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Abstract:  Objective: The aims of this research were to purify and identify the 130 kDa (CagA) protein of 
H. pylori clinical isolate HP97002 and evaluate the relationships between the purified 130 kDa (CagA) pro- 
tein and gastric diseases. Methods: The procedure for isolating the protein included 6 mol/L guanidine ex- 
tract, size exclusion chromatography and elusion from gel. Sera of 68 patients with gastric diseases (44 with 
chronic gastritis, 15 with atrophic gastritis,7 with peptic ulcer disease,2 with gastric cancer ) were obtained, 
and the serological response to CagA was studied by Western-blot using the purified protein. Results: The pu- 
rified protein was 130 kDa and preserved good antigenicity and revealed basic isoelectric point about of 8 . 1 .  
Among 68 sera, 43 sera could recognize the purified protein associated with chronic gastritis 47.7  % (21 /44) ,  
atrophic gastritis 8 6 . 7 %  (13/15) ,peptic ulcer disease 100% (7/7)  ,gastric cancer 100% (2/2) . Compared 

with each other, the difference was significant (X 2 = 13.327,  P = 0 . 0 0 4 ) ,  and 130 kDa (CagA) protein was 
associated with severe gastric diseases (r~ = 0 .442 ,  P = 0.001 ) .  Conclusion: The 130 kDa (CagA) protein 

was associated with severe gastric diseases. 
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INTRODUCTION 

Helicobacter pylori infection had been recog- 
nized as an important causative factor in chronic 
gastritis and peptic ulcer disease (PUD)  and has 
been considered to be a risk factor for gastric 
cancer and mucosa-associated lymphoid tissue- 
type lymphomas of the stomach (gastric MAL- 
Tomas ) (Blaser ,  1992; Blum, 1996) .  Howev- 
er, although essentially all infected persons de- 
velop gastritis, a considerable number remain 
asymptomatic whereas a minority of persons de- 
velop severe diseases, such as ulcer,  atrophic 
gastritis, or adenocarcinoma (Crabtree,  1996) . 
One explanation for different clinical outcomes is 
the diversity of H. pylori strains (B la se r ,  
1997; Megraud, 1997) . In comparisons be- 
tween strains, however only cagA gene (cytotox- 
in-associated gene A)  and its product,  CagA 
protein has been shown to correlate with the se- 
verity of disease (Lee ,  1996) . Infection with a 
cagA-positive strain is both highly associated 
with peptic ulcer disease and with the risk of de- 

t 

veloping intestinal metaplasia, atrophic gastritis, 
and adenocarcinoma of the stomach (Crabtree et 
a l . ,  1991; Cover et a l . ,  1995) .  This conclu- 
sion is supported by the results of mouse model. 
The sonicates of cagA-positive H. pylori caused 
murine mucosal injuries like h u m a n ' s  (for  ex- 
ample, gastric epithelial cell vacuolation and 
mucosal tissue erosion, necrosis and u l c e r ) ,  
whereas cagA-negative H. pylori could not in- 
duce gastric lesions (Telford et a l . ,  1994) .  

For these reasons, we sought to purify the 
130 kDa ( C a g A )  protein of clinical isolate 
HP97002 by principles and methods of mem- 
brane protein and evaluated the relationship be- 
tween the purified CagA protein and gastric dis- 
eases. In addition, the production of purified 
130 kDa (CagA) protein may be of value for di- 
agnostic and vaccine development purposes. 

MATERIALS AND METHODS 

Bacterial strains and growth conditions 

H. pylori 97002,  a previously described ca- 
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gA-postive strain ( Y e  et a l . ,  1999)  isolated 
from a patient with peptic ulcer was used as the 
source for CagA protein purification. H. pylori 
97002 was cultured for 48 hours at 37 ~C in solid 
ECY media (Fang ,  1993) in a microaerobic at- 
mosphere containing 5%  oxygen, 10% carbon 
dioxide, 85% nitrogen. Cells from plates were 
harvested in 0 . 01  mol/L phosphate-buffered sa- 
line ( P B S ) ,  centrifuged twice at 5000 x g for 20 
rain, and the pellet was stored at - 20~ until 
used. 

Purification of 130 kDa (CagA) protein 

Frozen cell pellets were thawed, suspended 
in PBS containing 0 . 2  mmol/L phenylmethyl sul- 
fonyl fluoride, and adjusted OD,50 of O. 6.  The 

suspension was treated with guanidine at a final 
concentration of 6 mol/L for 60 rain at room tem- 
perature.  After centrifugation at 10000 x g for 20 
rain, the superuatant was removed and dialyzed 
48 hours against a buffer containing 0 . 0 5  mol/L 
p H 7 . 4  Tris-HC1. The supernatant was chromato- 
graphed on a column ( 1 . 6  • 100cm) of Sepha- 
dex G-200 (Pharmacia)  , equilibrated, and elut- 
ed with the same buffer of 0 . 0 5  mol/L p H 7 . 4  
Tris-HC1 at flow rate of 0 . 1 4  ml/min. Column 
eluates were monitored for UV absorbance at 280 
nm. The flow-through contained the 130 kDa 
protein was further purified by a modified elution 
method from SDS-polyacrylamide gel according 
to Bridgen (Bridgen,  1976) .  Briefly the prepar- 
ative 7 % SDS-polyacrylamide gel electrophoresis 
was run according to (Leammli ,  1970) at 120 
V. Per gel 180 ~g of proteins ( the flow-through 
proteins) was loaded. On the same gel one lane 
was loaded with 15 /~g of molecular marker pro- 
teins including myosin (212 k D a ) ,  ~-galactosi- 
dase (116 k D a ) ,  phosphorylase B ( 9 7 . 4  k D a ) ,  
bovine serum albumin ( 6 6 .  2 kDa)  , catalase 
( 5 7 . 5  kDa) and aldolase ( 4 0 . 0  k D a ) .  After 
electrophoresis the lane was separated, stained 
with Coomassie Blue,  destained, and was used 
to localize the protein of interest in the prepara- 
tive gel. This protein band was cut out, 
crushed, and extracted for 2,* hours with buffer 
of 0 . 0 5  mol/L NH4HCO3, 0 . 0 5 %  SDS. After 

the gel suspension was centrifuged, the superna- 
tant was dialyzed and subsequently concentrated 
by lyophilization. 

Sera 

A mixture of sera from five gastric ulcer pa- 

tients with H. pylori infection was used as H .  
pytori positive serum. H. pylori negative serum 
was used as control. Rabbit antiserum was ob- 
tained from rabbits immunized with NCTCl1637 
strain. 

Western-blot analysis 

Western-blot was performed according to Bu- 
matte (Bumat te ,  1981) .  Following separation by 
SDS-PAGE, proteins were transferred to nitro- 
cellulose paper by electroblotting for 20 hours at 
10V. At room temperature after nonspecific 
binding was blocked with mild-borate buffer, the 
nitrocellulose papers were incubated for 2 hours 
with 1 :50  dilutions of human sera. After being 
washed and incubated with 1 : 5 0  dilutions of 
horseradish peroxidase-conjugated staphylococcal 
protein A (HRP-SPA)  for 2 h ,  the nitrocellulose 
papers were stained with Diaminobenzidine 
( D A B ) .  

Isoelectric focusing 

Isoelectric focusing was performed with 2% 
Ampholine ( p H  range 3 to 10 ) .  Proteins were 
focused for 6 h at 180 V with anode buffer ( 0 . 01  
mol/L H 3 PO 4 ) and cathode buffer ( 0 . 0 2  mol/L 

NaOH) . 

Patients 

A total of 68 patients examined and under- 
went of endoscopy as well as th antral biopsies. 
The patients had received neither antimicrobial 
nor antiacid therapies during the previous 3 
weeks. The biopsies were processed for culture 
of H. pylori and for histology and rapid urease 
test. Sera were collected the day of the endosco- 
py. Analysis of data was done by using Chi- 

square()12) test and Spearman ' s  correlation un- 
der Windows SPSS 8 . 0 .  

RESULTS 

Purification of 130 kDa (CagA) protein: 

The purification of the 130 kDa (CagA) pro- 
tein of H. pylori involved 6 mol/L guanidine ex- 
tract,  size exclusive chromatography and elution 
from gel. The guanidine extract was chromato- 
graphed on Sephadex G-200,  and the protein 
was detected in the first pead that eluted from 
the column (F ig .  1) . This purification scheme 
resulted in a single protein band with an appar- 
ent Mr= 130 kDa on SDS-PAGE ( F i g .  2 ) .  
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Western-blot showed this protein preserved good 
antigenicity (F ig .  3 ) .  The isoelectric focusing 
analysis of the purified protein revealed a basic 
isoelectric point of 8 . 1 .  
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Fig. 3 Western-blot analysis of purified H .  pylori 
protein 

Lane 1 : guan id ine  extract  ; lane  2 : fraction A of Gel Fil-  

t rat ion Chromatography;  lane  3 :  purif ied H. pylori pro- 

te in .  The numbers  on the right indica te  molecular  weight  

in thousands .  
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Fig. 2 SDS-PAGE analysis of  purified H.  pylori 
protein, the separating gel contained 10% 
acrylamide 

Lane 1 : guan id ine  extract  ; lane 2 : fraction A of Gel Fil- 

trat ion Chromatography;  lane 3 :  purif ied H. pylori pro- 

te in ;  lane  4 :  M . W .  Marker 

The relationship between the purified 130 kDa 
(CagA) antigen and gastric diseases �9 

Among 68 sera, 43 sera could recognize the 
purified proteins from the patients with chronic 
gastritis 47 .  7% ( 21/44 ) ,  atrophic gastritis 
8 6 . 7 %  (13 /15 )  , peptic ulcer disease 100% (7 /  
7) ,gastric cancer 100% ( 2 / 2 ) .  Compared with 

each other, the difference was significant (Z  2 = 
13. 327,  P = 0 . 0 0 4 ) ,  and 130 kDa (CagA)  
protein was shown to be associated with severe 
gastric diseases (G = 0 . 4 4 2 ,  P = 0 . 0 0 1 )  (Fig.  
4)  (Table 1 ) .  

Fig .4  Western-blots analysis of sera from patients 
with gastric disease against the purified 130 
kDa(CagA) protein 

Lane a :  sera of five H. pylori-infected patients  with gas- 

tric u lce r ;  lane  b :  serum from a rabbi t  immunized  with 

NCTCl1637  s t ra in ;  lane  c :  serum obta ined from a H .  

pylori-infected person;  lane d -g :  sera of pat ients  with 

gastr ic  d i seases .  

DISCUSSION 

The CagA antigen had been described mostly 
as present in the culture supernatant of strains 
grown in the presence of calf serum (Cover et a l . ,  
1990). Van der and his colleagues (van der Ende 
et a l . ,  1996) purified the CagA protein from the 
culture supernatant with procedure including am- 
monium sulfate precipitation, hydrophobic interac- 
tive chroma-tography, size exclusion chroma togra- 
phy and anion exchange chromatography. In this 
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Table 1 The links between prevalence of CagA and H .  pylori and four gastric diseases 

chronic gastritis atrophic gastritis peptic ulcer disease gastric cancer 
( n  =44) ( n =  15) ( n = 7 )  ( n = 2 )  

CagA ~ + 47 .7%(21)  86 .7%(13)  100% (7) 100%(2) 

HP # + 72 .1%(31)  86 .7%(13)  85 .7%(6)  50 .0%(1 )  
" Z z=13.327, P=0.004; Spearman's r,=0.442, P=0.001 
# Zz = 2.407, P = 0.475 

s tudy,  we selected ECY solid med ium without sup-  

p lementa l  fetal bovine  se rum,  so many nonbacter ia l  

proteins were thereby e l imina ted .  The CagA ant i -  

gen is a hydrophi l ic ,  surface-exposed protein est i-  

mated to be 120-130 kDa by various authors (Cova-  

cci et a l . ,  1993) .  With  6mol /L  guan id ine  extract ,  

size exclusive chromatography and  e lut ion from gel ,  

we succeeded in  purifying the 130 kDa ( C a g A )  

protein from H .  py lor i  cel l s .  

Approx imate ly  6 0 %  of H .  py lor i  isolates  in  

the Wes te rn  world possess  the cy to tox in-assoc ia t -  

ed gene  A ( c a g A ) .  Impor t an t ly ,  in fec t ion  with 

cagA-pos i t ive  s t ra in  is both highly  assoc ia ted  with 

pept ic  u l ce r  d i s e a s e ,  and  the r isk of deve lop ing  

in tes t ina l  m e t a p l a s i a ,  a t rophic  gas t r i t i s ,  and  ade-  

n o c a r c i n o m a  of the s tomach (Sozzi et a l .  , 1 9 9 8 ) .  

In  this s tudy ,  we ana lyzed  the l ink  be tw e e n  the 

p reva l ence  of CagA and  gastric d i seases  us ing  

Wes t e rn -b lo t  ana ly s i s .  Among  68 se ra ,  43 sera  

could  recognize the  pur i f ied  prote ins  from the pa-  

t ients  of chronic  gastr i t is  4 7 . 7  % ( 2 1 / 4 4 ) ,  a t rophic  

gastri t is  86 .  7 %  ( 1 3 / 1 5 ) ,  pept ic  u l c e r  d i sease  

1 0 0 % ( 7 / 7 )  ,gas t r ic  c a n c e r  1 0 0 %  ( 2 / 2 ) .  The  re-  

sul ts  of this  s tudy sugges ted  that  CagA is assoc ia t -  

ed with the d e v e l o p m e n t  of more ser ious gastric 

d i s ea se .  
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