done

under vacuum. Sections were cut at 6 microns. A positive and a negative control

section were mounted on each slide carrying a test section. As positive control,

a section of mouse brain was used; as negative control, a section of normal human

oral mucosa previously enzyme-inactivated by treatment with Lugol’s solution.

The slides carrying the three sections were incubated with substrate’ for 16 to 18

hours, at 37#{176}-39#{176}C.The substrate solution consisted of 50 cc. of normal twen-

tieth maleic acid-sodium hydroxide buffer at pH 5.4, 1.5 cc. of 0.1 M parachior-

anilidophosphonic acid, and 1.5 cc. of 0.1 M lead nitrate.

Following incubation, the slides were rinsed in distilled water and treated in

citric acid-sodium citrate buffer at pH 4.6 for periods varying from 10 to 40

seconds. They were then immersed for a few minutes in a dilute solution of am-

monium sulfide, lightly counterstained with hematoxylin, and dehydrated and

mounted in tetrachlorethylene.

With the exception of the use of two control tissue sections, this procedure

follows the technique described by Gomori (‘48 and ‘52).

* This investigation was carried out under Contract W49-007-MD-496 with the Medical

Research and Development Board, Office of the Surgeon General of the United States Army.
‘We are indebted to Dr. G. Gomori for the first sample of substrate and for helpful

advice, and to Dr. E. K. Fields for preparation of subsequent samples of the substrate.
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EVALUATION OF PHOSPHAMIDASE CONTENT

Gomori’s technique as presented in ‘48 and again in ‘52 is, according to him,

subject to artifacts from several sources which are apt to distort the picture of

enzymatic activity. Both false positive and false negative results may occur.

FaLse positive results are due to the use of a substrate which is given to spontan-

eous decomposition under the conditions of incubation. Phosphate ions liber-

ated by spontaneous hydrolysis like those liberated by enzyme activity, are pre-

cipitated onto the slide as lead phosphate. Enzyme activity may further be simu-

lated by adsorption of lead ions onto structures with a tendency for impregnation

by heavy metal ions. In order to remove precipitate due to spontaneous hydrol-

ysis of substrate, slides are differentiated in citric acid preceding the conversion

of lead phosphate to lead sulfide. If this step has not been carried to completion,

lead sulfide is dissolved off by treatment with nitric acid. The endpoint for differ-

entiation by citric acid or by nitric acid is, according to Gomori, the absence of

precipitate on the free glass of the slide. Instead of this criterion, the absence of

precipitate on a section of oral mucosa in which enzyme activity had previously

been abolished was used in the present study.

To eliminate false positives due to lead impregnation, to confusion with various

kinds of pigments in the tissues and due to preformed calcifications, a section of

all test specimens was inactivated by treatment in Lugol’s2 solution, then incu-

bated in the usual manner.

Ten minutes’ exposure to Lugol’s solution was sufficient to produce complete

inactivation in all cases, including specimens of extremely high enzyme concen

tration. Structures impregnated by lead sulfide on the inactivated slides were

calcified areas, peripheral nervous tissue and, on occasion, mucus in mucous

glands. When an inactivated slide had not been differentiated sufficiently long,

all three tissues on it tended to show the same degree of lead sulfide staining,

though with characteristic differences in its distribution in the brain on the one

side, and the two sections containing epithelium on the other.

There was no difficulty in distinguishing the various kinds of pigment from

staining by lead sulfide.
Positive results. A specimen was judged to be positive for phosphamidase if (1)

it was free from lead sulfide deposits when inactivated, (2) but showed, in several

incubations, areas of positive reaction of the same intensity as brain, in the pres-

ence of a blank inactivated section of oral mucosa.

False negative results are, according to Gomori, due to (1) “unaccounted fail-

ure” to obtain a positive result. This may happen in sections incubated in the

same jar with several serial sections all of which show positive results. (2) A false

negative result may be produced by accidental or deliberate overdifferentiation

of the slide such that not merely the precipitate due to spontaneous hydrolysis,

but in addition some or all of the precipitate due to enzyme action is dissolved

off. In order to be able to spot false negatives from these two sources, a positive

control was introduced in the present study. As such served a section of mouse
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brain, fixed and embedded like the biopsy material and mounted on the same

slide. Experience with several hundred brain sections has shown that this tissue

yields uniformly reproducible results both as regards intensity and distribution of

enzyme action. There was only a single instance of “unaccounted failure” to

obtain a positive result.

Negative results. A specimen was judged to contain no phosphamidase if in

several incubations it was found free of precipitate while the brain section on the

same slide was heavily positive.

FINDINGS

The material reported in this study falls into three different groups when the

standards described above are applied to it: (1) A group of specimens which con-

tam no phosphamidase ; (2) A group in which certain tissue components contain

phosphamidase in amounts similar to those of brain ; and (3) A group in which

some tissue components contain less phosphamidase than is found in brain.

1 . Tissues containing no phosphamidase

The normal epithelia of the gingiva, of the buccal mucosa, lining of the maxil-

lary sinus and of acini and ducts of mucous glands were negative for phosphami-

dase. The oral epithelium was negative also when the underlying connective

tissue showed the signs of chronic or acute inflammation. It was also negative in

cases when the epithelium itself had proliferated, was infiltrated by leukocytes

or was ulcerated. Phosphamidase was absent also in hyperkeratotic lesions of all

degrees, provided that the underlying lamina propria was free of inflammatory

reaction.

In all cases of phosphamidase negative epithelium, the lamina propria and the

deeper connective tissue were negative also, with the exception of peripheral nerve

and of some of the striated muscle fibers. In specimens containing calcified tissue

a heavy deposit of lead sulfide covered the calcified area and a concentrically

fading halo, perhaps 2-3 cell diameters in width, spified over into adjacent re-

gions. This picture was identical with that obtained on incubating an inactivated

section of the same specimen.

2. Tissues of high phosphamidase content

The following normal tissue elements were phosphamidase positive: hair, hair

follicles and the epithelial cells of sebaceous glands, nerve fibers and striated mus-

cle fibers. Peripheral nerve usually shows some impregnation also on inactivated
sections, but the staining is much more intense when the enzyme is left intact.

Muscle tissue showed almost always a clear cut distribution of distinctly positive

and entirely negative individual fibers, a behavior perhaps related to the func-

tional and associated metabolic state of the fibers.

The following types of lesions showed phosphamidase positive tissue elements:

epidermoid carcinoma, ameloblastoma, salivary gland tumor, papilloma, giant

cell tumor, leukoplakia, blastomycosis, and fibroma.
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Epidermoid carcinoma. In general, the amount of phosphamidase increased

with increasing lack of cellular differentiation. In relatively differentiated carci-

nomas the amounts found equalled that of brain ; in undifferentiated carcinomas

heavier staining than in brain was observed. An early well differentiated carci-

noma of the lip showed less phosphamidase than brain.

The intensity of the reaction varied in different areas of the tumors. The cen-

ters of horny pearls were negative in most instances, the peripheral obviously

proliferating cells strongly positive. Degenerating centers of nests of tumor cells

were heavily positive. Single invading tumor cells could by their heavy reaction

be distinguished from the surrounding negative connective tissue (fig. 1).

Where the epithelium in the vicinity of a carcinoma was available for study,

a positive though weaker reaction than in the tumor itself was observed. In one

such case, the spinous cells were positive, the basal cells negative. In the case of

a carcinoma apparently developing from the lining of the maxillary sinus, the

ciliated epithelium adjacent to the tumor was positive, the lining elsewhere was

negative.

Ameloblastoma. The epithelial cells of solid cords and buds showed no traces

of phosphamidase. Where the epitheium lined cystic cavities, the layers of epi-

theium facing the cyst showed a tendency to degeneration. These cells were

heavily positive for phosphamidase. Here again the spinous cells of the covering

mucous membrane were positive (fig. 2).

Salivary gland tumor. This tumor L, developing in the soft palate and about 3

cm. in diameter at the time of excision, showed in one portion the picture of a

pleomorphic adenoma, in another portion transition into a spindle-shaped cell

carcinoma. In the first portion (fig. 3) the glandular elements were positive, while

in the second portion (fig. 4) the spindle cells between the acini showed a positive

phosphamidase reaction.

Papilloma. The epithelium of a papilloma of the lip (fig. 5) was intensely posi-

tive, especially the basal, inner spinous, and granular layer. The reaction was

most marked in the epithelium of the tumor itself; it was progressively weaker

with increasing distance at both sides of the lesion and at some distance became

negative.

Giant cell tumor. This tumor, developing from the alveolar ridge, showed by

far the most intensive positive reaction of all tissues seen. Even on overdifferen-

tiated slides on which all precipitate was dissolved off from the brain section, the

tumor section still showed an extremely intense positive reaction. The enzyme

was most concentrated in the areas of proliferating young connective tissue (fig.

6). The giant cells showed large amounts of granular precipitate, especially in

their peripheral cytoplasm, leaving the nuclei free. The covering epithelium

showed a comparatively slight positive reaction in the basal cell layer.

Leukoplakia. These lesions are histologically characterized by marked hyper-

keratosis or excessive parakeratosis, by the presence of a prominent granular

layer, by presence of acanthosis, by multinucleated epitheial cells and a high

frequency of mitoses and by a more or less intense chronic inflammatory reaction

of the lamina propria. The basal cells and the spinous cells were strongly positive
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}iG. 5. Pliot omicrograph of a cent ral area of a papilloma of the lip (52 year old man).

Note the marked reaction of the basal and part of the spinous cell layer. X220.
FIG. 6. Photomicrograph of a giant cell tumor of the lower jaw’ (52 year 01(1 man). Note

the intensive react ion of the spindle-shaped connective tissue cells and of some of the

giant cells of the tumor, the weaker reaction of the germinative layer of the epithelium
and the absence of phosphamidase in the connective tissue forniing the capsule of the

tumor. xs�.
Fir;. 7. Photomicrograph of leukoplakia of the buccal mucosa (33 year old man). Note

the marked reaction of the basal cell layer and of (lie inner part of the spinous cell layer.

X220.
Fu;. S. Photomicrograph of a fibroma of the buccal mucosa (61 year Old man.) Note

the absence of phosphamidase in the epitlielium covering the growth and the positive

react ion of the adjacent hyperkeratotic epitheliuin. The positive areas in the submucosa

are related to muscle and peripheral nerve tissue. XII.
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(fig. 7), whereas inflammatory foci showed in some areas a weaker positive re-

action.
Fibronia. One pedunculated lesion of the cheek which has been classified as

fibroma showed an unexpected reaction (fig. 8). The epithelium covering the

fibroma showed distinct hyperkeratosis and a negative phosphamidase reaction.

So did the underlying fibrous tissue. However, the hyperkeratotic epithelium

adjacent to the growth showed a positive reaction in the basal cells and spinous

cells.

Blastomycosis. The lesion, developing on the lateral surface of the nose, showed

excessive proliferation of the epithelium into the adjacent granulation tissue,

which consisted of a dense accumulation of lymphocytes, macrophages and multi-

nucleated giant cells. The epithelium was characterized by dyskeratosis and the

prominent staining of nucleoli with hematoxylin. The basal cells and spinous cells

were positive for phosphamidase.

3. Tissues with low content of phosphamidase

In this group belong seven cases, five of which were areas of gingiva, two of

buccal mucosa. With the exception of one, all showed either hyperkeratosis or

excessive parakeratosis, three showed acanthosis and three epithelial hyperplasia.

In all instances, the lamina propria was chronically inflamed.

The highest concentrations of phosphamidase were found in the areas of epi-

thelial hyperplasia and hyperkeratosis and corresponding to the foci of inflam-

mation.

DISCUSSION

The present study has confirmed Gomori’s finding (‘48) of the high phosphami-

dase content of brain and of malignant epitheial tumors. His observation that a

non-malignant tumor of the intestinal tract (polyp of the colon) has a high phos-

phamidase content was extended to several types of non-malignant tumors of the

oral cavity. The study has further shown that normal epitheium of the human

oral cavity is negative for phosphamidase, but that large amounts of it are pres-

ent in the epithelium of leukoplakias and in the epithelium adjacent to some

tumors.

It would be tempting to interpret the presence of phosphamidase in histologi-

cally benign tumors and in benign mucosal lesions as an indication that the en-

zyme-positive epithelium of these lesions is in a transition stage between inno-

cence and malignancy. We feel that such a conclusion would be premature on

several counts. Our material is limited in number of cases, and follow-up studies

have not been undertaken. Furthermore, the method used for enzyme demon-

stration is not sensitive enough to permit more than crude quantitative estima-

tions of the enzyme content, nor can its precise distribution be ascertained in all

cases.

The series of biopsies which has so far been analyzed has shown three different

types of results: 1) the cases classified as positive have yielded, in certain of their

tissue components, reproducible positive reactions of an intensity similar to that
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uniformly seen in brain. On slides incubated for shorter periods or unsuccessful

for whatever reasons, the reaction of the brain was diminished to the same degree

as that of the test tissue. Similarly, when a side was overdifferentiated, test sec-

tion and brain faded in parallel fashion, with the center of highest intensity re-

taming a positive reaction for as long as the most intense areas in the brain did.

Although no exact quantitative comparison could be made, it was felt in such

cases that the rate of enzyme activity was of the same order as in brain.

2) At the opposite pole were the cases judgedto be negative for phosphamidase.

While in the positive cases the variation in the amount of precipitate caused by

over- and underdifferentiation was parallel for test section and brain section, in

the cases classified as negative the findings for the test section were identical with

those for the inactivated section of epithelium on the same slide. Unlike brain,

oral mucosa shows a characteristic artifact distribution pattern of lead sulfide.

Thus, in deliberate or accidental instances of underdifferentiation, the inactivated

section of epithelium did not, like the brain section, show an indiscriminate scat-

tering of sulfide. Instead, there was clearly confined precipitation in the cyto-

plasm of the spinous cells and in the intercellular bridges, with sharp breaks and

blank outer pyknotic layers, and usually with blank basal cells. In these instances

of underdifferentiation, the test specimen showed a similar pattern and intensity

of staining as the inactivated negative control section. There is, of course, for

every case classified as negative, a number of incubations with “correct” differen-

tiation available. On these, both test section and inactivated negative are blank,

while the brain section is heavily positive.

3) The third group of cases reacted neither like brain nor like inactivated epi-

thelium, but was intermediate between these two extremes. On one slide, with a

heavily stained brain section, such a case might show regions of seemingly brain-

like intensity; with the next barely weaker brain section, the test specimen may

be almost blank or even entirely negative. In both slides, the inactivated negative

control epithelium may be blank. Evidently, microscopic inspection permits only

a crude distinction between heavier and lighter deposits once a certain intensity

of staining is exceeded. Two instances of differentiation which seem to have

resulted in equal intensities of two brain sections may actually have removed

greatly different amounts of precipitate from the two brain sections, and at the

same time also from the two test specimens. When the test specimen contained

less precipitate than the brain to begin with, all of its precipitate might have been

removed in the one instance, and appreciable amounts left behind in the other

instance.

To put it another way: Theoretically, differentiation should lead to removal of

all precipitate from other than enzymatic sources, but should leave the product

of enzyme action untouched. Practically, our criterion for the correct endpoint

was the combined occurrence of a blank inactivated specimen and a heavily

positive brain. Now these two conditions can be fulifiled not by a single sharp

endpoint of differentiation, but by a range of points, and there is no way of telling

whether one has carried differentiation to the exact theoretical endpoint or some

way beyond it. In the instances of going beyond, one may have removed what
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precipitate there was on the test specimen and so end up with seemingly contra-

dictory results. Nor should it be thought that using blankness of the free glass

part of the slide as the endpoint would have provided a safer guide. Whether

evaluated in terms of blankness of the inactivated section, or in terms of uniform

heaviness of precipitate of the brain section, the behavior of the glass was more

erratic than that of any kind of section.

Biopsies of this third kind obviously contain less phosphamidase than brain,

yet contain some. Obviously also, the method for enzyme demonstration is

stretched beyond the limits of its present sensitivity if applied to cases of this

kind. These were nevertheless included in the present series in order to avoid the

implication that the only positive cases seen are those of neoplasms and of lesions

which are cancer suspect.

The inherent difficulties of the technique could be greatly reduced if the sub-

strate suggested by Gomori could be replaced by a compound which does not

hydrolyze spontaneously under the conditions required for obtaining enzyme

activity. In preparing parachloranilidophosphonic acid, Gomori followed the

method suggested by Otto (1895). Rorig (‘49) showed in 1949 that the compound

actually obtained by this method is a diamide of phosphoric acid with one free

and one chlorophenyl-substituted amino group. The actual mono-amide has been

synthesized by Si-Oh Li (‘50) and used for the biochemical determination of the

phosphamidase content of various organs by Holter and Si-Oh Li (‘49). They

state that the monoamide is as suitable as the diamide as a substrate for phos-

phamidase and is virtually stable in dilute acid.

In addition to testing the substitution of substrates suggested by loiter several

ways of improving the technique have suggested themselves, the most obvious

one being the addition of a tissue of lower phosphamidase content than brain as

the standard of a positive reaction, another being the use of an inactivated section

of the test specimen itself as the indicator that differentiation has been carried

far enough. It was felt that the study of additonal biopsy material as well as

follow-up studies on the cases so far analyzed should be undertaken after im-

provement of the present technique.

SUMMARY

The phosphamidase content in normal and pathologic tissues of 37 biopsies

from the oral cavity was examined using the histochemical method of Gomori.

High concentrations of phosphamidase were found in the epithelia of epider-

moid carcinoma, leukoplakia, papiloma, pleomorphic salivary gland tumor, in

the proliferating connective tissue of a giant cell tumor and in the epithelium

adjacent to a fibroma and in the epithelium of blastomycosis. Low concentrations

of phosphamidase were found in a few cases of inflammation of the mucous mem-

brane associated with hyperkeratosis.

The phosphamidase reaction was negative for normal epithelium and connec-

tive tissue of the oral mucous membrane, the lining of the maxillary sinus and

mucous glands.
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The present limitations of the technique are discussed and some precautions

against erroneous conclusions presented.
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