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Summary. 35 specimens of human parotid gland and 37 of submandibu- 
lar gland were transplanted into athymic nude mice. At distinct time 
intervals, from I day to 8 months the transplants were collected and 
examined. 

The transplanted glands were studied by light microscopy, immuno- 
histology and autoradiography. The following changes were detectable: 
1. acute injury to the xenograft and inflammatory reaction (day 1-7), 
2. regeneration of the transplant and the beginning of adaptation to 

the "mouse milieu" (day 8-30), 
3. completion of adaptation (day 30 and later). 

The presence of the following substances was analysed: amylase, 
lactoferrin, secretory component, tissue polypeptide antigen (TPA). 

Amylase was only detected in the early transplants. Lactoferrin was 
seen only in the small duct system. TPA was present during all transplan- 
tation periods and was quantitatively correlated with the 3H thymidine 
labeling index. 

From our observations we can say that the salivary glands show 
two different reacting compartments: a large and a small duct system. 
The histogenesis of the xenografts, and the relationships of the changes 
observed to human salivary gland diseases were discussed. 

Key words: Nude mouse - Salivary glands - Heterotransplantion - Im- 
munohistology - Ductal proliferation - Autoradiography. 

The nude mouse is an important model system for experimental tumor 
research. Rygaard and Povlsen (1969) transplanted the first human tumor 
into this animal, the thymuic deficiency of which was demonstrated by 
Pantelouris (1968). Povlsen et al. later (1974) demonstrated that normal 
human tissue could grow in nude mice. Because this animal species offered 
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a new approach to study human tumors under "in vivo" conditions, the 
number of transplantations grew rapidly (see for review: Fogh and Giova- 
nella 1978; Houchens and Ovejera 1978; Shimosato etal. 1979; Bastert 
et al. 1981). 

Morphological studies have been based on conventional analysis general- 
ly by H + E staining, showing that the tumor tissue did not undergo much 
change during the transplantation (Linden berger 1981 ; Thomsen et al. 1981 ; 
and others). 

We intended to study normal human salivary gland tissue during differ- 
ent periods of transplantation. Our objective was primarily a morphological 
one. The following questions were proposed: 
1. Which histological and immunohistological changes are found in normal 

salivary gland tissue transplanted for different periods ? 
2. What histogenetic implications be deduced from the reaction pattern 

of the salivary gland tissue ? 
3. Can our observations be correlated with pathological conditions in sali- 

vary glands? 

Material and methods 

Female NMRI  nude mice, 6-8 weeks old, were used (Zentrale Versuchstieranstalt Hannover). 
The animals were kept under normal animal house conditions with addition care, including 
infection prophylaxis, which was performed every 2 weeks with antibiotics (veterinary control : 
Dr. reed. vet. Dimigen, UKE). 

The human tissue was collected in sterile physiological NaCt immediately after surgical 
excision 1. The tissue was transplanted into the nude mice, anaesthezied by ether. The site 
of transplantation was the right and left dorsolateral thoracic wall (Kyriazis and Kyriazis 
1980). The size of the xenografts was measured weekly. 

The mice were killed at distinct times after transplantation and the following organs were 
removed: 
1. Transplant 
2. Mouse tissue 

heart, lung, liver, kidney, intestine, skin and salivary glands. 
The material was fixated in Bouin's solution (Romeis 1968), in glutaraldehyde and frozen 

in liquid nitrogen. The immunohistotogy was performed on paraffin embedded and on frozen 
material. In general, we used the "Triple Layer" variant of the immunperoxidase technique 
(Burns 1978; Sternberger 1979; DeLellis 1981). 

The following substances were studied: 
1. Enzymes and other cell products : Amylase, lactoferrin, secretory component. 
2. "Tumor  markers" : tissue polypeptide antigen. 

The triple layer method is based on following steps: 
1. Preincubation with goat normal serum 
2. Blocade of the endogenous peroxidase 
3. Incubation with the first (specific) antibody 
4. Incubation with the second " l ink"  antibody (e.g. goat anti-rabbit antibody) 
5. Incubation with the rabbit peroxidase-antiperoxidase complex 
6. DAB reaction. 

The steps are separated by washings in PBS (phosphate buffered saline; for details see: 
Burns 1978). 

1 We thank Prof. Dr. C. Herberhold, ENT-clinics of the University of Hamburg, for providing 
the specimens. 
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Table 1. Transplants of human salivary glands in ath- 
ymic mice 

Time Parotid Submandibular 
of transplantation gland gland 

Day 1-4 5 2 
Day 5-10 3 5 
Day 11-15 3 3 
Day 16-25 4 6 
Day 26-36 5 5 
Day 37-60 5 9 
Over 2 months 8 3 

Total 33 33 

The xenografts were also investigated by autoradiography. At different time intervals 
after transplantation the animals were injected intraperitoneally 4 x 2 laCi Methyl 3H thymidine 
body weight (specific activity: 25 Ci/mmol, Amersham Buchler). 

The mice were killed two hours after the last 3H thymidine injection (3H thymidine incorpo- 
ration time: 8 h). Immediately after the death of the animals, the material was fixed in Bouin's 
solution. The usual histological treatment followed. 

The autoradiography was performed after the immunhistological staining (Stripping film 
technique, with Kodak Fine Grain Autoradiographic Stripping Plate AR 10). Film exposition 
time was 21 days. 

By this combined immunhistological-autoradiographical technique we could mark TPA 
(a "proliferation antigen") and determine the 3H thymidine labeling index (l.i.) in one section. 
This index is a quantitative measure of cell proliferation. 

Furthermore we analysed the correlation between the labeling index and the TPA positive 
cells (for method see: Fitzgerald et al. 1968; Schmiegelow et al. 1982). 

Antibodies 

Antibodies were available from the following sources: Anti-TPA antibody from the rabbit 
was a kind gift of Prof. Dr. B. Björklund, Stockholm. 

Anti-amylase antibody from the rabbit was a kind gift of Dr. Grenner Behringwerke/ 
Marburg. 

Antibodies against lactoferrin, secretory component were purchased from Dako/Copenha- 
gen. 

The anti-rabbit antibody from the goat, the rabbit peroxidase-antiperoxidase complex 
were purchased from Medac, Hamburg. 

Results 

35 p ieces  o f  p a r o t i d  a n d  37 p ieces  o f  s u b m a n d i b u l a r  g l a n d  were  t r a n s p l a n t e d  
(see T a b l e  1). 

6 a n i m a l s  d i e d  b e f o r e  the  e x p e r i m e n t  was  c o m p l e t e d  a n d  so we  e x a m i n e d  
33 p a r o t i d  a n d  33 s u b m a n d i b u l a r  x e n o g r a f t s .  

M a c r o s c o p i c a l l y ,  the  t r a n s p l a n t s  were  n o d u l e s  on  the  b a c k  o f  the  an i -  
ma l s .  A f t e r  the  f i rs t  14 days ,  the  size o f  the  t r a n s p l a n t  r e m a i n e d  r e l a t i ve ly  
c o n s t a n t .  

M i c r o s c o p i c a l l y  the  g e n e r a l  r e a c t i o n  p a t t e r n  o f  the  two  g l a n d s  was  s imi-  
lar .  T h e  c h a n g e s  in  the  p a r o t i d  g l a n d  a n d  s u b m a n d i b u l a r  g l a n d  a re  d e s c r i b e d  
t oge the r ,  we re  r e l e v a n t  d i f f e rences  b e t w e e n  the  t w o  g l a n d s  a r e  i n d i c a t e d .  
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Light microscopy 

Day 1-7. The main features in this period were extensive necrosis (up to 
95 percent of the transplant) and intense inflammation (Fig. 1). 

By the 3rd day a large part of  acinar cells and duct cells was necrotic. 
At the end of this period a zonal organization in the xenograft appeared 
with a marginal zone of 10-15 cells layers, an "intermediate zone" of 8-10 
cells layers and central necrosis. 

The cells at the margin showed only slight signs of alteration. In the 
intermediate zone the cells were in a necrobiotic state, were swollen, with 
some pyknotic nuclei. In the center the cells were entirely necr0tic and 
inflammatory cells (lymphocytes and granulocytes) of  mouse origin were 
generally found. 

Myoepithelial cells and mucous cells were relatively resistant to these 
changes. 

Totally intact acinar cells, laying in the marginal zone, were only found 
in the very early part of  this period. At day 7 most of  the acinar cells 
were severely damaged or even necrotic. The lumen of ducts showed the 
beginning of enlargement. 

Day 8-30. The following changes were present: 
More and more collagenous connective tissue was found in the necrosis. 

The original structures of the gland had disappeared. The large number 
of lymphocytes, granulocytes and mast cells diminished. The "intermediate 
zone" disappeared slowly. 

In the marginal zone there were important changes in the gland tissue: 
The acinar cells were necrotic at about the l l t h  day. The small ducts 

were arranged in small groups surrounded by fibrous tissue similar to inter- 
calated duct cells (Fig. 2a). The small ducts generally showed a double 
cell layer of cuboidal duct and myoepithelial cells. 

The large ducts were surrounded by cylindrical epithelium, generally 
in two layers, with large duct cells and myoepithelial cells. They were gener- 
ally cystically enlarged. Squamous cells, goblet cell and sebacous cell meta- 
plasia were seen. The implanted tissue was surrounded by a capsule of 
connective tissue, up to the 12th day. This well established capsule remained 
during the following observation periods. 

Day 30 and later (up to 8 months). From the 30th day, the "period of 
changing" was finished and the xenografts were adapted to the mouse mi- 
lieu. 

The pattern of long term xenografts were: 
1. The necrosis had disappeared, only connective tissue with fibroblasts 

and fibrocytes was seen. 
2. An "intermediate zone" could not be separated any longer. 
3. The marginal zone was larger, in this zone large and small duct systems 

were situated. Acinar cells could not be detected. 
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Fig. 1. Parotid gland in athymic mouse. Day 1. Top, necrotic acini; at the border of the 
transplant (bottom) some intact structures. HE. Magnification x 120 

Fig. 2. a (left) Submandibular gland in athymic mouse. Day 7. In the regeneration zone, 
there are some small ducts lined by a cuboidal epithelium. HE. Magnification x 300. b (right) 
Submandibular gland in athymic mouse. Day 15. Small ducts in regeneration zone are lactofer- 
rin positive. Immunoperoxidase reaction for lactoferrin. Magnification x 300 
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Fig. 3. a (left) Parotid gland in athymic mouse. More than 30 days. Predominantly small 
ducts. HE. Magnification x 300. b (right) Parotid gland in athymic rnouse. More than 30 
days. Lactoferrin positive small ducts. Immunoperoxidase reaction for lactoferrin. Magnifica- 
tion x 120 

The small duct system was constructed of two cell layers, cuboidal duct 
cells, myoepithelial cells and "clear cells" (Fig. 3 a). The lumen was either 
obstructed by solid epithelial cell sheats or by squamous cell metaplasia. 
In a few sections the lumen was dilated, in this lumina v~e found detritus 
and secretory material. 

The large ducts showed two or more cell layers (Fig. 4), following types 
of cells were found: large duct cell, myoepithelial cell and "clear cell" 
Goblet cell and sebacous cell metaplasia were seen. The lumen was dilated 
and cystes were formed, filled with detritus and secretory products. Through 
epithelial cell proliferation, the ducts acquired a cribriform aspect. 

All the ducts were surrounded by a fibrosis, the large ducts were laying 
singularly, the small ortes were laying in a lobular group. 

The whole xenograft was surrounded by a connective tissue capsule. 
These characteristic pictures did not change in subsequent periods time. 

Immunohistology 

Amylase was only found in acinar cells of the marginal zone (day 1 to 
7). In the beginning, about 30% of the cells were positive. After the 10th 
day, no amylase was detected. 

Secretory component disappeared even faster. It was found in the duct 
only during the first 3 days. 
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Fig. 4. Parotid gland in athymic mouse. More than 30 days. Predominantly large ducts. HE. 
Magnification x 300 

Fig. 5. Salivary gland tissue in athymic mouse. Day 4. Lactoferrin in persistent acinar cells 
and cells of the intercalated ducts. To the right, necrotic area. Immunoperoxidase reaction 
for lactoferrin. Magnification x 300 
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Fig. 6. Salivary gland tissue in athymic mouse. Day 6. TPA-positive sma11 ducts at the margin 
of the transplant. Immunperoxidase reaction for TPA. Magnification × 120 

Lactoferrin was detected in all periods. From day i to 7, up to 90% 
of all marginal cells were stained. In the next periods, only the small duct 
cells located at the margin were positive (Fig. 2b, 3 b, 5). 

TPA was present in the surviving duct cells (up to 40%). The acinar 
cells were generally negative. The positive duct cells sometimes showed a 
diffuse cytoplasmic staining of a larger number of cells (Fig. 6). Sometimes 
there was a "mosaic-like" pattern of strongly positive and negative cells. 
Some cells showed a predominant staining of the apical cytoplasm. 

Autoradiography 

For autoradiography, we used 25 salivary glands (12 parotid glands and 
13 submandibular glands). Our main interest was to study the first and 
the second period (9 parotid glands and 10 submandibular glands). For 
determination of the labeling index (1.i.) we counted 250 small duct cells 
and 250 large duct cells. There were the following results: 

Up to the 5th day, the xenografts showed a small 1.i., maximum 2.5 
percent of the cells counted. 

From the 5th day, there was a strong increase of the 1.i. At the 6th 
day 8 percent and at the 7th day 10 percent of  the cells were labeled. 
This day showed the highest fange of labeled cells. 

Associated with the increase of labeling index, the marked cells became 
TPA positive (double labeling technique). 
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From the 7th day, the 1.i. decreased. At the 8th day 5 percent and at 
the 11th day only 3 percent were labeled. After this time up to 8 months, 
the 1.i. remained constant between 1.5 percent and 2.5 percent. 

Beginning at the 5th day, the part of TPA positive cells was about 
80 percent. 

Differences between the two salivary glands were not evident. 

Discussion 

Shortly after the discovery of the typical features of the nude mouse, tumor 
transplantations in large numbers were performed (Giovanella et al. 1978; 
Reid et al. 1978; Fogh et al. 1980; Kyriazis and Kyriazis 1980; Lindenberger 
1981 ; Caselitz 1982 a, b; Barkla and Tutton 1983; and others). The morpho- 
logical studies done on xenografted tumors were only undertaken to control 
the integrity of the histological structure. A small number of these studies 
were performed on tissue of the head and neck region, and these did not 
include normal salivary gland tissue nor use modern immunohistochemical 
techniques (Lindenberger et al. 1978; Wennerberg et al. 1983). 

We wanted to study the changes of normal human salivary glands in 
athymic mice during a long-term transplantation. Our purpose was to dis- 
cover the typical reaction pattern of this tissue under these conditions. In 
particular the application of immunohistochemical techniques should an- 
swer the question of whether the functional/structural integrity of the tissue 
is impaired. 

We chose the parotid and submandibular glands and examined their 
behaviour in the nude mouse. 

Depending on the time of transplantation, the reaction pattern of the 
salivary glands can be divided into three groups: 
1. Day 1 to 7 
2. D a y 8 t o 3 0  
3. Day 30 and longer. 

In the first period, necrosis was the leading feature. In the second period, 
we found the beginning of regeneration phenomena and after 30 days the 
transplant is entirely adapted to the nnde mouse. In the following months, 
no additional features are seen if there is no infection or mechanical irrita- 
tion. 

In the first period, glandular structures in the center of the transplant 
are destroyed. This is explicable by the long diffusion pathways in the xeno- 
graft which is not yet vascularized. The well differentiated acinar cells are 
very sensitive to transplantation and light microscopy showed vacuolisation 
of their cytoplasm and nuclear pyknosis. The disappearance of amylase 
staining is correlated with this finding. 

The same alterations are observed in immunohistological stainings for 
secretory component. However, the presence of lactoferrin seems to be quite 
stable, especially in the small duct system, which is related to the intercalated 
ducts. 
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These histological patterns correlate with acute sialadenitis (Seifert 1966). 
We see necrosis of  the acinar cells and duct cells and massive inflammation 
with granulocytes. In our model, the source of the granulocytes is the host 
organism, the mouse. As a consequence of transplantation of small pieces, 
we see changes in saliva production and transportation (Proteo-dyschylia) 
(Seifert 1966). This aspect of the pathogenesis is explained by obstruction. 
Parallel experimental data are available from rodents. Duct ligation in all 
major salivary glands have been performed (Standish and Shafer 1957; 
Berger 1973 ; Donath et al. 1973 ; Tamarin 1979) and disappearance of aeinar 
cells at the 10th day correlates with out results. The resistance of myoe'pithe- 
lial cells and of the mucous cells is found both in obstructive experiments 
and in the transplantation model. 

The alterations in the xenografts may be influenced by vascular dis- 
orders. Thus, there is a certain relation to necrotizing sialometaplasia 
(Abrams et al. 1973; Donath 1979; Dunley and Jacoway 1979; Lynch et al. 
1979; Walker et al. 1982). Necrotizing sialometaplasia is currently explained 
as an infarct of  the parotid gland (Donath 1979) but other explainations 
have been made (Forney et al. 1977; Gad and Willen 1980). 

The changes after parotid infarction (Donath 1979) resemble those of 
the first week after transplantation. Therefore vascular disturbance may 
be an additional factor in this period. 

Acute changes have also been found by other groups studying carcino- 
mas of the large intestine (Barkla and Tutton 1983). 

The main changes after the first week of transplantation are regeneration 
phenomena. In early stages there is still some necrosis with granulocytic 
reaction, but signs of regeneration in the transplant are evident in addition. 

There are now three zones in the xenograft. The regeneration phenomena 
are seen in the marginal zone of about 10 to 15 cell layers, where the 
transplant has the best vascularity. In the second zone, again 8 to 10 cell 
layers, there are necrobiotic changes. In the center, we observe complete 
necrosis where no intact glandular structures can be seen. 

Regeneration in the marginal zone shows that the terminal duct seg- 
ments, including acinar cells and intercalated duct cells, and the larger ductal 
segments, including the striated ducts and large excretory ducts, are reacting 
as two systems. The small ducts retain the appearance of "smal l"  ducts, 
resembling the intercalated ducts and similar to the findings in obstructive 
sialadenitis. The cytology of the cells resembles those of the intercalated 
duct cells. Myoepithelial cells and some clear cells are seen. Mitoses are 
relatively frequent about the first week. The striated and the excretory duct 
retain the aspect of a "large duct".  The cytology of the duct cells shows 
a more cylindrical type with some relation to the striated duct cells. Clear 
cells and myoepithelial cells are regularly seen. Mitoses are sometimes ob- 
served. 

Immunohistologically, again, we can distinguish between small and large 
duct systems by the staining for lactoferrin. The lack of lactoferrin in the 
large duct system may be interpreted as showing a different histogenetic 
origin for this system (Caselitz et al. 1982a). This interpretation is in accor- 
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dance with the theory of Eversole (1971) that there are two different reacting 
compartments of reserve and stem cells: one for the terminal duct system 
and one for the large duct system. 

Another interesting aspect concerns TPA which is considered to be a 
proliferation or differentiation antigen (Holyoke and Chu 1979; Björklund 
1980). TPA is seen in the duct cells of  the salivary glands, but not in the 
acinar cells, this fact identifying the proliferative compartment. The duct 
cells show a different staining (Caselitz et al. 1983). The most intense staining 
for TPA is found in regenerating small and large duct systems. This pattern 
correlates with the 3H thymidine labeling index. At the 7th day we have 
the highest 1.i., and the 3}-I thymidine positive cells were also marked by 
TPA. 

These histological alterations of the xenograft finished at the 30th day. 
Acinar cells were no longer seen, having only small and large ducts. The 
small ducts have a cubicoidal epithelium, a myoepithelial cell layer and 
some "clear cells". The small ducts were stained with lactoferrin and TPA. 

The large ducts had a cylindrical epithelium of multiple layers, myoepith- 
elial cells and "clear cells". They were generally dilated and sometimes 
cystic. Squamous cells, goblet cells and sebaceous cell metaplasia were seen. 

This terminal state is similar to chronic obstructive sialadenitis (Seifert 
1966; Berger 1973; Donath et al. 1973; Seifert and Donath1976), where 
small and large ducts with periductal fibrosis are seen. 
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