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ECENT ADVANCES in histochemical tech- R niques have stimulated interest in the 
inicroscopic differentiation of various muco- 
polysaccharides. Following a previous studyLo 
on the analysis of mucoid substances in normal 
tissue, the present paper deals with the applica- 
tion of some of the newer methods to the exami- 
nation of pathological material. 

For this purpose, three types of niucus-con- 
taiiiing tumors were selected, namely, mixed 
tuniors of the parotid gland, colloid carcinoma 
of the breast, and myxomatous tumors of be- 
nign and malignant character. I t  was hoped 
that knowledge of the histochemical behavior 
of mucoid substances in these tumors might 
throw further light on their nature and histo- 
genesis. 

MATERIAL AND METHODS 

The material consisted of sixteen so-called 
iiiixed tumors of the parotid, five colloid car- 
cinomas of the female breast, six myxomas, and 
three myxosarconias from the leg. (One myxo- 
ma came from a finger.) 

The material was fixed in 10 or 20 per cent 
I'ornialin and paraffin sections were cut. In  ad- 
dition to the routine heinatoxylin-and-eosin 
technique, the following staining methods were 
applied: 
I .  Toluidine-blue stain as described by Sylven 

and as used in the previous study. 
2. Periodic acid-leucofuchsin (PAL) stain ac- 

cording to blciUanus19, Zo counterstained 
with hematoxylin with or without previous 
digestion by saliva (1 hour at 37"). 

3. Treatment with hyaluronidase solution fol- 
lowed by toluidine-blue or occasionally PAL 
stain. For this purpose, sections were treated 
with a solution of bull-testis hyaluronidase 
(35 turbidity reducing units per cc.) and/or 
streptococcus hyaluronidase (7 to 8.5 tur- 
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bidity reducing units per cc.) for three 
hours at 37". An untreated section served as 
control. 

4. Galego's variant of' anilin-blue connective- 
tissue stain. 

RESULTS 

Mixed Tutt1o)s of the Pal otid Gland. Speci- 
mens showing the typical architecture of mixed 
tumors characterized by areas with glandular 
structures alternating with 50-called myxoma- 
tous and chondroniatous foci were selected for 
this study. In  all of these specimens, toluidine- 
blue stain showed marked metachromasia of 
the myxomatous areas, which were found wher- 
ever the tumor cells spread apart assuming stel- 
late shape. In  addition, the cartilaginous areas 
took up the metachromatic purple color. With- 
in the tumor cells, however, metachromatic nia- 
terial was not found. On the other hand, the 
mucus present within the alveoli or ductlike 
structures appeared faintly greenish blue, i.e., 
not nietachroniatic (Fig. 1). 

Treatment with bull-testis hyaluronidase fol- 
lowed by toluidine-blue stain showed that a 
great deal of the intercellular metachromatic 
material of the myxomatous and cartilaginoua 
areas was hydrolized. 

As far as the mucoid substance5 were con- 
cerned, the PAL stain produced a picture that 
was almost the exact opposite of that obtained 
with toluidine blue. Thus, the mucus within 
the glandular lumina, as well as mucus drop- 
lets within some of their lining cells, stained 
brightly red and remained unaffected by saliva. 
On the other hand, the strongly metachromatic 
mucinous material within the matrix of the 
myxomatous and cartilaginous areas remained 
unstained with PAL (Fig. 2). 

Red-stained granules that were found in stel- 
late, spindle, and cartilaginous tumor cells 
proved to be composed of glycogen, since they 
were digested by saliva. 

A few specimens presented red lines sur- 
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roundirig the g-landular structures, which were 
i i i  terpreted as I)aseiiient nieiiil~raiies. I'hey 
stained blue with anilin hlue arid were not 
xffectecl b y  Iiyaluroliiclase. I n  addition, areas of 
li1)rosis showed varying degrees of red staining. 

One of tlie inixed tumors presentetl a some- 
Ivliat atypical architecture. Instead of the usual 
spindle cells, there were large polygonal tumor 
c . 0 1 1 ~  with abundant eosinophilic cytoplasni. In  
tiiiiriy places these cells were closely packed, 
showing narrow unstained spaces between them 
i i i  the henia toxylin-antl-eosin preparation (Fig. 
3 ) ,  while the PAL stain showed red-staining ma- 
torial within these spaces (Fig. 4). This inaterial 
w i s  not inet~ichroiiiatic with toluidine blue, 
was not inlluenced by saliva or hyaluroniclase, 
:ilid was stained faintly gray to yellow wit11 
mil in  blue. It was riot possible to identify this 
i>,ir.-positive substance. Wherever the tumor 
cells spread farther apart, the intervening m ~ t -  
( its showed the same staining properties as in 
typical niixed tumors, i.e., metachrornasia, but  
sfiowetl no reaction with PAL. 

Col lo id  C m ? ~ i n o m a s  of t h e  Bwclst. All cxani- 
i tied speciincns showed the characteristic his- 
tology of colloid carcinonia of the breast con- 
sisting of groups of tumor cells embetltled with- 

in I n o w  or less abundant niuroicl inaterial. 
St;iinctl with toluidine blue, this inucoid ilia- 

terial appe;ired strongly inetachromatic: in two 
C;ISCS (Fig. 5), weakly ntetac.hroniatic in two, 
~ i t l  nonuochroinic in one. 

J R the I'M. preparations, the inucoid inaterial 
stained I)riglit red in all sections (Fig. 6 ) .  Both 
techniques showed occasional niucus within 
tunior cells. When liyaluronidase (bull testis) 
digestion was carried out on one of the speci- 
mens, no difference between the digested and 
undigested slides could be tleiiionstrated, ex- 
cept for a minute area within the connective- 
tissue stroma of the tuntor where nietachro- 
iriatic illaterial had disappeared. 'This indicates 
that the tunior mucus was unaffected by the 
enzyme. Only some strornal niucoprotein pres- 
ent in niany tuniors and not specific for colloid 
carcinoma ol tlie breast was digested by the 
enzyme. 

Aftel- treatment with saliva, the intercellular 
niiicus was h m d  unchanged and many tumor 
cells still contained niucus droplets. 

Mysottim ( i d  hlyxosarcornas. ?'he observa- 
tions inade on niyxomas and niyxosarcomas 
may be suliiinarizetl briefly. All these tumors 
showed large amounts of intercelIular meta- 

FH;. I .  Mixed tumor OF the parotid glands. Sow the gray mucus inside the glands, dark 

FIG. 2. The same area as in Fig. 1.  Note the dark, glandular iiiucus, myxomatou~ iiiafcrial 
(inetachromatic) niyxomatous material in the upper left. (Toluidine-blue stain.) 

unstained. (Periodic acid-leucofuchsin stain.) 
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chromatic substance, which upon treatment 
with testicular hyaluronidase was easily hydro- 
lized. 

On the other hand, treatment with strepto- 
coccus hyaluronidase gave inconstant results. 
Of the six myxomas and three myxosarcomas 
examined, there was detectable digestion in 
only two myxosarcomas and one myxoma. One 
myxosarcoma and three myxomas were not in- 
fluenced by the streptococcus hyaluronidase. 
One niyxoma showed digestion in one section 
and no change in a section taken from a differ- 
ent area. In  still another myxoma the result 
was questionable. In  contrast to this inconstant 
digestive pattern, the behavior of these tumors 
toward PAL m7as uniform, in that the intercellu- 
Jar mucoid material always remained unstained 
by this method. 

COMMENT 

The  methods used in this study are believed 
to help differentiate the various mucoproteins 
in tissues in the following way: 

Metachromasia with toluidine blue in the 
technique used is, according to Sylvdn, specific 
for sulfuric acid esters of high molecular 
weight. The  specificity for acid mucoproteins 

was also accepted by Clara. Wislocki and Demp- 
sey in 1948, came to the conclusion that 
Sylvh’s modification of the staining method 
I ‘ .  . . offer[s] a good means of bringing out acid 
mucopolysaccharides and keeping metachro- 
masia from ribonucleoprotein at a minimum.” 
To abolish the latter, these authors treated the 
sections with ribonuclease before staining, a 
step that was omitted in this study under the 
assumption that the error caused by the pres- 
ence of ribonucleoproteins in the substances 
under consideration would be minimal. 

Chondroitin sulfuric acid as a component 
of mesenchymal mucus appears constantly 
strongly metachromatic with toluidine blue, as 
was previously demonstrated.10 Also, hyaluron- 
ic acid, which was tested as a pure chemical 
substance using the technique described by Go- 
mori, was found to be faintly metachromatic. 

The  intensity of metachromasia of epithelial 
mucus, however, varies greatly. As was shown 
by Clara, not all mucous cells are metachromat- 
ic even within a mucous gland, e.g., the sublin- 
gual. On the other hand, the so-called “mu- 
coid” glands found in the surface epithelium 
of stomach, pylorus, and duodenum never react 
metachromatically. Clara explained this be- 
havior as being caused by different electric 

FIG. 3. Atypical mixed tumor of the parotid gland. (H. & E.) 
FIG. 4. The same area as in Fig. 3. (Periodic acid-leucofuchsin stain.) 



No. 4 MUCOPOLYSACCJHARIDES IN MUCUS-PRODUCING TUMORS - Grishman 703 

charges of the mucous substances involved. This 
fact accounts probably for the varying reaction 
of the glandular mucus in our specimens. In  
the parotid-gland tumors, the intra-alveolar 
secretion never showed metachromasia, while 
that in the breast carcinomas varied in its 
behavior. 

The periodic-leukofuchsin technique was 
first described by McManus,lD somewhat en- 
larged by Lillie,l7 and independently devel- 
oped and modified by Hotchkiss. The chemical 
reaction taking place during the staining proc- 
ess is explained by Hotchkiss as an oxidation 
of polysaccharides with two adjacent hydroxyl 
groups to polyaldehydes with the reduction of 
periodates to iodates. However, McManus21 
pointed out that the periodic acid technique is 
of “. . histologic rather than of histochemical 
usefulness.” He assumed also that substances 
other than polysaccharides may produce an al- 
dehyde, such as ketones and unsaturated com- 
pounds, as well as the three amino acids: serine, 
threonine, and hydroxylysine. Besides glycogen 
and mucoproteins, he found reticulin, fibrin, 
colloid droplets, hyalin of arteriosclerosis, and 
a number of other substances to be PAL positive. 

In the present study, the substances under 

consideration were assumed to belong to the 
mucoproteins. The main concern was to sep- 
arate materials of unquestionably mucinous 
character, while other PAL positive substances 
were not believed to play a significant role in 
the tissue elements examined. Glycogen was 
easily identified. 

Leblond was the first to point out the inter- 
esting fact that chondroitin sulfuric acid does 
not belong to the PAL-positive substances, on 
account of substitutions in the glycol groups 
described by Meyer and Odier (quoted by Le- 
blond). Leblond found that cartilage stained 
poorly after saliva treatment and assumed that 
connective tissue owed its staining properties 
to hyaluronic acid. Mucoitin sulfuric acid, on 
the other hand, was found to be PAL positive. 

Our experience confirms these observations. 
While the McManus method stained various 
types of epithelial mucus strongly red (e.g., 
from tracheal, bronchial, and salivary glands, 
stomach, appendix, large intestine, gallbladder, 
breast), it did not produce a positive reaction 
for mesenchymal mucus, either in the umbilical 
cord or in granulation tissue. 

This staining difference offers a valuable aid 
for the histological differentiation of muco- 

FIG. 5. Colloid carcinoma of the breast. Note the carcinoma cells surrounded by metachro- 
matic (dark) mucus. (Toluidine-blue stain.) 

FIG. 6. The same tumor as Fig. 5.  Note strongly stained mucus around carcinoma cells. (Periodic 
acid-leucofuchsin stain.) 
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polysaccliarides. Thus, it WIS concluded that, 
whenever a strongly metachromatic niucoid 
substance remained unstained with the PAL 
technique, it was of mesenchynial origin and 
probably mainly chondroitin sulfuric acid. 

Lillie’s’* extensive studies on the histochem- 
istry of mucins showed, in many respects, sim- 
ilar results to our own, particularly as far as 
the reaction to PAL is concerned. Gersh and 
Catchpole claim to have demonstrated glyco- 
proteins of ground substance in various normal 
and pathological tissues with the PAL tech- 
nique. However, i t  niust be remembered that 
chondroitin sulfuric acid, which forms an im- 
portant part of ground substance, does not 
stain with this technique. 

I n  the previous report, it was pointed out  
that bull-testis hyaluronidase applied to sec- 
tions affected connective-tissue mucus exclu- 
sively, while epithelial mucus remained un- 
cl!anged. This observation was confirmed by 
the study of pathological material. Yet the use 
of two different hyaluronidase preparations for 
the differentiation of various components of 
mesenchynial mucus proved of little help. 

In  accordance with the findings of hIeyer and 
associates that testicular hyaluronidase hydro- 
lyzes chondroitin sulfuric acid and hyaluronic 
acid, while pneumococcus hyaluronidase only 
affects the latter, i t  was hoped that the simul- 
taneous use of these two enzymes on corre- 
sponding sections might demonstrate the pres- 
ence of either chondroitin sulfuric acid or 
hyaluronic acid. T h e  fact that instead of pneu- 
~nococci~s hyaluronidase, streptococcus hyal- 
uronidase had to be used, may be responsible 
for our failure to demonstrate these substances. 
It was found that streptococcus hyaluronidase 
in higher concentrations (35 turbidity reducing 
units per cc.) digested chondroitin sulfuric acid 
i n  cartilage. When lower concentrations were 
used, only partial digestion of mucoproteins 
took place in the umbilical cord. However, 
even then, one of the cartilage specimens, used 
as a control, showed slight hydrolysis of its 
ground substance. Therefore, grave doubt ex- 
ists as to the specificity of the various enzyme 
preparations. Nevertheless, in the hope of find- 
ing a constant pattern regarding their behavior 
toward these enzymes, a series of myxomas and 
myxosarcomas was examined. However, tlie re- 
siilts varied considerably. All specimens were 
strongly affected by bull-testis hyaluronidase, 
while the tests with streptococcus hyaluroni- 
(lase showed all transitions from none to 
marked hydrolysis. 

The  Hale stain for polysaccliarides, used in 
tlie previous study of normal tissues, proved 
of no value for the examination of pathological 
material because of its lack of histological detail 
and it was, therefore, omitted. 

CONCLUSIONS 

Interpreting the staining results of the vari- 
ous tumors in the light ot these general con- 
siderations, one arrives a t  the following con- 
clusions. 

Our studies seem to indicate that the typical 
parotid mixed tumors are really “mixed,” i.e., 
cornposed of two different cell types. The  differ- 
ential mucus stains regularly reveal two kinds 
of mucoid material: an epithelial mucus char- 
acterized by strong staining ability with PAL 
and always found within ductlike structures, 
and the mesenchyrnal mucus probably repre- 
sented by chondroitin sulfuric acid, which does 
not take up PAL but gives marked metachro- 
rnasia and is hydrolyzed by bull-testis hyaluroni- 
dase. This material is always located in  the 
so-called myxomatous areas with single or 
grouped stellate and spindle cells. This evi- 
dence confirins the studies of Hemplernann and 
Womack who, with other differential staining 
methods, arrived at  similar conclusions. 

I t  would be hard to conceive of a single type 
of tumor cell that secretes two different kinds 
ot mucus, or of a cell that changes the clixacter 
of its secretion abruptly, depending on whether 
it lines a glandular space or spreads out loosely. 
The  logical conclusion seems to be rather that 
tlie cells lining the ducts and tli-se forming tlie 
network are of different clmacter to begin 
with. It has been suggested that chemical 
changes take place in the stagnant pools of se- 
cretion::’ caused by ptyalin, which is formed by 
the tumor or salivary gland and acts on the car- 
bohydrate-containing mucus. However, one 
would then expect to find transitions from one 
type of mucus to the other, which cannot be 
demonstrated, and a less strict rule of localiza- 
tion. 

On  the other hand, the niorphology of the 
tumor has to be taken into account, namely, 
the fact that tumor growth appears to proceed 
lrom glandular elements and that the stellate 
and spindle cells seem to spread out from the 
gland walls with apparent transitions between 
epithelial and stellate cells. T h e  structure of 
the tumor does not indicate proliferation of 
two independent tissues, but rather of closely 
related cell elements. 
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Ever since Billroth first described the mixed 
tumors of the salivary glands in 1859, a contro- 
versy concerning the histogenesis of these tu- 
mors has existed and numerous theories have 
been advanced. Detailed historical reviews have 
been presented by several authors’, 12.34 and 
shall not be repeated here. The  most important 
question is whether these tumors arise from 
epithelial tissue alone, or represent a mixture 
of mesenchymal as well as epithelial elements. 

T h e  epithelial theory is the most widely sup- 
ported today.’, 5, 6. 15, 30. 31, 34 Most authors ar- 
rived at their conclusions froiii morphological 
studies having observed all transitions from 
glandular elements of the tumors to spindle 
and stellate cells surrounded by mucinous and 
cartilaginous material. The latter was usually 
assumed to be a product of secretion of the 
epithelial tumor cells. Considering our own as 
well as Hempelmann’s staining results, how- 
ever, this seems to be an unsatisfactory explana- 
tion. The  latter author favored Norrenbruck’s 
theory postulating an organizing influence of 
the tumor cells on the surrounding stroma to 
form cartilage. 

Several authors have stressed the role of myo- 
epithelial cells in the development of mixed tu- 
mors. These cells, present in salivary, sweat, 
and lacrimal glands, are located between the 
basement membrane and the secretory cells and 
are characterized by fibrils which stain bluish 
black with iron hematoxylin. A detailed de- 
scription may be found in the exhaustive study 
by Zimmermann, who, for morphological rea- 
sons, believed them to be of epithelial origin, 
whereas Heidenhein (quoted by Zimmermann) 
regarded them as connective-tissue cells. Pey- 
ron, discussing mixed tumors of the canine 
breast, which have a striking similarity to hu- 
man salivary-gland mixed tumors, was the first 
to point out the significance of myoepithelial 
cells in the histogenesis of these dog tumors. 
He explained the bone and cartilage formation 
3 s  deriving partly from these myoepithelial 
cells. Allen, who also studied a series of mixed 
iuammary-gland tumors of dogs, however, be- 
lieved the mucus to be rather of epithelial ori- 
gin and the cartilage to be a transformation 
product of this epithelial mucus. Therkelsen, 
in 1934, concluded that both cell elements, epi- 
thelial and myoepithelial, participate in the 
formation of human salivary-gland mixed tu- 
inors, an opinion that was shared by Sheldon. 

Of all the proposed theories, the last one 
seems to account best for the morphological as 
well as the histocheniical characteristics of these 

tumors. The  epithelial cells line the glandular 
spaces and secrete epithelial mucus, while the 
myoepithelial cells grow away from the gland 
walls to form networks secreting mesenchymal 
mucus, probably chondroitin sulfuric acid, 
into the meshes. Whether the niyoepithelial 
cells have to be regarded as connective-tissue 
cells or epithelial cells, with mesenchymal po- 
tentialities cannot be decided here. 

Differing opinions also existed regarding the 
mucus formation in colloid carcinomas of the 
breast, although in recent years most authors 
agree on the epithelial origin. Ribbert, in 1904, 
was probably the first to point to this epithelial 
inode of mucus formation. Gaabe and Spangen- 
thal came to the same conclusion after examin- 
ing their material with thionin and toluidine- 
blue stains respectively. Schultz-Brauns, review- 
ing the entire subject, emphasized the fact that 
even normal mammary glands frequently pro- 
duce mucus. Ewing, on the other hand, fol- 
lowed Kaufmann’s idea, who postulated two 
sources of mucus formation, the stroma as well 
as the glands. Ewing pointed out that the usual 
position of the mucus outside of and surround- 
ing compact groups of well-preserved glands 
was not satisfactorily explained by the epithe- 
lial origin alone. His opponents,*O however, 
maintain that mucus secretion takes place first 
into the lumen of the glands, which later rup- 
ture owing to increased pressure and release 
their secretion into the surrounding stroma. 

Our observations of this type of tumor are in 
agreement with the proponents of the theory 
of epithelial mucus formation. The  secreted 
material in the examined specimens shows the 
characteristics of epithelial mucus throughout. 
The  strong stainability with PAL and the vary- 
ing results with S y l v h ’ s  method of toluidine- 
blue staining must be interpreted in that man- 
ner. It is particularly interesting to note the 
striking difference in appearance between the 
breast and salivary-gland tumors when stained 
lor mucoproteins. Willis, who tried to prove 
the epithelial nature of the myxomatous ma- 
terial in mixed tumors, pointed to the apparent 
siniilarity of salivary-gland mixed tumors and 
colloid carcinomas of the breast, as seen in row 
tine stains. The  special staining methods used 
in this study, however, show clearly that the 
mucoid substances in these two tumors must 
be different in nature. 

As was pointed out before, the study of myxo- 
mas and myxosarcomas was undertaken in or- 
der to analyze further the composition of the 
inucoid substance produced in these tumors. 
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However, the use of two different hyaluroni- 
dase preparations was of no avail. Hence, our 
conclusions are limited to the observation that 
the mucopolysaccharides of these tumors show 
the characteristics of mesenchymal mucus, 
probably chondroitin sulfuric acid, namely, 
strong metachromasia with toluidine blue, ab- 
sence of staining by the PAL method, and hy- 
drolysis by testicular hyaluronidase. 

In conclusion, it may be stated that by apply- 
ing several differential mucus stains, the epi- 
thelial or mesenchymal nature of mucoid mate- 
rial in three types of tumors could be estab- 
lished. In the case of the mixed tumors of the 
parotid, this procedure helped to support one 
of the histogenetic theories, which was found to 
account not only for the morphological but 
also for the histochemical characteristics of this 
tumor. 

SUMMARY 
Sixteen mixed tumors of the parotid gland, 

five colloid carcinomas of the breast, six myxo- 
mas, and three myxosarcomas were examined 

histologically for the nature of their mucopoly. 
saccharides. 

SylvCn’s toluidine-blue stain, McManus’s 
periodic acid-leucofuchsin method, and hy- 
drolysis with various hyaluronidase prepara- 
tions were used. 

It was found that mixed tumors contain two 
types of mucus, an epithelial type in the glandu- 
lar structures and a mesenchymal type in the 
myxomatous areas, characterized by different 
staining reactions. 

The histogenetic theories of mixed tumors 
are discussed in the light of these findings. 

The mucus of colloid carcinomas of the 
breast was found to be of epithelial nature; that 
of myxomas and myxosarcomas, of mesenchy- 
ma1 nature. 

While hydrolysis with bull-testis hyaluroni- 
dase proved to be specific in the differentiation 
between epithelial and mesenchymal mucus, an 
attempt to analyze further the mesenchymal 
mucus in myxomas and myxosarcomas by the 
simultaneous use of bull-testis and streptococ- 
cus hyaluronidase was not successful. 
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