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Apolipoprotein E epsilon 2 allele 
and low serum cholesterol as 
risk factors for gastric cancer in a 
Chinese Han population
Ranran Kang1,*, Ping Li2,*, Tingting Wang1, Xinxiu Li1, Zichen Wei1, Zhenlian Zhang1, 
Li Zhong1, Longlong Cao2, Michael G. Heckman3, Yun-Wu Zhang1, Huaxi Xu1, 
Changming Huang2, Guojun Bu1,4 & Xiao-Fen Chen1

Apolipoprotein E (apoE) mediates lipid metabolism both in peripheral and in the brain. The human 
APOE gene has three polymorphic alleles that influence the risk for various types of cancer and 
neurodegenerative diseases. A potential association between APOE allele and the risk for gastric cancer 
has been implicated, but the specific allele involved and potential associations with the subtype and the 
grade of cancer malignancy need further clarification. We screened the APOE genotype in 550 gastric 
cancer patients and 550 non-cancer control individuals and found that the presence of the APOE ε2 and 
lower serum total cholesterol are associated with an increased risk for gastric cancer (all P ≤ 0.0005). 
Interestingly, APOE ε2 is also correlated with increased risk for both intestinal and diffuse histotypes 
but not with TN classification or stage in gastric cancer patients, suggesting that APOE polymorphic 
alleles are associated with the risk of development but unlikely the progression of gastric cancer. Since 
ε2 carriers have lower levels of serum total cholesterol than non-ε2 carriers, our findings suggest that 
the increased risk for gastric cancer by APOE ε2 allele might be mediated through lowered serum total 
cholesterol levels.

Gastric cancer is the fourth most commonly diagnosed cancer and the second leading cause of cancer-related 
death worldwide1,2. The high mortality associated with this disease might be attributed to the limited understand-
ing on the genetic and environmental risk factors for early diagnosis, prevention and targeted therapy. The altera-
tions of gene expression, such as the improper over-expression of oncogenes or the under-expression or disabling 
of tumor suppressor genes, have been associated with tumorigenesis3. In the study of differential gene expression 
between gastric cancer and the corresponding normal mucosa, apoE was found to be highly expressed in gastric 
cancer4. In particular, high apoE expression was correlated with deeper tumor invasion or more positive lymph 
node metastasis, contributing to shorter survival4. Therefore, the expression level of apoE may be a potential bio-
marker for predicting the malignancy of gastric cancer.

ApoE is a 299-amino acid glycoprotein that plays a key role in lipid transport and lipoprotein metabolism by 
binding to members of the low-density lipoprotein receptor family5–7. In addition, apoE has been shown to be 
involved in several biological events including nerve regeneration, antioxidant activities, immune response, as 
well as the modulation of tumor cell growth, metastasis induction and angiogenesis8–11. The APOE gene consists 
of four exons and three introns, and is polymorphic on two single nucleotides resulting in three different alleles 
(ε 2, ε 3 and ε 4) and six APOE genotypes (ε 2/ε 2, ε 2/ε 3, ε 2/ε 4, ε 3/ε 3, ε 3/ε 4 and ε 4/ε 4)12. The ε 2, ε 3 and ε 4 alleles 
exhibit different affinity for lipids and receptors; and have a world-wide frequency of 8.4%, 77.9% and 13.7%, 
respectively13,14. In addition, the APOE genotypes were shown to determine its protein levels in the brain, cere-
brospinal fluid, and serum, with ε 2/ε 2 >  ε 3/ε 3 >  ε 4/ε 415.
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APOE gene polymorphism leads to an alteration in lipid and lipoprotein metabolism16,17. In general, com-
pared to the individuals with the ε 3 allele, serum levels of total cholesterol, low-density lipoprotein choles-
terol (LDL-cholesterol) and apolipoprotein B (apoB) tend to be lower for those with the ε 2 allele and higher 
for ε 4 carriers16,18–20. Correlation between APOE gene polymorphism and high-density lipoprotein choles-
terol (HDL-cholesterol) level was noted in some studies16,21, but not in others20,22. So far, a large number of 
cross-sectional and prospective studies have reported that low serum cholesterol levels are associated with higher 
risk for various cancers including gastric cancer23–26.

In our current study, we also observed a strong inverse association between serum total cholesterol levels and 
the risk for gastric cancer. In addition, we observed significant lower levels of total cholesterol, LDL-cholesterol 
and apoB in the ε 2 carriers which are consistent with previous reports. However, we only observed a trend of 
higher levels of total cholesterol, LDL-cholesterol in the ε 4 carriers. Intriguingly, the presence of the APOE ε 2 
allele is also associated with higher risk for both intestinal and diffuse types of gastric cancer. Since ε 2 carriers 
have lower levels of serum total cholesterol than non-ε 2 carriers, our findings suggested that the increased risk for 
gastric cancer by APOE ε 2 allele might be mediated through lowered serum total cholesterol levels.

Results
Subject description.  A summary of the characteristics for the 550 gastric cancer patients and the 550 can-
cer-free controls is displayed in Table 1. Median age was 63 years (Range: 18–87 years) in gastric cancer patients 
and 59 years (Range: 22–84 years) in controls. Male gender was most common in both gastric cancer patients 
(71.5%) and controls (69.1%). Median BMI was 21.5 (Range: 14.5–32.2) in gastric cancer patients and 24.4 
(Range: 17.5–59.7) in controls. In gastric cancer patients, T classification was most commonly either T3 (48.8%) 
or T4 (33.9%); N classification was fairly evenly distributed but most commonly N3 (40.0%); and stage was most 
commonly III (61.3%). There are 286 patients (52.0%) and 264 patients (48.0%) for intestinal and diffuse gastric 
cancer subtype, respectively. Serum lipid parameters and the prevalence of APOE genotypes for both patients and 
controls are also summarized in Table 1.

Comparisons of demographic variables and serum lipid parameters according to the presence 
or absence of APOE ε4 and ε2 in all subjects.  Comparisons of demographic variables and serum lipid 
profile according to the presence or absence of the APOE ε 4 and ε 2 alleles in all subjects are displayed in Table 2. 
After adjustment for multiple testing (P ≤  0.005 considered significant), there were differences between subjects 
with and without a copy of ε 4 regarding apoB (Median: 0.99 vs. 0.93, P =  0.0006) and apoA1/apoB ratio (Median: 
1.22 vs. 1.31, P =  0.0001). There were significant differences between subjects with and without a copy of ε 2 in 
the overall sample regarding total cholesterol (Median: 4.72 vs. 5.09, P =  0.0006), LDL-cholesterol (Median: 2.94 
vs. 3.35, P <  0.0001), apoB (Median: 0.87 vs. 0.96, P <  0.0001), and apoA1/apoB ratio (Median: 1.47 vs. 1.27, 
P <  0.0001).

Evaluation of risk factors for gastric cancer.  An evaluation of risk factors for gastric cancer is pro-
vided in Table 3. In single variable analysis without adjusting for potential confounding variables, there was 
strong evidence of an association with increased risk of gastric cancer for older age (P <  0.0001) and decreased 
BMI (P <  0.0001), but no association was evident for gender (P =  0.39). Additionally, risk of gastric cancer was 
significantly higher for individuals with lower levels of triglycerides (P <  0.0001), total cholesterol (P <  0.0001), 
HDL-cholesterol (P <  0.0001), LDL-cholesterol (P <  0.0001), apoA1 (P <  0.0001), and apoB (P <  0.0001). There 
was a trend toward an increased risk of gastric cancer for subjects with a copy of the APOE ε 2 allele; however, this 
did not survive correction for multiple testing (P =  0.032). There was no statistically significant evidence of an 
association with risk of gastric cancer for APOE ε 4 (P =  0.87) or apoA1/B ratio (P =  0.087).

In multivariable analysis we adjusted for age, BMI, and other variables (see Table 3 legend for details). In 
this multivariable analysis, there was still strong evidence of an association with increased risk of gastric can-
cer for age (P <  0.0001), BMI (P <  0.0001), total cholesterol (P <  0.0001), HDL-cholesterol (P <  0.0001), apoA1 
(P <  0.0001), and apoA1/B ratio (P <  0.0001). Additionally, the association between APOE ε 2 and increased 
risk of gastric cancer strengthened and became significant after adjustment for multiple testing (P =  0.0004). 
Associations with gastric cancer for triglycerides (P =  0.061), LDL cholesterol (P =  0.35) and apoB (P =  0.48) 
weakened in multivariable analysis and were no longer even nominally significant, while the lack of association 
of gender and APOE ε 4 with risk of gastric cancer remained unchanged (P ≥  0.30). Intriguingly, when examining 
the association between APOE ε 2 and gastric cancer subtype, an increased risk of gastric cancer was noted in ε 2 
carriers for both intestinal gastric cancer (P =  0.017) and diffuse gastric cancer (P =  0.0006) (Table 4).

Analysis of the associations of APOE genotypes with TN classification and stage in gastric can-
cer patients.  Associations of APOE ε 4 and ε 2 with T classification, N classification, and stage in gastric 
cancer patients are displayed in Table 5. There was no evidence of an association between ε 4 and T classification 
(P =  0.38), N classification (P =  0.96), or stage (P =  0.59), and also no evidence of an association between ε 2 and 
T classification (P =  0.63), N classification (P =  0.78), or stage (P =  0.23).

Discussion
Our case-control study of 550 gastric cancer patients and 550 cancer-free controls evaluated for the first time the 
effects of APOE gene polymorphism and serum cholesterol levels on the risk of gastric cancer among a Chinese 
Han population. Our results show that the presence of APOE ε 2 allele and low serum levels of total cholesterol, 
HDL-cholesterol, apoA1 and apoA1/B ratio are associated with an increased risk of gastric cancer. Interestingly, 
APOE ε 2 is also correlated with increased risk for both intestinal and diffuse histotypes. However, APOE gen-
otypes do not appear to influence the invasion and metastasis of gastric cancer as reflected by TN classification 
and stage.
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In gastric cancer, serum cholesterol levels have been reported to inversely correlate with the risk of dis-
ease25,27,28. In our current study, we also observed a strong inverse association between serum total cholesterol 
levels and the risk of gastric cancer. To date, the underlying mechanism for such an association remains unclear. 
Previous reports have shown that the serum levels of total cholesterol, LDL-cholesterol and apoB levels are asso-
ciated with APOE genotypes, with individuals carrying the ε 2 allele having lower and those carrying the ε 4 dis-
playing higher levels compared to the more common ε 3 allele16,18–20. In our studied population, we observed 
significant lower levels of total cholesterol, LDL-cholesterol and apoB in the ε 2 carriers which are consistent with 
previous reports. Additionally, we observed a significant higher level of apoB in the ε 4 carriers. However, we 
only observed a trend of higher levels of total cholesterol, LDL-cholesterol in the presence of ε 4 allele (Table 2). 
Since ε 2 carriers have lower levels of serum total cholesterol than non-ε 2 carriers, our findings suggest that the 
increased risk effect for gastric cancer by APOE ε 2 allele might be mediated through lowered total cholesterol 
level.

The effect of APOE genotypes on the risk of numerous cancers has been previously investigated, including 
breast, prostate, ovarian, colorectal, head and neck cancer29–36. However, the results have been conflicting which 
might be attributed to limited sample sizes or the inherent differences among different ethnic populations. Our 
current study in a Chinese Han population observed that the presence of ε 2 allele is associated with an increased 
risk for gastric cancer with OR of 2.34 in multivariable analysis. In contrast, a previous study reported a protective 

Variable Gastric cancer patients (N = 550) Controls (N = 550)

Age (years) 63 (18, 55, 69, 87) 59 (22, 54, 64, 84)

Gender

  Male 393 (71.5%) 380 (69.1%)

  Female 157 (28.5%) 170 (30.9%)

BMI 21.5 (14.5, 19.6, 23.4, 32.2) 24.4 (17.5, 22.6, 26.3, 59.7)

T classification

  T1 20 (3.6%) N/A

  T2 75 (13.7%) N/A

  T3 268 (48.8%) N/A

  T4 186 (33.9%) N/A

N classification

  N0 120 (21.9%) N/A

  N1 82 (15.0%) N/A

  N2 127 (23.2%) N/A

  N3 219 (40.0%) N/A

Stage

  I 41 (8.0%) N/A

  II 134 (26.1%) N/A

  III 315 (61.3%) N/A

  IV 24 (4.7%) N/A

Gastric cancer subtype

  Intestinal 286 (52.0%) N/A

  Diffuse 264 (48.0%) N/A

APOE genotype

  ε 2/ε 2 3 (0.5%) 1 (0.2%)

  ε 2/ε 3 81 (14.7%) 60 (10.9%)

  ε 2/ε 4 7 (1.3%) 5 (0.9%)

  ε 3/ε 3 371 (67.5%) 396 (72.0%)

  ε 3/ε 4 80 (14.5%) 85 (15.5%)

  ε 4/ε 4 8 (1.5%) 3 (0.5%)

Triglycerides (mmol/L) 1.01 (0.39, 0.79, 1.32, 8.69) 1.18 (0.27, 0.84, 1.63, 6.14)

Total cholesterol (mmol/L) 4.67 (1.80, 3.97, 5.45, 8.85) 5.33 (0.91, 4.63, 6.03, 11.08)

HDL-cholesterol (mmol/L) 1.24 (0.47, 1.00, 1.52, 2.78) 1.41 (0.56, 1.16, 1.74, 3.18)

LDL-cholesterol (mmol/L) 3.02 (0.73, 2.51, 3.76, 7.70) 3.52 (0.36, 2.96, 4.14, 9.14)

ApoA1 (g/L) 1.06 (0.35, 0.82, 1.35, 2.29) 1.34 (0.77, 1.17, 1.48, 4.50)

ApoB (g/L) 0.91 (0.29, 0.75, 1.08, 2.10) 0.97 (0.08, 0.83, 1.11, 1.79)

ApoA1/apoB ratio 1.20 (0.25, 0.90, 1.53, 8.07) 1.37 (0.50, 1.12, 1.76, 5.93)

Table 1.   Characteristics of the study population. The sample median (minimum, 25th percentile, 75th 
percentile, maximum) is given for continuous variables. Information was unavailable regarding T classification 
(1 gastric cancer patient), N classification (2 gastric cancer patients), stage (36 gastric cancer patients), ApoA1 
(1 control), ApoB (1 control), and ApoA1/apoB ratio (1 control).
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effect of the APOE ε 2 allele against gastric cancer in an Italian Caucasian population37. The discrepancy between 
these two studies might be attributed to the different ethnic groups that were studied, or potentially due to 
unmeasured confounding variables. Future extension of these findings is necessary to clarify and further under-
stand the association between APOE ε 2 and gastric cancer risk in both ethnic populations.

ApoE has recently been identified as a potential tumor-associated marker in gastric cancer from gene expres-
sion analysis4,38,39. Higher apoE expression was found in gastric cancer, particularly in advanced T and N grades. 
We therefore examined the association between APOE genotypes and T classification, N classification, and stage 
in gastric cancer patients. Our data showed no significant association between APOE genotypes and various 
classifications or stage of gastric cancer, suggesting that APOE polymorphic alleles are associated with the risk of 
development but unlikely the progression of gastric cancer.

In summary, our study confirmed the associations of lower levels of serum cholesterol with the incidence of 
gastric cancer in a Chinese Han population. Importantly, our study reports for the first time that APOE ε 2 as a 
risk allele for both intestinal and diffuse types of gastric cancer in our studied population, which might be partly 
attributed to the lower serum total cholesterol of ε 2 carriers compared to those with ε 3 or ε 4 alleles.

Methods
Approval for this study was obtained from the Ethics Committees of the Xiamen University and Fujian Medical 
University Union Hospital. All experiments were performed in accordance with the approved guidelines. All 
individuals who participated in this study gave written informed consent.

Study subjects.  A total of 550 gastric cancer patients with histological confirmation and 550 cancer-free 
controls seen at the Fujian Medical University Union Hospital in China between 2011 and 2014 were included in 
this case–control study. Information was collected regarding age, gender, body mass index (BMI), and serum lipid 
parameters which include the levels of triglycerides, total cholesterol, HDL-cholesterol, LDL-cholesterol, apoA1, 
apoB, and apoA1/apoB ratio. None of the patients underwent pre-operative chemotherapy or radiation therapy. 
Histopathological evaluations were performed with reference to the Japanese Classification of Gastric Carcinoma, 
3rd English edition40.

APOE genotyping and quality control.  Genomic DNA was extracted from peripheral blood using a 
DNA extraction kit (Zeesan Biotech, Xiamen). Genotyping of the two APOE SNPs (rs429358:T/C; rs7412:T/C) 
was carried out using the APOE SNP genotyping kits (Memorigen Biotech, Xiamen, China) and the Applied 
Biosystems®  7500 real-time PCR Systems (Applied Biosystems, Foster City, CA). Data analysis was performed 
by measuring the allele-specific fluorescence. As a measure for quality control, three samples with known APOE 
genotypes were included in each assay. Additionally, the genotyping analysis was blinded to the subject’s case or 
control status. Finally, 10% of the total samples were randomly selected and retested with 100% concordance. 
There was no evidence of a departure from Hardy-Weinberg Equilibrium in study controls for either rs429358 
(P =  0.79) or rs7412 (P =  0.71).

Statistical analysis.  Continuous variables were summarized with the sample median, minimum, 25th per-
centile, 75th percentile, and maximum. Categorical variables were summarized with number and percentage of 
patients. Due to the small number of subjects with APOE ε 4/ε 4 and ε 2/ε 2 genotypes, we utilized a dominant 
model in analyzing both APOE ε 4 (presence vs. absence of the ε 4 allele) and ε 2 (presence vs. absence of the ε 2 
allele) in all analysis. Comparisons of demographic variables and serum lipid parameters according to the pres-
ence of the APOE ε 4 or ε 2 allele were made using a Wilcoxon rank sum test or Fisher’s exact test. Risk factors for 

Variable

Comparisons according to presence of ε4 Comparisons according to presence of ε2

ε4 allele present 
(N = 188)

ε4 allele not 
present (N = 912) P-value

ε2 allele present 
(N = 157)

ε2 allele not 
present (N = 943) P-value

Age (years) 60 (25, 84) 60 (18, 87) 0.37 61 (25, 81) 60 (18, 87) 0.046

Gender 1.00 0.35

  Male 132 (70.2%) 641 (70.3%) 105 (66.9%) 668 (70.8%)

  Female 56 (29.8%) 271 (29.7%) 52 (33.1%) 275 (29.2%)

BMI 23.3 (14.7, 38.3) 22.9 (14.5, 59.7) 0.40 23.1 (15.2, 32.4) 22.9 (14.5, 59.7) 0.94

Triglycerides (mmol/L) 1.19 (0.46, 5.10) 1.06 (0.27, 8.69) 0.006 1.11 (0.45, 4.64) 1.08 (0.27, 8.69) 0.62

Total cholesterol (mmol/L) 5.10 (2.29, 10.24) 5.03 (0.91, 11.08) 0.16 4.72 (1.80, 8.22) 5.09 (0.91, 11.08) 0.0006

HDL-cholesterol (mmol/L) 1.27 (0.50, 3.18) 1.34 (0.47, 3.02) 0.034 1.39 (0.47, 2.78) 1.32 (0.48, 3.18) 0.035

LDL-cholesterol (mmol/L) 3.46 (1.24, 7.71) 3.25 (0.36, 9.14) 0.016 2.94 (0.73, 7.70) 3.35 (0.36, 9.14)  <  0.0001

ApoA1 (g/L) 1.18 (0.44, 3.69) 1.24 (0.35, 4.50) 0.020 1.28 (0.35, 2.91) 1.23 (0.40, 4.50) 0.11

ApoB (g/L) 0.99 (0.37, 2.03) 0.93 (0.08, 2.10) 0.0006 0.87 (0.29, 1.97) 0.96 (0.08, 2.10)  <  0.0001

ApoA1/apoB ratio 1.22 (0.39, 3.73) 1.31 (0.25, 8.07) 0.0001 1.47 (0.44, 8.07) 1.27 (0.25, 5.93)  <  0.0001

Table 2.   Comparison of demographic variables and serum lipid parameters according to the presence or 
absence of the APOE ε4 and ε2 alleles in all subjects. The sample median (minimum, maximum) is given for 
continuous variables. P-values result from a Wilcoxon rank sum test or Fisher’s exact test. P-values of 0.0050 or 
lower were considered as statistically significant after applying a Bonferroni adjustment for multiple testing.
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Variable

Single variable analysis Multivariable analysis

OR (95% CI) P-value OR (95% CI) P-value

Age1 Overall test of difference: P <  0.0001 Overall test of difference: P <  0.0001

  ≤ 55 1.00 (reference) N/A 1.00 (reference) N/A

  55.01–60 0.56 (0.40, 0.79) 0.001 0.60 (0.38, 0.94) 0.024

  60.01–65 1.08 (0.76, 1.53) 0.66 0.88 (0.56, 1.39) 0.58

  > 65 2.28 (1.66, 3.13) < 0.0001 2.12 (1.40, 3.22) 0.0004

Gender1

  Female 1.00 (reference) N/A 1.00 (reference) N/A

  Male 1.12 (0.86, 1.45) 0.39 1.00 (0.70, 1.42) > 0.99

BMI1 Overall test of difference: P <  0.0001 Overall test of difference: P <  0.0001

  > 25 1.00 (reference) N/A 1.00 (reference) N/A

  23.01–25 2.69 (1.84, 3.93) < 0.0001 2.96 (1.87, 4.70) 0.0004

  21.01–23 4.82 (3.30, 7.03) < 0.0001 6.69 (4.17, 10.75) < 0.0001

  ≤ 21 17.02 (11.26, 25.73) < 0.0001 27.23 (15.96, 46.45) < 0.0001

APOE ε 4 allele2

  Not present 1.00 (reference) N/A 1.00 (reference) N/A

  Present 1.03 (0.75, 1.40) 0.87 1.25 (0.82, 1.92) 0.30

APOE ε 2 allele1

  Not present 1.00 (reference) N/A 1.00 (reference) N/A

  Present 1.45 (1.03, 2.05) 0.032 2.34 (1.46, 3.76) 0.0004

Triglycerides3 Overall test of difference: P <  0.0001 Overall test of difference: P =  0.061

  > 1.50 1.00 (reference) N/A 1.00 (reference) N/A

  1.091–1.50 1.64 (1.17, 2.31) 0.004 1.74 (1.09, 2.77) 0.020

  0.811–1.09 2.02 (1.44, 2.85) < 0.0001 1.65 (1.01, 2.72) 0.046

  ≤ 0.81 2.08 (1.48, 2.92) < 0.0001 1.24 (0.71, 2.15) 0.45

Total cholesterol4 Overall test of difference: P <  0.0001 Overall test of difference: P <  0.0001

  > 5.75 1.00 (reference) N/A 1.00 (reference) N/A

  5.031–5.75 1.78 (1.26, 2.53) 0.001 1.75 (1.16, 2.65) 0.008

  4.291–5.03 2.22 (1.57, 3.14) < 0.0001 1.91 (1.25, 2.92) 0.003

  ≤ 4.291 5.97 (4.13, 8.63) < 0.0001 6.28 (3.98, 9.89) < 0.0001

HDL-cholesterol5 Overall test of difference: P <  0.0001 Overall test of difference: P <  0.0001

  > 1.63 1.00 (reference) N/A 1.00 (reference) N/A

  1.331–1.63 1.77 (1.25, 2.50) 0.001 2.52 (1.65, 3.88) < 0.0001

  1.081–1.33 1.81 (1.28, 2.55) 0.0007 3.08 (1.97, 4.81) < 0.0001

  ≤ 1.08 3.34 (2.36, 4.73) < 0.0001 5.99 (3.67, 9.78) < 0.0001

LDL-cholesterol6 Overall test of difference: P <  0.0001 Overall test of difference: P =  0.35

  > 3.97 1.00 (reference) N/A 1.00 (reference) N/A

  3.271–3.97 1.37 (0.97, 1.93) 0.072 1.11 (0.71, 1.72) 0.65

  2.711–3.27 1.96 (1.39, 2.77) 0.0001 1.15 (0.74, 1.81) 0.53

  ≤ 2.71 4.16 (2.92, 5.94) < 0.0001 1.54 (0.94, 2.51) 0.084

ApoA17 Overall test of difference: P <  0.0001 Overall test of difference: P <  0.0001

  > 1.45 1.00 (reference) N/A 1.00 (reference) N/A

  1.231–1.45 0.87 (0.61, 1.24) 0.43 1.03 (0.67, 1.56) 0.90

  0.991–1.23 1.44 (1.02, 2.03) 0.037 1.73 (1.12, 2.62) 0.013

  ≤ 0.99 10.82 (7.11, 16.47) < 0.0001 13.41 (7.93, 22.67) < 0.0001

ApoB8 Overall test of difference: P <  0.0001 Overall test of difference: P =  0.48

  > 1.09 1.00 (reference) N/A 1.00 (reference) N/A

  0.951–1.09 0.83 (0.59, 1.16) 0.27 0.85 (0.54, 1.33) 0.48

  0.791–0.95 1.10 (0.79, 1.54) 0.57 0.74 (0.47, 1.16) 0.19

  ≤ 0.79 1.83 (1.30, 2.56 0.0005 0.99 (0.61, 1.61) 0.97

ApoA1/apoB ratio9 Overall test of difference: P =  0.087 Overall test of difference: P <  0.0001

  > 1.65 1.00 (reference) N/A 1.00 (reference) N/A

  1.291–1.65 1.35 (0.96, 1.90) 0.082 2.89 (1.87, 4.47) < 0.0001

  1.041–1.29 1.49 (1.06, 2.10) 0.023 4.60 (2.86, 7.42) < 0.0001

  ≤ 1.04 3.73 (2.62, 5.30) < 0.0001 11.84 (7.18, 19.52) < 0.0001

Table 3.   Evaluation of risk factors for gastric cancer. OR =  odds ratio; CI =  confidence interval. ORs, 95% 
CIs, and p-values result from logistic regression models. Multivariable models were adjusted for age and BMI, 
as well as other variables that were associated with risk of gastric cancer in single variable analysis with a p-value 
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gastric cancer were evaluated using single variable (i.e. unadjusted) and multivariable logistic regression models. 
Multivariable models were adjusted for all variables that were associated with risk of gastric cancer in single var-
iable analysis with a p-value of 0.10 or lower, although there were some exceptions to this due to the high degree 
of correlation between many of the variables of interest and the resulting potential for collinearity (see Table 3 leg-
end for details). Odds ratios (ORs) and 95% confidence intervals (CIs) were estimated. For easier interpretation 
of results, all continuous variables were categorized based on approximate sample quartiles for use in association 
analysis. The association between APOE ε 2 and gastric cancer subtype was evaluated using single variable (i.e. 
unadjusted) and multivariable logistic regression models. Multivariable models were adjusted for all variables that 
were associated with risk of gastric cancer in single variable analysis with a p-value of 0.10 or lower (see Table 4 

of 0.10 or lower. Because many of these other variables were very highly correlated with one another which 
results in high potential for collinearity, all variables satisfying this criteria could not always be adjusted for in 
all models, and therefore model adjustments in multivariable analysis were as follows: 1Adjusted for age, BMI, 
APOE ε 2, triglycerides, total cholesterol, HDL-cholesterol, LDL-cholesterol, ApoA1, ApoB, and ApoA1/apoB 
ratio. 2Adjusted for age, BMI, APOE ε 4, triglycerides, total cholesterol, HDL-cholesterol, LDL-cholesterol, 
ApoA1, ApoB, and ApoA1/apoB ratio. 3Adjusted for age, BMI, APOE ε 2, triglycerides, HDL-cholesterol, LDL-
cholesterol, ApoA1, ApoB, and ApoA1/apoB ratio. 4Adjusted for age, BMI, APOE ε 2, total cholesterol, and 
ApoA1/apoB ratio. 5Adjusted for age, BMI, APOE ε 2, triglycerides, HDL-cholesterol, LDL-cholesterol, and 
ApoB. 6Adjusted for age, BMI, APOE ε 2, triglycerides, LDL-cholesterol, ApoA1, and ApoB. 7Adjusted for age, 
BMI, APOE ε 2, triglycerides, HDL-cholesterol, LDL-cholesterol, and ApoA1. 8Adjusted for age, BMI, APOE 
ε 2, triglycerides, HDL-cholesterol, ApoA1, and ApoB. 9Adjusted for age, BMI, APOE ε 2, triglycerides, and total 
cholesterol. P-values of 0.0042 or lower were considered as statistically significant after applying a Bonferroni 
adjustment for multiple testing.

Gastric cancer subtype

Single variable analysis Multivariable analysis

OR (95% CI) P-value OR (95% CI) P-value

Intestinal 1.41 (0.94, 2.11) 0.10 2.01 (1.13, 3.56) 0.017

Diffuse 1.51 (1.00, 2.27) 0.051 2.86 (1.57, 5.21) 0.0006

Table 4.   Association between APOE ε2 and gastric cancer subtype. OR =  odds ratio; CI =  confidence 
interval. ORs, 95% CIs, and p-values result from logistic regression models. Multivariable models were adjusted 
for all variables that were associated with risk of overall gastric cancer in single variable analysis with a p-value 
of 0.10 or lower, which were age, BMI, triglycerides, total cholesterol, HDL-cholesterol, LDL-cholesterol, 
ApoA1, ApoB, and ApoA1/apoB ratio.

Variable

Comparison of TN classification and stage 
according to presence of the APOE ε4 allele

Comparison of TN classification and stage 
according to presence of the APOE ε2 allele

ε4 allele 
present 
(N = 95)

ε4 allele 
not present 
(N = 455) P-value

ε2 allele 
present 
(N = 91)

ε2 allele 
not present 
(N = 459) P-value

T classification

  T1 3 (3.2%) 17 (3.7%)

0.38

5 (5.6%) 15 (3.3%)

0.63
  T2 12 (12.6%) 63 (13.9%) 9 (10.0%) 66 (14.4%)

  T3 54 (56.8%) 214 (47.1%) 49 (54.4%) 219 (47.7%)

  T4 26 (27.4%) 160 (35.2%) 27 (30.0%) 159 (34.6%)

N classification

  N0 23 (24.2%) 97 (21.4%)

0.96

17 (18.9%) 103 (22.5%)

0.78
  N1 11 (11.6%) 71 (15.7%) 19 (21.1%) 63 (13.8%)

  N2 22 (23.2%) 105 (23.2%) 20 (22.2%) 107 (23.4%)

  N3 39 (41.1%) 180 (39.7%) 34 (37.8%) 185 (40.4%)

Stage

  I 8 (9.0%) 33 (7.8%)

0.59

6 (7.3%) 35 (8.1%)

0.23
  II 23 (25.8%) 111 (26.1%) 25 (30.5%) 109 (25.2%)

  III 56 (62.9%) 259 (60.9%) 51 (62.2%) 264 (61.1%)

  IV 2 (2.2%) 22 (5.2%) 0 (0.0%) 24 (5.6%)

Table 5.   Association of APOE ε4 and ε2 with TN classification and stage in gastric cancer patients. P-values 
result from a Wilcoxon rank sum test. Information was unavailable regarding T classification (1 gastric cancer 
patient), N classification (2 gastric cancer patients), and stage (36 gastric cancer patients). P-values of 0.0167 or 
lower were considered as statistically significant after applying a Bonferroni adjustment for multiple testing.
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legend for details). Associations of APOE ε 4 and ε 2 with TN classification and stage in gastric cancer patients 
were examined using a Wilcoxon rank sum test.

In order to adjust for multiple testing, we utilized a Bonferroni correction separately for each group of similar 
tests. Specifically, p-values ≤  0.0050 were considered as significant when comparing demographic variables and 
serum lipid parameters according to presence of ε 4 and ε 2; p-values ≤  0.0042 were considered as significant 
when evaluating risk factors for gastric cancer; p-values ≤  0.0167 were considered as significant when evaluating 
associations of ε 4 and ε 2 with TN classification and stage in gastric cancer patients; and p-values ≤  0.025 were 
considered as significant when evaluating the association between APOE ε 2 and gastric cancer subtype. All statis-
tical analysis was performed using R Statistical Software (version 2.14.0; R Foundation for Statistical Computing, 
Vienna, Austria).

References
1.	 Nagini, S. Carcinoma of the stomach: A review of epidemiology, pathogenesis, molecular genetics and chemoprevention. World J 

Gastrointest Oncol 4, 156–69 (2012).
2.	 Ferlay, J. et al. Estimates of worldwide burden of cancer in 2008: GLOBOCAN 2008. Int J Cancer 127, 2893–917 (2010).
3.	 Croce, C. M. Oncogenes and cancer. N Engl J Med 358, 502–11 (2008).
4.	 Sakashita, K. et al. Clinical significance of ApoE expression in human gastric cancer. Oncol Rep 20, 1313–9 (2008).
5.	 Bu, G. Apolipoprotein E and its receptors in Alzheimer’s disease: pathways, pathogenesis and therapy. Nat Rev Neurosci 10, 333–44 

(2009).
6.	 Li, Y., Cam, J. & Bu, G. Low-density lipoprotein receptor family: endocytosis and signal transduction. Mol Neurobiol 23, 53–67 

(2001).
7.	 Utermann, G. Isolation and partial characterization of an arginine-rich apolipoprotein from human plasma very-low-density 

lipoproteins: apolipoprotein E. Hoppe Seylers Z Physiol Chem 356, 1113–21 (1975).
8.	 Miyata, M. & Smith, J. D. Apolipoprotein E allele-specific antioxidant activity and effects on cytotoxicity by oxidative insults and 

beta-amyloid peptides. Nat Genet 14, 55–61 (1996).
9.	 Mahley, R. W. & Rall, S. C. Jr. Apolipoprotein E: far more than a lipid transport protein. Annu Rev Genomics Hum Genet 1, 507–37 

(2000).
10.	 Vogel, T. et al. Apolipoprotein E: a potent inhibitor of endothelial and tumor cell proliferation. J Cell Biochem 54, 299–308 (1994).
11.	 Mahley, R. W. & Apolipoprotein E.: cholesterol transport protein with expanding role in cell biology. Science 240, 622–30 (1988).
12.	 Mahley, R. W., Nathan, B. P. & Pitas, R. E. Apolipoprotein E. Structure, function, and possible roles in Alzheimer’s disease. Ann N Y 

Acad Sci 777, 139–45 (1996).
13.	 Singh, P. P., Singh, M. & Mastana, S. S. APOE distribution in world populations with new data from India and the UK. Ann Hum Biol 

33, 279–308 (2006).
14.	 Holtzman, D. M., Herz, J. & Bu, G. Apolipoprotein E and apolipoprotein E receptors: normal biology and roles in Alzheimer disease. 

Cold Spring Harb Perspect Med 2, a006312 (2012).
15.	 Riddell, D. R. et al. Impact of apolipoprotein E (ApoE) polymorphism on brain ApoE levels. J Neurosci 28, 11445–53 (2008).
16.	 Sing, C. F. & Davignon, J. Role of the apolipoprotein E polymorphism in determining normal plasma lipid and lipoprotein variation. 

Am J Hum Genet 37, 268–85 (1985).
17.	 Eto, M., Watanabe, K. & Ishii, K. Reciprocal effects of apolipoprotein E alleles (epsilon 2 and epsilon 4) on plasma lipid levels in 

normolipidemic subjects. Clin Genet 29, 477–84 (1986).
18.	 Ehnholm, C., Lukka, M., Kuusi, T., Nikkila, E. & Utermann, G. Apolipoprotein E polymorphism in the Finnish population: gene 

frequencies and relation to lipoprotein concentrations. J Lipid Res 27, 227–35 (1986).
19.	 Kamboh, M. I., Aston, C. E., Ferrell, R. E. & Hamman, R. F. Impact of apolipoprotein E polymorphism in determining 

interindividual variation in total cholesterol and low density lipoprotein cholesterol in Hispanics and non-Hispanic whites. 
Atherosclerosis 98, 201–11 (1993).

20.	 Lin, S. K. et al. Association of apolipoprotein E genotypes with serum lipid profiles in a healthy population of Taiwan. Ann Clin Lab 
Sci 34, 443–8 (2004).

21.	 Sorli, J. V. et al. The effect of the APOE polymorphism on HDL-C concentrations depends on the cholesterol ester transfer protein 
gene variation in a Southern European population. Clin Chim Acta 366, 196–203 (2006).

22.	 Boulenouar, H. et al. Impact of APOE gene polymorphisms on the lipid profile in an Algerian population. Lipids Health Dis 12, 155 
(2013).

23.	 Law, M. R. & Thompson, S. G. Low serum cholesterol and the risk of cancer: an analysis of the published prospective studies. Cancer 
Causes Control 2, 253–61 (1991).

24.	 Delahaye, F., Bruckert, E., Thomas, D., Emmerich, J. & Richard, J. L. Serum cholesterol and cancer. Is there a causal relationship? 
Arch Mal Coeur Vaiss 85 Spec No 3, 37–45 (1992).

25.	 Asano, K. et al. Impact of serum total cholesterol on the incidence of gastric cancer in a population-based prospective study: the 
Hisayama study. Int J Cancer 122, 909–14 (2008).

26.	 Forones, N. M., Falcao, J. B., Mattos, D. & Barone, B. Cholesterolemia in colorectal cancer. Hepatogastroenterology 45, 1531–4 
(1998).

27.	 Tornberg, S. A., Carstensen, J. M. & Holm, L. E. Risk of stomach cancer in association with serum cholesterol and beta-lipoprotein. 
Acta Oncol 27, 39–42 (1988).

28.	 Iso, H. et al. Serum cholesterol levels in relation to the incidence of cancer: the JPHC study cohorts. Int J Cancer 125, 2679–86 
(2009).

29.	 De Feo, E. et al. A case-control study on the effect of apoliprotein E genotype on head and neck cancer risk. Cancer Epidemiol 
Biomarkers Prev 19, 2839–46 (2010).

30.	 Saadat, M. Apolipoprotein E (APOE) Polymorphisms and Susceptibility to Breast Cancer: A Meta-Analysis. Cancer Res Treat 44, 
121–6 (2012).

31.	 Moysich, K. B. et al. Apolipoprotein E genetic polymorphism, serum lipoproteins, and breast cancer risk. Mol Carcinog 27, 2–9 
(2000).

32.	 Chang, N. W. et al. Influences of apolipoprotein E polymorphism on the risk for breast cancer and HER2/neu status in Taiwan. 
Breast Cancer Res Treat 90, 257–61 (2005).

33.	 Wessel, N., Liestol, K., Maehlen, J. & Brorson, S. H. The apolipoprotein E epsilon4 allele is no risk factor for prostate cancer in the 
Norwegian population. Br J Cancer 85, 1418 (2001).

34.	 Chen, Y. C. et al. Apolipoprotein E is required for cell proliferation and survival in ovarian cancer. Cancer Res 65, 331–7 (2005).
35.	 Souza, D. R. et al. Association between apolipoprotein E genotype, serum lipids, and colorectal cancer in Brazilian individuals. Braz 

J Med Biol Res 42, 397–403 (2009).
36.	 Mrkonjic, M. et al. Association of apolipoprotein E polymorphisms and dietary factors in colorectal cancer. Br J Cancer 100, 

1966–74 (2009).



www.nature.com/scientificreports/

8Scientific Reports | 6:19930 | DOI: 10.1038/srep19930

37.	 De Feo, E. et al. A case-control study on the effect of Apolipoprotein E genotypes on gastric cancer risk and progression. BMC 
Cancer 12, 494 (2012).

38.	 Oue, N. et al. Gene expression profile of gastric carcinoma: identification of genes and tags potentially involved in invasion, 
metastasis, and carcinogenesis by serial analysis of gene expression. Cancer Res 64, 2397–405 (2004).

39.	 Yasui, W., Oue, N., Ito, R., Kuraoka, K. & Nakayama, H. Search for new biomarkers of gastric cancer through serial analysis of gene 
expression and its clinical implications. Cancer Sci 95, 385–92 (2004).

40.	 Japanese Gastric Cancer, A. Japanese classification of gastric carcinoma: 3rd English edition. Gastric Cancer 14, 101–12 (2011).

Acknowledgements
The authors are grateful to all subjects for participation in our study. This study was supported by grants 
(81370459, 31400914) from the National Natural Science Foundation of China (to X.C.) and by the Fundamental 
Research Funds for the Central Universities (20720150051, to X.C.).

Author Contributions
Conceived and designed the experiments: X.C., G.B., H.X. and Y.Z. Collected the samples and clinical data: P.L., 
C.H. and L.C. Performed APOE genotyping: R.K., T.W., X.L., Z.W., Z.Z. and L.Z. Analyzed the data: M.H., X.C., 
T.W. and R.K. Wrote the paper: X.C., M.H., G.B. and R.K.

Additional Information
Competing financial interests: The authors declare no competing financial interests.
How to cite this article: Kang, R. et al. Apolipoprotein E epsilon 2 allele and low serum cholesterol as risk 
factors for gastric cancer in a Chinese Han population. Sci. Rep. 6, 19930; doi: 10.1038/srep19930 (2016).

This work is licensed under a Creative Commons Attribution 4.0 International License. The images 
or other third party material in this article are included in the article’s Creative Commons license, 

unless indicated otherwise in the credit line; if the material is not included under the Creative Commons license, 
users will need to obtain permission from the license holder to reproduce the material. To view a copy of this 
license, visit http://creativecommons.org/licenses/by/4.0/

http://creativecommons.org/licenses/by/4.0/

	Apolipoprotein E epsilon 2 allele and low serum cholesterol as risk factors for gastric cancer in a Chinese Han population

	Results

	Subject description. 
	Comparisons of demographic variables and serum lipid parameters according to the presence or absence of APOE ε4 and ε2 in a ...
	Evaluation of risk factors for gastric cancer. 
	Analysis of the associations of APOE genotypes with TN classification and stage in gastric cancer patients. 

	Discussion

	Methods

	Study subjects. 
	APOE genotyping and quality control. 
	Statistical analysis. 

	Acknowledgements
	Author Contributions
	﻿Table 1﻿﻿. ﻿  Characteristics of the study population.
	﻿Table 2﻿﻿. ﻿  Comparison of demographic variables and serum lipid parameters according to the presence or absence of the APOE ε4 and ε2 alleles in all subjects.
	﻿Table 3﻿﻿. ﻿  Evaluation of risk factors for gastric cancer.
	﻿Table 4﻿﻿. ﻿  Association between APOE ε2 and gastric cancer subtype.
	﻿Table 5﻿﻿. ﻿  Association of APOE ε4 and ε2 with TN classification and stage in gastric cancer patients.



 
    
       
          application/pdf
          
             
                Apolipoprotein E epsilon 2 allele and low serum cholesterol as risk factors for gastric cancer in a Chinese Han population
            
         
          
             
                srep ,  (2015). doi:10.1038/srep19930
            
         
          
             
                Ranran Kang
                Ping Li
                Tingting Wang
                Xinxiu Li
                Zichen Wei
                Zhenlian Zhang
                Li Zhong
                Longlong Cao
                Michael G. Heckman
                Yun-Wu Zhang
                Huaxi Xu
                Changming Huang
                Guojun Bu
                Xiao-Fen Chen
            
         
          doi:10.1038/srep19930
          
             
                Nature Publishing Group
            
         
          
             
                © 2015 Nature Publishing Group
            
         
      
       
          
      
       
          © 2015 Macmillan Publishers Limited
          10.1038/srep19930
          2045-2322
          
          Nature Publishing Group
          
             
                permissions@nature.com
            
         
          
             
                http://dx.doi.org/10.1038/srep19930
            
         
      
       
          
          
          
             
                doi:10.1038/srep19930
            
         
          
             
                srep ,  (2015). doi:10.1038/srep19930
            
         
          
          
      
       
       
          True
      
   




