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Summary. In order t o  analyze the role of the lymphoid 
stroma of Warthin's tumour,  the author made an 
in~n~unohistochemical study especially focussing o n  the 
germinal centre (GC).  In the GCs. ISM and IgE were 
much more clearly observed in a lace-like network than 
other heavy chains, and also could be detected electron 
microscopically on the surface of G C  cells and follicular 
dendritic cells (FDCs).  Plasma cells scattered beneath 
the epithelial component were mainly positive for IgG 
and 1 IgG-positive plasma cells were more 
predominant than IgA plasma cells. Among the cases 
examined. there was a significant difference in the 
number of IgE-positive G C  and plasma cells. In  the GCs  
fivc complement components (C lg ,  C4, C3c, C3d, CS) 
and complement receptors (C3bR and C3dR) were 
positve, displaying a lace-like pattern, which were 
proved. elcctron microscopically, to  coincide with the 
surface of FDCs and G C  cells. IgE-positive G C s  showed 
the same result. DRC1,  which specifically reacts to  FDC-  
mcmbranc, was located only in GCs,  and electron 
n~icroscope also revealed positive findings o n  the surface 
of FDCs. The above mentioned findings in the G C  of 
Warthin's tumour were similar to those of lymph nodes 
except for the frequent distribution of IgE. Salivary 
amylase was seen in the G C  o n  rare occasions, but was 
not positive on the surface of G C  cells and FDCs. It is 
suggested that FDCs play an  important role in 
immunological behaviour with complement and 
complement rcceptors in the G C  of Warthin's tumour.  
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Introduction 

The  histological features of Warthin's tumour are 
very characteristic, being composed of double layered 
epithelium and lymphoid stroma. Although many 
reports on the histogenesis of Warthin's tumour, 
especially concerning the lyniphoid component,  have 
been published. no  consensus has been reached. 
Moreover. the existence of lymph follicles with germinal 
centre (GCs) is one  of the noticeable characteristics of 
Warthin's tumour. It is supposed that the  GCs  of lymph 
follicles have the function of retention and presentation 
of antigen-antibody complex (Van Rooijen, 1977), and 
that the complement components and complement 
receptors play important roles in these functions 
(Papamichail et  al . ,  1975; Klaus and Hurnphery, 1977). 
In consideration of these respects, the present study used 
immunohistochemical methods t o  focus o n  the naturc of 
lymphoid stroma, especially on the GCs,  of Warthin's 
tumour.  

Materials and methods 

Twenty-four cases of Warthin's tumour of the parotid 
gland, only one case of which was female, were studied. 
Tumour-free perigastric lymph nodes of four cases werc 
used as a control study for lymph follicles. 

All specimens were fixed in 10% formalin and 
embedded in paraffin. Sections were stained with 
hematoxylin-eosin for histological evaluation and also 
prepared for the immunohistochemical study (PAP 
method) in order t o  detect immunoglobulins (IgM, IgG, 
IgA. IgE, K and light chain), lysozyrne, sccretory 
component and salivary amylase. 

Freshly obtained tumour tissues of 4 cases were fixed 
in periodate-lysin-paraformadelhyde (PLP) solution for 
6 hours and then frozen in O C T  compound (Lab Tek 
Products) after rinsing in increasing concentrations of 
sucrose in PBS. Fresh specimens were sectioned with a 
cryoostat and put on albumin-coated slides. Direct and 
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indirect imniunohistoctiemical examinations on light 
and clcctroniicroscopic levels M.ere performed for 
detection of tlie following materials: imm~~noglobulins.  
secretory component, salivary amylase. complement 
components ( C l q ,  C3. C3c. C3d. C5, Ct,. CS. Cc). C3b 
inactikntor ( C b I N A ) .  f3lH globulin. C'.? pro~lctivator 
(C3PA)  and properdine), additionally monoclonal 
antibodies, L e u l ,  Leu2a, Lcu3a. C.3bK. C'R1. C'R3. B l .  
DKC'l. Details of the irnni~iiiostaining proceclure were 
describecl previously (Farr  and Naknnc. l W l : Kn\ajima 
et al..  lC)S0). For tlie detection of 1gM. IgE and C3d. 
F(ab7) ,  f r ~ ~ g m c n t s  of imm~inog loh~~l in  were lahellcd with 
liorseraclisli peroxidase ( H R P ) .  Details of the method 
and preparation of peroxidasc conjugated F(ab')? 
fragliient wcre described previoilsly (Farr  and Nakane. 
1981 : Yamakawa, 1985). 

Colitrol studies to examine tlic spccificity of 
stainability were carried out :IS follows. 1) Non- 
ilnlnunized sera werc used instead of specific first sera. 7 )  
The first step sera o r  second step sera \\ere onimittccl. 
3 )  Only the D A B  reaction was perfol-med to check 
e n d o g e ~ ~ o u s  peroxidase activity. 1) Allsorption tests 
\\ere performed on some antisera. Antiscru and their 
sources are \ho\vn in Table I .  

Results 

Variable amounts of Iyniplioid stroma were 
:~ssociatcd with lymph follicle and GC's in tlic examined 
cascs. The morphological feature\ of tlie GCs  wcre 
fundamentally identical to tlioxc of Iynpli nodes composed 
of G C  cells. FDCs and tingible hod! macrophagcs. In 
addition. there werc prominent plasma cells in the 
strorna. especially near the basement mcrnbranc of the 
epithelia1 component. Paraparotid lymph node\ could be 
cstirpated simultaneously with turnour rerno\.nl i l l  one 
case. Lymph nodes of this case contained cpithcli:~l 
components of Warthin's tumour (Fig. I ) .  Some cases 
showcd infiltratio~i of granulocytcs. stromal fit,rosi\ o r  
g r ; l ~ i ~ ~ l o ~ i i ; ~ t ~ ? t ~ s  reaction consisting of epitliclioicl cells. 

lmmunoglobulins 

In most cascs examined. lgM. IgE ancl IgG showed 
rcticular positive staining in the CiC's of I~~n ip l i  follicles 
(Tahle 3). In general. GCs  of Wnrthin's turnour \liowed 
reticularstainingof IgM. IgE ancl IgCi. Rcticulnr positive 
staining of IgM and IgE could he recognized Inclre clearly 
than other classes of immunoglobulins (Fig. 2 ) .  l'lierc 
was. ho\vever. significant diffcrcnce amens the c;rscs in 
terms of the rate of 1gE-positive GCs.  Some G C  cells of 
all cases showed intracytclplasmic p o s i t i ~ c  stainin? of 
imm~~noglobul i l~s .  espcciall>, of 1gG and 1gM. Both K and 
2. light chains expressed similarity to heavy c1i:rins. 
Electron micl-uscopy dernclnstrated immi~noglobulins 
s l i o ~ i ~ i g  ;I positij e reaction on tlic surf;~ce ofcytopl:~sniic 
processes with complicated lah!.rintli structure\ (Fig. 3 ) .  
IgM and IgG showed positive reaction in tlic pcrinuclear 
space and rough endoplasmic reticulum of somc Iyrnplioid 
G C  cells. O n  the other hand. there \vas no ~xlsitivc 

reaction for immunoglobulins in tlic cytoplasm of FDCs. 
Pl;~sma cclls wcre frequently distributecl beneath tlic 

epithelium in Warthin tumour and werc polyclnnnll! 
stained with IgG. IgM, IgA and IgE. IgE-positive plnstn:~ 
cells and IglLI-positvc pl:~srnm;r cclls wcre rarel!, obser~eci .  
Only in case no. 32 \vet-C IgE-positive ~,lasni:r cells 
prcdominantl!, observecl. In all cases. tlie ratio o f  IgCi- 
positivc plasma cells to 1gA-p0sitik.e plasma cells \\,as 1 :  1 
to 2 : l  in the serial sections (Fig. 3 ) .  Both K and 2. light 
chains slio\vecl polyclonal staining. 

In all cascs. many mast cells \\ere obseried.  many  of 
which slio\ved positive staining of IgE o n  their surface. 
Mast cells were scattered in tlie introepitlieli:~l layer. and 
sometimes in lymphoid stroma, especially in tlic vicinity 
o f  the epithelia1 component. 

Tlie epitlielial component of Warthin's t i~niour  n;ls 
positivc for 1gA (Fig. 3 )  and SC', and sornctimcs for IFG 
o r  1gM. in tlie cytoplasm. 

Complement components and complement receptors 

C l q .  C3. C3c. C M .  and C5 could be dctcctcd in thc 
GCs  of Wartliins's tumour. C'3d especially sho\ved a 
high degree of di5tinct positivity. Thcsc complement 
components were detected in a lace-like pattern (Fig. 5 ) .  
In most GCs. there were no positivc reactions for ('h. C8. 
CO. C3PA. ~xoperd ine  atid f31H although a positiic 
rcaction for C3bINA was sometimes obser\.ed. Sollie 
GCs \\ere \\.eitkly positivc for C3bINA .;ho\~,in? a lacy 
pattern. IgE positive germinal centre also slio\ved the 
same result. Electron microscopically. their reaction 
proclucts werc I-cvealed as electron dense deposits 
attached to the surface of G C  cclls and FDCs (Fig. 5 ) .  
Positive reaction of complement components in the 
cytoplasm was never detected. Outside tlic GCs. somc 
colnplelnent components were sometimes seen in 
macrophagcs and blood vessels. 

CR-I  (C3b receptor) and CR-2 (C3d receptor) Mere 
;~Iso positive dcmonstratinga lace-like pattern in tllc GC's 
(Fig. (7). Electron microscopically. positive reactions 
were seen on the \urface of G C  cclls. FDC's. ancl their 
cytoplasmic processes with complicated Inh!,rinth 
s t r i i c t~~re  (Fig. h ) .  O n  tlie otlier hand ,  CK--3 (C-3bi 
receptor) could not be detected in the GCs. 

Other monoclonal antibodies 

The GCs  showed positi\,e for DRC'l wit11 a lace-like 
n e t ~ x l r k  (Fig. 7). Positivc reaction coi~lcl not bc obser~ecl  
in areas apart from GCs.  Electron microscopicall!. 
positive reactions were seen on tlie s u r f ~ ~ c e  of FDCs and 
their cytoplasmic processes (Fig. 7 ) .  

Leu-3a positive cells wcre more prcdornin:~nt than 
Le11-2:1 positive cells both in GCs  and outside GCs. Lcu- 1 
positive cells wcre ohservcd around the lymph follicle 
and in intcrfollicular arca (T-area) (Fig. 8 ) .  Tlie arcas in 
which B1 positive cclls acc~~niula tcd  mainly correspond\ 
to tlie Iy~nph follicle (B-area) .  In cascs in which tlie 
Iyn~plioid strornn was scanty. the T-arca/R-area \vas 
snialler than taws in wliich the lymplioid strorna was 
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ample. Leu-7 positive cells were scattered in the G C .  in subepithelial areas were positive for lysozyme. 
Summarized data concerning the reactivity of Salivary amylase was positivc in GCs  on Warthin's 

imn~unoglobulins, complement components, complement tumour on rare occasions (Fig. 8). However. electron 
receptors and D R C l  in G C  of Warthin's tumour and microscopic examination revealed that amylase was 
lymph nodes are shown in Table 3. not stained on the surface and cytoplasm of G C  cells 

and FDCs. but positive in amorphous materials in thc 
Other antigens G C .  GCs  of lymph nodes never stained for salivary 

amylase. 
Tingible body macrophages in GCs and macrophages 

Fig. 1. Lymph node containing epithelia1 component of Warthin's 
tumour. The marginal sinus is visible (arrow). H.E., X 75 

Fig. 2. (a) IgM showed reticular staining in a germinal centre of 
Warthin's tumour. Methyl green counterstain. x250. (bj IgE also 
showed reticular staining in a germinal centre of Warthin's tumour. 
lntraepithelial mast cell containing metachromatic granules is visible 
(arrow). Toluidine blue counter stain. X 250. (c) IgM showed a positive 
reaction on the surface of germinal centre cells and cytoplasmic 
process of FDC (arrows). X 9600. (d) IgE, Electron micrography 
revealed a positive reaction on the surface of germinal centre cells and 
the surface of cytoplasmic process of FDC (arrows). x 9,600 

Fig. 3. lmmunostaining of IgG (a) and IgA (b) in serial sections: IgG 
plasma cells are predominant in comparison to IgA plasma cells: 
intracytoplasmic positive staining for IgG in germinal centre is 
detected (arrow head): Epithelia1 component of Warthin's tumour 
shows positive staining for IgA (arrows). Methyl-green counterstain. 
X 150 

Fig. 4. (a) C3d expresses reticular staining in a germinal centre of 
Warthin's tumour. Methyl-green counterstain. X 300. (b) C5 displays 
reticular fashion in a germinal centre of Warthin's tumour. Methyl- 
green counterstain. X 250. (c) C3d, Electron micrograph of a germinal 
centre of Warthin's tumour, shows positive reaction on the surface of 
germinal centre cells and the surface of cytoplasmic process of FDC 
(arrows). Y 9,600 

Fig. 5. (a) C3bR is positive in a reticular pattern in a germinal centre 
of Warthin's tumour. Methyl-geen counterstain. X 150. (b) 
lmmunostaining of C3dR, showing reticular staining in a germinal 
centre of Warthin's tumour. Methyl-green counterstain. X 150. (c) 
C3bR shows an electron dense positive reaction on the surface of 
germinal centre cells and the surface of cytoplasmic process of FDC 
(arrows). z 5,800 

Fig. 6. (a) DRC-1 shows reticular positive staining in a germinal centre 
of Warthins's tumour. Methyl-green counterstain. Y 300. (b) DRC-1, 
shows a positive reaction on the surface of cytoplasmic process of 
FDC (arrows). X 5,800 

Fig. 7. Leul positive cells surround the lymph follicle and are 
scattered in the germinal centre. Methyl-green counterstain. X 75 

Fig. 8. Salivary amylase, shows positive reaction in the germinal 
centre of Warthin's tumour. Methyl-green counterstain. X 250 
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Table 1. Antibodies employed. 

POLYCLONALANTIBODIES TO: 
lmmunoglbulins 

IgG, IgM, IgE, K & h light chains 
IgA 

Secretory component 
Complement components 

C l  q, C3d, C5 
C3c, C3 activator 
CS, Properdine 
C6, C8, p1 H globulin 
C4, C3bINA 

Salivary amylase 
Lysozyme 

MONOCLONALANTIBODIES 
CR1 C3b receptor 
CR2 C3d receptor 
CR3 C3bi receptor 
DRC-1 Follicular dendritic cells 
Leul Tcells 
Leu2a Cytotoxic/suppressor cells 
Leu3a Helperlinducer cells 
Leu7 NKcells 
B1 B cells 

OTHER SERA 
Anti-Rabbit lmmunoglobulinsfor PAP 
Peroxidase-antiperoxidase complex 
HRP conjugated gout anti-rabbit IgG 
HRP conjugated rabbit anti-goat IgG 
HRP conjugated sheep anti-mouse immunoglobulin 

Table 2. The distribution pattern of immunoglobulins in germinal 
centre of Warthin's tumour. 

sex age IgG IgA IgM IgE 

(sources) 

(DAKOPAlTS) 
(Behringenverke) 
(Nordic immunological Lab.) 

(DAKOPAlTS) 
(Behringenverke) 
(Miles Scientific) 
(Cappel Lab.) 
(Kent Lab.) 
( ~o rd i c  immunological Lab.) 
(DAKOPAlTS) 

(DAKOPAlTS) 
(Becton-Dickinson Monoclonal Center) 
(Becton-Dickinson 
(DAKOPAlTS) 
(Becton-Dickinson Monoclonal Center) 
(Becton-Dickinson Monoclonal Center) 
(Becton-Dickinson MonoclonalCenter) 
(Becton-Dickinson Monoclonal Center) 
(Coulter Clone) 

(DAKOPAlTS) 
(DAKOPAlTS) 
(Cappel Lab.) 
(Cappel Lab.) 
(Amersham International) 

negative 
more germinal centre unstained than stained 
more germinal centre stained than unstained 
almost all of germinal centres are stained 
reticular pattern 
intracytoplasmic positive cells are scattered 
not examined 
bilateral occurrence 
serum IgE 71 Ulml 



GC of Warthin's tumour 

Table 3. lmmunohistochemical findings in germinal centre of 
Warthin's tumour and lymph node (LN). 

Warthin's tumour LN 

Complement components and receptors 

C l  q + 
C4 + 
C3c + 
C3d + + 
C5 + 
C6 - 
C8 
C9 - 
C3 PA - 

Properdine - 
B1 H - 

C3b INA (+) 

- : negative 
+ : positive 
++: strongly positive 
(+): weakly positive 

Discussion 

GCs of lymph follicle have been considered to play 
important roles in immunological behaviour. It has been 
generally accepted that FDCs have the function of 
trapping immune complexes and presenting antigen 
during long periods with close relation to lymphoid cells 
(Nossal et al., 1968; Klaus et al., 1980; Gerdes et al., 
1983; Imai et al., 1983). DRC-l ,  which specifically reacts 
to FDC-membrane (Neiemen et al., 1983), showed a 
positive reaction in GCs of Warthin's tumour. It has 
already been reported that complement components and 
complement receptors are located in GCs of lymph node, 
tonsil, lymph follicle of thyroid gland and synovia of 
rheumatoid arthritis (Yamakawa, 1985; Kasajima et al., 
1986). The localization of immune complex in G C  is 
complement dependent (Papamichail et al., 1975; Gajl- 
Peczalska et al., 1969). In the GCs of Warthin's tumour, 
early components of classical pathways were distributed 
in lace-like networks similar to C3b receptor and C3d 
receptor. Complement components, complement 
receptors and immunoglobulins were located on the 
surface of labyrinth structure of FDC. It was suggested 
that FDCs have complement receptors (Gerdes et al., 
1982) and also have the function of trapping and 
retaining immune complexes through these receptors. 
Iida et al. (1981) reported that C3bR inactivates the C3 
and C5 covertase of the classical pathway, and also 
suggested that C3bR might protect host cells from the 

damaging effect of the complement activation. The 
absence of cytolytic complement components in the GC 
supports this view. It is still unknown what kinds of 
antigen participate in hyperplasia of GCs of Warthins's 
tumour. The present study tried to detect salivary 
amylase which is a salivary gland associated antigen. 
Salivary amylase was seen in GC, but did not present the 
same distribution of immunoglobulins and complement 
components. This seems reasonable because of 
Warthin's tumour shows no evidence of autoimmune 
disease with salivary amylase as an autoantigen. The 
significance of the distribution of salivary amylase is still 
undetermined. 

From the view of the multicentricity (Vistnes et al., 
1968; Ibi et al., 1981), occurrence in lymph node 
(Bernier et al., 1958; Azzopardi et al., 1964; Dietert, 
1975) and ontogenical peculiarity of parotid gland 
(Thackray et al., 1974), it has been supposed that 
Warthin's tumour arises form ectopic parotid salivary 
gland tissue within the lymph node. Some authors 
supposed that the lymphoid element of Warthin's 
tumour appears as a cellular response to the epithelial 
component. Allegra (1971) stated that the lymphoid 
stroma of Warthin's tumour was due to a cell-mediated 
immune mechanism of the delayed hypersensitivity type. 
Hsu et al. (1981) postulated that the lymphoid stroma of 
Warthin's tumour represented an exaggerated secretory 
immune response in consequence of the predominant 
existence of IgA plasma cells. 

On the contrary, the author detected a majority of 
IgG positive plasma cells in the examined tumour tissues. 
The predominance of IgG plasma cells differs from 
predominance of IgA plasma cells in the mucosa of 
grastrointestinal tract. Although, like the duct of salivary 
gland (Korsrud et al., 1982), epithelial element stains for 
IgA and secretory component as previously reported 
(Korsrud et al., 1979), the lymphoid element of the 
tumours is not similar to the lymphatic tissue of the 
gastrointestinal tract. 

From these observations, Warthin's tumour is 
thought to be composed of epithelial components with 
IgA-producing plasma cells in the propria mucosa and 
lymphoid stroma, which indicates that the origin of this 
tumor is the ectopic salivary gland in lymph node. 
Diamond et al. (1979) and Haward et al. (1982) reported 
that Warthin's tumour originated from ectopic salivary 
gland within the lymph node constituting predominant T 
lymphocyte. On the other hand, Tubbs et al. (1980) and 
Cossman et al. (1977) stated that the T-cell population 
decreases in Warthin's tumour. There seem to be 
differences in the ratios of T-cells and B-cells among 
individual cases. 

As previously reported (Korsrud et al., 1984), IgE 
was recognized in GCs of many cases examined. IgE 
appears sometimes in tonsils and lymph nodes under 
ordinary circumstances (Tada et al., 1971). 
Furthermore, reticular staining of IgE was observed in 
the GCs of Kimura's disease (eosinophilic 
lymphfolliculoid granuloma) and parasite infection 
(Ishikawa et al., 1981; Mayerhofer et al., 1976). There is 
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a significant difference in number of IgE-positive GCs 
among the cases examined. The variability of the 
existence of IgE indicates that the appearance of IgE is 
succeeded by the formation of the tumor. There were no 
reports of hyperimmunoglobulinemia E in cases of 
Warthin's tumour and in one case examined in this report 
hyperimmunoglobulinemia E could not be recognized. 
The IgE distribution in Warthin's tumour seems to be 
due to local response. Electron microscopical 
observation revealed that IgE was distributed on the 
surface of labyrinth-formed FDCs in the same manner as 
complement components and C3 receptor. Although it 
had been cosidered that IgE did not activate the classical 
pathway of complement components, a recent report 
proposed that IgE could activate the classigal pathway in 
some diseases (Saint-Remy, 1984). Concerning the 
distribution of the complement components, there was 
no difference between the IgE-positive GCs and IgE- 
negative GCs of Warthin's tumour. It is speculated that 
complements and complement receptors are related to 
the localization of IgE in GCs. 
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