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The CD16-positive monocytes have been first described in 1988 but to date no selective defect in the
number of these cells in blood has been reported. We now describe a family in which three of four
siblings lack both CD16-positive monocyte subsets, i.e. the nonclassical and the intermediate monocytes.
All three had CD16-positive monocytes of 2 cells/ul or less as compared to 52 + 18 cells/pl in healthy

The index case was affected by recurrent pleural effusion and infections and had evidence of an auto-
inflammatory condition but no mutation of any of the relevant candidate genes. The other two siblings
without CD16-positive monocytes were apparently healthy. There was no defect in serum M-CSF levels

and no mutation in the M-CSF and M-CSFR genes.
The data indicate that the absence of CD16-positive monocytes in blood does not lead to disease.

© 2012 Published by Elsevier GmbH.

Introduction

Subsets of human blood monocytes have first been described in
the late 1980s based on multicolor flow cytometry using antibodies
against CD14 and CD16 (Ziegler-Heitbrock et al. 1988; Passlick et al.
1989). Today we define three different monocyte subsets, i.e. the
classical CD14**CD16~ monocytes, the intermediate CD14**CD16*
monocytes and the nonclassical CD14*CD16** monocytes (Ziegler-
Heitbrock et al. 2010). The classical monocytes in man account
for about 85% of all monocytes, the nonclassical monocytes for
about 10%, and there is a low and variable number of intermedi-

Abbreviations: GPI, glycosylphosphatidylinositol; M-CSF, macrophage colony
stimulating factor; M-CSF-R, macrophage colony stimulating factor receptor; SAA,
serum amyloid-A; TNF, tumor necrosis factor.
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ate monocytes. A detailed analysis of the intermediate monocytes
has revealed that these cells represent a continuous transition from
the classical to the nonclassical monocytes (Wong et al. 2011).
The nonclassical and the intermediate monocytes are not always
defined separately and can be addressed together as CD16-positive
monocytes. These cells were shown to have a higher expres-
sion of HLA-class Il molecules and a higher antigen-presenting
capacity (Passlick et al. 1989; Grage-Griebenow et al. 2001) and
to express higher levels of the pro-inflammatory cytokine TNF
(Frankenberger et al. 1996; Belge et al. 2002; Szaflarska et al.
2004; Serbina et al. 2009; Cros et al. 2010). On the other hand,
the CD16-positive cells produce less IL-10 (Frankenberger et al.
1996; Szaflarska et al. 2004) and this pattern of high pro- and
low anti-inflammatory cytokines has led to these cells being called
pro-inflammatory monocytes. The CD16-positive monocytes also
have a unique migration response to chemokines, which is largely
explained by the absence of the chemokine receptor CCR2 from
these cells and by the higher level of CX3CR1 (Weber et al. 2000;
Ancuta et al. 2003). Finally, these cells have been shown to express
higher levels of pro-apoptotic and lower levels of anti-apoptotic
molecules such that they will have a preference to enter apoptosis
(Zhao et al. 2010).

(2012), doi:10.1016/j.imbio.2012.02.013

Please cite this article in press as: Frankenberger, M., et al., A defect of CD16-positive monocytes can occur without disease. Immunobiology



dx.doi.org/10.1016/j.imbio.2012.02.013
dx.doi.org/10.1016/j.imbio.2012.02.013
http://www.sciencedirect.com/science/journal/01712985
http://www.elsevier.de/imbio
mailto:ziegler-heitbrock@helmholtz-muenchen.de
dx.doi.org/10.1016/j.imbio.2012.02.013

GModel
IMBIO-50863; No.of Pages6

2 M. Frankenberger et al. / Inmunobiology xxx (2012) Xxx—xXX

Studies into cancer, infection and inflammation have revealed
that the number of these cells increases in many clinical conditions
(Ziegler-Heitbrock 2007). Also, it was shown that the CD16-positive
monocyte subset can decrease with immuno-suppressive therapy
(Fingerle-Rowson et al. 1998; Dayyani et al. 2003; Hanai et al. 2008;
Takeda et al. 2010; Siedlar et al. 2011). However, with more than
two decades of clinical research into monocyte subsets, a defect in
the number of these cells has never been reported.

We describe herein a defect of the CD16-positive monocytes
in a patient, who presented with an auto-inflammatory disease.
Since two siblings, who also lacked this monocyte subset in periph-
eral blood, were apparently healthy, this indicates that the absence
of CD16-positive monocytes on its own does not lead to immune
disease.

Materials and methods
Clinical course of index case

There were 4 siblings in this family, three of which were
healthy, while one presented with severe disease. The latter was
a male patient, born in 1986 as a child of white Caucasian non-
consanguineous parents, presented in 2004 on two occasions with
spontaneous left pneumothorax, requiring resection of bullae and
pleurodesis. In 2005 massive right-sided pleural exsudate devel-
oped (ratio of pleural fluid to blood 0.9 for protein and 1.7 for
LDH). Repeated thoracocentesis could reduce but never perma-
nently remove the pleura fluid.

During thoracoscopy white spots 2 mm in diameter were found
on the pleural surface and histology revealed lympho-follicular
hyperplasia; there was no evidence of malignancy. Mycobacterial
infection was excluded by culture, PCR and absence of aresponse in
the Quantiferon TB Gold® assay. In 2007 a permanent catheter was
implanted to allow for continuous drainage of the pleural exsudate
at home with volumes of up to 500 ml/day. Because of recur-
rent diarrhea without an identifiable microbe parenteral nutrition
became necessary and a port system was implanted. Wound infec-
tion with Candida albicans was followed by nosocomial pneumonia.
This required invasive ventilation and was treated successfully with
a combination regimen of antibiotics and antimycotics. Polyuric
kidney failure manifested with excretion of volumes of up to
141/day. Protein loss via kidney and gut led to albumin levels of
less than 1 g/l and this was treated with albumin infusion.

Kidney and colon biopsy revealed amyloidosis type AA. Kongo-
red staining of pleural tissue from 2007 was found positive, while
retrospective analysis of material from 2004 was negative. Serum
amyloid A (SAA) was 496 mg/l on 15.11.2007 (normal <5 mg/l).
Assuming an auto-inflammatory disease the patient was treated
with an IL-1 receptor antagonist (100 mg per day), beginning at
20.11.2007 until 15.02.2008 the day of death. The treatment led
to a reduction of SAA (35 mg/l) four weeks after start of the treat-
ment with a flare end of December to early January. The level again
decreased to 43 mg/l at the end of January 2008.

The case was further complicated by Clostridium difficile coli-
tis and C. albicans esophagitis. Thrombosis of the V. cava superior
was associated with anti-phospolipid antibodies. The patient then
developed renal failure and toxic mega-colon and died of multi-
organ failure in early 2008.

Clinical laboratory

When the patient first presented at the Clinical Cooperation
GroupinJanuary 2007 leukocytes and granulocytes were in the nor-
malrange, as were electrolytes, liver and kidney parameters as well
as alpha 1 anti-trypsin (202 mg/dL, normal >90 mg/dL). Platelets

were 685,000/ wl. Throughout the course of the disease CRP (nor-
mal <3 mg/1) was elevated, peaking at 274.5 mg/l in 2007 while at
the same time procalcitonin levels were negative.

ANA screenings with direct fluorescence tests on HeLa cells
failed to demonstrate auto-antibodies and ELISA analyses of anti-
bodies against MPO, PR3, mitochondrial antigens, SMA and collagen
type IV were negative as was the rheumatoid factor.

Microbiological analysis found no evidence for infection with
HIV-1, HIV-2, HAV, HBV, HCV, VZV, HSV and CMV or for reacti-
vation of EBV. As mentioned above there was no evidence for a
mycobacterial infection.

Since the clinical course and the persistently high SAA levels
suggested an auto-inflammatory disease we sequenced the genes,
known to cause such disorders. To exclude familial Mediterranean
fever (FMF), cryopyrin-associated periodic syndromes (CAPS), and
tumor necrosis factor receptor 1-associated periodic syndrome
(TRAPS), the ten exons of the MEFV gene and the nine exons of the
NLRP3 gene as well as exons 2, 3,4 and 6 of the TNFRSF1A gene were
analyzed and found to be normal. A hyperimmunoglobulinemia D
and periodic fever syndrome (HIDS) was ruled out based on normal
IgD levels (<140 mg/1).

In addition, the 3’-end of exon 5 of the FGA gene, all four exons of
the TTR gene, the protein-coding exons 3 and 4 of the APOA1 gene,
exon 4 of the APOA2 gene, and exon 2 of the LYZ gene showed a nor-
mal sequence thereby excluding a hereditary amyloidosis caused
by aberrant proteins derived from these genes.

Immunophenotype

Analysis of immunoglobulins revealed increased levels for
IgG 3070 mg/dl (normal 700-1600 mg/dl), which was polyclonal
and showed an increase of all subclasses, IgA was 1579 mg/dl
(70-400 mg/dl) and IgM was 98 mg/dl (40-230 mg/dl); comple-
ment components were in the normal range: C3 148.4mg/dl
(90-180mg/dl) and C4 18.2 mg/dl (10-40 mg/dl).

Immunophenotyping of blood cells showed normal numbers for
CD3 1150/pl, CD4 640/wl, CD8 530/wl, CD19 90/ul (kappa 65%,
lambda 35%) and CD56/CD16 100/wl. There was no clonal excess for
immunoglobulin light chains on the B-cells. Also mitogen responses
and reactive oxygen production by granulocytes were normal.

Flow cytometry for monocyte subsets

Flow cytometry analysis for monocyte subsets was done by mul-
ticolor analysis with the following directly conjugated monoclonal
antibodies: fluorescein isothiocyanate (FITC)-conjugated anti-
CD14 clone My4 (# 6603511, Beckman Coulter, Krefeld, Germany),
phycoerythrin (PE)-conjugated anti-CD16 clone Leul1c (# 347617,
Becton Dickinson, Heidelberg, Germany) or clone 3G8 (# A07766,
Beckman Coulter, Krefeld, Germany) and PC5-conjugated anti-
HLA-DR (#PM 2659U, Beckman Coulter, Krefeld, Germany). In brief,
100 pl of the whole blood was added to a 5 ml polystyrene round-
bottom tube (# 302054, BD Biosciences, Heidelberg, Germany) and
5 .l of each antigen-specific fluorochrome-labelled antibody (dilu-
tion 1:20) was added. The sample was then incubated for 20 min
at 4°C in the dark. Lysis of erythrocytes was performed using
a Coulter Q-Prep® lysis instrument. For sample dilution, 800 .l
aqua dest and 1600 .l of PBS/2% FCS was added and the sample
was supplemented with 100 ul of Flow-Count Fluorospheres (#
7547053, Beckman Coulter, Karlsruhe, Germany) for determination
of absolute numbers of cells. To ensure maximum viability, stained
cells were analyzed promptly and at least 5000 monocytes were
acquired per sample on an EPICS XL (Beckman Coulter, Krefeld,
Germany).

(2012), doi:10.1016/j.imbio.2012.02.013

Please cite this article in press as: Frankenberger, M., et al., A defect of CD16-positive monocytes can occur without disease. Immunobiology



dx.doi.org/10.1016/j.imbio.2012.02.013

G Model
IMBIO-50863; No.of Pages6

M. Frankenberger et al. / Inmunobiology xxx (2012) Xxx—xXX

CD16-positive monocytes

——t—
nonclassical monocytes

healthy control

CD16-PE

-
monocytes

1 T B Ton 1688

1800

C healthy sibling

intermediate monocytes

\ /

B diseased sibling

classical

a 1 Y] [t Toon

1888

D healthy sibling

188

v

CD14-FITC

Fig. 1. Flow cytometry for monocyte subsets. Monocyte subsets were determined by flow cytometry of whole blood stained with CD14 (My4) conjugated to fluoresceine-
isothiocyanate (FITC) or with CD16 (Leul1c) conjugated to phycoerythrin (PE). Absolute numbers were determined with respect to absolute counting beads. (A) Healthy

control, (B) diseased sibling (case), (C) healthy sibling, and (D) healthy sibling.

DNA sequencing of candidate genes

PCR amplification products were purified with the QIAquick PCR
purification kit (QIAGEN, Hilden, Germany) and sequenced with the
ABI PRISM Big Dye Terminator v3.1 Ready Reaction Cycle Sequenc-
ing kit (Applied Biosystems, Foster City, CA, USA). Electrophoresis
was performed on an ABI PRISM 3130 Genetic Analyzer (Applied
Biosystems).

Genotyping

Genotyping was done using the high resolution Genome-Wide
Human SNP Array 6.0 (Affymetrix, Santa Clara, California) and
the Affymetrix Genotyping Console Software (Version 3.0.2). The
familial relationship was analyzed with the software packages GRR
(Abecasis et al. 2001) and Pedcheck (O’Connell and Weeks 1998).
For linkage analysis we used Allegro (Gudbjartsson et al. 2000) and
EasyLinkagePlus (Hoffmann and Lindner 2005).

Results

Amale patient, aged 19, in 2004 presented with spontaneous left
pneumothorax, followed by massive right-sided pleural exsudate.
Amyloidosis type AA was diagnosed and the patient eventually died
of multi-organ failure in 2008. Details of the clinical course are given
in the “Materials and methods” section.

Laboratory findings

There was no evidence of auto-immune disease, of any persis-
tent viral or mycobacterial infection and DNA sequencing revealed

no mutation in genes invoked in auto-inflammatory disease (for
details see “Materials and methods” section). Immunophenotyp-
ing showed a normal lymphocyte phenotype and function and no
defect in immunoglobulins and complement.

Analysis of blood monocyte subpopulations

Analysis of blood monocytes by flow cytometry revealed a defi-
ciency in the number of CD16-positive monocytes. As seenin Fig. 1A
in a normal donor there is a major population of cells with high
levels of CD14 and with no CD16. These CD14**CD16~ classical
monocytes accounted for 326 cells/wl in this example. In addition
there is a minor population of cells with low level expression of
CD14 and high levels of CD16. The number of these CD14*CD16**
nonclassical monocytes was 82 cells/ul for the control donor, i.e.
they accounted for 20.5% of all monocytes. Then there is a pop-
ulation of CD14**CD16" intermediate monocytes with 5 cells/jl.
The two subsets together form of the CD16-positive monocytes
and these are 87 cells/wl in this example. In average of 40 healthy
controls the CD16-positive monocytes account for 52 + 18 cells/jvl.

When looking at the patient, the CD14*CD16** nonclassical
monocytes were <1% of all monocytes at 1event/wl and the
CD14**CD16" intermediate monocytes also were <1% (1 event/.l),
while the number of classical monocytes was high at 580 cells/j.l
(Fig. 1B). Hence both CD16-positive subpopulations were essen-
tially absent in this case. This depletion of CD16-positive monocytes
to <1% of all CD14-positive monocytes was seen on 4 independent
occasions. In one sample these cells increased to 2% of all mono-
cytes during an inflammatory period with leukocytosis and a CRP
of 205 mg/l (normal range 0-3 mg/l). Glucocorticoids have been
shown to deplete the CD14*CD16** monocytes (Fingerle-Rowson
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Fig. 2. CD16 expression on lymphocytes and granulocytes. Whole blood from the index case was stained as in Fig. 1 and then analyzed for CD16 expression on lymphocytes
and granulocytes. 11.6% of the lymphocytes and all of the granulocytes are CD16 positive.

et al. 1998; Dayyani et al. 2003) but there was no such therapy in
this patient.

Lack of CD16-positive monocytes was seen both with the CD16
antibodies Leu11c(Fig. 1B) and 3G8 (not shown). In order to exclude
that the nonclassical monocytes were present but evade detection
because of lack of CD16, we identified these monocytes via staining
for CD14 and HLA-DR. These studies demonstrated the absence also
of CD14 low DR high nonclassical monocytes in the patient (data
not shown).

Also, CD16 expression was normal for NK cells and for granulo-
cytes (Fig. 2).

The Pedigree

The index case had 3 siblings and we had access to the parents
and three of the grand parents. Two of the three siblings had a lack
of CD16-positive monocytes similar to the index case (see Fig. 1C
and D). For all other family members analysis of monocyte subsets
revealed numbers in the normal range or above (see Fig. 3). The
two siblings lacking CD16-positive monocytes were clinically well,
had no clinical or laboratory evidence of immunodeficiency and

50 O D 134

I

2 2

O O s

Fig. 3. Pedigree and numbers of CD16-positive monocytes. Circle: female, square:
male, filled square: index case. The numbers given are the CD16-positive
monocytes/l of blood. Please note that the index case and two of his siblings had 2
or less CD16-positive events. Blood for the maternal grandfather was not available.

had normal values for CRP and SAA. This indicates that the absence
of the nonclassical and intermediate monocytes on its own will
not lead to disease. It is, however, possible that this defect leads to
disease when coinciding with additional genetic or environmental
factors.

Furthermore, levels of M-CSF were tested in serum. Here we
found increased levels for the index case (1270 pg/ml) while the
two affected healthy siblings showed levels of 256 and 315 pg/ml,
which is clearly within the normal range (289 & 77 pg/ml).

Genetic analysis

Since M-CSF has been shown to promote development of the
CD14*CD16** monocytes (Weiner et al. 1994; Schmid et al. 1995;
Saleh et al. 1995) we considered a mutation of this candidate
cytokine or the respective M-CSF-receptor. Sanger sequencing of
the coding sequences amplified from cells of the index case, how-
ever, failed to demonstrate any abnormality. Exome sequencing
also failed to show any mutation in the M-CSF and M-CSF receptor
genes.

Using GRR and Pedcheck software packages the familial rela-
tionship as shown in Fig. 3 could be confirmed. SNP genotyping
was done on DNA of all family members shown in the figure,
except for the maternal grandfather. Due to the limited power of
the present family we have, however, not been able to define the
gene(s) responsible for the absence of the CD16-positive mono-
cytes, as yet.

Discussion

Only recently a few reports have described patients lacking
blood monocytes and in these cases both the classical and the
nonclassical CD16-postive monocytes were affected. This included
a syndrome with lack of circulating monocytes, NK-cells and B
cells associated with infections by Mycobacterium avium, fungi and
papilloma virus (Vinh et al. 2010; Bigley et al. 2011), which recently
could be attributed to mutations of GATA2 (Hsu et al. 2011) and a
defect of all circulating monocytes and dendritic cells with sus-
ceptibility to BCG disease due to IRF8 mutations (Hambleton et al.
2011). Given that the CD16-positive monocyte subset has been
described more than 20 years ago it is astounding that a selective
defect of these cells has not been described so far.

(2012), doi:10.1016/j.imbio.2012.02.013
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We now describe three individuals with such a defect. The
absence of a cell type in blood can simply be due to the absence
of the cell surface marker used for identification of the cell. An
example for this is the failure to detect CD4 T-helper cells with the
antibody OKT4 because of the lack of the epitope recognized by the
antibody (Bach et al. 1981). For the individuals described herein,
this is not the case since the CD16-positive monocytes were not
detected with antibodies to two different epitopes. Also, NK cells,
which express the same transmembrane CD16a gene as monocytes,
were readily identified with these antibodies as were granulocytes,
which express the GPl-anchored CD16b gene (see Fig. 2). Further-
more, the lack of the nonclassical monocytes was apparent when
these cells were identified via their low level CD14 expression and
high HLA-DR.

These data indicate that the CD16-positive monocytes are really
absent from blood in these individuals. There are different possi-
bilities for such an absence and this includes (a) a reduced influx of
these monocytes into blood either due to a failure of the monocytes
to mature or to egress from bone marrow, (b) an increase in apo-
ptosis and (c) an increased efflux of these monocytes from blood
into tissue. The CD16-positive monocytes have been described to
preferentially reside in the marginal pool (Steppich et al. 2000) and
preferential location to this compartment could explain the lack of
the cells in blood. A preliminary attempt to mobilize these cells by
excessive exercise in one of the affected siblings, however, failed
to increase the number of the CD16-positive monocytes (data not
shown).

The defects in monocytes reported thus far are going along
with increased susceptibility to infection (Vinh et al. 2010; Bigley
et al. 2011; Hsu et al. 2011; Hambleton et al. 2011). These defects
resulted in a low number of total monocytes while in our fam-
ily including the patient the absolute monocyte numbers were in
the normal range. The index case in our report was suffering from
various infections including nosocomial pneumonia. These infec-
tions were, however, considered secondary to the severe medical
condition, which included continuous protein loss associated with
pleural exsudate formation and diarrhea. The dominant pathophys-
iological process in the case described herein appears to be an
auto-inflammatory disease, which eventually led to amyloidosis.

Surprisingly, the two siblings, who also have a defect of the
CD16-positive monocytes, were of good health without any evi-
dence of infection and inflammation and with normal blood levels
for CRP and SAA. This indicates that on its own the absence of this
monocyte subset from blood does not lead to disease. We assume
that confounding factors are required to allow for manifestation of
disease. We also have to consider the scenario that the absence of
these cells from blood does not lead to any disease at all. In this sce-
nario the lack of these cells and the novel type of auto-inflammatory
disease are two totally unrelated events.

Independent of the clinical implications of the lack of CD16-
positive monocytes the family we describe herein offers the
possibility to define the gene(s) responsible for the lack of these
monocytes. Since the development of these monocytes is governed
by the M-CSF pathway (Weiner et al. 1994; Schmid et al. 1995; Saleh
et al. 1995) we have analyzed cell surface expression of the recep-
tor on classical monocytes and found expression levels similar to
healthy controls (data not shown). We then sequenced the genes
for M-CSF and its receptor but we found no mutation.

Genotyping has not been able to pinpoint the causative gene.
Although we had access to samples from three generations of the
family, this was not sufficient to identify genetic loci. Also, exome
sequencing has not revealed a clear candidate as yet. Arecent report
on NR4A1 knock-out has shown a decrease on the percentage of
nonclassical monocytes in the mouse, due to an increased apopto-
sis of these cells (Hanna et al. 2011), which are prone to apoptosis
(Wong et al. 2011). We have looked at the human homologue of

NR4A1 and found a normal sequence in our family. Also, while in the
mouse a 7-fold higher expression of the gene is seen in the nonclas-
sical monocytes, our transcriptome analysis found no differential
expression for the genes of NR family in the human subsets. The
gene responsible for the defect of the CD16-positive monocytes in
the family described herein may well be involved in apoptosis but
it may also govern processes of maturation and migration.

Blockade of the M-CSF receptor in the mouse was shown to
lead to increased M-CSF levels in serum (Lenzo et al. 2011) proba-
bly because the M-CSF protein cannot be bound, internalized and
degraded (Pixley and Stanley 2004). When we assume that the M-
CSF receptor in the individuals without CD16-positive monocytes
is unable to bind and remove M-CSF, then increased M-CSF can be
expected. Only in the index case levels were increased, the likely
reason being that infection and inflammation will induce M-CSF
(Blumenstein et al. 1997; Shimoda et al. 1993). The two affected
siblings without inflammatory disease had serum levels in the nor-
mal range, providing indirect evidence that the M-CSF receptor is
intact and can bind and internalize the M-CSF protein.

Taken together we describe herein a defect of the CD16-positive
nonclassical plus intermediate monocytes in three siblings from
non-consanguineous parents. It is hoped that more reports on fam-
ilies with a lack of the CD16-positive monocytes will be published
in the future such that with increased statistical power the genetic
defect can be identified.

Authors’ contributions

MF designed, performed experiments and analyzed data and
contributed to the study design. ABE designed, performed experi-
ments and analyzed data. MWA provided clinical samples and data.
HH performed laboratory analysis and contributed to the study
design. TPH performed experiments and analyzed data. I[H provided
clinical samples and data. PM and PL performed experiments and
analyzed data. MW designed experiments and analyzed data. KH
provided clinical samples and data and contributed to the study
design. AR designed experiments and analyzed data. LZH conceived
the project, designed and analyzed experiments and wrote the
paper.

Conflicts of interest

None of the authors declares any competing financial interests
or other conflicts of interest.

Acknowledgements

We thank Gudrun Kaf8ner and Kerstin Skokann for their excel-
lent technical assistance. This work was supported by grant Z1 2882
to LZH by Deutsche Forschungsgemeinschaft.

References

Abecasis, G.R., Cherny, S.S., Cookson, W.0O., Cardon, L.R., 2001. GRR: graphical repre-
sentation of relationship errors. Bioinformatics 17, 742.

Ancuta, P., Rao, R, Moses, A., Mehle, A., Shaw, S.K., Luscinskas, F.W., Gabuzda, D.,
2003. Fractalkine preferentially mediates arrest and migration of CD16+ mono-
cytes. J. Exp. Med. 197, 1701.

Bach, M.A,, Phan-Dinh-Tuy, F., Bach, J.F., Wallach, D., Biddison, W.E., Sharrow, S.O.,
Goldstein, G., Kung, P.C., 1981. Unusual phenotypes of human inducer T cells as
measured by OKT4 and related monoclonal antibodies. J. Immunol. 127, 980.

Belge, K.U., Dayyani, F., Horelt, A,, Siedlar, M., Frankenberger, M., Frankenberger, B.,
Espevik, T., Ziegler-Heitbrock, L., 2002. The proinflammatory CD14+CD16+DR++
monocytes are a major source of TNF. J. Immunol. 168, 3536.

Bigley, V., Haniffa, M., Doulatov, S., Wang, X.N., Dickinson, R., McGovern, N., Jardine,
L., Pagan, S., Dimmick, I., Chua, L., Wallis, J., Lordan, J., Morgan, C., Kumararatne,
D.S., Doffinger, R., van der Burg, M., van Dongen, J., Cant, A., Dick, J.E., Hambleton,
S., Collin, M., 2011. The human syndrome of dendritic cell, monocyte, B and NK
lymphoid deficiency. J. Exp. Med. 208, 227.

(2012), doi:10.1016/j.imbio.2012.02.013

Please cite this article in press as: Frankenberger, M., et al., A defect of CD16-positive monocytes can occur without disease. Immunobiology



dx.doi.org/10.1016/j.imbio.2012.02.013

GModel
IMBIO-50863; No.of Pages6

6 M. Frankenberger et al. / Inmunobiology xxx (2012) Xxx—xXX

Blumenstein, M., Boekstegers, P., Fraunberger, P., Andreesen, R., Ziegler-Heitbrock,
H.W., Fingerle-Rowson, G., 1997. Cytokine production precedes the expansion
of CD14+CD16+ monocytes in human sepsis: a case report of a patient with
self-induced septicemia. Shock 8, 73.

Cros, J., Cagnard, N., Woollard, K., Patey, N., Zhang, S.Y., Senechal, B., Puel, A., Biswas,
S.K., Moshous, D., Picard, C,, Jais, J.P., D’Cruz, D., Casanova, ].L., Trouillet, C., Geiss-
mann, F., 2010. Human CD14dim monocytes patrol and sense nucleic acids and
viruses via TLR7 and TLR8 receptors. Immunity 33, 375.

Dayyani, F., Belge, K.U., Frankenberger, M., Mack, M., Berki, T., Ziegler-Heitbrock, L.,
2003. Mechanism of glucocorticoid-induced depletion of human CD14+CD16+
monocytes. J. Leukoc. Biol. 74, 33.

Fingerle-Rowson, G., Angstwurm, M., Andreesen, R., Ziegler-Heitbrock, H.W., 1998.
Selective depletion of CD14+CD16+ monocytes by glucocorticoid therapy. Clin.
Exp. Immunol. 112, 501.

Frankenberger, M., Sternsdorf, T., Pechumer, H., Pforte, A., Ziegler-Heitbrock, H.W.,
1996. Differential cytokine expression in human blood monocyte subpopula-
tions: a polymerase chain reaction analysis. Blood 87, 373.

Grage-Griebenow, E., Zawatzky, R., Kahlert, H., Brade, L., Flad, H., Ernst, M., 2001.
Identification of a novel dendritic cell-like subset of CD64(+)/CD16(+) blood
monocytes. Eur. J. Immunol. 31, 48.

Gudbjartsson, D.F., Jonasson, K., Frigge, M.L., Kong, A., 2000. Allegro, a new computer
program for multipoint linkage analysis. Nat. Genet. 25, 12.

Hambleton, S., Salem, S., Bustamante, ]., Bigley, V., Boisson-Dupuis, S., Azevedo,
J., Fortin, A., Haniffa, M., Ceron-Gutierrez, L., Bacon, C.M., Menon, G., Trouil-
let, C., McDonald, D., Carey, P., Ginhoux, F., Alsina, L., Zumwalt, T.J., Kong, X.F.,
Kumararatne, D., Butler, K., Hubeau, M., Feinberg, J., Al-Muhsen, S., Cant, A., Abel,
L., Chaussabel, D., Doffinger, R., Talesnik, E., Grumach, A., Duarte, A., Abarca,
K., Moraes-Vasconcelos, D., Burk, D., Berghuis, A., Geissmann, F., Collin, M.,
Casanova, J.L., Gros, P., 2011. IRF8 mutations and human dendritic-cell immun-
odeficiency. N. Engl. J. Med. 365, 127.

Hanai, H., lida, T., Takeuchi, K., Watanabe, F., Yamada, M., Kikuyama, M., Maruyama,
Y., Iwaoka, Y., Hirayama, K., Nagata, S., Takai, K., 2008. Adsorptive depletion
of elevated proinflammatory CD14+CD16+DR++ monocytes in patients with
inflammatory bowel disease. Am. J. Gastroenterol. 103, 1210.

Hanna, R.N., Carlin, L.M., Hubbeling, H.G., Nackiewicz, D., Green, A.M., Punt, J.A.,
Geissmann, F., Hedrick, C.C., 2011. The transcription factor NR4A1 (Nur77) con-
trols bone marrow differentiation and the survival of Ly6C-monocytes. Nat.
Immunol. 12, 778.

Hoffmann, K., Lindner, T.H., 2005. easyLINKAGE-Plus—automated linkage analyses
using large-scale SNP data. Bioinformatics 21, 3565.

Hsu, A.P., Sampaio, E.P., Khan, ], Calvo, K.R., Lemieux, ].E., Patel, S.Y., Frucht, D.M.,
Vinh, D.C., Auth, R.D., Freeman, A.F., Olivier, K.N., Uzel, G., Zerbe, C.S., Spalding, C.,
Pittaluga, S., Raffeld, M., Kuhns, D.B., Ding, L., Paulson, M.L., Marciano, B.E., Gea-
Banacloche, ].C., Orange, J.S., Cuellar-Rodriguez, J., Hickstein, D.D., Holland, S.M.,
2011. Mutations in GATA2 are associated with the autosomal dominant and
sporadic monocytopenia and mycobacterial infection (MonoMAC) syndrome.
Blood 118, 2653.

Lenzo, J.C.,, Turner, A.L., Cook, A.D., Vlahos, R., Anderson, G.P., Reynolds, E.C., Hamil-
ton, J.A., 2011. Control of macrophage lineage populations by CSF-1 receptor and
GM-CSF in homeostasis and inflammation. Immunol. Cell Biol.

O’Connell, ].R., Weeks, D.E., 1998. PedCheck: a program for identification of genotype
incompatibilities in linkage analysis. Am. J. Hum. Genet. 63, 259.

Passlick, B., Flieger, D., Ziegler-Heitbrock, H.W., 1989. Identification and characteri-
zation of a novel monocyte subpopulation in human peripheral blood. Blood 74,
2527.

Pixley, F.]., Stanley, E.R., 2004. CSF-1 regulation of the wandering macrophage: com-
plexity in action. Trends Cell Biol. 14, 628.

Saleh, M.N., Goldman, S.J., LoBuglio, A.F., Beall, A.C., Sabio, H., McCord, M.C., Minasian,
L., Alpaugh, R.K., Weiner, L.M., Munn, D.H., 1995. CD16+ monocytes in patients

with cancer: spontaneous elevation and pharmacologic induction by recombi-
nant human macrophage colony-stimulating factor. Blood 85, 2910.

Schmid, 1., Baldwin, G.C., Jacobs, E.L., Isacescu, V., Neagos, N., Giorgi, J.V., Glaspy,
J.A., 1995. Alterations in phenotype and cell-surface antigen expression levels
of human monocytes: differential response to in vivo administration of rhM-CSF
or rhGM-CSF. Cytometry 22, 103.

Serbina, N.V., Cherny, M., Shi, C., Bleau, S.A., Collins, N.H., Young, J.W., Pamer, E.G.,
2009. Distinct responses of human monocyte subsets to Aspergillus fumigatus
conidia. J. Immunol. 183, 2678.

Shimoda, K., Okamura, S., Mizuno, Y., Harada, N., Kubota, A., Yamada, M., Hara, T.,
Aoki, T., Akeda, H., Ueda, K., et al., 1993. Human macrophage colony-stimulating
factor levels in cerebrospinal fluid. Cytokine 5, 250.

Siedlar, M., Strach, M., Bukowska-Strakova, K., Lenart, M., Szaflarska, A., Weglarczyk,
K., Rutkowska, M., Baj-Krzyworzeka, M., Pituch-Noworolska, A., Kowalczyk, D.,
Grodzicki, T., Ziegler-Heitbrock, L., Zembala, M., 2011. Preparations of intra-
venous immunoglobulins diminish the number and proinflammatory response
of CD14+CD16++ monocytes in common variable immunodeficiency (CVID)
patients. Clin. Immunol. 139, 122.

Steppich, B., Dayyani, F., Gruber, R., Lorenz, R., Mack, M., Ziegler-Heitbrock, HW.,
2000. Selective mobilization of CD14(+)CD16(+) monocytes by exercise. Am. J.
Physiol. Cell Physiol. 279, C578.

Szaflarska, A., Baj-Krzyworzeka, M., Siedlar, M., Weglarczyk, K., Ruggiero, 1., Hajto,
B., Zembala, M., 2004. Antitumor response of CD14+/CD16+ monocyte subpop-
ulation. Exp. Hematol. 32, 748.

Takeda, S., Sato, T., Katsuno, T., Nakagawa, T., Noguchi, Y., Yokosuka, O., Saito, Y.,
2010. Adsorptive depletion of alpha4 integrin(hi)- and CX3CR1hi-expressing
proinflammatory monocytes in patients with ulcerative colitis. Dig. Dis. Sci. 55,
1886.

Vinh, D.C, Patel, S.Y., Uzel, G., Anderson, V.L.,, Freeman, A.F., Olivier, K.N., Spald-
ing, C.,, Hughes, S., Pittaluga, S., Raffeld, M., Sorbara, L.R., Elloumi, H.Z., Kuhns,
D.B., Turner, M.L,, Cowen, EW., Fink, D., Long-Priel, D., Hsu, A.P., Ding, L.,
Paulson, M.L., Whitney, A.R., Sampaio, E.P., Frucht, D.M., DeLeo, F.R., Holland,
S.M., 2010. Autosomal dominant and sporadic monocytopenia with suscepti-
bility to mycobacteria, fungi, papillomaviruses, and myelodysplasia. Blood 115,
1519.

Weber, C., Belge, K.U., von Hundelshausen, P., Draude, G., Steppich, B., Mack,
M., Frankenberger, M., Weber, K.S., Ziegler-Heitbrock, H.W., 2000. Differential
chemokine receptor expression and function in human monocyte subpopula-
tions. J. Leukoc. Biol. 67, 699 (In Process Citation).

Weiner, L.M., Li, W., Holmes, M., Catalano, R.B., Dovnarsky, M., Padavic, K., Alpaugh,
R.K., 1994. Phase I trial of recombinant macrophage colony-stimulating factor
and recombinant gamma-interferon: toxicity, monocytosis, and clinical effects.
Cancer Res. 54, 4084.

Wong, K.L, Tai, J.J., Wong, W.C,, Han, H., Sem, X., Yeap, W.H., Kourilsky, P., Wong,
S.C.,2011.Gene expression profiling reveals the defining features of the classical,
intermediate, and nonclassical human monocyte subsets. Blood 118, e16.

Zhao, C.,,Tan, Y.C., Wong, W.C., Sem, X., Zhang, H., Han, H., Ong, S.M., Wong, K.L., Yeap,
W.H,, Sze, S.K., Kourilsky, P., Wong, S.C., 2010. The CD14(+/low)CD16(+) mono-
cyte subset is more susceptible to spontaneous and oxidant-induced apoptosis
than the CD14(+)CD16(—) subset. Cell Death Dis. 1, e95.

Ziegler-Heitbrock, L., 2007. The CD14+ CD16+ blood monocytes: their role in infec-
tion and inflammation. J. Leukoc. Biol. 81, 584.

Ziegler-Heitbrock, H.W., Passlick, B., Flieger, D., 1988. The monoclonal antimonocyte
antibody My4 stains Blymphocytes and two distinct monocyte subsets in human
peripheral blood. Hybridoma 7, 521.

Ziegler-Heitbrock, L., Ancuta, P., Crowe, S., Dalod, M., Grau, V., Hart, D.N., Leenen, P.J.,
Liu, Y.J., MacPherson, G., Randolph, GJ., Scherberich, J., Schmitz, J., Shortman, K.,
Sozzani, S., Strobl, H., Zembala, M., Austyn, J.M., Lutz, M.B., 2010. Nomenclature
of monocytes and dendritic cells in blood. Blood 116, e74.

(2012), doi:10.1016/j.imbio.2012.02.013

Please cite this article in press as: Frankenberger, M., et al., A defect of CD16-positive monocytes can occur without disease. Immunobiology



dx.doi.org/10.1016/j.imbio.2012.02.013

	A defect of CD16-positive monocytes can occur without disease
	Introduction
	Materials and methods
	Clinical course of index case
	Clinical laboratory
	Immunophenotype
	Flow cytometry for monocyte subsets
	DNA sequencing of candidate genes
	Genotyping

	Results
	Laboratory findings
	Analysis of blood monocyte subpopulations
	The Pedigree
	Genetic analysis

	Discussion
	Authors’ contributions
	Conflicts of interest
	Acknowledgements
	References


