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Background: Infection with Helicobac-
ter pylori induces chronic gastritis in
virtually all infected persons, and such
gastritis has been associated with an in-
creased risk of developing gastric can-
cer. This risk is further enhanced with
cagA" (positive for cytotoxin-associated
gene A)H. pylori strains and may be a
consequence of induced gastric cell
proliferation and/or alteration in apop-
tosis (programmed cell death) in the
gastric epithelium. Purpose: To deter-
mine whether the H. pylori cagA geno-
type and another virulence-related
characteristic, the vacA (vacuolating
cytotoxin A) sla genotype, differen-
tially affect epithelial cell proliferation,
apoptosis, and the histologic param-
eters of inflammation and injury, we
guantitated these characteristics in in-
fected and uninfected personsMeth-
ods: Fifty patients underwent upper
gastrointestinal endoscopy, and biopsy
specimens were taken. Apoptotic cells
in the specimens were quantitated after
terminal deoxynucleotidyl transferase
labeling of DNA fragments with digoxi-
genin—deoxyuridine triphosphate; epi-
thelial cell proliferation was scored by
immunohistochemical analysis of the
proliferation-associated antigen Ki-67.
Antibodies directed against H. pylori
and CagA protein were measured in
the serum of patients by means of en-
zyme-linked immunosorbent assays.
Analysis of H. pylori genomic DNA, by
use of the polymerase chain reaction,
was performed to determine the cagA
and vacA genotypes. Acute and chronic
inflammation, epithelial cell degenera-
tion, mucin depletion, intestinal meta-
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plasia, glandular atrophy, and vacuola-
tion were each scored in a blinded
manner. Reported P values are two-
sided. Results: Persons harboring
cagA" strains (n = 20) had significantly
higher gastric epithelial proliferation
scores than persons infected with cagA
strains (n = 9) or uninfected persons (n
= 21) (P = .025 and P<.001, respec-
tively), but the difference in cell prolif-
eration between the latter two groups
was not statistically significant. The
number of apoptotic cells per 100 epi-
thelial cells (apoptotic index) in persons
infected with cagA" strains was lower
than in persons infected with cagA
strains (P = .05). Apoptotic indices in
the cagA" group were similar to those
in the uninfected group (P = .2). Epi-
thelial cell proliferation was signifi-
cantly correlated with acute gastric in-
flammation, but only in the cagA*
group (r = .44; P =.006). The cagA and
vacA sla genotypes were found to be
concordant, confirming the close rela-
tionship between these virulence-
related genotypesConclusions:Gastric
mucosal proliferation was significantly
correlated with the severity of acute
gastritis in persons infected with cagA
vacA sla strains ofH. pylori. This in-
creased proliferation was not accompa-
nied by a parallel increase in apoptosis.
Implications: Increased cell prolifera-
tion in the absence of a corresponding
increase in apoptosis may explain the
heightened risk for gastric carcinoma
that is associated with infection by
cagA’ vacA sla strains ofH. pylori. [J
Natl Cancer Inst 1997;89:863-8]

Helicobacter pyloriinfection results in
chronic gastritis in virtually all persons
who harbor the organism, and some in

cer risk may be related either to differ-
ences in host response to the bacteria, to
differences in expression of specific bac-
terial products, or both. Host mechanisms
that may be linked to neoplastic transfor-
mation include increased cellular turn-
over, damage to the gastric mucosa by
reactive oxygen metabolites, and reduc-
tion in the gastric juice concentration of
ascorbic acid, a potent antioxidant (7,8).
H. pylori strains possessing the cyto-
toxin-associated gene cagA are associated
with significantly increased risk for the
development of atrophic gastritis and gas-
tric adenocarcinoma (9-11). A second lo-
cus of heterogeneity amondg. pylori
strains concerns vacA, which encodes the
vacuolating cytotoxinH. pylori strains of 2
the vacA sla subtype are usually strong@
toxigenic, and this subtype is tightlyg
linked with the presence of cagA, al=
though exceptions occur (12).
Increased cellular proliferation rate
are characteristic in malignant tissue, a
gastric epithelial hyperproliferation iH.
pylori-infected persons has been reported
(13,14); in one studyld), the degree of T
proliferation was directly associated withs
severity of mucosal neutrophilic infiItra—?
tion. Infection with cagA H. pylori &
strains, in comparison with cagAstrains,
also is linked with higher acute inflamma<3
tory scores 15,16), suggesting that these;
strains could preferentially induce epithe(%
lial cell proliferation by stimulating in-
flammatory mediators. However, to main;
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tain tissue integrity, heightened rates ointestinal metaplasia, epithelial cell surface degentric epithelial cell proliferation in formalin-fixed an-
cell production should be matched by in_e_ration, n;]ucinccj:legletion, andI epi;h(;el;al cellvac_uoIaI{raI biopsy specimens by use of an immunoperoxi-
; tion, each graded on a scale of 0-3, as previouslgase stain (BioGenex Laboratories, San Ramon,

Creas,(?d rat,es of cell ,IOSS' In chrortt described (16). Acute inflammation was defined asCA) for Ki-6(7, a cell proliferation-associated anti-
pyllorl |Qfectlon, thgre is a notable laCk Ofthe degree of epithelial and stromal neutrophil infil-gen (24). Staining was scored 1-3 as follows: grade
eplthellal necrosis ](7,18, suggesting tration and was scored as follows: grade 0—no polyi—up to one third of the isthmus and neck cells was
that other forms of cellular demise such agorphonuclear cells (PMNs) present; grade 1—focadtained and the length of the proliferative zone did
apoptosis may be induced. mild neutrophil infiltration (<10 PMN/high-powered not exceed one half of the pit length; grade 2—one
Apoptosis is a form of programmed 4 [HPFI); grade 2—focal dense neutrophil infi- third to two thirds of the isthmus and neck cells was

: ; tration (10-20 PMNs/HPF); or grade 3—diffuse andstained and the length of the proliferative zone was
cell death that consists of a tightly regu-ense PMN infiltration (>20 PMNs/HPF). Chronic approximately three fourths of the pit length; and

lated series of energy-dependent molecunflammation was defined as the degree of monograde 3—more than two thirds of the isthmus and
lar events 19). Malignant transformation nuclear cell infiltration and was scored as follows:nec cells was stained and the length of the prolif-
may occur, in part, because of a failure t@rade 0—no infiltration; grade 1—mild inflamma- ¢ ative zone equaled the pit length.

activate apoptosis and delete cells Witlﬁ?: (r?"%h: ilrl‘_clreas_e Ii'ndmo;on;clctjearr tCEI_lr?ﬂWriTt::nno Epithelial apoptosis was quantitated in situ from
enetic damage. We sought to determiny phoid follicles); grade 2—moderate inflamma- o same formalin-fixed biopsy specimens by use of
g ge. g fon (dense but focal mononuclear inflammatory cel

whether H. pylori isolates predicted to infiltrate with no lymphoid follicles): or grade I?Lrjn,\'lréaﬂ)“r{g'r;feflfs:;;”;éi?r'x;gkﬂd(;liggii"_ng
differ in premalignant potential differen- 3—severe inflammation (dense and diffuse Monog. iy 11 gewyuridine triphosphate was used atd

i i i i i nuclear inflammatory cell infiltrate with or without : -
tially alter gastric epithelial cell prolifera- iymphoid follicles) T}Le odified Giemsa stain was COnCeNtration of 0.4M. At least 500 epithelial cells 5

tion and apoptosis. Therefore, we quanti- ; O ; were counted in each of two sections per biopsy
. . . . . used for histologic identification dfl. pylori (21). . i

tated epithelial proliferation and apoptosis specimen, and the mean number of positive cells PEr

in vivo in H. pylori-infected and unin- Bacterial Culture and Polymerase 100 total epithelial cells was expressed as the apofi:

totic index (%). Apoptotic cells were quantitated bg
a single observer (S. Wang) who was unaware af
proliferation scores, infection status, or genotype (g
the infecting H. pylori isolate. The apoptosis/'gt;

fected persons and examined these pr&hain Reaction (PCR) of Genomic
cesses in relation to cagA and vacA geDNA From Clinical Isolates

notypes and histologic parameters of - . . .
infl . .. Gastric biopsy specimens were placed immedi- I : . d inod by dividi 9
inflammation and injury. ately in normal saline at 4 °C and coarsely homo proliferation ratio was determined by dividing apopg

enized in 250uL normal saline with the use of a totic cellular index by proliferation score.

Methods tissue grinder (Micro Kontes, Vineland, NJ). Fifty
microliters was plated onto Trypticase soy agar wittStatistics
5% sheep blood and incubated for 96 hours under

Patients scheduled for upper endoscopy were efnicroaerobic conditions, as described previously led stical d |
rolled prospectively from the Nashville Department(16). To genotype. pylori isolates, genomic DNA Two-talled statistical tests were used to evaluag
of Veterans Affairs Medical Center Gastroenterol-Vas prepared (22) and PCR for cagA and vacA sigthe data. The nonparametric Manp—Whnrlégest
ogy Clinic from May 1993 through October 1996, Nal sequence type was performed, as described préas used for pairwise comparisons while th
The study protocol was approved by the Vanderbiltiously (12,16). Briefly, PCR was performed in a Kruskal-Wallis test was used for overall comparig,
University and the Nashville Department of Veter-total volume of 50uL, containing buffer (S0 i SONS between patient groups. Differences be“_’"e@
ans Affairs Institutional Review Board. PatientsKCl: 10 mMTris—HCI, pH 8.3), 1.5 mMgCl,, 200  Scores of inflammatory parameters, proliferations
were excluded from this study if they had a historyM (each) deoxynucleotides, 2 U AmpliTaq poly- and apoptosis in the same patients were cgr.nparaj
of nonsteroidal anti-inflammatory drug ingestion, Merase (Perkin-Elmer Cetus, Norwalk, CT), and 10(y use of the linear regression analysis. Slgnlflcan%
were receiving steroids or other immunomodulating'd 9enomic DNA as template. PCR amplification ofwas defined a®<.05.
drugs, were abusing alcohol or illicit drugs, had arf@9A used previously described primers FI-(5
active infection or cancer, had taken antimicrobiaCATAACAGGCAAGCTTTTGAGG-3) and Bl oo 1o
agents within the prior 2 weeks, were hepatitis B(5'-CTGCAAAAGATTGTTTGGCAGA-3) (23).
sAg or human immunodeficiency virus positive, orForward primers for typing vacA signal sequences . . .
had active gastrointestinal bleeding. After obtainingncluded: sla (6GTCAGCATCACACCGCAAC- Characteristics of H. pylori Strains
a thorough medication history and a written in-3); S1b (8-AGCGCCATACCGCAAGAG-3'); and
formed consent, blood was obtained to measure ti? (S-GCTAACACGCCAAATGATCC-3). The In total, 50 persons were enrolled: 21,
serum-specific immunoglobulin G response o ~Same reverse primer was used for carrying out PCV\/ere uninfected and 29 persons were i%

; ; ; for each signal sequence: (5'-CTGCTTGAATGC- i . . S
pylori whole-cell antigen and CagA protein by pre- Y a ( fected with H. pylori as determined by =

viously validated enzyme-linked immunosorbent asSCCAAAC-3'). All primers were used at a final .
says (10,20). Upper endoscopy was performed arfgPncentration of 0.M. Each reaction mixture was serology, histology, and/or culture. Of the3

endoscopic findings were recorded. Four gastric a@MPplified for 35 cycles as follows: 1 minute at29 infected patients, 20 (69%) harbored
tral biopsy specimens from a single site 5 cm proxi94 °C. 1-m|r°1ute primer annealing at 55°C (IOfcagA" strains and nine (31%) were in-
mal to the pylorus were obtained from each patientc@9A) or 52 °C (for vacA), and 2 minutes at 72°C.¢o «taq with strains that lacked cagA as

two were formalin fixed for analysis of proliferation, After the 35th cycle, extension was continued f°fd .
; - ; etermined by both serology and PCR of
apoptosis, and histologic studies; and two were cu@nother 7 minutes. The lower limit of detection by y ay

tured forH. pylori under microaerobic (less aerobic PCR by use of these primers is approximately 10 ng€NomMIc DNA. The Va_CA signal sequence
than normal atmosphere) conditions, as previousl§e€nomic DNA. Agarose gel electrophoresis (2% getype could be determined for 23 of these
described (16). at 70 vol for 1 hour) followed by eth|d|um bromide strains; 13 (57%) were sla, four (17%)

staining was performed on an aliquot from eact‘Nere s1b. and six (26%) were s2. Of the

Clinical Specimens

bod O1fPe/10 W09 dNo oIWe

uo 1senb Aq £€92925

Histolo PCR. .
9y 23 evaluable strains, cagA and vacA sla
Hematoxylin—eosin-stained paraffin sections ofPrgliferation and Apoptosis Assays signal type were concordant (both posi-
biopsy specimens were examined without knowl- tive or negative) in 19 (83%) of the 23

edge of the experimental results by a single experi- For each patient, proliferation and apoptosis . i S
enced pathologist (K. T. Tham). Histologic param-scores from two gastric antral biopsy specimen§tr‘”‘”:]S (P__ '006)' Conflr_mmg the close
eters included assessment of the degree of neutrophikre averaged. A single pathologist (K. T. Tham)r€lationship n_0ted previouslyl®) be-
and mononuclear cell infiltration, cellular atrophy, blinded toH. pylori infection status quantitated gas-tween these virulence-related genotypes.
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Measurement of Epithelial Cell

Proliferation and Apoptosis in =025 ——
Uninfected.Patients arjd Patients 5] tp<0_00'| p=o.025A
Infected With H. pylori Fig. 1. Proliferation scoregA) A
. . . . . . are higher but apoptosis scores| §

S.II’IC(.E mfecuon W'thH' pylorl CagA”  (B) and apoptosis/proliferation A B2 A )
strains is linked to a higher risk for devel-ratios (C) are lower in the gas- ig A 'y
opment of atrophic gastritis and gastrigric antrum in persons infected a
cancer, we determined whether epithelig#ith cagA” Helicobacter pylori ! 4 4
cell proliferation and apoptosis were di-S"ains: Epithelial cell prolitera- A

. . . . tion was scored 1-3 by use of

rectly associated wittH. pylori strain immunoperoxidase staining 0

characteristics. Persons harboring cagAwith Mib-1 anti-Ki-67 antibody
strains had significantly higher antral pro-by a single pathologist blinded Ip=0.04 !
liferation scores than either persons into H- pylori genotype. Apopto- p=0.05

fected with cagA strains or uninfected SIS Was quantitated by use of p02 |

the terminal uridine deoxy-
persons (P= .025 andP<.001, respec- nucleotidyl nick end-labeling

tively) (Fig. 1, A), but there were Nno sig- (TUNEL) assay and expressed
nificant differences in proliferation be- as apoptotic cellular index f
tween these latter two groupB (= .25). (number of positively stained

A significant difference in proliferation ePithelial cells/100 epithelial ‘H E

cells counted). The apoptosis/
overall was found when the three groupsjiteration ratio was deter-

were analyzed together (B .004). mined by dividing the apoptotic
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When we examined the cellular apop-<ellular index by the prolifera- F'p=0.03 '
totic index in the same three patiention score. cagA status of in- 5 p=0.01
groups (Fig. 1, B), the pattern observecl@)““ng isolates was determined b

L ! y the serology and polymerase Mp=048 !

was distinct from that for antral epithelial .;,5in reaction of genomic | ¢
proliferation; persons infected with cagA pnA. Each data point reflects 1 A
strains had significantly lower apoptoticaveraged scores from two antral A
indices than persons infected with cagA Piopsy specimens (one data
strains (P= .05), and the cagAgroup POInt per patien). Median val- i} !El

. . S . ues with interquartile ranges are A
did not differ significantly from unin- g0 adjacent to data points. 0 . A
fected personsR = .2). In addition, no U'(‘r']'lf;f)ted Infected
significant difference was found overall - cagA* cagA”
when the three groups were compared to- (n=20) (n=9)
gether (P= .14). When antral prolifera-
tion and apoptosis were examined in re-
lation to vacA signal sequence typesH, pylori cagA® vacA sla strains resultsshown). No significant correlation was3
results for sla strains paralleled those faf increased proliferation within the gas-found between scores for proliferatio@

-
o
N

Apoptosis/proliferation ratio
[§;]

252/£98/2 1/68/8101E/10Ul/W0o"dNO"0lWSPEdE//:SARY WO} POPEojuMod

cagA’ isolates (data not shown). tric antrum without a concordant increasend acute inflammation in persons in=
: . : . in apoptosis. fected with cagA strains or in uninfected §
ﬁggg’ﬁgils\;\lztrﬁllﬁratl?or}iRatlos and persons (P= .86 andP = .6, respec- 5
Py Epithelial Cell Proliferation and tively), at least in part because mflammag

We next derived an apoptosis/pro-Association With Acute Mucosal tion scores were low. >
I|ffe:{Lat|onI rtz_mo rt]hat t|;)etrm|tted gﬁrﬁ)r?slslor;LanaAr?r;?tlpn Caused by H. pylori Epithelial Cell Proliferation and §
of the relationships between epithelial celtag rains Other Histologic Parameters of S

growth and loss in each biopsy specimen Inflammation and Injury Caused
as a single term. Persons infected with Severity of acute inflammation within by H. pylori

cagA’ strains had significantly lower apop-the gastric mucosa has been indepen-
tosis/proliferation ratios than persons indently related to infection with cagAH. To better understand the mechanisms
fected with cagA strains (P= .01), and pylori strains (15,16) and to epithelial cellby which cell growth might be linked
there were no differences in the ratios beproliferation (14). Therefore, we directly with tissue injury, we examined the rela-
tween uninfected persons and those hacompared inflammation and proliferationtionship between epithelial cell prolifera-
boring cagA strains (P= .48) (Fig. 1, scores for the 20 patients infected withition and other pathologic markers of gas-
C). A trend toward significance was seercagA’ strains (Fig. 2, A). Antral biopsy tric inflammation and injury irH. pylori-
when the three groups were analyzed tcscores of epithelial cell proliferation andinfected persons (Table 1). Except for
gether (P= .097). As before, results for acute inflammation were significantly as-acute inflammation as noted above, pro-
persons infected with vacA sla strains resociated in persons harboring caQA liferation was not significantly associated
flected those for cagAstrains. In sum- strains; similar results were found wherwith any indices of gastric inflammation
mary, the results show that infection withwe examined vacA sla strains (data naind injury in persons infected with either
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may be an important mechanism of car-
cinogenesis, as occurs in colonic neopla-
sia (27,28).

Carriage ofH. pylori significantly in-
creases risk for the development of ad-
enocarcinoma of the distal stomadhg),
and infection with cagA strains further
increases this risk1Q,11); therefore, we

Fig. 2. Association betweer)
proliferation and acute inflam- A
mation andB) apoptosis and
chronic inflammation in persons
infected with cagA H. pylori

Proliferation

strains. Epithelial cell prolifera- gxamined gastric .ep?thellial cell proli_fera-
tion was scored 1-3 by use of 114 A N tion and apoptosis in biopsy specimens
immunoperoxidase staining with 0 TA - Z ; s from patients infected with well-charac-
Mib-1 anti-Ki-67 antibody. Apop- cute Inflammation terized H. pylori isolates. Our results
tosis was quantitated by using d trate that infected with
the terminal uridine deoxynu- 50 =039 em(_)ns r? € that persons intecte .
cleotidyl nick end-labeling 020,02 A pylori strains that possess cagA have sig-
(TUNEL) assay as described in 40 nificantly higher rates of epithelial cell
the text. Acute and chronic in- % proliferation without an increase in apopo
i - . .. . (¢}
flammation was scored 0-3 by a a0 A tosis scores. By examining the relationz
single pathologist blinded to B o t hi bet lif ti t .3
proliferation and apoptosis re- g ships be Weeh pro ',era lon, apop OS,'%
sults. Each data point reflects §20 and sev_eral h|SF0_|09|C. parameters .Of lrﬁ
scores from each antral biopsy < A flammation and injury in the same biopsy;
(two data points per patient). 10 4 A specimens, we also have identified indu%
‘ tion of acute mucosal inflammation as &
0 1 2 3 potential mechanism by which these bag;T
Chronic Inflammation teria stimulate proliferation. 3
Of interest, the apopt05|s/prollferat|or13D

ratio was not statistically different be-5

. _ . . . tween cagA and uninfected persons (Fig§
cagA" or cagA strains, although a trend Discussion 1, C). This result was somewhat unexs

toward significance was seen between pected, since it would seem logical, based!
proliferation and chronic inflammation in  Apoptosis is a normal component ofon proliferation and apoptosis data (Fi%
the cagA group (P = .06). When prolif- epithelial cell turnover in many tissues,1, A and B), that persons harboring cagA=
eration was examined in relation to hi31nc|uding the gastrointestinal trac®). strains should have lower apoptosiﬁ
tology inH. pylori-infected persons strati- Tissue integrity is maintained when theproliferation ratios than uninfected perg
fied by vacA signal sequence genotypesate of cell loss by apoptosis is matchegons. Three potential explanations could
the observations for sla strains mirrore@,y the rate of new cell production by pro-account for this finding. First, the pres<
those for cagA strains (data not shown). jiferation. Since hyperproliferation notence of cagA strains may alter the nor-o
These findings demonstrate that epithelighzjanced by cell death may contribute tanal relationship between proliferatiorﬂw
cell proliferation is significantly linked malignant transformation (25), the dissoand apoptosis that exists in uninfecte§

‘_’Vith S_everit_y of aCUte_ inflammation only cjation of proliferation from apoptosis mucosa. For example, persons in the
in patients infected with cagPand vacA c

[0}
sla strains. =
Table 1. Relationship between proliferation and apoptosis and histologic parameters of inflammation=and
injury in the gastric antrum itdelicobacter pylori-infected persons, stratified by cagA genotype* &3
Relationship Between Apoptosis and 1
. . . . P valuest =
Histologic Indicators of Inflammation N
and Injury Proliferation§ Apoptosis|| N
cagA” cagA cagA” cagA
. . . Histologic parametert (n = 20) (n=29) (n = 20) (n=29)
According to current models, tissue in - : 006 o . 0
FR ; ; Acute inflammation . . A A
tegrity is maintained when rates of cellS/ = "5 06 20 02 20
growth and loss are matche@%). We, vacuolation 52 1.0 07 1.0
therefore, also sought to determine Whetl’MUCri]n Idelpcietion .60 .95 .60 73
; ; ; ; Epithelial degeneration .98 .95 .58 .73
er ep_lth_ehal cell z_;tpopt03|s was linked toAtrophy ‘89 27 ec 26
gastric inflammation. Among the personsntestinal metaplasia 50 1.0 69 1.0

infected with cagA strains, scores for
apoptosis and chronic inflammation were *cagA status determined by serology and polymerase chain reaction of bacterial genomic DNA.
significantly associated (Fig. 2, B); no TP_vaIues_ determined by Ilpear regression anglysm. _ _ _

. A FHistologic parameters of inflammation and injury scored 0-3 as described in the “Methods” section.
other cor.relgtlons were S|gn_|f|cant (Table §Proliferation scored 1-3 using Ki-67 immunohistochemistry as described in the “Methods” section.
1). The findings for sla strains paralleled |apoptosis quantitated by the terminal uridine deoxynucleotidyl nick end-labeling (TUNEL) assay as
those for cagA strains (data not shown). described in the “Methods” section.
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cagA" group with the lowest apoptosisenhanced NF-«B induction by cadAd. Tompkins DS, Primrose JN, et al. Systemic
scores may not have the same degree pf/lori strains would, in light of the new  and mucosal humoral responsesHelicobac-

proliferation as uninfected persons withfindings, be predicted to result in less g pyloriin gastric cancer. Gut 1993;34:1339-

th.e Iovyest apop_tosis scores. Segond,_tkm)optosis (12) Atherton JC, Cao P, Peek RM Jr, Tummuru
wider interquartile ranges seen in unin- A proposed model for enhanced cancer ik, Blaser MJ, Cover TL. Mosaicism in vacu-
fected persons suggest that the apoptosisgk in persons infected withH. pylori olating cytotoxin alleles oHelicobacter py-

proliferation ratio may become signifi- cagA” vacA sla strains is that such strains  lori. Association of specific vacA types with
cantly higher if a larger group of patientslead to increased acute inflammation  cytotoxin production and peptic ulceration. J
is examined. Finally, unidentified factorswithin the gastric mucosa that drives en-, 50! Chem 1998:270:17771-7.

(13) Bechi P, Balzi M, Becciolini A, Maugeri A,
that may affect apoptosis and proliferahanced epithelial cell proliferation with- Raggi CC, Amorosi A, et alHelicobacter py-
tion in addition toH. pylori, such as ciga- outan increase in epithelial cell apoptosis.  |ori and cell proliferation of the gastric mu-
rette or medication use, may have contribThis combination of increased antral pro-  cosa: possible implications for gastric carcino-
uted to this finding. liferation and unaltered apoptosis may  genesis. Am J Gastroenterol 1996;91:271-6.

Gastric mucosal proliferation ratescontribute to the heightened retention of!4) Fraser AG, Sim R, Sankey EA, Dhillon AP,

Pounder RE. Effect of eradication éfelico-
have been reported to be enhancechutagenized cells and subsequent risk for | o~ lcat '
bacter pylorion gastric epithelial cell prolif-

(13,14) or unaffected2) by H. pylori  the development of carcinoma. eration. Aliment Pharmacol Ther 1994;8:1675
infection. A potential explanation for the 73. S
conflicting findings is thatH. pylori References (15) Crabtree JE, Taylor JD, Wyatt JI, Heatley RVQ
strains may differ in their ability to induce Shallcross TM, Tompkins DS, et al. Mucosa|§
proliferative responses; our results are(l) Morris A, Nicholson G. Ingestion o€ampy- lgA recognition of Helicobacter pylori120 .
consistent with this hypothesis. The fact lobacter pyloridis causes gastritis and raised kDa protein, peptic ulceration, and gastric pa;
hat link b i . d fasting gastric pH. Am J Gastroenterol 1987;  thology. Lancet 1991;338:332-5.

that lin age _Etw?en proliferation an 82:192-9. (16) Peek RM Jr, Miller GG, Tham KT, Perez-U
neutrophilic infiltration was found only in 2y marshall BJ, Armstrong JA, McGechie DB, Perez Gl, Zhao X, Atherton JC, et al. He|ght-$
persons harboring cagéstrains may re- Glancy RJ. Attempt to fulfill Koch’s postulates ened inflammatory response and cytokine exg
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critical fluid extraction with the use of
carbon dioxide that contained 10%
methanol, and the resultant extracts
were analyzed for tobacco-specific ni-
trosamines by use of a very sensitive
method that involved gas chromatogra-
phy and mass spectroscopy analyses.
Results: In a total of 16 samples ob-
tained from 15 women who were cur-
rent smokers (two samples from the
same woman), we detected the tobacco-

Notes

specific nitrosamine 4-(methylnitrosa-
mino)-1-(3-pyridyl)-1-butanone (NNK)
at concentrations that ranged from 11.9
to 115.0 ng/g of mucus. Only one of a
total of 10 cervical mucus specimens
obtained from 10 women who claimed
to be nonsmokers did not contain de-
tectable NNK, and NNK concentrations
ranged from 4.1 to 30.8 ng/g of mucus
in the specimens from the remaining
nine women. The concentrations of
NNK in specimens from cigarette
smokers were significantly higher than
those from nonsmokers (mean + stan-
dard deviation: 46.9 + 32.5 ng/g of mu-
cus versus 13.0 + 9.3 ng/g of mucus;o

two-tailed Student's t test, P = .004). £
Conclusion: The cervical mucus of g
cigarette smokers contains measurable§
amounts of the potent carcinogen NNK. =
This compound represents the first to- i
bacco-specific carcinogen identified in =
this physiologic fluid of women who %

smoke cigarettes. The presence of NNK

o
QO

in the cervical mucus of nonsmokers is §
likely due to environmental exposure o
or to the fact that some of the subjects S
in this study may not have revealed 3
that they occasionally smoked ciga—%
rettes. Implications: The presence of 2
NNK in human cervical mucus further =
strengthens the association betweeng
cervical cancer and tobacco smoking. €
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N

Cervical cancer is the leading cause @
cancer deaths and the most common ca’&j-
cer among women in developing coun=
tries (1). In the United States, it is thé2
third most common cancer among His&
panic women and the sixth most commoR
cancer among Caucasian wome?).(In &
the United States in 1996, there were a?_f]
estimated 15700 new cases of cervic@
cancer and 4900 deaths from this disea%e
(3). The incidence and mortality rates of
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