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CHAPTERR 7 

A b s t r a c t t 

Background Background 

Sonicc Hedgehog (Shh) is an important endodermal morphogenetic signal dur-
ingg the development of the vertebrate gut. It controls gastrointestinal pat-
terningg in general and gastric gland formation in particular. We have previ-
ouslyy shown that Shh regulates gastric gland proliferation in the adult, but 
detailedd analysis of its expression along the adult gastrointestinal (GI) tract 
hass never been undertaken. We therefore studied Shh expression along the 
normall  human and rodent adult GI tract as well as in intestinal metaplasia of 
thee stomach, gastric and intestinal metaplasia of the esophagus and gastric 
heterotopiaa in Meckel's diverticulum. 

Methods Methods 

Thee studies were performed with in-situ hybridization and by immunohis-
tochemistryy using an antibody that recognizes the Shh precursor form. 

Results Results 

Wee found that in the normal GI tract, high levels of Shh are expressed in the 
fundicc glands of the stomach. Shh expression was also found in fundic gland 
metaplasiaa and heterotopia. However, Shh expression is lost in intestinal 
metaplasiaa of the stomach. 

Conclusion Conclusion 

Wee found a strong correlation between Shh expression and fundic gland 
differentiation.. Our current study therefore provides evidence that in addi-
tionn to its role in gastric epithelial development Shh plays a unique role in 
gastricc epithelial differentiation in adults. 
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Introductio n n 

Duringg organogenesis the cells of the endodermal layer give rise to the liver, 
pancreass and epithelial cells of the lung and gastrointestinal tract. The dif-
ferentiationn of these different organs with their respective functional cell 
typess occurs through complex mesenchymal-endodermal interaction. In 
thiss interaction, the Hedgehog (Hh), Fibroblast Growth Factor (Fgf), Wnt 
andd Transforming Growth Factor (TGF)-/? families of secreted proteins 
playy a key role.1 

HhHh was initiall y identified in a genetic screen for segment polarity genes in 
Drosophila.Drosophila.11 In vertebrates three hedgehog genes have been identified, Shh, 
IndianIndian Hedgehog (Ihh) and Desert Hedgehog. Al l three Hh's bind to the 
samee receptor. Patched (Ptc) which controls the activity of a second recep-
tor,, Smoothened (Smo).3 Both Shh and Ihh play a role in endodermal/ecto-
dermal-mesodermall  interactions in the gut.4"14 

Expressionn of Shh in the gastrointestinal tract has been described during 
developmentt in many vertebrate systems including mouse,4 chick,5 human,13 

andd frog.14 In all species examined, Shh is expressed from the earliest time 
pointss of gastrointestinal development restricted in its expression to the 
endoderm.. The murine gut has been well examined for Shh mRNA expression 
throughoutt development. At a late stage of development, 18.5 days post 
coitumm (d.p.c), one day prior to birth, Shh mRNA is detected in the glan-
dularr epithelium of the stomach, the smal! intestine and the colon.9 However, 
althoughh this is a late stage of intra-uterme development, the murine GI tract 
undergoess major morphological and functional changes during the first 
threee postnatal weeks, including formation of intestinal crypts and matura-
tionn of the gastric glands.15'16 It is therefore difficul t to infer from these data 
whatt happens to Shh mRNA expression in the adult. 
Severall  studies have addressed the functional role of Shh expression in the devel-
opingg gut. Studies in chick and mouse using either overexpression or inacti-
vationn of Shh suggest that during development Shh is a critical endodermal sig-
nall  in the epithehal/mesodermal signaling involved tn specification of 
differentiationn along the anterior-posterior as well as the radial axis of the 
vertebratee gut.5"14. Shh null mice display gastrointestinal malformations includ-
ingg a failure of the trachea and esophagus to separate normally,7 gut malrotation, 
smalll  intestinal and anus atresias.9 The gastric epithelium of Shh null mice 
showss epithelial hyperplasia and alkaline phosphatase expression, a sign of 
intestinall  differentiation,9 The critical role of Shh in gastric epithelial devel-
opmentt is further supported by the finding that the Hh inhibitor Cyclopamine 
causess pancreatic transformation of the stomach in embryonic chicks.10 

Thee lack of information about Hh expression in the adult is unfortunate as 
thesee proteins are likely to play an important role in the orchestration of the 
complexx patterns of epithelial proliferation and differentiation in this rapid-
lyy regenerating system. Since Shh is an important polarizing signal during 
developmentt we previously investigated whether Shh is involved in the 
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maintenancee of asymmetry of epithelial differentiation in the tubular units 
off  the adult fundic stomach.{ / In this part of the gut the stem cell is located 
inn the midportion or isthmus of the tubular unit. From the isthmus cells 
migratee either up towards the lumen and become Mucin (MUC)5AC express-
ingg pit cells or migrate downward to become one of the cell types of the 
fundicc gland (mucous neck cell, parietal cell, zymogemc/chief cell, endocrine 
celll  and caveolated cel l) . 's We showed that Shh is expressed in the fundic 
glandd of the adult human and rodent stomach. Inhibition of Shh led to 
enhancedd epithelial proliferation and diminished protein levels ot Bone 
Morphogenicc Protein-4, Islet-1, and Hepatocyte Nuclear Factor 3/?, all of 
whichh are proteins involved in differentiation and tissue specific gene expres-
sion.177 Thus Shh appears to be involved in the regulation of GI epithelial 
homeostasiss in the adult but a systematic study of the expression of Shh along 
thee adult GI tract has not been performed. 
Becausee of the important role of Shh in intestinal development it is important 
too know if Shh expression is specific lor the fundic glands or also occurs in 
otherr tissues along the GI tract. These considerations prompted us to inves-
tigatee the expression pattern of Shh along the adult human and murine GI 
tract.. Since loss of Shh expression in the developing stomach results in 
intestinall  or pancreatic transformation of the gastric epithelium, we also 
examinedd intestinal metaplasia of the adult stomach for possible loss of 
Shhh expression. Hereafter we examined Shh expression in ectopic fundic 
glandss of both developmental origin (heterotopia) and postnatal origin 
(metaplasia).. Our studies identify Shh as a fundic gland specific protein 
andd thus provide important evidence for a unique role of the Shh mor-
phogenn in fundic gland homeostasis. 

Methods s 
Antibodies Antibodies 
AA goat polyclonal a-Shh antibody (N-19, 1:250) produced by immunizing 
withh an amino acid sequence mapping at the amino terminus of the murine 
Shhh precursor was obtained from Santa Cruz Biotechnology (Santa Cruz, 
CA).. We have shown previously that this antibody specifically recognizes the 
499 kDa Shh precursor protein. '7 A mouse monoclonal a-H + /K  + -ATPase 
(1:6000)) was from Affinit y Bioreagents (Golden, CO). A mouse mono-
clonall  anti-MUC5AC (1:50, clone 45M1) was from Lab Vision (Fremont, 
CA).. A mouse monoclonal anti-MUC2 (1:100, clone CCP58) was from 
Novocastraa (Newcastle upon Tyne, England). 

Tissues Tissues 
Too study Shh expression in the human GI tract we used specimens from the 
archivess of the department of pathology of the Academic Medical Center and 
thee Department of Pathology of the Massachusetts General Hospital and 
Brighamm and Women's Hospital. We examined tissue with normal histology of 
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att least 6 different patients to investigate each site along the normal G] tract for 
Shhh expression. Other specimens included: tissue from 16 different patients 
withh intestinal metaplasia of the stomach, 13 resection specimens of Meckel's 
diverticulumm and 6 resection specimens of patients with Barrett's esophagus. 

InIn  situ  hybridization 
Humann Sbb cDNA, a gift of Dr C. Tabin, was used to transcribe a digoxi-
genin-labeledd (Roche, Mannheim, Germany) mRNA probe as previously 
described.133 Paraffin sections (4-6/^m) of archival human tissue were used 
forr in situ hybridization using previously published methods. * 

Immunohistochemistry Immunohistochemistry 
Methodss used for staining of a single epitope on paraffin sections have been 
describedd in detail previously.17,19 For double staining of Shh and MUC5AC 
sectionss were incubated with a mixture of the anti-Shh and anti-MUC5AC 
overnight.. The following day sections were incubated with a mixture of 
HRPP coupled rabbit anti-goat Ig (1:100, Dako) and biotinylated rabbit anti-
mousee Ig (1:250). First the HRP was detected with fast DAB as described17' i 9 

andd hereafter sections were incubated with streptavidin b-galactosidase 
(strepp /?-gal, 1:50 in PBS, Roche, Almere, The Netherlands) for 30 min at RT. 
Thej?-gall  was detected with 40 mg/ml X-Gal (Gibco, Breda, the Netherlands) 
inn iron phosphate buffer (0.02% MgCl2 ' 6H20, 0.099% potassium ferri-
cyanide,, 0.127% potassium ferrocyanide) at 37°C for 15 min, resulting in a 
turquoisee color. 
Simultaneouss immunohistochemical detection of three different epitopes was 
performedd largely as described previously.19 For triple staining of Shh, 
MUC5ACC and MUC2 the following protocol was developed. Sections were 
rehydratedd and blocked as described and incubated with the anti-MUC5AC 
monoclonall  overnight. The following day sections were incubated with an 
alkalinee phosphatase (AP) coupled goat anti-mouse Ig (1:20, Dako) in PBS 
containingg 10% human AB serum for one hour. After washing in Tris 
Bufferedd Saline, AP activity was detected using Fast Red (Dako) resulting in 
aa red precipitate. Hereafter sections were heated to 100°C for 5 min to 
removee antibodies and enhance antigen retrieval for the anti-Shh antibody. 
Sectionss were blocked and incubated with a mixture of monoclonal anti-Muc2 
andd goat polyclonal anti-Shh overnight. On day 3 sections were incubated 
withh a mixture of rabbit anti-mouse-HRP (1:50) and rabbit anti-goat-biotin 
(1:200)) in PBS containing 10% human AB serum for one hour. First the HRP 
wass detected with DAB as described above and hereafter sections were 
incubatedd with strep b-gal for 30 min at RT. The /?-gal was detected as 
above.. We used three different negative controls, omission of the anti-Shh 
antibody,, control Ig and an anti-Shh blocking peptide (Santa Cruz). As a pos-
itiv ee control we used embryonic tissues of both chick and zebrafish. 
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Figur ee 1 . Shh mRNA expression along the human Gl tract. Shh is expressed in the 
fundicc glandular region (B, arrow) of the adult stomach. Shh is not detect-
edd in the esophagus (A) or the antrum of the stomach (C). A few positive 
cellss are found at the base of the crypts in the small intestine (D and blow-
upp in E. arrows) and some of the crypts of the colon (F, arrow). 

Result s s 

FundicFundic  glands  express  high  levels  of  Shh 

Wee have previously shown that Shh prote in is expressed in the fundic glands 
off  humans and rodents .17 We have now examined the length of the human GI 
tractt for bo th Shh m R NA and prote in express ion. In the adult GI tract Shh 
mRNAA was abundant ly expressed in the fundic part of the stomach and at low 
levelss in the c ryp ts ot the small in tes t ine (as has been descr ibed in the 
humann fetus, see ref 13) (Fig 1). To investigate expression of Shh protein we 
havee used an an t ibody that recognizes the Shh precursor p ro te in .17 In the 
human,, mouse and rat GI tract Shh stain ing was exclusively detected in the 
fundicc glands ol the s tomach. Bv cont ras t, no Shh sta in ing was observed in 
thee esophagus or the intest ine (Fig 2). The omission of the primary ant ibody 
orr use of control Ig did not result in any visible staining and the staining with 
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thee anti-Shh ant ibody was efficiently blocked with the blocking pept ide. The 
ant i -Shhh an t ibody reacted wi th cndode rm of both chick and zcbrafish used 
ass posi t ive con t ro l . 

ShhShh expression is lost in intestinal metaplasia of the fundus 

Dur ingg deve lopmen t of t he s t omach , absence of Shh leads to in tes t ina l 
transformationn of the s tomach. 9 In humans, replacement of gastric epithelium 
byy epi thel ium of intest inal pheno type , or intest inal metaplasia , is c o m m o n 
lyy observed in pat ients with chronic gastritis. This metaplasia is an impor tant 
riskk factor for the deve lopment of gastric adenocarc inoma. 2 0 T o evaluate the 
possibi l i tyy that a l te ra t ions in Shh express ion may be involved in intest inal 
metaplasiaa in humans , we studied whether Shh expression is lost in intestinal 
metaplasiaa of the fundic gland region . To opt imal ly localize Shh expres 
sionn relat ive to the in tes t ina l metaplasia in these spec imens we used an 
immunoh i s tochemica ll t r iple s taining me thod . This me thod visualizes cy to 
plasmicc and ex t race l lu la r M U C 5 A C , the mucin p roduced by gas t r ic pit 
cel ls ,1 99 cy toplasmic M U C 2 , a mucin specifically expressed by the goblet 
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Figuree 3. Shh expression is lost in intestinal metaplasia of the stomach. 
Immunohistochemicall triple stain of Shh (blue) MUC5AC (reel) and 
MUC22 (brown). (A-C) Specimens of two different patients with intesti-
nall metaplasia. (A) This specimen shows normal glands with MUC5AC 
expressingg pit cells {arrowhead, red stain), Shh expressing gland 
cellss (arrow, blue stain) and adjacent metaplastic glands with MUC2 
expressingg goblet cells (asterisks, brown stain). (B) Blow-up of boxed 
areaa in A, note the MUC5AC expression by goblet cells around the pit-
glandd transition. (C) Another example of metaplastic gland (aster-
isks)) amidst normal Shh expressing glands (arrow). (D) Although 
mostt cases showed replacement of only the glands or both pits and 
glandss by intestinal cells, in this patient we observed a mix of intestinal 
MUC22 expressing goblet cells (brown) and gastric MUC5AC express-
ingg pit cells (red) in the pit region. (E-G) Three types of goblet cells 
weree observed in this study, goblet cells that express exclusively 
MUC22 (arrow in E), goblet cells that co-express MUC2 and MUC5AC 
(arroww in F), and goblet cells that express only MUC5AC (arrow in G). 

cellss ol the intestine,21 and Shh. This triple stain has an additional advantage 
thatt intestinal absorptive enterocytes are readily identified in specimens 
withh intestinal metaplasia due to the typical thin staining of the brush bor-
derr that contains intestinal alkaline phosphatase. 
Noo overlap between MUC5AC and Shh was found since MUC5AC marks pit 
cellss that migrate up from the precursor cell and Shh is exclusively expressed 
byy the downward migrating parietal cells of the gastric glands.17 Using this 
methodd we found that the expression of Shh and MUC2 is mutually exclusive 
inn all specimens investigated (n=16). This clearly demonstrates that in 
areass of intestinal metaplasia Shh expression is completely lost. 

Althoughh not the primary aim of our study, we were also able to identify 
threee types of intestinal metaplasia on the basis of mucin expression, in 
thee specimens that allowed good visualization of the full gastric unit. The 
firstt type was characterized by MUC2 positive goblet ceils and intestinal-type 
absorptivee cells with an alkaline phosphatase positive brush border (see 
unitt marked with asterisks in fig 3D). In the second type, only the gland cells 
weree replaced by MUC2 expressing goblet cells whereas the pit cells where 
stilll  of the MUC5AC expressing gastric phenotype (see fig 3A-C). The 
thirdd type consisted of cases the gland contained MUC2 positive goblet 
cellss whereas the pit consisted of a mix of MUC5AC expressing pit cells and 
MUC22 positive goblet cells (see unit marked with arrow in Fig 3D). Three 
typess of goblet cells were observed in this study. Most goblet cells were 
foundd to express MUC2 exclusively (Fig 3E) as is the case in a normal 
intestinall  goblet cell,-' however we also found more rarely that goblet cells 
cann display exclusive expression of MUC5AC (Fig 3G) or co-express MUC2 
andd MUC5AC (Fig 3F). The MUC2-MUC5AC co-expressing goblet cells 

147 7 



CHAPTERR 7 

Figuree 4. Shh is expressed in fundic gland ectopies. (A-C) Three different cases 
off Meckel's diverticulum. (A) No Shh is detected in a Meckel's speci-
menn with purely intestinal histology. (B) Shh staining (brown precipi-
tate,, arrow) in a gastric fundic gland adjacent to a region of goblet cell 
containingg intestinal histology (asterisks). (C) Double stain of the 
gastricc mucin MUC5AC (blue, arrow) and Shh (brown, asterisks) in a 
Meckel'ss diverticulum with fundic gland histology. (D,E) Esophageal 
metaplasias.. (D) No Shh is detected in the intestinal metaplasia of 
Barrett'ss mucosa. (E) A case of fundic gland metaplasia of the esoph-
aguss with Shh expressing cells (brown precipitate, asterisks). 

weree found in the region of the i s t h m u s, whereas goblet cells that had 
migratedd fur ther from here were invariably found to express only M U C2 
indicat ingg a t rans i t ion from a mixed gastr ic- in test inal to a purely intest inal 
pheno type. . 

ShhShh  is  expressed  in  fundic  gland  heterotopia 

Too investigate if Shh is expressed in gastric heterotopia of the small intest ine, 
wee examined human resect ion specimens of Meckel 's d ivert iculum (n = 13). 
Meckel 'ss d iver t icu lum is a common abnorma l i ty of the small in test ine that 
occurss in l -3%of the populat ion.--' Th is remnant of the ompha lomesen te r-
icc duct often conta ins hetero top ic t issue of various endodermal derivat ives. 
Wee sta ined all specimens examined for bo th the H ~ K + ATPase to ident i fy 
acidd p roduc ing parietal cells of the fundic gland and for Shh. Al l spec imens 
thatt conta ined parietal cells (n = 8) were also posi t ive for Shh (Fig 4B ,C), 
whereass spec imens that lacked fundic glands (4 wi t h intest inal and 1 with 
antrall  mucosa) also lacked Shh sta in ing (Fig 4A). Thus Shh is expressed in 
fundicc gland heterotop ia, indicating that aberrant development of intest inal 
ep i the l iumm into gastr ic ep i the l ium with fundic glands is accompanied by 
Shhh express ion. 
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ShhShh is expressed in fundic gland metaplasia of the esophagus 
Inn patients with chronic acid reflux the resulting inflammation of the esoph-
aguss can lead to columnar metaplasia of the normally squamous epithelium 
off  the esophagus, a condition called Barrett's esophagus. While these patients 
frequentlyy develop intestinal metaplasia in the columnar lined segment, a mix-
turee of gastric and intestinal-type epithelium is commonly observed.23 To see 
iff  Shh expression is also induced postnatally in areas of gastric metaplasia we 
examinedd esophageal resection specimens of 6 patients with Barrett's esoph-
aguss for expression of both the H + K + ATPase and Shh. We found one 
resectionn specimen with areas of gastric metaplasia of fundic type glands. A 
completee overlap of H + K+ ATPase expression and Shh expression was 
foundd in this specimen (Fig 4E), whereas all esophageal (including the sub-
mucosall  glands) and intestinal tissue in the resection specimens was negative 
forr Shh (Fig 4D), This indicates that the switch in differentiation from 
squamouss to gastric epithelial tissue with fundic glands is accompanied by 
inductionn of Shh expression. 

Discussion n 

Shhh is an important endodermal signal in endodermal-mesenchymal cross talk 
duringg development in both anterior-posterior and radial patterning of the 
gutt tube. Mice deficient in Shh lack gastric epithelium.9 We have shown 
previouslyy that Shh is expressed in the fundic glands of the adult GI tract.17 

However,, the distribution of Shh along the GI tract has so far not been 
addressedd systematically. Here we have examined its expression in normal tis-
suee and in various conditions characterized by loss and gain of fundic gland 
differentiationn along the GI tract. Our data show that Shh protein expression 
iss closely correlated with fundic gland differentiation in the adult. 
Thee stem cells of the glandular stomach are situated approximately halfway up 
thee tubular invaginations that contain the gastric glands. Cells that migrate up 
fromm this point (towards the lumen) form the mucus producing or pit cells of 
thee so-called pit region. Cells that migrate down from the stem cell region 
formm the gland proper with a variety of functional cell types. Several inde-
pendentt lines of evidence indicate that there are polarizing signals in the 
gastricc units that promote either pit or gland cell proliferation and differen-
tiation.. Initial evidence for the existence of polarizing signals in the fundic 
unitss comes from patients with hypertrophic gastropathies. These gas-
tropathiess include Ménétrier disease and hyperplastic hypersecretory gas-
tropathyy (HHG).-4 Massive proliferation and differentiation of pit cells and 
concomitantt loss of glandular epithelial cells characterize Ménétrier disease, 
whereass patients with HHG show an increased mass of gland cells. The pit 
cell-promotingg factor that causes Ménétrier disease has been identified as 
Transformingg Growth Factor (TGF)a, a Iigand for the EGF receptor.*3 27 

Untill  recently no glandular epithelial cell-type promoting factor had been 
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identified.. However, we have previously shown that Shh selectively influences 
thee cell cycle of gastric epithelial gland cells and in this manner may act as a 
polarizingg signal. Indeed, the exclusive expression of Shh in the fundic 
glandss along the normal adult human and rodent GI tract as observed m the 
currentt study suggests a specific role for Shh in fundic gland differentiation. 
Apartt from the above-mentioned patients with HHG, the pathology observed 
inn patients with autoimmune gastritis-*  provides additional evidence for 
thee existence of a gland cell-type promoting factor and suggests that the pari-
etall  cell may be the source of this factor. In these patients autoantibodies 
againstt the H + K+ ATPase result in cytotoxic T cell mediated parietal cell 
depletion.. Although most of these patients lack antibodies against epitopes 
expressedd by zymogenic cells,-9 loss of parietal cells is followed by loss of 
zymogenicc cells, suggesting that parietal cells secrete a factor important 
forr zymogenic cell differentiation. The loss of gland cells in autoimmune gas-
triti ss is in the end often followed by intestinal metaplasia. Findings similar 
too the histopathology observed in patients with autoimmune gastritis have 
beenn described in parietal cell depleted mice.-5^ Finally, evidence trom the 
mousee suggests that Activi n antagonizes the gland cell type promoting 
polarizingg signal.31 Mice deficient for a-Inhibin develop gonadal sex-cord-
stromall  tumors producing large quantities of Activi n A and B. The gastric 
(epithelial)) histology of these mice resembles that of patients with autoim-
munee gastritis the parietal cell depleted mouse. The fundic glands of these 
micee show increased amounts of pit cells, loss of parietal cells and absence of 
zymogenicc cells. 
Thiss antagonism of the hypothesized gland cell-promoting factor by Activin 
iss intriguing in the light of our finding that this factor may be Shh. Activin 
hass been shown to repress Shh expression in Hensen's node during the 
establishmentt of chick left-right asymmetry3- and notochord derived Activin 
antagonizess cndodermal Shh expression in the area of the prospective pan-
creaticc buds,1' which is essential for normal pancreas development, '2 Thus, 
previouss work in the literature is consistent with a role tor Shh in the mech-
anismss that promote polarized gastric epithelial gland cell differentiation. 
Thiss notion is further strengthened by the Shh expression pattern observed 
inn several pathologic human conditions in this study. Loss of fundic glands 
inn gastric intestinal metaplasia is accompanied by loss of Shh expression, 
whereass gain of Shh expression is observed in fundic gland ectopics, making 
Shhh a fundic gland specific factor. Although gene expression in intestinal 
metaplasiaa of the stomach has been extensively characterized, mostly how-
everr these studies have addressed markers of intestinal differentiation that are 
unlikelyy them selves to play a role in the conversion of a gastric to intestinal 
epitheliall  phenotype. Silberg et a!, have previously identified the intestine-
specificc transcription factor Cdxl as a factor that may play a role in the 
inductionn or maintenance of intestinal metaplasia of the esophagus and 
stomach.333 The present study, howrever, is to the best of our knowledge 
thee first report of the loss of a fundic gland specific soluble morphogen in 
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intestinall  metaplasia. It is not clear from these results whether Shh loss 
precedess or is necessary for the development of intestinal metaplasia. 
Theoretically,, the loss of expression of a morphogen that is known to con-
troll  gastric gland morphogenesis may be a relevant step in the sequence of 
eventss that lead to intestinal metaplasia. This is especially so in the case of 
Shhh in view of the intestinal metaplasia observed in the stomach of the Shh 
nulll  mouse.9 

Anotherr observation made using simultaneous immunohistochemical detec-
tionn of MUC2 and MUC5AC is that goblet cells can display several pheno-
types.. These findings confirm results obtained by Reis et al. who have 
shownn that goblet cells can express MUC5AC in intestinal metaplasia of the 
stomach344 and results from Shaoul et al. who found that goblet cells in gas-
tricc metaplasia of the duodenum can co-express MUC2 and MUC5AC.35 

Similarr to the findings by Shaoul et al. the co-expression of MUC2 and 
MUC5ACC seemed to be a transitory phenotype since goblet cells at greater 
distancee from the precursor cell region lost MUC5AC expression and 
expressedd only MUC2 thus representing a more pure intestinal phenotype. 
Thiss finding seems consistent with a process of transdifferentiation of 
epitheliall  cells in an altered environment of differentiation specifying solu-
blee signals due to the inflammatory infiltrate. 
Inn conclusion, we have presented evidence that Shh is a fundic gland specific 
factorr in the normal stomach and in several human diseases characterized by 
aberrantt gastric epithelial differentiation. These results support the hypoth-
esiss that Shh may be an essential polarizing signal for fundic gland differ-
entiation,, an idea that is supported by the existing literature. 
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