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Abstract
AIM: To prospectively investigate the association be-
tween the XbaⅠ polymorphisms of apolipoprotein B 
(APOB) gene and gallstone formation following gas-
trectomy. 

METHODS: The study was conducted between Janu-
ary 2005 and December 2006. A total of 186 gastric 
cancer patients who had undergone radical gastrec-
tomy were grouped according to XbaⅠ polymorphisms 
of APOB gene (X+X- group, n  = 24 and X-X- group, n  
= 162) and compared. The XbaⅠ polymorphisms of 
APOB gene were detected by polymerase chain reac-
tion-restriction fragment length polymorphism (PCR-
RFLP). 

RESULTS: The incidence of gallstone was significantly 
higher in the X+X- group than in the X-X- group [54.2% 
vs  9.3%, RR = 5.85 (2.23-15.32), P < 0.001]. The 
serum levels of total cholesterol (TC) and low-density 
lipoprotein (LDL) were higher in the X+X- than in the 
X-X- group (4.02 ± 1.12 vs  3.48 ± 0.88, P  = 0.004 be-
fore surgery and 3.88 ± 1.09 vs  3.40 ± 0.86, P  = 0.008 

after surgery). LDL was 2.21 ± 0.96 vs  1.89 ± 0.84 (P  
= 0.042) before surgery and 2.09 ± 0.95 vs  1.72 ± 0.85 
(P  = 0.029) after surgery in the two groups. No rela-
tionship was found between XbaⅠ polymorphisms and 
gallbladder motility. 

CONCLUSION: In Chinese patients after radical gas-
trectomy, X+ allele of APOB  gene is another risk factor 
for the development of gallstone besides the gallblad-
der motility disorder after surgery. 
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INTRODUCTION
The incidence of  gallstones is higher in patients after 
radical gastrectomy than in the general population[1]. The 
current literature suggests that this higher incidence is 
related to gallbladder motility disorder after surgery result-
ing from severance of  the vagus nerve, non-physiological 
reconstruction of  the gastrointestinal tract and lymph 
node dissection[2-5]. However, it is also observed in clinical 
practice that following the same type of  surgery on pa-
tients with the same stage of  gastric cancer, some of  them 
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do and the others do not develop gallstones. This sug-
gests that besides gallbladder dysmotility, there are some 
possible inherent factors of  gallstone formation after 
gastrectomy. In recent years, several studies have reported 
that polymorphisms in the apolipoprotein B (APOB) gene 
were associated with gallstone diseases[6,7]. Apolipoprotein 
B is a key protein in lipid metabolism. It plays an impor-
tant role in the homeostasis of  low-density lipoprotein 
(LDL) cholesterol in plasma serving as a ligand for recep-
tor-mediated endocytosis of  LDL. Several polymorphic 
forms of  APOB alleles have been reported to be associ-
ated with disorders like coronary heart disease and non-
insulin dependent diabetes mellitus[8]. The APOB-XbaⅠ  
polymorphism has been found to be associated with 
increased serum lipids. Genetic polymorphisms in the 
APOB gene have also been reported to be associated with 
susceptibility to cholesterol gallstones[9]. However, the 
effects of  APOB-XbaⅠ gene polymorphism in patients 
who had undergone radical gastrectomy for gastric cancer 
without any previous history of  cholelithiasis, abnormal 
gallbladders motility, diabetes, hyperlipidemia, hyperpara-
thyroidism and other metabolic disorders is unknown. 
The present study prospectively investigated the associa-
tion between the XbaⅠ polymorphisms of  APOB gene 
and gallstone formation after radical gastrectomy.

MATERIALS AND METHODS
Patients
The study enrolled 206 patients who underwent radical 
gastrectomy for gastric cancer in Zhongshan Hospital 
between January 2005 and December 2006. The inclu-
sion criteria included age less than 60 years; biopsy proven 
gastric cancer; normal gallbladder motility; no gallstone 
or other hepatobiliary system diseases, no metabolic 
disorders and important organs dysfunction. To avoid 
biases, all patients were operated upon by the same surgi-
cal team with D2 dissection. Complete data were available 
for only 186 patients as 20 patients were lost to follow-up 
(3 patients in X+X- group and 17 patients in X-X- group). 
These patients were grouped according to XbaⅠ poly-
morphisms of  APOB gene. For analyzing the effects of   
XbaⅠ polymorphisms, blood was also collected before and 
6 mo after gastrectomy. The serum lipids, lipoproteins and 
apolipoproteins were determined. The levels of  total cho-
lesterol (TC), LDL and APOB were tested by biochemical 
autoanalyser (HITACHI7600). The gallbladder motility 
was examined by detecting gallbladder emptying fraction 
(GBEF) using nuclide imaging before and 6 mo after gas-
trectomy. Gallstone formation was determined by periodic 
ultrasonography after gastrectomy. 

Informed consent was obtained from all patients, 
and the study was approved by the ethics committee of  
the hospital.

Determination of DNA polymorphism
Leukocyte genomic DNA was extracted from 5 mL of  
peripheral blood by TianGen Genetic DNA Kit (Tian-
Gen Biotech Co., Ltd.). The desired segments were am-

plified by PCR using the APOB XbaⅠ protocols with 
the primers: 5’(5’GGAGACTATTCAGAAGCTAA3’) 
and 3’(3’GAAGAGCCTGAAGACTGACT5’). The final 
amplification products were submitted to digestion with 
the restriction enzymes (XbaⅠ) and the variations were 
visualized after electrophoresis on 1.5% agarose gel with 
ethidium bromide under ultra-violet light, followed by 
photographic documentation. PCR cycle for amplifica-
tion of  APOB gene was performed at 95℃ for 5 min 
followed by 95℃ for 45 s, annealing at 58℃ for 45 s and 
extension at 72℃ for 45 s in 33 cycles. A final extension 
was conducted for 10 min at 72℃. The products were 
digested by XbaⅠ restriction enzyme at 37℃ for 12 h.

Statistical analysis
Data are expressed as the means ± SD. Means of  age, 
body mass index (BMI), TC, LDL and APOB in differ-
ent groups were compared using Student’s t test. Gen-
der, stage, types of  gastrectomy and reconstruction were 
compared using χ2 test. The differences between each 
genotype of  XbaⅠ polymorphisms and the incidence of  
gallstones were assessed by Fisher’s exact test. Interac-
tion between XbaⅠ polymorphisms and gallbladder mo-
tility in the development of  gallstone after gastrectomy 
was estimated by logistic regression analysis. SPSS statis-
tical software, version 15.0 for Windows was used for all 
analyses. P < 0.05 was considered statistically significant.

RESULTS
Demographic data of X+X- group and X-X- group
The frequencies of  X+X- and X-X- in 186 patients were 
24 (13%) and 162 (87%), respectively. No genotype with 
X+X+ was detected in the study. Demographic data of  
X+X- group and X-X- groups are shown in Table 1. The 
median follow-up time was 28 mo (range: 24-32 mo). The 
mean age and BMI at the time of  gastrectomy was 56.1 ± 
8.2 years (range: 38-80 years) and 21.9 ± 1.8 kg/m2 (range: 
19.2-25.1 kg/m2), respectively. With regard to type of  
gastrectomy, 7 (4%), 162 (87%), and 17 (9%) patients un-
derwent a proximal, distal and total gastrectomy, respec-
tively. Age and BMI did not differ significantly between 
the X+X- and X-X- groups. With respect to TMN stage, 
gallbladders motility after surgery, types of  gastrectomy 
and reconstruction, there were no significant differences 
between the two groups (Table 1).

Gallstone formation after radical gastrectomy in X+X- 
and X-X- groups
Of  the 186 patients, 28 (15.1%; 13 in X+X- group, 15 in 
X-X- group) developed gallstones with in a mean follow-
up period of  28.4 ± 2.7 mo. The incidence of  gallstone 
formation was significantly higher in the X+X- group 
than in the X-X- group (54.2% vs 9.3%, relative risk 5.85, 
95% CI: 2.23-5.32, p < 0.001). The time period from gas-
trectomy to detection of  the gallstones ranged from 6 to 
32 mo with a median of  20 mo. The timing of  gallstones 
formation showed no difference between the two groups 
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(Table 2). For further analysis, whether interaction existed 
between XbaⅠ polymorphisms and gallbladder motility 
in the development of  gallstone after gastrectomy was 
estimated by logistic regression. As a result, no interaction 
effect of  XbaⅠ polymorphisms was found with gallblad-
der motility (Table 3). To analyze the higher incidence of  
gallstone in X+X- group, the serum concentrations of  TC, 
LDL and APOB were compared between the two groups 
(Table 4). The serum levels of  TC and LDL were sig-
nificantly higher in X+X- group than in X-X- group both 
before and after surgery, but there was no statistical differ-
ence in APOB values between the two groups.

DISCUSSION
Formation of  gallstones after radical gastrectomy is the 
result of  a very complex interaction of  various factors. 

Destruction of  neural structures, such as the vagal nerves, 
represents one well-known risk factor[2,10,11]. It is specu-
lated that complete amputation of  the vagal trunk with 
dissection of  the esophagus (as in total gastrectomy) has a 
great influence on the contractile ability of  the gallbladder. 
A previous experimental study showed that gastrectomy 
abolishes phasic contraction of  the gallbladder, resulting 
in an absence of  agitation of  the gallbladder bile and mix-
ing of  gallbladder bile with fresh hepatic bile, increasing 
the propensity for salt precipitation and gallstone forma-
tion[12]. The type of  reconstruction is also closely related to 
gallstone formation because the passage of  food through 
the duodenum stimulates a variety of  hormonal secretions 
such as cholecystokinin[13,14] and this hormone causes con-
traction of  the gallbladder through the hormonal regula-
tion system. It is postulated that exclusion of  the duode-
num leads to changes in the pattern of  cholecystokinin 
secretion, resulting in decreased gallbladder contraction 
and an increased risk of  gallstone formation[15].

Almost all previous studies have attributed gallstone 
formation to gallbladder motility disorder after radical 
gastrectomy. However, it is known from clinical experi-
ence that after the same type of  surgery is performed on 
patients with the same stage of  gastric cancer, some of  
them do and the others do not develop gallstones. In the 
present study, of  114 patients with abnormal gallbladder 
motility after surgery, 24 patients (21%) developed gall-
stones and the others did not. It suggests that the theory 
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Table 1  Demographic data of 186 gastric cancer patients 
who underwent gastrectomy with D2 dissection in the X+X- 
and X-X- groups (mean ± SD)  n  (%)

X+X- group X-X- group P  value
(n  = 24) (n  = 162)

Age (yr) 52.4 ± 5.1 56.8 ± 7.4 0.998
Gender

Male 16 (66.7) 110 (67.9) 0.904
Female   8 (33.3)   52 (32.1)

BMI (kg/m2) 22.0 ± 1.2 21.7 ± 1.6 0.379
TNM stage1

ⅠA 1 (4.2)   7 (4.3) 0.996
ⅠB   4 (16.7)   31 (19.1)
Ⅱ   8 (33.3)   52 (32.1)
ⅢA   8 (33.3)   49 (30.3)
ⅢB   3 (12.5)   23 (14.2)

Type of gastrectomy
Proximal gastrectomy 1 (4.2)   6 (3.7) 0.820
Distal gastrectomy 20 (83.3) 142 (87.7)
Total gastrectomy   3 (12.5) 14 (8.6)

Type of reconstruction
Without duodenal exclusion 14 (58.3)   96 (59.3) 0.991
With duodenal exclusion 10 (41.7)   66 (40.7)

Gallbladders motility after surgery
Normal 10 (41.7)   62 (38.3) 0.750
Abnormal 14 (58.3) 100 (61.7)

1According to the Classification of IUCC. BMI: Body mass index.

Table 2  Gallstone formation after radical gastrectomy

X+X- group X-X- group P  value
(n  = 13) (n  = 15)

Incidence of gallstone 54.2% (13/24) 9.3% (15/162) < 0.001
Time period from 
gastrectomy to detection 
of the gallstones (mo)

16.4 ± 8.4 21.7 ± 7.4    0.085

Gallbladders motility
   GBEF before surgery   50.9% ± 12.5%   51.3% ± 10.3%    0.863
   GBEF after surgery   30.3% ± 20.1%   29.6% ± 19.1%    0.868
Follow-up period after 28.3 ± 1.1 28.6 ± 1.2    0.249
gastrectomy (mo)

n: Number of patients with gallstone; GBEF: Gallbladder emptying fraction.

Table 3  Association of XbaⅠ genotypes with gallstone after 
gastrectomy, stratified by gallbladder motility status

Normal gallbladder 
motility1

Abnormal 
gallbladder motility1

Pinteraction 

Gallstone 
(+)

Gallstone 
(-)

Gallstone 
(+)

Gallstone 
(-)

X+X- group 3   7 10   4 0.701
X-X- group 1 61 14 86

1According to the GBEF (gallbladder emptying fraction), estimated by 
logistic regression analysis.
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Table 4  Serum levels of TC, LDL and APOB in X+X- and X-X- 
groups (mean ± SD)

X+X- group X-X- group P  value
(n  = 24) (n  = 162)

Total cholesterol (mmol/L)
   Before surgery 4.02 ± 1.12 3.48 ± 0.88 0.004
   After surgery 3.88 ± 1.09 3.40 ± 0.86 0.008
Low-density lipoprotein 
(mmol/L)
   Before surgery 2.21 ± 0.96 1.89 ± 0.84 0.042
   After surgery 2.09 ± 0.95 1.72 ± 0.85 0.029
Apolipoprotein B (µg/L)
   Before surgery 0.73 ± 0.15 0.70 ± 0.12 0.142
   After surgery 0.72 ± 0.14 0.68 ± 0.12 0.072

TC: Total cholesterol; LDL: Low-density lipoprotein; APOB: Apolipoprotein B.



of  gallbladder motility disorder cannot completely ex-
plain gallstone formation after radical gastrectomy. The 
present study showed that the incidence of  gallstone for-
mation was significantly higher in the X+X- group than 
in the X-X- group (54.2% vs 9.3%), RR 5.85 (2.23-15.32), 
suggesting that the X+X- genotype may be another risk 
factor in gallstone formation after radical gastrectomy 
besides gallbladder motility disorder. Furthermore, we 
found that X+X- genotype had no interaction effect with 
gallbladder motility.

The XbaⅠ RFLP-PCR in exon 26 of  the apoB gene 
involves the 2488th nucleotide (ACC→ACT). The pres-
ence of  thymine creates a restriction site for the XbaⅠ  
enzyme characterizing the X+ allele, whereas its absence 
determines the X-allele. These are synonymous varia-
tions and so they do not affect the amino acid sequence 
of  APOB[16,17]. Hegele et al[18] suggested that the allelic 
frequencies varied between races or within genetic sub-
groups of  a single race. Caucasians have a much higher 
frequency of  X+ allele than Chinese. In our study, the 
frequency of  X+ allele in Chinese population was 13% 
similar to other regional reports and much lower than 
that reported in Caucasians, South Asians and Brazil-
ians[8,19-21]. Law et al[22] and Rajput-Williams et al[23] also 
found a positive association between the X+ allele and 
cholesterol concentration, whereas others did not dem-
onstrate such correlation[24,25]. In the present study, we 
observed that in Chinese population, the serum levels 
of  TC and LDL were significantly higher in X+X- group 
than in X-X- group both before and after gastrectomy, 
but no statistical difference was found in APOB values 
between the two groups. Since the X+ and X- variations 
are synonymous, the APOB concentration showed no 
difference between X+X- and X-X- groups. It is possible 
that the X+ allele is in linkage disequilibrium with an un-
known variation in the APOB gene or with a variation in 
another gene that influences the levels of  TC and LDL, 
resulting in an increased saturation of  bile cholesterol, 
leading to the gallstone formation[26,27].

In conclusion, the X+ allele of  APOB gene in Chi-
nese patients is another important risk factor of  gall-
stone formation after radical gastrectomy. Since this is 
the first report in a relatively small cohort, the findings 
should be validated in more independent studies.
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