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ABSTRAC T T 
BACKGROUND/AIMS:: Partial gastrectomy is a well-established pre-malignant condition. It is postulated 
thatt in the gastric stump an accelerated neoplastic process takes place, similar to that of (intestinal 
type)) adenocarcinoma from the non-operated stomach. K-ras codon 12 mutation is one of the most 
frequentt oncogenic alterations in human solid neoplasms. It is rare in conventional gastric carcinoma 
andd has not been studied in gastric stump carcinoma. The aim of this study was to compare the 
prevalencee of K-ras codon 12 point mutations in gastric stump carcinomas with those in conventional 
carcinomass from the non-operated stomach. 
METHODOLOGY:: Twenty-four gastric stump carcinomas were compared with 26 conventional gastric 
carcinomas.. Stage, histology, and demographics were comparable in both groups. Mutations in codon 
122 of the K-ras gene were examined with a polymerase chain reaction (PCR)-based method and 
subsequentt dot blot hybridization with mutation-specific probes. The results of Helicobacter pylori 
infection,, Epstein-Barr virus infection and p53 immunohistochemistry were partially known from a 
previouss study. 
RESULTS:: In one of the gastric stump carcinomas as well as in one of the conventional gastric 
carcinomass a K-ras codon 12 point mutation was found. p53 Immunohistochemistry results were 
comparablee in both groups. Interestingly, Helicobacter pylori infection rate and Epstein-Barr virus in 
situsitu hybridization for EBER1, as previously studied, appeared were significantly different in the two 
groups, , 
CONCLUSIONS:: K-ras codon 12 point mutations are rare in both gastric stump carcinomas and 
conventionall  gastric carcinomas. This supports the postulated hypothesis that the pathways of 
carcinogenesiss in both gastric stump carcinoma and conventional gastric carcinoma share common 
features.. However, these groups differ in infection rate of Helicobacter pylori and of Epstein-Barr 
virus,, which suggests that some neoplastic stimuli differ as well. 

INTRODUCTION N 
Althoughh the incidence of gastric carcinoma has 
beenn declining, it remains a common cause of 
cancer-relatedd death (1,2). Because approximately 
85-90%% of patients present in an advanced stage 
Hepato-Gastroenterologyy 1999; 46:2063-2068 
©© H.G.E. Update Medical Publ ishing S.A., Athens-Stut tgart 

whenn the disease is symptomatic, surgery often 
failss to be curative (3). The 5-year survival rate 
followingg resection was recently reported to be 
onlyy 28% (4). However, patients with early 
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gastricc carcinoma (defined as infiltration limited 
too mucosa or submucosa, with or without lymph 
nodee metastasis), which can be detected by 
surveillancee of high risk groups, have an 
excellentt prognosis with 5-year survival rates of 
moree than 80% (5). The natural history of gastric 
carcinomaa is not well established. Of the two 
distinctt types of gastric carcinoma, the intestinal 
typee is best understood (6). This type of 
carcinomaa is thought to be caused by 
environmentall  factors and is preceded by a pre-
cancerouss process, characterized by precursor 
lesionss of the gastric mucosa (7). These precursor 
lesionss represent the morphological substrates of 
aa multi-step tumor progression model, similar to 
thee adenoma-carcinoma sequence in the 
colorectumm (8,9). 
Partiall  gastrectomy is a pre-malignant condition 
(10,11).. After surgery for peptic ulcer, patients 
enterr an accelerated neoplastic process that 
closelyy resembles the one proposed for the 
intestinall  type of gastric carcinoma arising in the 
non-operatedd stomach. The risk of gastric 
carcinomaa rises steadily with the duration of the 
post-operativee interval (12). In the long-term 
afterr partial gastrectomy, atrophy, intestinal 
metaplasiaa and dysplasia, morphological changes 
thatt represent the precursors of intestinal type 
gastricc carcinoma, become more frequent 
(13,14).. In addition to these morphological 
changes,, the cell proliferation kinetics of the pre-
malignantt mucosa in the gastric stump are 
comparablee to those observed in the non-
operatedd stomach (15). These similarities led to 
thee hypothesis that carcinoma arising in the 
gastricc stump may provide a suitable model to 
studyy the molecular genetics of gastric 
carcinogenesiss in general (16). In contrast to 
colorectall  carcinogenesis, the specific molecular 
changess accompanying the gastric dysplasia-
carcinomaa sequence are ill-defined (8,9,17-19). 
Thee p53 tumor suppressor pathway is frequently 
abrogatedd in human cancer. In a previous study 
wee found no difference in p53 expression 
betweenn gastric stump carcinoma (GSC) and 
conventionall  gastric carcinoma (CGC). However, 
thee prevalence of Helicobacter pylori (H. pylori) 
andd Epstein-Barr virus (EBV) were found to be 
differentt in GSC as compared to CGC (20). So, 
besidess similarities, there also seem to be 
etiologicc differences between these two entities of 
gastricc carcinoma. 
Thee human K-ras gene is a member of the 

humann ras proto-oncogene family. Activation of 
thee res genes can be caused by gene 
amplification,, resulting in enhanced expression 
off  the ras proteins, but is usually the result of 
activatingg point mutations at codons 12,13 or 61. 
Thesee mutations lead to a continuous signal 
transduction,, resulting in a growth-promoting 
effectt (21,22). K-ras codon 12 mutation is a 
frequentt event in colorectal and pancreatic 
carcinomaa but is rare in gastric carcinoma (23). 
However,, it has been observed in high-risk 
subsetss of gastric carcinoma patients (24). It has 
nott been studied in gastric stump carcinoma. The 
aimm of the current study was to elaborate on the 
comparisonn between GSC and CGC and to 
investigatee whether they differ in K-ras 
mutationn status. 

METHODOLOGY Y 
Tissuee Specimens 
Twenty-fourr GSCs from the archives of the 
Academicc Medical Center (The Netherlands) and 
thee Lublin Medical Academy (Poland) were 
studied.. These were compared with 26 CGCs 
arisingg in the non-operated stomach, which had a 
similarr stage and a comparable morphology 
accordingg to the Lauren classification. The 
patients'' age was the same in the two groups; the 
malee predominance was more outspoken among 
thee stump carcinomas as compared to the 
primaryy carcinomas (Table 1). Importantly, 
carcinomass from the gastric cardia were excluded 
fromm this study as they may represent a distinct 
entity.. All the CGCs were located in the distal 
stomach,, whereas the GSCs were located near 
thee gastro-enterostoma. Typing and staging of 
thee tumors was done by histopathological 
examinationn of the hematoxylin-eosin (H&E) 
stainedd section slides. 

TABLEE 1 Compariso n of Baselin e Characteristic s 
inn the Grou p of Gastri c Stum p Carcinoma s (GSC) 

andd in the Grou p of Conventiona ll  Gastri c Carcinoma s (CGC) 

Sexx (Male/Female) 
Agee (mean, years) 
Geographyy (NL/P) 
Tumorr stage (E/A) 
Morphologyy (I/M/D) 

NL:: Netherlands, P: 

GSCC (n=24) CGG (n=26) 

Poland;; E 
type,, M: mixed, D: diffuse type 

18/66 15/11 
65.00 68.4 
17/77 19/7 
9/155 7/19 

20/1/33 17/4/5 

early,, A: advanced; I: intestinal 
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DNAA Isolatio n 
Fromm 5um deparaffinized H&E stained tissue 
sections,, the areas with carcinoma were carefully 
microdissected.. Tumor tissue was collected in 
separatee Eppendorf reaction tubes. DNA was 
liberatedd with an overnight Proteinase-K 
digestionn at 56°C, as described previously (25). 
Subsequently,, the samples were heated for 
lOminn at 100°C to inactivate Proteinase-K and 
weree used directly for polymerase chain reaction 
(PCR)) amplification. 

Detectio nn of K-ras Codon 12 Mutation s 

Thee analysis of point mutations in K-ras codon 
122 was performed as described previously (25). 
Briefly,, K-ras point mutations were evaluated by 
PCRR amplification of codon 12 of the K-ras gene 
fromm the DNA samples. Enrichment for possible 
mutantss was achieved by restriction enzyme 
digestionn using Mval, an isoschizomer of BstNI 
(Boehringerr Mannheim, Mannheim, Germany). 
Subsequently,, reamplification of the digested 
andd undigested PCR products was performed 
followedd by allele specific oligodeoxynucleotide 
(ASO)) hybridization. For the first round of 
amplification,, tumor DNA was amplified for 15 
cycless with primers A (5'-
ACTGAATATAAACTTGTGGTAGTTGGACCT--
3')) and D (5'-CATGAAAATGGTCAGAGAAACC-
3').. After restriction enzyme digestion, a second 
roundd of PCR was carried out on both the 
digestedd and undigested first round PCR 
products.. In the second round PCR, DNA was 
amplifiedd for 35 cycles using primers A and B (5'-
TCAAAGAATGGTCCTGGACC-3').. After 
denaturation,, the undigested and digested PCR 
productss were spotted onto seven different nylon 
membraness (Genesereen Plus, NEN Research 
Products,, Boston, Massachusetts, USA) and 
hybridizedd to each of the K-ras codon 12 specific 
oligodeoxynucleotides,, as described previously 
(33).. Finally, stringency washes were carried out 
att 63°C, followed by autoradiography. Mutations 
weree confirmed by duplicate analysis. 

RNAA  in situ Hybridizatio n (ISH) for EBV Detectio n 
EBV-RNAA  in situ hybridization status was 
partiallyy known from a previous study and was 
performedd as previously described (20). Briefly, 
deparaffinizedd and EDTA-treated sections were 
treatedd subsequently with Proteinase-K, 
dehydratedd and air-dried. The sections were 
incubatedd for 18 hours at 37°C with the 

fluorescein-labeledd EBlf-probe (5'-
CTAGCAAAACCTCTAGGGCAGG CGTAGGTCC-
3')) against the EBV-EBER1 nuclear RNA 
molecules.. The fluorescein label of the hybridized 
probee molecules was detected using Rabbit anti-
FITCC biotinylated immunoglobulins followed by 
Swinee anti-Rabbit immunoglobulins and avidin-
biotinylatedd horseradish peroxidase complex (all, 
DAKOO Glostrup, Denmark). Staining was done 
withh diamino benzidine (DAB). 

HelicobacterHelicobacter pylori Detectio n 
H.H. pylori infection status was partially known 
fromm a previous study (20). Assessment for the 
presencee of H. pylori was done by 
histopathologicall  examination of H&E stained 
slidess and by immunohistochemistry (IHC) using 
thee B 471 polyclonal rabbit anti-H. pylori 
antibodyy (DAKO, Glostrup, Denmark). 

p533 Immunohistochemistr y 
Resultss were partially known from a previous 
studyy (20). IHC was performed as described 
previouslyy (26). The DO-7 antibody (DAKO, 
Glostrup,, Denmark) was used for the detection of 
thee p53 protein. 

Statistica ll  Analysi s 
Thee Fisher exact test was used to compare 
frequenciess among the different groups. 
Differencess were considered statistically 
significantt at p<0.05. 

RESULTS S 
Thee results of our analyses are summarized in 
Tablee 2. K-ras codon 12 mutations could be 
demonstratedd in 1 out of 24 GSCs (PS1) and in 1 
outt of 26 CGCs (PP8) (Figure 1). 
EBV-ISHH was significantly more often positive in 
thee GSCs (p<0.05), whereas H. pylori was found 
significantlyy more often in CGCs (p<0.05). The 
resultss of IHC for p53 were comparable in both 
groups. . 

DISCUSSION N 
Ourr findings are in line with most other studies 
addressingg K-ras mutations in gastric carcinoma. 
K-rass codon 12 mutations are extremely rare in 
gastricc carcinoma (23), although a few studies 
fromm high-risk areas reported the occurrence of 
suchh mutations (24,27). Also, in a case of 
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TABLEE 2 Compariso n of Result s of K - E S codo n 1? 
Mutatio nn Analysis , EBV inat u Hybridization , 

::  l y la r i . and Immunohistochemistry 

forr  p53 in Gastri c Stum p Carcinoma s (GSC) 
andd Conventiona l Gastri c Carcinoma s (CGC) 

K-rass codon 12 mutation 
EBV* * 
H.H. pylori* 
p53 3 

GSCC (n=24) 
1/244 (4%) 

10/144 (42%) 
6/188 (25%) 
12/122 (50%) 

CGGG (n=26) 
1/255 (4%) 

4/222 (15%) 
14/1.22 (54%) 
16/100 (62%) 

*Statisticallyy significant (p<0.05) 

intramucosall  carcinoma in a hyperplastic polyp 
off  the stomach, a K-ras codon 12 mutation was 
foundd (28). 
Therefore,, when it was postulated that gastric 
stumpp carcinogenesis shares a common pathway 
withh carcinogenesis in the non-operated 
stomach,, comparison of the prevalence of K-ras 
codonn 12 mutation in GSCs versus CGCs 
appearedd as a potentially attractive 
discriminatingg molecular marker. However, in 
thee GSCs only one mutation was found and this 
iss to our knowledge the first study in this regard. 
K-rass codon 12 mutation as a mechanism for 
oncogenee activation is therefore most likely not 
ann important mechanistic event for 
carcinogenesiss in the gastric stump either. 
Technicall  shortcomings were considered as an 
explanationn for the absence of mutations in most 
samples.. DNA obtained from formalin fixed 
tissuee is usually partially degraded into small 
fragmentss depending on many factors like the 
timee between tissue removal and fixation, the 
typee of fixative used and the duration of the 
fixationfixation procedure. The average length of DNA 
extractedd from formalin fixed tissue is normally 
betweenn 100 and 500 nucleotides (29). As only 
smalll  DNA fragments are needed for the 
detectionn of K-ras point mutations by the assay 
usedd in this study, the effect of DNA degradation 
doess not seem to be a likely explanation for our 
results.. Moreover, all cases tested positive for the 
wild-typee sequence of the K-ras gene, thereby 
servingg as internal controls for DNA extraction, 
amplification,, and hybridization procedures. The 
sampless used in a previous study (28) consisted of 
similarlyy fixed archival material confirming the 
abilityy to detect mutations in such tissue 
followingg our procedures. The assay was done in 
duplicatee to confirm the obtained results. 
Therefore,, we consider the absence of K-ras 
mutationss in our samples to be genuine. 

GLY Y 
AA 8 

cc]h ]h 
3.. HI 
4.. m
5.. # , 

H20 0 

Pla.. %% 

ASP P 
AA B 

ALA A 
AA B 

FIGUREE 1 Autoradiograph of K-ras codon 12 point mutation analysis. 
Thee top row contains spots with mutant specific control DNAs (Co.). 
Thee left column of each panel (A) represents the mutant unenriched 
PCRR products whereas the right column (B) represents the PCR 
productss after mutant enrichment (25). The bottom rows represent a 
waterr control sample and a placenta DNA sample, respectively. Row 1 
showss a point mutation (GGT --> GCT) in a gastric stump carcinoma 
(PS1)) resulting in an amino acid change from Glycine (wild type) to 
Alanine.. Row 2 shows a point mutation (GGT --> GAT) in a 
conventionall gastric carcinoma resulting in an amino acid change from 
Glycinee (wildtype) to Aspartic acid. Note that in both cases the 
hybridizationn signal in the mutant enriched column is enhanced and 
thatt the wild type signal is diminished after mutant enrichment. All 
otherr cases are wild type. 

Inn the present study, no evidence was found for 
differencess in the p53 tumor suppressor pathway 
betweenn GSC and CGC. In contrast to K-ras 
oncogenee activation, inactivation of the p53 
tumorr suppressor gene is often involved in 
carcinogenesiss in the stomach (30,31). We 
screenedd for p53 mutations by 
immunohistochemistry.. A similar pattern of p53 
positivityy was found in GSCs and in CGCs. These 
resultss are concordant with other reports in the 
literature,, some of which have not investigated 
expressionn but also looked at p53 gene mutations 
(32). . 
Fromm a prior study comparing GSCs and CGCs, 
wee also found differences between the two types 
off  gastric carcinoma (20). Helicobacter pylori was 
observedd less often in the GSCs than in the 
CGCs.. This might be explained by the increase in 
bilee reflux after a Billroth resection since bile 
saltss apparently have a bactericidal effect on H. 
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pylori.pylori. It has been observed that H. pylori 
disappearss rapidly from the gastro-enterostoma 
afterr a Billroth resection (33). In addition, EBV 
appearss to be more frequently involved in GSC 
whenn compared to CGC (20,34,35). The EBV-
encodedd EBNA-5 protein has been shown to bind 
too the p53 tumor suppressor protein (36). 
However,, no correlation between p53 positivity 
andd the presence of EBV has been demonstrated 
inn GSC so far (20,34), which is in contrast with 
findingsfindings in nasopharyngeal carcinoma (37). 
Thee reason why EBV preferentially infects (pre-
malignant)) epithelial cells near a Billroth 
anastomosiss remains unclear. CD21, the receptor 
forr EBV, has not been demonstrated on gastric 
carcinomaa cells (34). The detergent effect of bile 
saltss might account for this phenomenon by 
actingg as a co-factor in mediating EBV infection 
off  the epithelial cells, for instance by inducing 
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