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Summary

Aspects of gastric carcinoma - Inuit ethnicity, Epstein-Barr virus, and pernicious anemia.

The Inuit have a remarkable cancer pattern with high frequencies of Epstein-
Barr virus (EBV)-associated cancers, such as carcinoma of the nasopharynx and salivary
glands, and low frequencies of tumors common in Western populations, such as carci-
noma of the prostate gland, testis, and breast. Moreover the incidence of gastric carcino-
mas among Inuit is high and, in contrast to the rest of the world, not decreasing; the rea-
sons for this are unknown. Whether the characteristic Inuit cancer pattern is due to genetic
factors, environmental factors or both, remains to be clarified. Hoping to elucidate genetic
and environmental influences on the Inuit cancer pattern we performed a migration study
to determine whether the cancer pattern changed by migration to Denmark (study ). We
found that Inuit retain their high risk of traditional cancers, as EBV-associated nasopharyn-
geal carcinoma and salivary gland carcinoma, after migration to Denmark. This observa-
tion suggests that pre-migration factors, such as genetic factors and environmental factors
acting early in life, influences on the risk of EBV-associated cancers among Inuit. In addi-
tion, the migrating Inuit had an increased risk of cancers common in Western populations,
e.g. breast- and prostate cancer. This finding could be a result of different bias- and con-
founding mechanisms, but it probably also reflect a real change in lifestyle and environ-
mental factors among Inuit in the new environment. This suggests that Inuit, despite their
general low risk of cancer in e.g. breast, bladder, and skin, are not ‘genetically protected’
against lifestyle-associated cancers.

Despite the high frequency of EBV-associated carcinomas in Greenland, it is
unknown whether EBV is associated with the high risk of stomach cancer among Inuit.
Globally EBV is estimated to be associated with approximately 9% of all gastric carcino-
mas, making it the most frequent EBV-associated malignancy, with around 80,000 new
cases pr year. In contrast to this, Denmark has a low prevalence of EBV-associated naso-
pharyngeal carcinoma and salivary gland carcinoma, and as in rest of the world, the inci-
dence of stomach cancer is decreasing. This led us to perform a case-control study, com-
paring the prevalence of EBV-associated gastric carcinoma between Inuit and Danes with
gastric carcinoma (study Il). Surprisingly, we found the exact same prevalence of EBV-
associated gastric carcinoma among Inuit and Danes. Thus, exactly 8.5% of the gastric
carcinomas were EBV-positive in both populations. This rules out EBV as a significant fac-
tor in the high gastric carcinoma risk seen among Inuit, and argues against a general in-

creased susceptibility of EBV-associated cancers among Inuit.



In order to explore the etiology of EBV-associated gastric carcinoma further, we looked at
patients with pernicious anemia, which is an autoimmune disease occurring all over the
world. Due to autoantibodies patients with pernicious anemia develop achlorhydria and vi-
tamin B2 deficiency, which leads to megaloblastic anemia and a variety of gastrointestinal
and neurological symptoms, and in addition a 2-3 times elevated risk of adenocarcinoma of
the stomach. We speculated whether the acid content in the lower part of the stomach may
hinder EBV-infection of the epithelium, if so a larger proportion of EBV-positive gastric car-
cinoma would be expected in patients with pernicious anemia; we investigated this hy-
pothesis in a case-control study (study lll). In line with our a priori hypothesis we found that
EBV-associated gastric carcinomas were almost 3 times more common among gastric car-
cinoma patients with pernicious anemia compared with those without. Whether this might
be due to an increased rate of EBV infection in the gastric epithelium caused by removal of
the normal anti-viral effect of gastric acidity is unknown. It is the first time an association
between gastric carcinoma among patients with pernicious anemia and EBV-associated

gastric carcinoma has been reported.



Dansk resumé

Mavekraeft - betydningen af Inuit etnicitet, Epstein-Barr virus and pernicigs anaemi.
Inuitterne har et unikt kreeftmgnster med en hgj forekomst af kraeftformer der
er associerede til Epstein-Barr virus (EBV) (kyssesygevirus), sasom naesesveelg- og spyt-
kirtelkreeft, og en lav forekomst af kreefttyper der er hyppige i vestlige lande, sdsom blzere-
halskirtel-, testikel- og brystkraeft. Herudover har Inuitterne en hgj forekomst af mavekreeft,
og i modsaetning til resten af verden falder forekomsten af mavekraeft ikke i Inuit befolknin-
gerne - arsagen hertil er ukendt. Hvorvidt Inuitternes karakteristiske kraeftmgnster skyldes
genetiske faktorer, miljgfaktorer eller begge dele er uvist. | hab om at belyse betydningen
af genetiske og miljgmaessige faktorers indflydelse pa kraeftmgnsteret blandt Inuitter udfar-
te vi et migrationsstudie for at belyse om kraeftmgnsteret sendrede sig ved migration til
Danmark (studie 1). Vi fandt at migrerende Inuitter beholder deres meget hgije risiko for de
seerlige Inuit kreeftformer sasom naesesveaelg- og spytkirtelkraeft. Dette fund indikerer at
prae-migrations faktorer, sa som miljgfaktorer i barndommen og genetiske faktorer, spiller
en afgerende rolle for Inuitters risiko for EBV-associerede kraeftformer. Vi fandt desuden
en stigning i 'vestlige’ kraeftformer, sasom bryst-, bleerehalskirtel- og hudkreeft, i den migre-
rende gruppe Inuitter. Baggrunden for denne observation kan veere forskellige bias- og
confoundings-mekanismer, men afspejler formentlig ogsa en reel gendring i livsstil og milja-
faktorer i forbindelse med migration. Saledes finder vi at til trods for at Inuitter traditionelt
har en lav forekomst at kreeft i fx bryst, bleere og hud sammenlignet med danskere, sa er
de ikke 'genetisk beskyttet’ mod livsstilsassocierede kraeftformer.
Til trods for den hgje forekomst af EBV-associerede kraeftformer i Gragnland, er det uvist
om EBV ogsa er af betydning for den hgje forekomst af mavekraeft blandt Inuitter. P4 ver-
densplan er EBV skgnnet til at veere associeret med ca. 9 % af alle mavekraeft-tilfeelde,
hvilket gar den til den hyppigste EBV-associerede kraeftform, med ca. 80.000 nye tilfeelde
arligt. Danskere har, i modsaetning til dette, en lav forekomst af EBV-associeret naese-
sveelg- og spytkirtelkraeft, og forekomsten af mavekraeft falder ogsa i Danmark, saddan som
det ses i resten af verden. Disse forskelle i EBV-associeret kraeftformer, gav os inspiration
til at udfere et case-kontrol studie for at sammenligne forekomsten af EBV-associeret ma-
vekreeft blandt mavekreaeftpatienter fra Danmark og Grenland (studie 2). Noget overrasken-
de fandt vi at forekomsten af EBV-associeret mavekreeft var helt ens blandt Inuitter og
danskere. Saledes var 8,5 % af mavekraefttilfeeldene EBV-positive i begge populationer.

Dette fund taler imod at EBV spiller en betydelig rolle ift. den hgje forekomst at mavekraeft



der ses blandt Inuitter, og taler ligeledes imod at Inuitter generelt skulle vaere seaerligt di-
sponerede overfor EBV-associeret kraeftformer.
Med onsket om at udforske aetiologien bag de EBV-associerede mavekraefttilfaelde yderli-
gere, sa vi na@rmere pa patienter med pernicigs anami. Pernicigs anami er en autoimmun
sygdom der kendes over hele verden. Patienter med pernicigs anaemi har blodmangel pga.
defekt vitamin B+, optagelse, nedsat produktion af mavesyre, en reekke gastroenterolo-
giske og neurologiske symptomer samt en 2-3 gange forhgjet risiko for at udvikle mave-
kreeft. Vi overvejede om syreindholdet i maven er med til at mindske EBV-infektion af cel-
lerne i mavens slimhinde, i givet fald ville en starre andel af mavekraefttilfaelde hos patien-
ter med pernicigs anaemi, og deraf ingen mavesyre, forventes at veere EBV-positive - vi
undersggte denne hypotese i et case-kontrol studie (studie 3). Vi fandt, i overensstemmel-
se med vores a priori hypotese, at forekomsten af EBV-associeret mavekraeft er naesten 3
gange hyppigere hos mavekraeftpatienter med pernicigs anaemi sammenlignet med mave-
kraeftpatienter uden pernicigs anaemi. Det abner op for den mulighed at EBV i hgjere grad
kan inficere en maveslimhinde der mangler mavesyre til forsvar imod fx vira, men andre
muligheder kan ogsa teenkes at ligge bag denne observation. Studiet er unikt, da det er
forste gang der beskrevet en sammenhaeng mellem mavekraeft hos patienter med pernici-
@s anaemi og EBV-associeret mavekreeft.

Saledes har vi i denne Ph.d.-afhandling undersggt indflydelsen af migration pa
det karakteristiske kreeftmgnster der findes hos Inuitter, undersggt praevalensen af EBV-
associeret mavekreaeft i Danmark og Grgnland, og endelig undersggt om EBV bidrager til

den hgije risiko for mavekraeft, der findes hos patienter med pernicigs anaemi.



