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Immunohistoehemical demonstration of lysozyme 
in pseudopyloric glands in chronic cholecystitis* 
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Department of Pathology, Laboratorium voor Histo- en Cytochemie, 
Akademisch Ziekenhuis St. Rafael, B-3000 Leuven, Belgium 

Summary.  Gallbladders of 12 cases with chronic cholecystitis showing 
pseudopyloric glands (PPG) and of 18 cases with acute cholecystitis or 
chronic cholecystitis but without PPG were examined by the peroxidase 
- antiperoxidase (PAP) method using rabbit antibody against human 
lysozyme (LM). LM-immunoreactivity was detected in the cytoplasm 
of PPG and, to a lesser extent, in the pits of epithelial crypts that gave 
rise to PPG. No LM was found in normal gallbladders; in cases of 
cholecystitis without PPG, LM-immunoreactivity was restricted to infil- 
trating inflammatory cells. The presence of LM in PPG suggests that 
PPG represent functional metaplastic areas, involved in the non-specific 
defence mechanisms through participation of LM. 
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Lysozyme (LM) is a stabile, low molecular weight enzyme that mediates in non-specific defense 
mechanisms by attacking the mucopeptides of bacterial cell walls through dissolution of N- 
acetyl-glucosaminyl-N-acetylmuramic acid linkages (Chipman and Sharon 1969). Using immu- 
nohistochemical techniques, LM has been localized in various sites (Mason and Taylor 1975). 
In the gastrointestinal tract, LM is present in submucosal oesophageal glands and duodenal 
Brunner's glands (Klockars and Reitamo 1975), small intestinal Paneth cells (Ghoos and Van- 
trappen 1971) and Kupffer cells of the liver. The normal gallbladder is devoid of LM (Klockars 
and Reitamo 1975). 

However, in chronic cholecystitis mucous glands may be found outside the 
heck region throughout the gallbladder mucosa (Nicholson 1923; King and 
McCallum 1931). Since these glands share morphological, histochemical, 
immunohistochemical and electronmicroscopic features with true glands of 
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the pyloric antrum, they have been called pseudopyloric glands (PPG) (Häk- 
kinen and Laitio 1970). Despite various investigations on these glands, the 
function of PPG in chronic cholecystitis remains unclear. 

Since the normal glands of the pyloric antrum are known to contain 
and probably to secrete appreciable amounts of LM (Klockars and Reitamo 
1975) we carried out an immunohistochemical study in order to demonstrate 
the presence of LM within PPG in chronic cholecystitis. 

Materials and methods 

Materials. Twelve gallbladders showing features of chronic cholecystitis with presence of PPG 
were studied. In addition, 18 gallbladders without obvious lesions or with features of acute 
or chronic cholecystitis but without PPG were used as material-controls. All material was 
obtained during surgery for cholelithiasis. Biopsies, taken from the fundus and corpus of 
the gallbladders and in 5 cases also from the neck region were fixed in Bonin's solution and 
stained with H and E. Serial sections were studied with the unlabeled immunoperoxidase 
method of Sternberger et al. (1970). 

Methods. After deparaffinisation and rehydration, 5 g sections were washed twice for 5 min 
each time in 0.01 M phosphate-buffered saline (PBS), pH 7.4. In order to reduce background 
staining, sections were pretreated with Brinase (Astra, Sweden) dissolved in 0.1% CaC12, 
pH 7.8, at a dilution of 1 mg/ml, for 30 min at 37 ° C (personal communication of Dr. R. 
O'Kennedy, University of Dublin, Ireland to Dr. M.J. Vanstapel, University of Leuven, 
Belgium). In order to block endogenous peroxidase activity, sections were treated with absolute 
methanol containing 0.3% H20 2 for 30 min. Sections were washed twice for 5 min each time 
with PBS, pH 7.4 and treated with normal swine serum (1 : 20 dilution, 7 min). This was fol- 
lowed by sequential application of the following antisera: 1. rabbit antihuman-LM antiserum 
(Dako, Denmark, 1:2,560 dilution, 30min), 2. swine antirabbit-IgG antiserum (Dako, 
Denmark, 1:100 dilution, 30 min) and 3. peroxidase-antiperoxidase complex (Dako, Denmark, 
1:100 dilution, 30 min). Each application of antiserum was followed by a 10-min wash in 
PBS, pH 7.4, twice for 5 min each time. The site of antibody binding was determined by 
the diaminobenzidine reaction (0.03% 3,3' diaminobenzidine (DAß), Sigma Chemical Co, 
St. Louis, MA, USA, in PBS, pH 7.4, containing 0.01% H20 » for 10 min). Sections were 
counterstained with haematoxylin or Alcian Blue, pH 2.5, in order to demonstrate acid muco- 
substances. 

Controls. Method-controls consisted of 1. omission of primary antiserum and substitution 
by PBS; 2. preabsorption of primary antiserum with purified human LM, kindly provided 
by Prof. Dr. G. Vantrappen, University of Leuven (20 gg LM per ml antiserum) and 3. use 
of DAß alone without primary or secondary antibodies to detect endogenous peroxidase- 
activity. 

Results 

The presence of LM was indicated by a brown reactionproduct. All poly- 
morphonuclear granulocytes and macrophages disclosed intense staining. 

The epithelial crypts that gave rise to PPG showed variable staining 
for LM, mostly confined to their pits. Either a diffuse cytoplasmic or basally 
located, subnuclear staining was observed (Fig. 1). In general the surface 
epithelium was negative. 

In most, but not all PPG, immunoreactivity was found either throughout 
the cytoplasm in the form of a net-like staining or restricted to the basal 
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Fig. 1. Chronic cholecystitis. Branching epithelial crypt (C) surrounded by pseudopyloric glands 
(PPG) (arrow). LM-immunoreactivity is present in the pit of the epithelial crypt and in PPG 
(PAP-method for LM, counterstained with haematoxylin, x 400) 
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Fig. 2. PPG show net-like immunoreactivity for LM. Some inflammatory cells are also LM- 
positive (PAP-method for LM, counterstained with haematoxylin, x 640) 

part of  the lining cells (Fig. 2). In sections, counterstained with Alcian Blue, 
no immunoreactivity was found in those lining cells that contained acid 
mucosubstances. 

In sections, taken from the heck region, no immunoreactive LM was 
found in the cytoplasm of cells constituting the neck-glands. 

Cases of acute cholecystitis and chronic cholecystitis without PPG 
showed only immunoreactive inflammatory cells. In normal gallbladders 
no LM could be detected. No detectable staining was found in method- 
controls. 
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Diseussion 

PPG were first described by Ashoff (1905) and Schridde (1909). They are 
formed by branching oft from the mucosal crypt epithelium, mostly close 
to the pits, followed by secondary branching of this glandular bud with 
subsequent formation of glandular aggregates (Laitio 1975). The occurrence 
of PPG correlates well with the presence of inflammation and lithiasis (Järvi 
and Meurman 1964). 

In the findings presented above, we have demonstrated the presence 
of immunoreactive LM in the lining cells of PPG in chronic cholecystitis 
by use of the two-step immunoperoxidase method of Sternberger et al. 
(1970). Histochemically, like normal pyloric glands, PPG contain non-sul- 
phated acid or, more often neutral mucins (Laitio 1975). In man, it has 
been found that LM in secretory cells is predominantly associated with 
the presence of neutral mucosubstances (Klockars and Reitamo 1975). The 
present demonstration of immunoreactive LM within most PPG and its 
absence from Alcian Blue-positive, acid mucuscontaining cells is in agree- 
ment with these data. 

By immunofluorescence, using antisera directed against epithelial glyco- 
proteins of true pyloric glands, Häkkinen and Laitio (1970) found that 
the pyloric-type mucosal areas of the inflamed gallbladder show similar 
antigenic properties to normal pyloric mucosa. Our findings suggest that 
the presence of LM in PPG and in normal pyloric glands may in part 
be responsible for this cross-reactivity. 

We demonstrated the presence of LM in granulocytes and macrophages; 
these served as built-in method-controls since these cells have been found 
to contain LM (McClelland and van Furth 1975). 

Earlier authors (Bolek and Machnik 1979) stated that the increase in 
mucous glands in chronic cholecystitis is due to a proliferation of glands 
in the neck region and subsequent extension of these glands throughout 
the gallbladder mucosa. In comparison with PPG however, neck glands 
differ in morphology, histochemistry and electron-microscopy (Laitio and 
Nevalainen 1975). Morphologically neck glands have wider lumina, bor- 
dered by cuboidal epithelium containing a centrally located, large round 
or oval nucleus. Mucin droplets are scarce. PPG however are composed 
of mucous cells with basally located, flattened nuclei and abundant cyto- 
plasm, filled with mucin droplets. Histochemically, neck glands contain sul- 
phated mucins whereas mucins in PPG are predominantly neutral (Laitio 
1975). Ultrastructurally, neck glands contain few or no secretory granules 
and a poorly developed Golgi apparatus, whereas PPG resemble true pyloric 
glands by the presence of membrane-limited secretory granules and a promi- 
nent Golgi-apparatus (Laitio and Nevalainen 1975). The present finding 
of LM within PPG and some epithelial crypts and its absence from neck 
glands further indicates the difference between both types of glands and 
supports the assumption that PPG originate from the surface epithelium 
as a metaplastic phenomenon. 

PPG are not restricted to the inflamed gallbladder. Roberts (1974) dis- 
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cussed pyloric gland metaplasia in chronic cholecystitis and showed these 
PPG histochemically to resemble both normal pyloric glands and metaplas- 
tic mucous glands in the small bowel and gallbladder mucosa. Recently, 
we demonstrated the presence of immunoreactive LM in metaplastic pyloric 
glands in chronic pancreatitis (van den Oord et al. 1982). Moreover, in 
cases of Crohn's disease PPG a r e a  well established feature (Liber 1951) 
and we demonstrated the preserlce of immunoreactive LM in the neutral 
mucin-containing PPG of the terminal ileum in patients suffering from 
Crohn's disease [Geboes et al. (1982) Immunohistochemical identification 
of lysozyme in pseudopyloric gland metaplasia in Crohn's disease (submitted 
for publicatiorl)]. 

Therefore, pyloric gland metaplasia seems to be a common, functional 
reaction of the pancreato-biliary and small intestinal mucosa in response 
to chronic inflammation. 

The presence of LM in the secretory cells of PPG in chronic cholecystitis 
is probably related to an extracellular antibacterial action. This bactericidal 
activity may require the interaction of LM and IgA since it has been shown 
that LM discloses considerable bactericidal activity in vitro in conjunction 
with IgA and complement (Bladen et al. 1973; Hill and Porter 1974). Green 
and Fox (1972) demonstrated that IgA is the predominant type of immuno- 
globulin, secreted by lymphoid cells in the inflamed gallbladder. Moreover, 
it has been reported that IgA is the major immunoglobulin present in bile 
(Dive 1970). 

To conclude, the present results show the presence of immunoreactive 
LM in PPG, demonstrating a further analogy with true pyloric glands. 
The presence of LM also suggests that PPG represent functional metaplastic 
areas, involved in the non-specific defence mechanisms of the host against 
environmental pathogenic and non-pathogenic microorganisms through 
participation of LM. 
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