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A genome-wide scan suggests a susceptibility locus
on 5p13 for nasopharyngeal carcinoma
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Nasopharyngeal carcinoma (NPC) occurs with high frequency in Southeast Asian populations. The high
prevalence and familial clustering of NPC in these populations suggest that genetic factors may contribute
to the increased cancer risk by affecting susceptibility. The aim of the present study was to map
chromosomal loci linked to susceptibility genes predisposing for NPC. We carried out a genome-wide scan
by multipoint affected-only allele-sharing methods in 15 Chinese NPC families with two to six affected
members per family. The families were from the Guangdong province in the south of China, where the
highest risk of NPC is documented. These samples were genotyped using 800 microsatellite markers
covering all autosomal chromosomes with an average marker distance of 5 cM. Using multipoint linkage
analysis, four loci (2q, 5p, 12p, and 18p) showed LOD scores above 1.5. After genotyping additional
markers in these four regions, only one locus on 5p13 showed an increased LOD of 2.1. In further
haplotype analysis, affected individuals in six families shared three marker haplotypes between D5S674
and D5S418. In conclusion, a region on 5p13 may harbor a susceptibility gene for NPC.
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Introduction
Nasopharyngeal carcinoma (NPC) is one of the most

common malignancies in certain geographical regions

with population of Mongoloid origin such as Southern

China (42 cases/105 inhabitants/year) and Greenland (31

cases/105 inhabitants/year).1 It also shows an intermediate

incidence in North Africa, while it is rare in Caucasian

populations of European countries (eg 0.6 cases/105

inhabitants/year in Sweden).2 It is believed that environ-

mental risk factors, including the EBV infection, cooperate

with a susceptible genetic background in the high-risk

populations. Thus, NPC provides an interesting model for

the understanding of the interaction of a viral infection with

other environmental and genetic factors in oncogenesis.

Epidemiological studies have shown that familial clus-

tering of NPC in Southern China is significantly higher

than that of low-risk areas. Approximately 5–10% of NPC

patients have a familial history in this endemic region.3

The incidence of NPC is still high in the South Chinese

population even after emigration from China. Offspring of

admixture of southern-origin Chinese with non-Chinese

groups showed an intermediate incidence.2 The high rate

of familial clustering of this cancer strongly suggests that
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genetic components contribute to the high risk for this

disease. Several candidate chromosomal regions for sus-

ceptibility have been studied.4–6 These studies, so far, have

not arrived at consistent conclusions. This could be due to

heterogeneity of susceptibility or modest, combined effects

of several genes contributing to NPC development.

In this study, we used a genome-wide scan to search for

susceptibility loci for NPC. To carry out the scan, fifteen

multiplex Chinese families with two to six patients with

defined NPC were recruited from the Guangdong province.

The patients and their family members were genotyped

with 800 markers. Our results suggest a linkage of NPC

susceptibility to a region on 5p13.

Materials and methods
Families and patients

The families with at least two affected individuals with

NPC were recruited from Guangdong province, China. The

average age of the cases at diagnosis was 39 years old,

which is younger than the average age of sporadic cases

reported by the Cancer Center, Sun Yat-Sen University,

being 46.6 years.3 Most of the families from Guangdong

province were Cantonese-speaking. The patients were

diagnosed having NPC based on clinical pathological

examinations as well as clinical records by local doctors.

Except for NPC, other cancers were also found in five of

these families such as liver cancer, gastric cancer, and

Hodgkin’s lymphoma (HL). HL is also associated with EBV

infection. Three to five milliliters of peripheral blood was

collected from NPC family members with informed con-

sent. Tumor paraffin blocks from some affected individuals

were obtained for DNA extraction. Studies were approved

by the Local Ethical Committee and the Karolinska

Institutet (no. 00-302). DNA from 49 healthy donors was

also used for estimation of marker-allele frequencies in this

population.

Microsatellite marker genotyping

DNA was prepared from the total blood by phenol-based

method and the purified DNA was directly used for linkage

study. Genome-wide scan was performed at deCode

Genetics Inc., Iceland, using fluorescently labeled primers

with one of the three fluorescent dyes, FAM, HEX, and NED

(PE Biosystems). A panel of 800 polymorphic microsatellite

markers covering 22 autosomal chromosomes with an

average marker interval of 5 cM was used in this study. The

800-microsatellite-marker set contained markers from the

ABI Linkage Marker (version 2) in combination with 400

custom-made markers. The average heterozygosity of the

markers selected for the study was 0.75.

All markers were extensively tested for robustness, ease

of scoring, and efficiency in multiplex PCR. Marker

positions were obtained from deCODE genetic map.7 PCR

amplifications were set up, run, and pooled on Gilson

Cyberlab robots. The reaction volume was 5 ml, and for

each PCR, 20ng of genomic DNA was amplified in the

presence of 2 pmol each primer, 0.25U AmpliTaq Gold,

0.2mM dNTPs, and 2.5mM MgCl2 (buffer was supplied by

the manufacturer (Applera)). Cycling conditions were as

follows: 951C for 10min, followed by 37 cycles of 941C for

15 s, annealing at 551C for 30 s, and extension at 721C for

1min. The PCR products were supplemented with the

internal size standard, and the pools were separated and

detected on ABI Prism 3700 sequencers by using Genescan

(version 3.0) peak-calling software (Applera). Alleles were

automatically called using DAC, an allele-calling program

developed at deCode Genetics8 and the program DecodeGT

was used to fractionate the called genotypes according to

quality and to edit when necessary.9

The data were confirmed and elaborated by adding more

markers to some regions, reducing the distance between

them to less than 5 cM, and was also manually checked

separately at deCode Genetics Inc., CMM and MTC of

Karolinska Institutet.

Statistical methods for linkage analysis

The complete data set was checked for Mendelian incon-

sistencies by using the Pedcheck program (http://watson.h-

gen.pitt.edu/register). Inconsistencies were removed from

analysis. We used multipoint, affected-only allele-sharing

methods to assess the evidence for linkage. All results,

including LOD and non-parametric linkage scores, were

obtained using the program Allegro.10 We used the Spairs
scoring function11,12 and an exponential allele-sharing

model13 to generate the relevant 1-df statistics. When

combining the family scores to obtain an overall score,

instead of weighting the families equally12 or weighting

the affected pairs equally, we used a weighting scheme that

is halfway between the two in the log scale; our family

weights are the geometric means of the weights of the two

schemes. To increase our confidence in the evidence for

linkage to a particular region, additional microsatellite

markers were genotyped to increase the information

content on IBD sharing to 485% in that region. The

marker order and positions used in linkage analysis are

from our high-resolution genetic map.7 All reported

locations are in Kosambi centimorgans. Allele frequencies

of all markers were estimated from 49 population-matched

healthy individuals. We used the GENEHUNTER-PLUS

(version 1.2)13 for haplotype reconstruction.

Power simulations

To estimate power of the 15 families collected to detect

linkage, we used the SLINK14 program to generate 100

replicates using two linked marker loci with an interval of

5 cM, assuming a dominant model with 85% penetrance,

no phenocopies, y¼0.025, and the marker with four equal
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frequency allele (PIC 70%). The simulated genotype data

were analyzed using the GENEHUNTER-PLUS program.13

Results
To map loci for NPC, we collected 15 multiplex families

from Guangdong province, China, in the collection period

from 1996 to 1999. Detailed information is shown in

Table 1. The total number of affected individuals was 59

and DNA from 40 affected individuals was available for the

scan study. Six of the families had more than three affected

individuals. The distribution of affected individuals within

families was compatible with dominant inheritance. The

average onset age for patients with NPC was 39 years. We

have also collected a number of third-generation indivi-

duals who have not reached onset age.

To estimate the power of 15 families to detect linkage, we

simulated two linked markers based on the real pedigree

structures using multipoint non-parametric linkage analysis.

The 15 families collected from the Guangdong province

had 46% power to find linkage with NPL of 3.0 (Po0.002)

and 90% of power with NPL of 2 (Po0.02).

Using multipoint affected-only allele-sharing methods to

assess the evidence for linkage, the LOD scores for the 22

autosomal chromosomes were first calculated from 15

pedigrees (Figure 1). Four chromosome regions showed an

LOD score higher than 1.5. They were found in chromo-

some region 2q at D2S2382 (LOD¼1.5), 5p at D5S2021

(LOD¼ 2.1), 12p at D12S85 (LOD¼1.5), and 18p at

D18S1163 (LOD¼2.0). No locus reached genome-wide

significance. The LOD of 2.1 in this study almost meet

genome-wide suggestive linkage (LOD 2.2). To analyze

these potential susceptibility loci in more detail, we

genotyped additional markers in these four regions and

Table 1 Characteristics of included families with NPC

Category Result

Number of families analyzed 15
Average number of cases per family (range) 2.7 (2–6)
Total number of affected individuals 59
Number of affected individuals available 40
Mean±SD age at diagnosis (range) 39±9.1 years

(20–61 years)
Sex ratio (male-to-female) 1.68 (37/22)

Figure 1 The LOD score in genome-wide linkage analysis using 800 microsatellite markers covering 22 chromosomes in 15 NPC families from the
Guangdong province. Each box represents a chromosome. The x axis gives the genetic distance in cM, and the y axis gives the LOD scores.
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conducted the fine mapping in MTC and CMM, Karolinska

Institutet. After genotyping of additional flanking markers,

only the LOD peak at 5p region remained (Figure 2). For

the 5p locus, we also examined the genotype data of the

nine markers using parametric linkage analysis. Multipoint

analysis showed a maximum HLOD score of 1.73 (a¼0.08)

at position of D5S2021, assuming a dominant model with

50% penetrance and 2% phenocopy. Using the same

parameters, two-point analysis resulted in a LOD score of

1.9 (a¼0) at the same position. The LOD scores at other

chromosomal loci decreased to less than 0.5 (data not

shown).

Through individual family evaluation, we observed six

families contributing increased LOD. To narrow down the

most likely location of this putative locus, we constructed

haplotypes of the affected families between markers in

the region 5p13.1 using minimum recombination by

the GENEHUNTER-PLUS program. Six families from

Guangdong province with at least three patients with

cancer shared disease-associated haplotypes (Figure 3). The

minimum-shared region shared by affected members in

these families was located between markers D5S426 and

D5S2021. The candidate region could be narrowed down to

a segment of 3Mb (Figure 3). This result suggested that an

NPC susceptibility locus might be localized in this region.

Further fine mapping is necessary using more families as

well as sporadic trios, to verify and narrow down the

region. To obtain further evidence supporting genetic

heterogeneity in the six families, we checked clinical data

as well as pathologic results in all the 15 families. No

difference of pathologic changes was found between the

six families and the remaining nine families. We also found

no significant difference of mean age of diagnosis between

the six families with haplotypes shared and the remaining

nine families with haplotypes unshared.

Discussion
Genetic factors, which for example may influence the

susceptibility of nasopharyngeal epithelium to EBV infec-

tion, exert a major impact on the disease risk of NPC. The

relative risk of the first-degree relatives of the NPC patients

Figure 2 The fine mapping of chromosome 5p13 region. The x axis gives the genetic distance in cM along the chromosome with the location of
markers detected, and the y axis gives the LOD scores of NPC families.
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Figure 3 Pedigrees and haplotypes of family F, G, K, T, W2, and W3. Haplotypes were inferred with a minimum recombination between markers
by GENEHUNTER-PLUS. Filled symbols (black) represent affected individuals with NPC and filled symbols (gray) represent individuals with other forms
of cancers. Boxes indicate the chromosome region shared by affected members of the pedigrees. The markers used for genotyping are listed in
pedigree F.
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is eight times in Greenland and 2.1 times in Cantonese

population of that of the general population in the

respective endemic regions, while it drops down as the

degree of relationship decreases.15,16 One characteristic of

familial cancers is early age of onset, as observed in, for

example, breast cancer.17 We also found a lower age of

onset (39 years) in these families studied, compared to that

reported for sporadic cases (46.6 years).3

Several studies have reported chromosomal regions that

confer susceptibility to NPC, either using linkage analysis

or association strategies. The HLA region on 6p21 is the

most frequently reported region associated with NPC.

Certain HLA haplotypes have already been found to be

associated with increased NPC risk. These findings were

further strengthened by linkage studies using affected sib

pairs, suggesting a gene closely linked to the HLA locus at

D6S1624 with an increased risk of NPC.4,18,19 However, so

far no predisposing genes with causal mutations have been

identified among families. In this study, no marker

showing an LOD score higher than 0.5 was ever found in

the HLA region, suggesting no linkage within this region.

In one genome-wide scan of NPC, evidence of linkage to a

14-cM region on 4p15 with a maximum LOD score of 3.1 at

D4S405 was reported.5 Surprisingly, we could not find

evidence of a susceptibility locus in that region in the

present study, although several NPC families originated

from the same Guangdong area. This discrepancy may

reflect genetic heterogeneity between subsets of families

and/or that there are several susceptibility genes for NPC,

even in the same high endemic area. Another possibility is

that the linkage to chromosome 4p locus exists only in a

few large families without susceptibility genes that occur in

most other NPC families. In our scan study based on only

15 families, on the other hand, possibility of a false-

negative LOD in the locus is hardly excluded.

Loss of tumor suppressor gene activity is associated with

the pathogenesis of multistage carcinogenesis. High fre-

quency of loss of heterozygosity was found in chromosome

3p in NPC. RASFF1A, FHIT, and BLUE genes in this region

may be involved in pathogenesis of NPC and may be useful

markers for diagnosis and prognosis of NPC.20,21 It is

worthwhile to identify susceptibility genes on pedigree-

based and/or familial case-based analyses to NPC.

Although a Chinese group reported a strong linkage to

the chromosome 3 region,6 no region with significantly

increased allele sharing within 3p was found in our data.

In this study, we showed that an NPC susceptibility locus

might be localized to chromosome 5p. A marker D5S2021

on 5p13.1 yielded a maximum LOD score of 2.1, which

almost reaches the genome-wide suggestive linkage of LOD

score of 2.2.22 The haplotype analysis of our families

indicated that an NPC susceptibility gene was likely to be

located to the region between D5S1986 and D5S1969,

which may narrow down the region to a 17.3-cM segment

(DeCode map), or 16.6 cM (Genethon map), or 16.2 cM

(Marshfield map). About 111 genes are present in this

region according to a search in the human genome

database, including 30 coding for hypothetical proteins,

16 similar or homologous to known genes/proteins, and 65

known genes such as zinc-finger RNA-binding protein,

C1q, tumor necrosis factor-related protein-3, interleukin

7-receptor, oncostatin M–receptor, and caspase-recruit-

ment domain family member 6.

In summary, a susceptibility locus on 5p13.1 may

account for a subset of hereditary risk for NPC. Our results

should encourage further studies to confirm the finding

and identify the gene.
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