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ABSTRACT:
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In Israel, Yemenite Jews and other populations including
Ethiopian Jews and Bedouins have a low neutrophil count.
This phenomenon has been called “benign neutropenia”
since it has not been associated with any increased risk of
infection and has also been described in other populations
around the world including Africans, African Americans
and Afro-Carribeans. Here we describe the recent success
in mapping the gene that underlies benign neutropenia
in African American populations. We discuss the known
function of the gene and consider potential mechanisms for
the effect on neutropenia. We also consider the possibility
that this gene underlies the same effect observed in
Yemenite Jews, Ethiopian Jews and Bedouins in Israel.
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eutrophils normally comprise most circulating leukocytes
N and are a critical part of the innate immunity against bacte-
ria and fungi. When the neutrophil count decreases in patients
undergoing myelosuppressive therapy or in patients diag-
nosed with bone marrow malignancies, the risk of infection is
increased. The risk for infection is highest when the neutrophil
count is less than 500/mms3 for a prolonged period.
Traditionally, an absolute neutrophil count < 1500 cells/
mm?3 in persons over 1 year old is defined as neutropenia,
regardless of ethnicity. The severity of neutropenia is catego-
rized as mild when the absolute neutrophil count is 1000-1500
cells/mm3, moderate when 500-1000 cells/mm3, and severe
when less than 500 cells/mm3. The risk of infection is related
to both the severity and duration of the neutropenia. There
is some controversy about the definition, especially since
some ethnic groups are known to
include healthy individuals with
low neutrophil counts [1].
Benign neutropenia, defined as
neutropenia in otherwise healthy
subjects, has been observed in
different groups, such as Africans [2], African Caribbean
people [3], Ethiopians, Yemenite Jews [4,5] and certain Arab

Benign neutropenia is prevalent
among Yemenite Jews, Ethiopian Jews
and Bedouins as in other populations
around the world including Africans,
African Americans and Afro-Carribeans

populations [4]. Since it is much more common in specific
ethnic groups, benign neutropenia is also defined as “ethnic
neutropenia.”

EPIDEMIOLOGY OF BENIGN NEUTROPENIA
Several studies have recorded the relative rates in healthy
individuals from different ethnic groups. In the United States,
data from the 1999 to 2004 National Health and Nutritional
Examination Survey (NHANES) were used to describe differ-
ences in blood counts related to age, gender, ethnicity and smok-
ing, focusing on the neutrophil counts in African Americans [6].
Using a cutoff of < 1500 neutrophils/mms3, the authors reported
that the prevalence of neutropenia was 4.5% among black par-
ticipants, 0.79% among white participants, and 0.38% among
Mexican American participants. The prevalence of neutropenia
was higher among males and children younger than 5 years old.
Neutrophil counts lower than 1000/mm3 were observed in less
than 1% of the overall sample (0.57%, 0.11% and 0.08% in black,
white and Mexican American participants respectively).
Comparing the prevalence of neutropenia between dif-
ferent studies is difficult since the definition of neutropenia
varies among studies. However, a number of studies in Israel
have systematically tested several populations. Weingarten
et al. [5] reported a prevalence of 15.4% neutropenia, using
a cutoff of < 2000 neutrophils/mm3 in both Ethiopian Jews
and Bedouin Arabs.

CLINICAL FEATURES OF BENIGN NEUTROPENIA

Patients with benign ethnic neutropenia do not appear to have
any difference in outcomes from infection when compared to
patients without neutropenia from the same ethnic population
[7]. In addition, they appear to have normal bone marrow mor-
phology and their other leukocyte counts are normal [7-9].

INSIGHTS INTO THE MECHANISM OF NEUTROPENIA

Some authors have suggested that benign neutropenia may be
from a possible diminished bone
marrow neutrophil reserve, while
others point to a defect in release
of mature white blood cells from
the bone marrow to the periph-
eral circulation. The number of
granulocyte plus granulocyte-macrophage colony-forming
units was lower in the bone marrow of healthy African and Afro-
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Caribbean subjects compared to healthy age and gender-matched
Caucasians [10]. However, there was no evidence of any quali-
tative difference between the colony-forming units of the two
ethnic groups and there was similar sensitivity to granulocyte-
monocyte colony stimulating factor and similar enhancement
of growth when cultured with a larger range of cytokines. These
observations suggest that ethnic neutropenia may be a result of
reduced numbers of bone marrow progenitor cells.

Phillips and co-authors [11] compared the neutrophil
response among African American and Afro-Caribbean to
that of European American healthy volunteers challenged
with 10 minutes of exercise. The absolute increase was lower
among the African American and Afro-Carribean participants
[11]. Shoenfeld et al. [12] compared the response to an intra-
venous injection of 200 mg hydrocortisone sodium succinate
in Yemenite Jews (with and without neutropenia) and 18 non-
Yemenite Jews [12] and found a smaller increase in neutrophil
count in the Yemenite Jews. In another study, Shoenfeld and
team [13] assessed the magnitude of labor-induced leukocytosis
in 44 Yemenite Jewish women by comparing their hematological
values during labor with those of 27 non-Yemenite women. A
significant difference was found in the absolute counts of the
white blood cells during deliv-
ery between the two groups,
the values being lower among
Yemenite Jews, and similar find-
ings were detected among their
infants. The low white blood cell
counts in the Yemenite group at
parturition were also associated with significantly lower plasma
cortisol. The results from these studies — namely, the relation-
ship of exercise, steroid administration and labor to a marginal
pool of neutrophils - suggest a lowered bone marrow response
to stressful stimuli. It has been suggested that a low grade of
inflammation is the reason for this relative neutropenia, but
Yemenites Jews do not have a low grade of inflammation com-
pared with other populations [14]. Thus, the effect involves both
bone marrow production and the migration process out of the
margination pool.

Since molecular genetic and statistical techniques for
gene mapping have advanced substantially, new insights have
recently been gained about the etiology of benign neutropenia.
Although benign neutropenia is not associated with any clearly
reported negative consequences, better insight into the cause of
benign neutropenia may help us understand the normal physi-
ology of neutrophil production and circulation, which may
ultimately help us to more effectively treat neutropenia result-
ing from chemotherapy and/or immune deficient diseases.

EVIDENCE FOR A GENETIC EFFECT OF ETHNIC NEUTROPENIA
To determine what proportion of a disease is due to genetic
factors, researchers often use family studies, particularly twin

Admixture mapping, is a unique method of
mapping genes in admixed populations. In
admixed populations the disease-related
gene and the genetic polymorphism are
in enhanced linkage disequilibrium

studies. Twin studies compare the correlation of a trait between
monozygotic twins and dizygotic twins. Assuming that monozy-
gotic and dizygotic twins share the same environmental influ-
ences, a stronger correlation in the monozygotic twins implies
a genetic contribution to the trait. Using these assumptions,
one can calculate “heritability” - the proportion of variability
in the trait that is attributable to genetic factors. Garner and
collaborators [15] evaluated the heritability of various hemato-
logical parameters using a twin study. They commented that a
relatively high proportion of the variation in white blood cell
count (~64%) could be attributable to heritable factors.

In addition, few studies of benign neutropenia demon-
strated a familial recurrence. Shoenfeld et al. [4] reported
an excess of neutropenia among relatives of Yemenite Jews
with neutropenia and also noted a higher rate of neutropenia
among relatives of both Ethiopian Jews and Bedouin Arabs
with neutropenia [4].

SEARCHING FOR GENES IN POPULATIONS OF MIXED ANCESTRY:
ADMIXTURE MAPPING

We recently identified the gene for benign neutropenia in African
Americans [16,17]. The approach, admixture mapping, is a
unique method of mapping genes
in admixed populations [18].
Admixed populations are popula-
tions in which two or more differ-
ent populations have been mixing
over several generations [19]. For
example, African Americans who
have mixed African and European ancestry are considered an
admixed population [20].

In order to have a context for understanding how admix-
ture mapping works, it is useful to briefly review some of
the basic factors underlying human population genetics.
Anthropological and genetic studies support the view that all
human populations are descended from African populations
that migrated out of Africa less than 100,000 years ago [21]. As
a result, human populations around the world share most of
the same genetic variations (polymorphisms) [22]. However,
some polymorphisms are unique to one racial or ethnic popu-
lation, and others may have a very high frequency in one popu-
lation but very low frequency in others. Such polymorphisms
are referred to as ancestry informative markers [20,23]. The
vast majority of polymorphisms, including the ancestry infor-
mative markers, are thought to be biologically and medically
irrelevant. However, a subset of polymorphisms affect or are
associated with either protein function or expression and some
of these changes lead to differences in susceptibility to disease,
disease outcomes, and response to medications. The ancestry
informative markers that are biologically significant may lead
to some of the clinically relevant differences we observe among
members of different populations [18].



IMA] » VOL 13 « OCTOBER 2011

REVIEWS

To locate the genes that underlie differences between popu-
lations in health-related traits it is sometimes useful to focus
on populations of mixed ancestry. The advantage of recently
admixed populations can be seen in Figure 1. After several
generations of admixture, recombination between chromo-
somes from the different ancestral populations leads to chro-
mosomes that are a mosaic of mixed ancestry [Figure 1]. If a
polymorphism that causes disease is more common in one of
the ancestral populations, the cases will share the same genetic
ancestry at the locus for this polymorphism [Figure 2]. Thus, by
looking for regions where cases share the same genetic ancestry
in an admixed population, we can identify polymorphisms that
underlie disease.

The rationale for focusing on recently admixed populations
is that the disease-related gene and the genetic polymorphism

Figure 1. Chromosomes in an admixed population. Each generation
represents a schematic represenation of the ancestry of chromosomes.
After one generation of admixture, some individuals have ancestry
from both population 1 and population 2. In subsequent generations,
due to recombination, the chromosomes become mosaics with
ancestry from both population 1 and population 2.

Population 1 Population 2
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Generation 3 — — _—

after admixture

Figure 2. Schematic of admixture mapping. A polymorphism that causes
disease has an allele that is more common among one population
(represented by the gray triangle). This allele is found more commonly
in cases than in controls since it increases the risk of disease. The cases
then tend to share ancestry at the region around this polymorphism.
Therefore, by typing ancestry informative markers (solid gray and black
lines), geneticists can find a region of shared ancestry (circled in cases),
which should harbor the causative marker, without knowing anything
about the position of the causative marker.

cases

Controls
= == — ejenflajen

are in enhanced linkage disequilibrium. Linkage disequilibrium
is useful in genetic mapping since the causative polymorphism,
which is not likely to be directly genotyped, can be “tagged” by
other markers. The more linkage disequilibrium there is, the
fewer markers are needed to be typed to cover all the potential
causative markers. In recently admixed populations, since the
admixture occurred only several generations ago the ancestry
informative markers are likely to be in linkage disequilibrium
over large distances. This means that few markers can be used
to span very large distances. Once a particular region (or locus)
has been associated with a trait, additional markers can be typed
within the region until the causative marker is identified.

African Americans are considered an admixed population
since they are known to have both African and European
ancestry. It has been shown that relatively few markers
(~1000-2000) can be used for admixture mapping in African
Americans. Since benign ethnic neutropenia is known to be
common in populations of African descent, but less so in
European populations, admixture mapping would be a natu-
ral approach to search for the genetic determinants of benign
ethnic neutropenia.

ADMIXTURE MAPPING OF BENIGN ETHNIC NEUTROPENIA

We studied African Americans to identify the genetic locus
that determines the lower white blood cell count in this
population [16]. We genotyped approximately 1300 markers
that were known to be informative for European as compared
to African ancestry.

The evidence overwhelmingly pointed at a locus on chro-
mosome 1q22. One polymorphism could explain all the difter-
ences in the white blood cell count between African Americans
and European Americans [Table 1]. This polymorphism was
selected because it was known to have a high allele frequency
difference between Africans and Europeans and thus is help-
ful in admixture mapping. However, subsequent investigation
demonstrated that this polymorphism appears to be the caus-
ative marker in this population [17]. The effect of this poly-
morphism appeared to be the only marker in the region that

Table 1. White blood cells among African Americans and
Caucasians in the Health ABC study

WBC in African WBCin
Americans Caucasians
All participants N=448 5.1 (1.5 N=1350 6.1(1.4)
DARC null homozygote (FY-/-)  N=308 4.7 (1.1) N=0 -
DARC heteroztygote (FY+/-) N=120 5.9(1.4) N=26 5.8(1.2
DARC + homozygote (FY+/+) N=20 6.8 (1.1) N=1324 6.1 (1.3

The first row demonstrates the difference among all African American and
Caucasian participants (P<0.0001). The second through fourth rows demonstrate
the white blood cell (WBC) count stratified by Duffy genotype. When comparing
individuals of the different groups with the same genotype, there is no significant
difference. Therefore, the lower WBC count among African Americans is due to
the higher frequency of the FY-/- genotype. (Adapted from Nalls et al. [16])
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could explain the association with ancestry, even after many
additional markers were typed in the region.

The polymorphism mapped in this population is within
the Duffy antigen receptor chemokine (DARC) gene. This
gene encodes the Duffy antigen, a chemokine receptor found
on red blood cells [24]. This allele, most common in African
Americans, results in absence of expression of the gene product
on red blood cells and is therefore called the “null allele” (Fy-).
The Dufty antigen is used by the parasite Plasmodium vivax to
enter the red blood cell [25]. Thus, carriers of two of the null
alleles of the Duffy antigen are immune to P, viviax infection,
and it has been proposed that the null allele underwent positive
selection in West Africa due to this protective effect [26].

The Dufty antigen is expressed on red blood cells, capillary
and post-capillary venular endothelial cells, but not on neu-
trophils or other mature white blood cell subtypes [27,28].
However, experimental evidence suggests that the Duffy
antigen is involved in neutrophil localization and chemo-
taxis. The Duffy antigen promotes translocation of neutro-
phils across the endothelium in an in vitro experimental sys-
tem [28]. In addition, interleukin-8/CXCL8 driven chemo-
taxis of neutrophils into infected lung tissue was reduced in
transgenic mice without DARC gene expression [29], sig-
nifying the role of Duffy antigen in neutrophil response to
chemotaxis. Plasma chemokine levels, particularly CXCL8
and CCL2, were higher in patients who were homozygous for
the null allele vs. patients who
were heterozygous following
lipopolysaccharide stimula-
tion of their whole blood in
vitro [29]. Thus, the Dufty
antigen appears to modulate
chemokine levels, and, through
that, neutrophil migration.

The effect on neutrophil
count among homozygous car-
riers of the null allele is profound: the mean neutrophil count
among homozygous carriers of the null allele is ~2.5, while
the mean neutrophil count among heterozygous individuals
or homozygous carriers of the allele associated with normal
expression on red blood cells (Fy+) is ~4.0 [17]. This poly-
morphism explains the difference in mean neutrophil count
between the African Americans who are homozygous carriers
of the null allele and European Americans; there is no difference
in neutrophil count among European Americans compared to
African Americans who were heterozygous or homozygous for
the Fy+ allele. However, while nearly everyone with neutropenia
(neutrophil count < 1500 cells/mm3) is homozygous for the Fy-
allele, most people who are homozygous for the Fy- allele are not
neutropenic. Instead, the effect of Fy- homozygosity is to shift
the mean neutrophil count down. Since the standard deviation
of neutrophil count is relatively large, approximately 10-15%,

The polymorphism mapped in the
neutropenic population is within the
Duffy antigen receptor chemokine (DARC)
gene. Duffy antigen appears to modulate
chemokine levels, and, through that,
neutrophil migration. We suggest that
the absence of Duffy antigen is the
cause of the observed neutropenia

patients who are homozygous for Fy- have a neutrophil count
< 1500 cells/mm3. There is substantial variation in neutrophil
count in any individual over time; therefore, it is likely that many
individuals with an Fy- allele cycle in and out of neutropenia.

RELEVANCE TO YEMENITE JEWS

Benign ethnic neutropenia among Yemenite Jews may also
be attributable to the same gene. The null allele of the Dufty
antigen is found in Yemenite Jews at a relatively common
frequency of ~58% [30]. However, this is considerably lower
than the allele frequency in African Americans (~80%). Since
the effect on neutrophil count is only found in homozygotes,
it is predicted that only ~36% of Yemenite Jews would be
homozygous for the allele, and only these individuals would
be at risk for neutropenia. The remainder of Yemenite Jews
should have a neutrophil count that is no different than that
found in other populations.

POTENTIAL MECHANISM
The mechanism by which the Duffy antigen affects the neu-
trophil counts remains unclear. Although neutrophils are
known to adhere to endothelial cells and endothelial cells
express the Duffy antigen, the Duffy null allele affects the
expression on red blood cells but not on endothelial cells
[31]. Transgenic mice with a complete knockout of the DARC
gene have been produced, and they demonstrate a defect
in neutrophil translocation but
no change in neutrophil counts
[32]. However, these mice lack
expression of any Duffy antigen
on endothelial cells as well, and
therefore the mice are not a good
model for benign neutropenia in
humans. Transgenic mice have
also been created with an identi-
cal defect that eliminates expres-
sion on red blood cells, but there are no reported data on
neutrophil levels or white blood cells in these mice [33].
Since the Duffy antigen on red blood cells can bind
chemokines circulating in blood and thus reduce the level of
chemokines circulating in blood, the Duffy antigen on red
blood cells may act as a “sink” for circulating chemokines. The
change in circulating levels of these chemokines may affect
bone marrow recruitment and/or maturation of neutrophils.
If this were the mechanism, then normal neutrophil counts
may be restored among individuals with higher circulating
chemokine levels, which override this “sink” effect.
Regardless of the mechanism, important questions remain.
For example, although there is no evidence of a substantial
defect in neutrophil function in patients with benign neu-
tropenia [7], a more subtle effect that can be unmasked in
the setting of severe infection/sepsis has not been ruled out
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[34]. Furthermore, some studies suggest that Duffy antigen
is also important for neutrophil involvement in chronic auto-
immune diseases such as rheumatoid arthritis [35]. Thus, it
is possible that lack of Duffy expression may modify the
progression of autoimmune diseases.

By understanding the involvement of Dufty antigen in
orchestrating neutrophil function, we could learn more about
both proper and improper function of the immune system. In
addition, understanding the precise mechanism of neutropenia
due to Duffy null allele status may lead to novel insights in the
search for treatments for more severe types of neutropenia.

Corresponding author:

Dr. Z. Paz

Dept. of Medicine B, Sheba Medical Center, Tel Hashomer 52621, Israel
email: zivpaz@o12.net.il

References

1. Haddy TB, Rana SR, Castro O. Benign ethnic neutropenia: what is a normal
absolute neutrophil count? J Lab Clin Med 1999; 133 (1): 15-22.

2. Shaper AG, Lewis P. Genetic neutropenia in people of African origin. Lancet
1971; 2 (7732): 1021-3.

3. Bain BJ. Ethnic and sex differences in the total and differential white cell
count and platelet count. J Clin Pathol 1996; 49 (8): 664-6.

4. Shoenfeld Y, Alkan ML, Asaly A, Carmeli Y, Katz M. Benign familial
leukopenia and neutropenia in different ethnic groups. Eur ] Haematol 1988;
41 (3): 273-7.

5. Weingarten MA, Pottick-Schwartz EA, Brauner A. The epidemiology of
benign leukopenia in Yemenite Jews. Isr ] Med Sci 1993; 29 (5): 297-9.

6. Hsieh MM, Everhart JE, Byrd-Holt DD, Tisdale JE Rodgers GP. Prevalence
of neutropenia in the U.S. population: age, sex, smoking status, and ethnic
differences. Ann Intern Med 2007; 146 (7): 486-92.

7. Shoenfeld Y, Ben-Tal O, Berliner S, Pinkhas J. The outcome of bacterial
infection in subjects with benign familial leukopenia (BFL). Biomed
Pharmacother 1985; 39 (1): 23-6.

8. Dancey JT, Brubaker LH. Neutrophil marrow in chronic benign idiopathic
neutropenia. Am ] Med 1980; 68 (2): 251-4.

9. Weingarten MA, Kahan E, Brauner A. Normal fluctuations of leucocyte
counts and the response to infection in benign familial leucopenia. Acta
Haematol 1992; 87 (3): 126-8.

10. Rezvani K, Flanagan AM, Sarma U, Constantinovici N, Bain BJ. Investigation
of ethnic neutropenia by assessment of bone marrow colony-forming cells.
Acta Haematol 2001; 105 (1): 32-7.

11. Phillips D, Rezvani K, Bain BJ. Exercise induced mobilisation of the marginated
granulocyte pool in the investigation of ethnic neutropenia. J Clin Pathol 2000;
53 (6): 481-3.

12. Shoenfeld Y, Modan M, Berliner S, et al. The mechanism of benign hereditary
neutropenia. Arch Intern Med 1982; 142 (4): 797-9.

13. Shoenfeld Y, Shindel D, Neri A, et al. Pregnancy-induced leukocytosis in
Yemenite Jews. Acta Haematol 1983; 70 (3): 170-4.

14. Berliner S, Shapira I, Toker S, Melamed S, Shirom A, Rogowski O. Benign
hereditary leukopenia-neutropenia does not result from lack of low grade
inflammation. A new look in the era of microinflammation. Blood Cells Mol
Dis 2005; 34 (2): 135-40.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

33.

34,

35.

Garner C, Tatu T, Reittie JE, et al. Genetic influences on F cells and other
hematologic variables: a twin heritability study. Blood 2000; 95 (1): 342-6.

Nalls MA, Wilson JG, Patterson NJ, et al. Admixture mapping of white cell
count: genetic locus responsible for lower white blood cell count in the Health
ABC and Jackson Heart studies. Am ] Hum Genet 2008; 82 (1): 81-7.

Reich D, Nalls MA, Kao WH, et al. Reduced neutrophil count in people of
African descent is due to a regulatory variant in the Duffy antigen receptor
for chemokines gene. PLoS Genet 2009; 5 (1): e1000360.

McKeigue PM. Prospects for admixture mapping of complex traits. Am ] Hum
Genet 2005; 76 (1): 1-7.

Chakraborty R, Weiss KM. Admixture as a tool for finding linked genes and
detecting that difference from allelic association between loci. Proc Natl Acad
Sci USA 1988; 85 (23): 9119-23.

Parra EJ, Marcini A, Akey J, et al. Estimating African American admixture
proportions by use of population-specific alleles. Am ] Hum Genet 1998; 63
(6):.1839-51.

Risch N, Burchard E, Ziv E, Tang H. Categorization of humans in biomedical
research: genes, race and disease. Genome Biol 2002; 3 (7): 2007 (comment).

Jakobsson M, Scholz SW, Scheet P, et al. Genotype, haplotype and copy-
number variation in worldwide human populations. Nature 2008; 451 (7181):
998-1003.

Rosenberg NA, Li LM, Ward R, Pritchard JK. Informativeness of genetic
markers for inference of ancestry. Am ] Hum Genet 2003; 73 (6): 1402-22.

Cutbush M, Mollison PL. The Duffy blood group system. Heredity 1950; 4
(3): 383-9.
Horuk R, Chitnis CE, Darbonne WC, et al. A receptor for the malarial

parasite Plasmodium vivax: the erythrocyte chemokine receptor. Science
1993; 261 (5125): 1182-4.

Hamblin MT, Di Rienzo A. Detection of the signature of natural selection in
humans: evidence from the Duffy blood group locus. Am ] Hum Genet 2000;
66 (5): 1669-79.

Lee JS, Frevert CW, Thorning DR, et al. Enhanced expression of Duffy
antigen in the lungs during suppurative pneumonia. J Histochem Cytochem
2003; 51 (2): 159-66.

Lee JS, Frevert CW, Wurfel MM, et al. Dufly antigen facilitates movement
of chemokine across the endothelium in vitro and promotes neutrophil
transmigration in vitro and in vivo. J Immunol 2003; 170 (10): 5244-51.

Lee JS, Wurfel MM, Matute-Bello G, et al. The Duffy antigen modifies
systemic and local tissue chemokine responses following lipopolysaccharide
stimulation. J Immunol 2006; 177 (11): 8086-94.

Kobyliansky E, Micle S, Goldschmidt-Nathan M, Arensburg B, Nathan H.
Duffy, Kell and P blood group systems in some Jewish populations of Israel.
Acta Anthropogenet 1980; 4 (3-4): 173-9.

Peiper SC, Wang ZX, Neote K, et al. The Duffy antigen/receptor for chemokines
(DARC) is expressed in endothelial cells of Duffy negative individuals who
lack the erythrocyte receptor. ] Exp Med 1995; 181 (4): 1311-17.

Luo H, Chaudhuri A, Zbrzezna V, He Y, Pogo AO. Deletion of the murine
Duffy gene (Dfy) reveals that the Duffy receptor is functionally redundant.
Mol Cell Biol 2000; 20 (9): 3097-101.

Chaudhuri A, Yuen G, Fang E Storry J. Development of Duffy transgenic
mouse: in vivo expression of human Duffy gene with -33T->C promoter
mutation in non-erythroid tissues. Br ] Haematol 2004; 127 (3): 356-9.

Weingarten MA, Kahan E, Brauner A. Normal fluctuations of the leucocyte
counts, and the response to infection in benign familial leucopenia. Acta
Haematologica 1992; 87: 126-8.

Smith E, McGettrick HM, Stone MA, et al. Duffy antigen receptor for
chemokines and CXCLS5 are essential for the recruitment of neutrophils in a
multicellular model of rheumatoid arthritis synovium. Arthritis Rheum 2008;
58 (7): 1968-73.

“The art of being wise is the art of knowing what to overlook”

William James (1842-1910), American psychologist and philosopher who was trained as a physician. He wrote influential
books on the young science of psychology, educational psychology, psychology of religious experience and
mysticism, and on the philosophy of pragmatism. He was the brother of novelist Henry James
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