
Ethnic variation of Fcc receptor polymorphism in Sami and
Norwegian populations

Introduction

Receptors for the Fc domain of immunoglobulin G (IgG,

FccR) play a critical role in linking cellular and humoral

immunity. Binding of IgG to the FccR can start a broad

range of biological responses, including antibody-depend-

ent cytotoxicity, endocytosis, phagocytosis, release of

inflammatory mediators and augmentation of antigen

presentation. In humans, eight genes clustered on the

long arm of chromosome 1 (1q21–24) encode three clas-

ses of FccR: FccRI (CD64), FccRII (CD32) and FccRIII
(CD16).1 Within each class, isoforms have been detected

that vary in IgG binding capacity, molecular weight

and distribution on the surface of haematopoietic cells.

This heterogeneity is further enhanced by the genetic

and functional polymorphisms of the three subclasses

FccRIIA, FccRIIIA and FccRIIIB. Several publications

have reviewed the relevance of polymorphism in these

FccR subclasses for the susceptibility to and prognosis of

autoimmune diseases.2–4 These polymorphisms might also

influence the susceptibility to and prognosis of infectious

diseases,5–8 biological responses to therapeutic agents9,10

and the risk of allograft rejection.11

FccRIIA, which is expressed on mononuclear phago-

cytes, neutrophils and platelets, has two codominantly

expressed alleles, with histidine (H131) and arginine

(R131), at extracellular amino acid position 131.12

FccRIIA-H131 exhibits higher affinity for human IgG3

and represents the only leukocyte FccR capable of interac-

tion with IgG2. Thus, FccRIIAH/H-131 has a significantly

higher affinity for IgG3 than FccRIIAR/R-131, whereas

FccRIIAR/H-131 has an intermediate binding capacity.

Further, phagocytes of the H/H genotype have a higher

phagocytosis capability than H/R or R/R cells.13

FccRIIIA, expressed on macrophages and natural killer

cells, also has two codominantly expressed alleles, valine

(V158) and phenylalanine (F158).14,15 The FccRV-158
allotype binds IgG1- and IgG3-containing immune
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Summary

Receptors for the Fc domain of IgG (FccR) play a critical role in linking

cellular and humoral immunity. The various FccR genotypes may contrib-

ute to differences in infectious and immune-related diseases in various

ethnic populations. The Samis are the aboriginal inhabitants of Norway

and Fennoscandinavia and differ ethnically from the Norwegians. The dis-

tribution of various immune-related diseases has been reported to differ

between Sami and Norwegians. This is the first study to evaluate the dis-

tribution of FccR polymorphisms in a Sami population. Two hundred

Samis were genotyped for polymorphisms in the FccRIIA, FccRIIIA and

FccRIIIB genes. The genotype and allele frequencies were compared with

those of 272 healthy Norwegians. The Sami and Norwegian FccRIIA,
FccRIIIA and FccRIIIB genotypes differed significantly. The Samis had

higher frequencies of the FccRIIa-H/H131, FccRIIIa-F/F158 and FccRI-
IIb-NA1/NA1 genotypes. The FccR genotypes were non-randomly distri-

buted in both populations. These findings may be important for the

prevalence of autoimmune and infectious diseases in the two populations.
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complexes more efficiently than FccRF-158�14 Finally, the

gene coding for FccRIIIB, exclusively expressed on neu-

trophils, bears the neutrophil antigen (NA) polymorph-

ism. The two allotypes of FccRIIIB NA1 and NA2 differ

in at least five nucleotides, resulting in four different

amino acids. FccRIIIB-NA1 is more efficient in binding

IgG1 and IgG3 immune complexes than FccRIIIB-NA2.13

Several studies have found ethnic variation in distri-

bution of the various FccR genotypes.16–19 The Samis

in northern Norway are the aboriginal inhabitants of

Norway and are ethnically different from the caucasoid

Norwegians.20 Studies have shown that the Sami and

Norwegian populations differ in the distribution of

immune-related diseases such as multiple sclerosis

(MS),21 atopic disease22 and ankylosing spondylitis.23 This

study compared the distribution of the three FccR-
polymorphisms among 200 Samis and 272 Norwegian

Caucasians.

Methods

Subjects

Blood samples from a total of 200 Samis (51% men and

49% women) with a mean age of 64�9 years (SD ¼ 11�5)
were collected consecutively at a medical specialist centre

in Karasjok in northern Norway. All the Sami participants

had parents and grandparents who spoke Sami natively

and were thus considered to be of pure Sami heritage. No

Sami participant had any immune-related disease such as

MS, systemic lupus erythematosus, Sjögren’s syndrome,

diabetes mellitus, rheumatoid arthritis or other significant

rheumatic disease. A total of 272 healthy Caucasians were

included from western Norway as controls. The regional

Ethics Committee approved the protocol, and informed

consent was obtained from each individual.

Genotyping

Genomic DNA was extracted from whole blood with

QIAampTM Blood Kit (Qiagen GmbH, Hilden, Germany)

as described by the manufacturer. Each genotyping

method was verified by sequencing of 10 patients, and

each polymerase chain reaction (PCR) reaction was car-

ried out with positive controls of each possible genotype.

FccRIIA genotypes were determined using amplification

refractory mutation system-PCR.24 Briefly, the two allele

specific primers EC2-131R/H (50-CCA GAA TGG AAA

ATC CCA GAA ATT CTC TC (G/A)-30) in combination

with the reverse primer TM1 (50-CCA TTG GTG AAG

AGC TGC CCA TGC TGG GCA-30) were used to amplify

a 980-bp fragment in separate PCR reactions. A 270 bp

product amplified from the Ta22 gene served as an inter-

nal positive control. The PCR conditions were denatura-

tion for 5 min at 94�, followed by 45 cycles of 94� for

45 s, 63� for 30 s and 72� for 90 s, and a final extension

at 72� for 10 min.

FccRIIIA was detected using a PCR-based method with

Ampli Taq Stoffel enzyme as described previously.25 Two

PCR reactions were performed using allele specific prim-

ers for V/F: 50-CTG AAG ACA CAT TTT TAC TCC CAA

(C/A)-30 and the reverse primer 50-TCC AAA AGC CAC

ACT CAA AGA C-30). PCR conditions were denaturation

for 5 min at 95�, followed by 35 cycles (94� for 30 s, 64�
for 30 s and 72� for 30 s) and a final extension at 72� for
8 min.

FccRIIIB was amplified using the NA1-specific primer

(50-CAG TGG TTT CAC AAT GTG AA-30) and NA2-spe-

cific primer (50-CAA TGG TAC AGC GTG CTT-30) with

the common reverse primer (50-ATG GAC TTC TAG

CTG CAC-30) modified after Bux et al.26 The 141 bp

product for NA1 and 219 bp product for NA2 were

amplified in the same reaction. A 439 bp product from

the human growth hormone served as an internal positive

control. PCR conditions were denaturation for 3 min at

94�, followed by 30 cycles of 94� for 1 min, 57� for 2 min

and 72� for 1 min, and a final extension at 72� for

10 min.

All PCR products were analysed by electrophoresis,

using 1�5% agarose gel with ethidium bromide and visu-

alized by ultraviolet light.

Statistical analysis

Pearson’s chi-square test was used for analysing the data.

Statistical significance was defined as P ¼ 0�05. Bonfer-

roni correction was performed, but this did not alter the

significance of any of the results. Allele frequencies were

compared using 2 · 2 tables containing the number of

alleles in the study groups. Tests were performed on

3 · 3 tables to determine whether the genotypes on two

loci were independent. The observed frequencies of FccR
combinations (FccRIIA and FccRIIIA, FccRIIA and

FccRIIIB and FccRIIIB and FccRIIIA) were compared

with the expected frequencies, assuming non-linked FccR
allele transmission using the method previously described

by Van der Pol et al.27 Finally, the triple homozygous fre-

quencies and single heterozygous frequencies served to

estimate the frequencies of FccRIIA–FccRIIIA–FccRIIB
allele combinations (FccR haplotypes).27 The analysis was

performed with SPSS 11.0.

Results

Allele and genotype frequencies

The Samis and Norwegians differed in both genotype and

allele frequencies of FccRIIa. The Sami population had a

higher frequency of the H/H genotype (P < 0�0001)
and higher frequency of the FccRIIA-H131 allele (70%)
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than the Norwegian population (40%) (P < 0�0001)
(Table 1). The distribution of the FccRIIIA genotype also

differed. The Sami population displayed a higher fre-

quency of the F/F genotype (P ¼ 0�0013) and a higher

frequency of the FccRIIIA-F158 allele (80%) than the

Norwegian controls (70%; P < 0�0001) (Table 1). For

FccRIIIB, the Sami population had a higher frequency of

the NA1/NA1 genotype (P < 0�0001) and of the FccRI-
IIb-NA1 allele (40%) than the Norwegian population

(35%), although this failed to reach statistical significance

(P ¼ 0�098; Table 1).

Distribution of FccR genotype combinations

The observed and expected frequencies are for the Nor-

wegian and Sami participants are summarized in Table 2.

For the Samis, the frequencies of FccRIIA–FccRIIIA geno-

type combinations differed significantly from those assu-

ming random transmission, with increased frequencies of

FccRIIA-R/R131–FccRIIIA-F/F158 and FccRIIA-H/H131–

FccRIIIA-V/V158 compared with FccRIIA-R/R131–
FccRIIIA-V/V158 and FccRIIA-H/H131–FccRIIIA-F/F158,
respectively (v2 ¼ 12�9, P ¼ 0�011). The FccRIIA-R/R13–
FccRIIIB-NA1/NA2 and FccRIIA-H/H131–FccRIIIB-NA1/
NA1 frequencies were increased compared with FccRIIA-
R/R131–FccRIIIB-NA1/NA1 and FccRIIA-H/H131–FccRI-
IIB-NA2/NA2 genotypes (v2 ¼ 18�7, P ¼ 0�001). Finally,
FccRIIIB-NA1/NA1–FccRIIIA-F/F158 and FccRIIIB-NA2/
NA2–FccRIIIA-V/V158 frequencies were increased at

the expense of FccRIIIB-NA1/NA1–FccRIIIA-V/V158

and FccRIIIB-NA2/NA2–FccRIIIA-F/F158 (v2 ¼ 25�3,
P < 0�001).
For the 272 Caucasian Norwegians, the frequencies of

FccRIIA–FccRIIIA genotype combinations were signifi-

cantly different from those assuming random transmis-

sion, with increased frequencies of FccRIIA-R/R131–
FccRIIIA-V/V158 and FccRIIA-H/H131–FccRIIIA-F/F158
compared with FccRIIA-R/R131–FccRIIIA-F/F158 and

FccRIIA-H/H131–FccRIIIA-V/V158, respectively (v2 ¼
27�4, P < 0�001). The FccRIIA–FccRIIIB genotype combi-

nations did not differ statistically from expected fre-

quencies (v2 ¼ 7�8, P ¼ 0�1). Finally, FccRIIIB-NA1/
NA1–FccRIIIA-V/V158 and FccRIIIB-NA2/NA2–FccRI-
IIA-F/F158 frequencies were increased at the expense of

FccRIIIB-NA1/NA1–FccRIIIA-F/F158 and FccRIIIB-NA2/
NA2–FccRIIIA-V/V158 (v2 ¼ 13�5, P ¼ 0�008).

Table 1. Distibution of FccR genotypes and alleles

FccR
Sami population

n (%)

Norwegian

population n (%) P-value

FccRIIa P < 0�0001
H/H 94 (47�0) 56 (20�5)
H/R 90 (45�0) 128 (47�0)
R/R 16 (8�0) 88 (32�5)
H 0�70 0�40
R 0�30 0�60 P < 0�0001
FccRIIIa1 P ¼ 0�0013
V/V 9 (4�7) 37 (13�7)
V/F 62 (32�1) 101 (37�4)
F/F 122 (63�2) 132 (48�9)
V 0�20 0�30
F 0�80 0�70 P < 0�0001
FccRIII2 P < 0�0001
NA1/1 52 (27�4) 34 (12�5)
NA1/2 50 (26�3) 123 (45�2)
NA2/2 88 (46�3) 115 (42�3)
NA1 0�40 0�35
NA2 0�60 0�65 P ¼ 0�098

1193 Samis participants were genotyped; 2190 Samis participants

were genotyped.

Table 2. Absolute and expected numbers of combined FccR geno-

types

Genotype

Sami population Norwegian population

Observed Expected Observed Expected

FccRIIa–FccRIIIa
RR/FF 14 10�2 8 12�1
RR/VF 2 5�2 26 32�9
RR/VV 0 0�7 54 43�0
HR/FF 55 54�0 11 17�4
HR/VF 30 27�4 55 47�5
HR/VV 0 3�5 61 62�1
HH/FF 53 57�8 18 7�5
HH/VF 30 29�4 20 20�6
HH/VV 8 3�8 17 26�9

v ¼ 12�936; P ¼ 0�011 v ¼ 27�356; P < 0�001
FccRIIa–FccRIIIb

RR/NA1/1 0 4�4 8 11�0
RR/NA1/2 10 4�2 33 39�8
RR/NA2/2 6 7�4 47 37�2
HR/NA1/1 20 24�2 20 16�0
HR/NA1/2 24 23�3 63 57�9
HR/NA2/2 44 40�5 45 54�1
HH/NA1/1 32 23�4 6 7�0
HH/NA1/2 16 22�5 27 25�3
HH/NA2/2 37 39�1 23 23�7

v ¼ 18�728; P ¼ 0�001 v ¼ 7�818; P ¼ 0�1
FccRIIIb–FccRIIIa

NA1/1/FF 45 31�4 1 4�7
NA1/1/VF 6 17�1 12 12�7
NA1/1/VV 0 2�5 21 16�6
NA1/2/FF 28 30�2 12 16�9
NA1/2/VF 20 16�4 44 46�0
NA1/2/VV 1 2�4 67 60�1
NA2/2/FF 41 52�4 24 15�5
NA2/2/VF 36 28�5 45 42�3
NA2/2/VV 8 4�1 44 55�2

v ¼ 25�350; P < 0�001 v ¼ 13�485; P ¼ 0�008
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Haplotypes

Distributions of chromosomal allele combinations (haplo-

types) were significantly different between the Norwegian

(n ¼ 272; 544 chromosomes) and the Sami (n ¼ 200;

400 chromosomes) participants. The H/F/NA1, H/F/NA2

haplotypes were more frequent and the and R/V/NA2 and

R/F/NA2 less frequent among the Samis (P < 0,0001,

Table 3).

Discussion

FccRIIA, FccRIIIA and FccRIIIB gene polymorphisms

differ in these Sami and Norwegian populations. The

Norwegians displayed an allele frequency and genotype

similar to what has been found among other Cauca-

sians.16,18,28,29 FccR polymorphisms in the Sami popula-

tion have not been published previously. FccR genotype

and allele frequency distribution among the Sami partici-

pants resembled previous findings of populations from

eastern Asia and the Indian subcontinent.16,28 The Samis

constitute about 25 000 of the inhabitants in Troms and

Finnmark, the two northernmost counties of Norway.21

The genetic distance between the Samis and other Euro-

peans has been shown to be significantly greater than

between any other pair of European populations.20 Their

genetic origin is unknown, but recent evidence, based on

mitochondrial DNA and Y-chromosomes, suggests that

their genetic separation is best explained by assuming that

they are descendants of a narrow subset of Europeans.30

The FccRIIA, FccRIIIA and FccRIIIB genes are most

likely derived from a common gene and are clustered

in very close proximity on chromosome 1q22 (within

1�1 kb).27 One would therefore expect the genes to be

non-randomly distributed, as this study demonstrated for

both populations. These findings are supported by previ-

ous reports of non-random distribution in FccR poly-

morphism,27,31 although others have failed to show this

linkage disequilibrium.18 The limited number of subjects

studied in most previous studies could probably explain

these discrepancies. The linkage disequilibrium found in

this study, however, differed between the Norwegian

and the Sami populations. Thus, our results support the

hypothesis by Van der Pol et al.27 that FccR alleles are

preferably transmitted in specific combinations and that

the FccR genotype frequencies are also reflected in the

distribution of chromosomal FccR allele combinations.

When grouped into haplotypes, the Sami displayed a

clustering to four chromosomal combinations (89% of

chromosomes). This did not occur in the Norwegian

population, but resembles the findings of Van der Pol

et al. in a Japanese population.27 Linkage disequilibrium

has also been demonstrated between Duffy group antigens

and FccRIIIB genotypes.32 Several interesting genes enco-

ding for immune-related molecules such as C-reactive

protein, IgE receptor I, selectins E and L, lymphocyte

antigen 9, the interleukin-6 receptor, Duffy blood group

antigens and the pentaxin family proteins are located in

close proximity to the FccR genes.27 Thus, linkage dis-

equilibrium may exist between other adjacent genes and

FccR genotypes. This may complicate the association

between FccR polymorphism and disease and should be

evaluated in future studies.

Differences in FccR polymorphisms probably reflect

varying evolutionary challenges16 and could greatly influ-

ence the responses to and prevalence of infectious and

autoimmune diseases in the Sami and Norwegian popula-

tions. Epidemiological studies in Norway have demonstra-

ted that the prevalence of MS is much lower in the Sami

population than in the Norwegian population.21,33 This

has led to the suggestion that the Samis are resistant to

the disease because of their genetic origin.34 We have pre-

viously found that Norwegians with the FccRIIIB-NA1/
NA1 and, to a lesser extent, FccRIIA-H/H genotypes had

a more benign course of MS. Co-ligation of FccRIIA and

FccRIIIB results in a synergistic phagocytic response,35

resulting in improved clearance of circulating immune

complexes. Thus our findings suggest that homozygosity

for FccRIIIB-NA1/NA1 and FccRIIA-H/H with a more

efficient clearance of circulating antibodies improve clin-

ical outcome.29 Although our findings have not been con-

firmed in a Dutch population,36 it is interesting that the

NA1/NA1 and H/H genotypes were enriched among the

Samis. Similarly, the Japanese population, also displaying

a high prevalence of the NA1/NA1 and H/H genotypes27

has a low prevalence of MS.34

The prevalence of ankylosing spondylitis is higher

among the Samis than the Norwegians.23 This may be a

result of the higher prevalence of HLA-B27 among the

Samis.37 The relevance of FccR polymorphism in ankylos-

ing spondylitis is unknown, however. Low frequencies of

allergic rhinoconjunctivitis and atopic dermatitis have

been reported among the Samis.22 Although certain FccR-
polymorphisms can be risk factors for autoimmunity,3

polymorphisms have not been demonstrated to be

important in the development of atopic disease.38 FccR
polymorphisms have been linked to several other

Table 3. Estimated frequencies of FccRIIA–FccRIIIA–FCcRIIIB allele

combinations (haplotypes) on chromosome 1

Haplotype Sami population Norwegian population

H/V/NA1 1% 4%

H/V/NA2 13% 14%

H/F/NA1 32% 10%

H/F/NA2 27% 12%

R/V/NA1 0% 2%

R/V/NA2 0% 11%

R/F/NA1 9% 15%

R/F/NA2 17% 32%
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immune-mediated diseases such as systemic lupus erythe-

matosus,3 antiphospholipid syndrome3 and rheumatoid

arthritis.39,40 There have, however, not been any epidemio-

logical studies of these diseases in the Sami population.

FccRIIA-R131 and FccRIIIB-NA2 are associated with

increased risk of chronic infections28 and influence the

prognosis of various infectious diseases. This is especially

well documented for encapsulated bacteria. FccRIIA-R-
131 negatively influences the prognosis of both strepto-

coccal and meningococcal disease.5,6 FccRIIA-H-131

represents the only leucocyte receptor capable of interact-

ing with IgG2, and the fact that IgG2 deficiency predispo-

ses to pneumococcal disease emphasizes the importance

of IgG2 in the defense against encapsulated bacteria.41

The Sami population displayed a significantly higher fre-

quency of the FccRIIA-H/H and FccRIIIB-NA1/NA1
genotypes. However, they had a higher frequency of the

FccRIIIA-F/F genotype. Because FccRIIIA is expressed on

macrophages and natural killer cells, this could indicate

lower natural killer cell activity in the Sami population.

Whether the various FccR polymorphisms found among

the Samis are associated with a different pattern of infec-

tions from Norwegians remains to be studied.
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