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Summary. – Microtubule-associated protein 9 (MAP9) is a mitosis-associated protein involved in bipolar 
spindle assembly. Following DNA damage, MAP9 stabilizes p53 via p300 and MDM2 (mouse double minute-2 
homolog). The dysregulation of MAP9 was considered to be associated with tumorigenesis. Single nucleotide 
polymorphisms (SNPs) in key genes governing mitosis may particularly increase susceptibility to gastric 
carcinoma (GC). Our study demonstrated that the CC homozygous genotype of SNP rs1058992 located in 
the MAP9 gene was significantly correlated with EBV-associated GC (EBVaGC) in a recessive genetic model 
(OR = 2.558, 95% CI = 1.306–5.010, P = 0.043), and the C allele frequency of rs1058992 also showed significant 
correlation with EBVaGC (OR = 1.904, 95% CI = 1.141–3.179, P = 0.013). These results suggest that the MAP9 
rs1058992 polymorphism is associated with risk of EBVaGC. The conversion of lysine to arginine caused by 
rs1058992 may affect development of EBVaGC; however, further studies in larger populations are needed to 
fully elucidate its role in EBVaGC.
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Introduction 

Epstein-Barr virus (EBV) is a well-known oncogenic virus 
that infects more than 95% of the global population (Ali et 
al., 2015). Numerous studies have shown that EBV is closely 
related to tumor occurrence (Ko, 2015). EBV infection is 
particularly associated with the development of a variety of 
malignancies of epithelial and lymphoid origin, including 
gastric carcinoma (GC), nasopharyngeal carcinoma (NPC), 
Burkitt's lymphoma, and Hodgkin's disease (Huang et al., 
2014; Rosales-Perez et al., 2014; Tanyildiz et al., 2015; Wu et 
al., 2016). The ability of EBV to immortalize B cells demon-

strates its important role in the pathogenesis of lymphoma 
(Young and Rickinson, 2004). More notably, EBV infection 
is detected in nearly 100% of non-keratinizing nasopha-
ryngeal carcinomas (NPCs) (Elgui de Oliveira et al., 2016). 
However, the oncogenesis of EBV-associated malignancies 
is not entirely understood.

Gastric cancer is the fifth leading cause of cancer and the 
second leading cause of cancer-related deaths worldwide 
(Camargo et al., 2014; Ferlay et al., 2015). The tumorigenesis 
of gastric cancer is a multistep process, involving numerous 
factors. EBV latent infection and persistence in cells is be-
lieved to be one of these factors. On the basis of its molecular 
characteristics, EBV-associated gastric cancer (EBVaGC) 
has been classified as a distinct molecular subtype of GC, 
separate from GC with microsatellite instability, genomically 
stable GC, and GC with chromosomal instability (Cancer 
Genome Atlas Research, 2014). Approximately 10% of GCs 
are EBV positive (Elgui de Oliveira et al., 2016). Because 
of the incidence of GC, this is a significant number of pa-
tients; thus, the pathogenesis of EBVaGC warrants further 
investigation.
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Table 1. Genotype and allele frequencies of the MAP9 polymorphism for gastric cancer patients and normal controls

MAP9/rs1058992 EBVnGC (n = 94)
n (%)

NC (n = 100)
n (%)

EBVaGC (n = 58)
n (%)

genotype
TT 11(11.70) 14(14.00) 4(6.90)
CT 51(54.26) 45(45.00) 21(36.20)

OR (95%CI) 1.442(0.595-3.497)a 1.132(0.324-3.961)c 1.633(0.479-5.566)b

P 0.416a 1.000c 0.430b

CC 32(34.04) 41(41.00) 33(56.90)
OR (95%CI) 0.993(0.398-2.480)a 2.836(0.818-9.833)c 2.817(0.847-9.372)b

P 0.989a 0.091c 0.083b

recessive model
TT+CT 62(65.96) 59(59.00) 25(43.10)

CC 32(34.04) 41(41.00) 33(56.90)
OR (95%CI) 0.743(0.414-1.332)a 2.558(1.306-5.010)c 1.900(0.987-3.656)b

P 0.317a 0.006c* 0.054b

dominant model
TT 11(11.70) 14(14.00) 4(6.90)

CC+CT 83(88.30) 86(86.00) 54(93.10)
OR (95%CI) 0.711(0.294-1.721)a 1.789(0.542-5.908)c 2.779(0.865-8.930)b

P 0.449a 0.335c 0.076b

allele
T 73(38.83) 73(36.50) 29(25.00)
C 115(61.17) 127(63.50) 87(75.00)

OR (95%CI) 0.906(0.600-1.366)a 1.904(1.141-3.179)c 1.724(1.036-2.870)b

P 0.636a 0.013c* 0.035b*

EBVaGC: EBV-associated gastric carcinoma; EBVnGC: EBV-negative gastric carcinoma; NC: normal control; OR: odds ratio; 95% CI: 95% confidence 
interval; a: EBVnGC vs NC; b: EBVaGC vs NC; c: EBVaGC vs. EBVnGC; *: statistically significant.

Genetic alterations are frequently identified in EBV-asso-
ciated tumors. Key genes associated with tumorigenesis often 
implicated, including the oncogenes PIK3CA, CCND1, LTBR 
and the tumor suppressor genes RASSF1A, NFKBIA, TRAF3, 
and TP53 (Tsao et al., 2017). Microtubule-associated protein 
9 (MAP9, also known as ASAP) is a cell cycle-associated gene 
required for bipolar spindle assembly, mitosis progression 
and cytokinesis. Dysregulation of MAP9 expression leads 
to abnormal spindles with chromosome congression and 
segregation defects (Saffin et al., 2005; Venoux et al., 2008). 
New evidence demonstrates that MAP9 directly interacts 
with the N-terminus of p53 in response to DNA damage. In 
doing so, it helps to stabilize p53 and promote p53-dependent 
transcription (Basbous et al., 2012). Thus, MAP9 is a newly 
discovered DNA damage receptor component, and its muta-
tion or dysregulation is closely related to tumorigenesis. The 
MAP9 single nucleotide polymorphism (SNP) rs1058992 
(T > C) is located in exon 11, and this missense mutation 
leads to the conversion of amino acids from lysine to argi-
nine. Nevertheless, to date there have been no reports on the 
clinical significance of rs1058992.

In the present study, we analyzed SNP rs1058992 in 
EBV-positive/-negative NPC (EBV+/−NPC), EBVaGC, 

EBV-negative GC (EBVnGC), and EBV-positive/negative 
lymphoma (EBV+/−L) samples. The homozygous C allele of 
the MAP9 SNP rs1058992 (T > C) was shown to be associ-
ated with increased risk of EBVaGC. This is the first report 
on the pathology of rs1058992.

Materials and Methods

Specimens. A total of 378 case patients and 100 population-
based control subjects were enrolled in our study, including 152 
cases of GC (58 EBV positive and 94 EBV negative), 98 cases of 
NPC (88 EBV positive and 10 EBV negative) and 128 cases of 
lymphomas (86 EBV positive and 42 EBV negative). The paraffin-
embedded tissues were obtained from the Affiliated Hospital of 
Qingdao University and the Qingdao Municipal Hospital between 
2008 and 2016. EBV-positive specimens were validated by in 
situ hybridization for EBV-encoded small RNA 1 (EBER1) and 
by PCR for EBV nuclear antigen 1 (EBNA1) in previous studies 
(Wang et al., 2010; Nie et al., 2013; Zhu et al., 2013; Sun et al., 
2015). Peripheral blood samples from 100 healthy individuals 
with no history of gastric, nasopharyngeal, or lymphatic diseases 
were included as normal controls. This study was approved by 
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the Medical Ethical Committee of the Medical College, Qing-
dao University (QDU20160732). The tumor tissues and healthy 
peripheral blood samples were collected after written informed 
consent was obtained from all subjects.

DNA extraction. Genomic DNA was extracted from the paraffin-
embedded carcinoma tissues with a QIAamp DNA FFPE tissue kit 
(QIAGEN GmbH, Hilden, Germany). DNA was extracted from 
blood samples using the standard phenol-chloroform extraction 
procedure. DNA quality and quantity were measured with a Na-
noPhotometer P360 (Implen GmbH, Munich, Germany).

Genotyping. The concentration of the DNA samples was ad-
justed to 50 to 500 ng/μl prior to Sequenom MassARRAY analysis 
(Agena Biosciences, San Diego, CA, USA) to detect the rs1058992 
genotype. Matrix-assisted laser desorption ionization-time of 
flight mass spectrometry was used to analyze the products on the 
SpectroCHIPs produced by the MassARRAY. Sequenom TYPER 
4.0 genotyping software was used to display the genotyping data. 
Allele frequencies were calculated from the genotype data.

Statistical analyses. The chi-squared test and correction for 
continuity were used to compare the differences in genotype and 
allele frequencies between each group. Non-conditional logistic 
regression was used to assess the odds ratio (OR). Correlations 
were considered statistically significant when P <0.05. Statistical 

analyses were performed with the SPSS 21.0 statistical software 
(IBM, New York, NY, USA). 

Results

Association of rs1058992 with gastric cancer

A total of 58 cases of EBVaGC and 94 cases of EBVnGC 
were screened. The distribution of the three genotypes (TT, 
TC, and CC) and mutant allele frequencies for patients 
with gastric cancer and for the normal controls are shown 
in Table 1. 

First, we compared the data between the EBVaGC and 
EBVnGC groups. The distribution of the three genotypes 
between EBVaGC and EBVnGC was significantly different 
(χ2 = 7.687, P = 0.021). Although not statistically signifi-
cant, there were more CC genotype carriers (P = 0.091) in 
the EBVaGC group (56.90%) compared with the EBVnGC 
group (34.04%). Furthermore, carriers of the CC genotype of 
rs1058992 had an increased risk of EBVaGC when compared 
with the reference (TT  +  CT) genotypes in the recessive 
model (OR = 2.558, 95% CI = 1.306–5.01, P = 0.006). In the 

Table 2. Genotype and allelic frequencies of the MAP9 polymorphism for nasopharyngeal cancer patients and normal controls

MAP9/rs1058992 EBV negative NPC (n = 10)
n (%)

NC (n = 100)
n (%)

EBV positive NPC (n = 88)
n (%)

genotype
TT 1(10.00) 14(14.00) 11(12.50)
CT 4(40.00) 45(45.00) 38(43.18)

OR (95%CI) 1.244(0.128-12.069)a 0.864(0.087-8.543)c 1.075(0.437-2.644)b

P 1.000a 1.000c 0.875b

CC 5(50.00) 41(41.00) 39(44.32)
OR (95%CI) 1.366(0.141-13.270)a 0.709(0.075-6.720)c 1.211(0.491-2.987)b

P 1.000a 1.000c 0.678b

recessive model
TT+CT 5(50.00) 59(59.00) 49(55.68)

CC 5(50.00) 41(41.00) 39(44.32)
OR (95%CI) 1.439(0.391-5.291)a 0.796(0.215-2.947)c 1.145(0.642-2.044)b

P 0.739a 0.750c 0.646b

dominant model
TT 1(10.00) 14(14.00) 11(12.50)

CC+CT 9(90.00) 86(86.00) 77(87.50)
OR (95%CI) 1.465(0.172-12.475)a 0.778(0.090-6.747)c 1.140(0.488-2.659)b

P 1.000a 1.000c 0.762b

allele
T 6(30.00) 73(36.50) 60(35.09)
C 14(70.00) 127(63.50) 116(65.91)

OR (95%CI) 1.341(0.494-3.641)a 0.829(0.303-2.266)c 1.111(0.727-1.699)b

P 0.563a 0.714c 0.626b

NPC: nas,opharyngeal carcinoma; NC: normal control; OR: odds ratio; 95% CI: 95% confidence interval; a: EBV-negative NPC vs. NC; b: EBV positive 
NPC vs. NC; c: EBV-positive NPC vs. EBV-negative NPC.
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dominant model, the increased risk of the CC + TC geno-
types was not significant (OR = 1.789, 95% CI = 0.542–5.908, 
P  =  0.335). We also examined the correlation of C allele 
frequency with EBVaGC and EBVnGC. The presence of the 
C allele increased the risk of EBVaGC (OR = 1.904, 95% 
CI = 1.141–3.179, P = 0.013).

When compared with the control group, higher homo-
zygote CC frequency was observed in the EBVaGC group, 
but the difference was not significant (P = 0.083). Analysis 
of the dominant model and recessive model of the C allele 
also did not yield any significant differences. However, the 
C allele frequency was significantly increased (OR = 1.724, 
95% CI = 1.036–2.870, P = 0.035). The genotype and allele 
frequency distributions of rs1058992 did not differ between 
the EBVnGC and control groups.

SNP rs1058992 association with nasopharyngeal carci-
noma and lymphoma

Additionally, we analyzed 88 EBV positive NPC cases, 10 
EBV negative NPC cases, 86 EBV positive lymphoma cases, 
and 42 EBV negative lymphoma cases. The associations of 
rs1058992 with NPC and lymphoma are shown in Tables 2 

and 3, respectively. There were no differences observed in 
the genotype distribution and allele frequencies between any 
of these groups or between these groups and the control.

Discussion

In this study, we evaluated SNP rs1058992 in the MAP9 
microtubule-associated gene, as this missense mutation may 
influence the function of its protein product and potentially 
contribute to carcinogenesis. The CC genotype was shown to 
be significantly associated with an increased risk of EBVaGC 
in the recessive model, and the C allele frequency was also 
significantly increased in EBVaGC group.

MAP9 is a member of the microtubule-associated protein 
family that regulates microtubule dynamics (Eot-Houllier 
et al., 2010). The MAPs act within the microtubule network 
regulating microtubule properties and functions, thereby 
participating in diverse cellular activities (Glotzer, 2009). 
MAP9 is phosphorylated by Aurora kinase A (AURKA) and 
polo-like kinase 1 (Plk1) during cell mitosis and is essential 
for spindle assembly, centrosome regulation, and cell divi-
sion (Saffin et al., 2005; Venoux et al., 2008). The expression 

Table 3. Genotype and allelic frequencies of the MAP9 polymorphisms for lymphoma patients and normal controls

MAP9/rs1058992 EBV-L (n = 42)
n (%)

NC (n = 100)
n (%)

EBV+L (n = 86)
n (%)

genotype
TT 5(11.90) 14(14.00) 13(15.12)
CT 16(38.10) 45(45.00) 39(45.35)

OR (95%CI) 0,996(0.309-3.207)a 0.938(0.287-3.064)c 0.933(0.392-2.224)b

P 1.000a 0.915c 0.876b

CC 21(50.00) 41(41.00) 34(39.53)
OR (95%CI) 1.434(0.455-4.523)a 0.623(0.194-1.998)c 0.893(0.370-2.156)b

P 0.537a 0.424c 0.801b

recessive model
TT+CT 21(50.00) 59(59.00) 52(60.47)

CC 21(50.00) 41(41.00) 34(39.53)
OR (95%CI) 1.439(0.697-2.969)a 0.654(0.311-1.375)c 0.941(0.523-1.694)b

P 0.324a 0.261c 0.839b

dominant model
TT 5(11.90) 14(14.00) 13(15.12)

CC+CT 37(88.10) 86(86.00) 73(84.88)
OR (95%CI) 1.205(0.404-3.588)a 0.759(0.251-2.290)c 0.914(0.404-2.069)b

P 0.738a 0.624c 0.829b

allele
T 26(30.95) 73(36.50) 65(37.79)
C 58(69.05) 127(63.50) 107(62.21)

OR (95%CI) 1.282(0.744-2.211)a 0.738(0.423-1.287)c 0.946(0.621-1.443)b

P 0.371a 0.283c 0.797 b

NC: normal control; OR: odds ratio; 95% CI: 95% confidence interval; a: EBV-negative lymphoma vs. NC; b: EBV-positive lymphoma vs. NC; c: EBV-
positive lymphoma vs. EBV-negative lymphoma.
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of MAP9 is downregulated in colorectal cancer, whereas 
AURKA and Plk1 are upregulated (Rouquier et al., 2014). 
Dysregulation of AURKA and Plk1 are strongly associated 
with tumorigenesis (Weng Ng et al., 2016; Al-Khafaji et 
al., 2017; Chen et al., 2017; Zhu et al., 2017), and AURKA 
polymorphisms have also been reported in association with 
GC and breast cancer (Lopez-Cortes et al., 2018; Mesic et 
al., 2017). Considering the direct interactions of MAP9 with 
AURKA and Plk1, we believe that MAP9 plays key role in 
carcinogenesis. 

AURKA and Plk1 were also found to be differentially 
expressed in EBV-transformed lymphoblasts (Ng et al., 
2011; Dai et al., 2012;). The overexpression of AURKA and 
Plk1 may be driven by EBV LMP-1 (Ng et al., 2011). Studies 
have shown that in EBVaGC, EBNA2 disrupts mitotic check-
points by upregulating Plk1 and downregulating mitotic 
arrest deficient-2 (MAD2) (Pan et al., 2009). However, the 
specific mechanisms of their deregulation in EBV-associated 
tumors remain unknown. MAP9, as a newly discovered Plk1 
substrate that interacts with and stabilizes p53 protein, may 
be a key protein in the cell cycle of EBV-associated tumor 
cells. Nevertheless, until now there have been no reports 
regarding the role of MAP9 in EBV-associated tumor car-
cinogenesis.

For the first time, the SNP rs1058992 in the MAP9 gene 
was analyzed in three types of EBV-associated tumors. This 
SNP is located in exon 11 of the MAP9 gene and comprises a 
nucleotide substitution from T to C, which changes the ami-
no acid residue at this position from lysine to arginine. Our 
results demonstrated that the frequencies of the homozygous 
CC genotype and the C allele were significantly increased in 
the EBVaGC group compared with both the EBVnGC and 
control groups, suggesting that the CC genotype and C allele 
are risk factors for EBVaGC. The results of an ongoing project 
in our laboratory have shown that MAP9 is silenced in gastric 
cancer cells as a result of promoter methylation; however, 
MAP9 is expressed in EBV-positive GC cells (unpublished 
data). Although it is too early to draw any conclusions, this 
missense mutation may lead to structural and functional 
changes in the MAP9 protein. 

Interestingly, C allele carriers did not show increased 
susceptibility towards EBV-positive NPC even though NPC 
is also an epithelial tumor. However, this result may be due 
to the limited number of EBV-negative samples in our study. 
Because EBV is extensively found in cases of NPC, only 10 
cases of EBV-negative NPC were available for this study. We 
also characterized rs1058992 in EBV-positive/EBV-negative 
lymphoma. No significant differences in genotype and allele 
frequency were observed for lymphoma either; this may be 
due to the distinct expression pattern of EBV latent genes 
in GC.

In conclusion, the present study revealed that the homozy-
gous (CC) genotype of the MAP9 rs1058992 polymorphism 

is significantly associated with increased risk of EBVaGC, as 
is the frequency of the C allele. These observations indicate 
the possible role of the MAP9 gene in mitotic checkpoints 
and EBV-associated tumorigenesis.
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