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Abstract
Monitoring changes in rhesus macaque immune cell populations during infectious disease is
crucial. The aim of this work was to simultaneously analyze the phenotype of rhesus macaque
lymphocyte, monocyte and dendritic cell (DC) subsets using a single 12-color flow cytometry
panel. Blood from healthy non-infected rhesus macaques was labeled with a cocktail of 12
antibodies. Data were compared to three smaller lineage specific panels and absolute and relative
percentages of cells were compared. Our 12-color panel allows for the identification of the
following major subsets: CD4+ and CD8+ T lymphocytes, B lymphocytes, natural killer (NK)
cells, natural killer T (NKT) cells, monocyte subsets and four non-overlapping HLA-DR+ Lin-
cell subsets: CD34+ hematopoietic stem cells, CD11c− CD123+ plasmacytoid DC, CD11c+
CD16+ and CD11c−/dim CD1c+ myeloid DC. The development of a multiparameter flow
cytometry panel will allow for simultaneous enumeration of mature lymphocyte, NK cells,
monocyte and DC subsets. Studying these major players of the immune system in one panel may
give us a broader view of the immune response during SIV infection and the ability to better
define the role of each of these individual cell types in the pathogenesis of AIDS.
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1. Introduction
Nonhuman primates provide essential models for studying human infectious diseases such
as acquired immunodeficiency syndrome (AIDS), influenza and tuberculosis (Gardner and
Luciw, 2008). The key to our understanding of the immunopathogenesis of diseases such as
human immunodeficiency virus (HIV) and simian immunodeficiency virus (SIV) infection
is the precise identification, quantification and analysis of immune cell subsets in SIV
infected rhesus macaques. Multicolor flow cytometry is a powerful tool for this (Herzenberg
et al., 2002; Tung et al., 2007). Many studies using flow cytometry have underscored the
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role of lymphocyte, monocyte and dendritic cells (DC) subsets in SIV infection and
pathogenesis of AIDS (DeMaria et al., 2000; Ibegbu et al., 2001; Pichyangkul et al., 2001;
Pitcher et al., 2002; Mattapallil et al., 2004; Barratt-Boyes et al., 2006; Kim et al., 2009;
Williams and Burdo, 2009).

Because of the relative genetic proximity between humans and monkeys, monoclonal anti-
human antibodies (mAbs) can often recognize the simian counterpart of human antigens on
monkey leukocytes (Reimann et al., 1994; Sopper et al., 1997). However, several key
differences exist that can limit the use of anti-human antibodies in non-human primates
(Carter et al., 1999; Webster and Johnson, 2005). These include expression of CD56 that is
restricted to NK cells in humans, while it is primarily expressed on monocytes and mDC
subset in monkeys (Carter et al., 1999; Brown and Barratt-Boyes, 2009). CD8 is expressed
on B lymphocytes in rhesus monkeys but not in humans (Webster and Johnson, 2005).

Studies of DC in humans and monkeys are more complex not only because of issues with
Abs cross-reactivity but also the nomenclature and subpopulation of these cells is evolving.
DC represent less than 1% of total leukocytes and are a heterogeneous population (Palucka
and Banchereau, 1999; Banchereau et al., 2000; Banchereau et al., 2003; Ju et al., 2010).
Classically, human DCs have been defined as two main subsets: Lin-HLA-DR+CD11c
+CD123- mDC and Lin-HLA-DR+CD11c-CD123+ pDC (Palucka and Banchereau, 1999;
Banchereau et al., 2003; Steinman, 2003). Human CD11c+ mDC heterogeneity in blood was
illustrated by Mac Donald et al who distinguished five non-overlapping subsets within Lin-
HLA-DR+ cells: CD11c-CD123+ pDC, CD11c-CD34+ hematopoietic stem cells, and three
subsets of CD11c+ mDC expressing CD16, CD1c (BDCA-1) or CD141 (BDCA-3)
(MacDonald et al., 2002). We have recently described a single 12-color human flow
cytometry panel that distinguished these DC subsets, in addition to major lymphocyte and
monocyte subsets (Autissier et al., 2010). Like their human counterparts, rhesus monkey DC
subsets are usually defined as Lin-HLA-DR +CD11c+CD123- mDC, and Lin-HLA-DR
+CD11c-CD123+ pDC (Coates et al., 2003; Brown et al., 2007; Brown and Barratt-Boyes,
2009).

Based on the single 12-color panel we developed to analyze human leucocytes, we designed
a single 12-color flow cytometry panel to measure in rhesus monkey major lymphocyte,
monocyte and DC populations (Autissier et al., 2010). Using this panel, we characterized T
and B lymphocytes, NK cells, NKT cells, monocytes and four subsets of HLA-DR+Lin-
cells on normal non-infected rhesus macaques. In addition to the complete phenotypic
characterization of major blood cell types, our 12-color panel pointed out phenotypic
differences in DC subsets of rhesus macaques compared to humans, suggesting that more
complete flow cytometry panels should be used in order to correctly study all known DC
subsets in non-human primates.

2. Material and methods
2.1. Subjects

Venous blood was obtained from twelve healthy non-infected rhesus monkeys (Macaca
mulatta) and collected in tubes containing anti-coagulant EDTA (Vacutainer, BD
Biosciences). All animals were maintained in accordance with the guidelines of the
Committee on Animals for the New England Regional Primate Research Center (NERPRC)
and the “Guide for the Care and Use of Laboratory Animals” (Bayne, 1996). Blood samples
were processed within 2–4 hours following collection.
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2.2. Instrumentation
The optical configuration of the instrument has been previously described (Autissier et al.,
2010). Briefly, a Becton Dickinson FACSAria™ cytometer with 3 lasers (BD Biosciences,
San Jose, CA) was used for the study. The cytometer was optimized to measure up to 12
fluorescent parameters. The blue laser independently excites 6 fluorochromes (FITC, PE,
Texas Red-PE (ECD), Cy5-PE, Cy5.5-PerCP, and Cy7-PE), the red laser can excite 3
fluorochromes (APC, Alexa Fluor 700 and Cy7-APC), and the violet laser can excite 3
fluorochromes (Pacific Blue, Aqua and QDot 655).

2.3. Antibodies used for the study
Our ultimate goal was the development of a 12-color flow cytometry panel to assess major
lymphocyte, monocyte, NK cells and DC subsets. When developing a multicolor panel for
monkeys, one has to test and choose the brightest antibody-fluorochrome combination
available and further optimize the panel for maximum antigen detection (Mahnke and
Roederer, 2007). In order to determine the accuracy of this panel, we compared it to smaller
panels of select lineages already established in the laboratory, including lymphocytes (7
colors), monocytes (6 colors) and DC (9 colors). The following monoclonal antibodies were
used: FITC-CD4 (clone L200), PE-CD34 (clone 563), Cy5-PE-CD16 (clone 3G8), Cy5.5-
PerCP-CD123 (clone 7G3), Cy7-PE-CD20 or Cy7-APC-CD20 (clone L27), Cy7-PE-CD3
(clone SP34-2), Pacific Blue-CD14 or Cy7-PE-CD14 (clone M5E2) (all from BD
Pharmingen, San Jose, CA); Alexa Fluor 700-CD11c (clone 3.9, eBiosciences, San Diego,
CA), TxRed-PE-HLA-DR (clone Immu-357, Beckman Coulter, Miami, FL); APC-CD1c
(clone AD5-8E7, Miltenyi Biotech, Auburn, CA); and QD655-CD8 (clone 3B5, Invitrogen,
Carlsbad, CA). We also tested FITC-CD1c (clone AD5-8E7) and PE-CD141 (clone
AD5-14H12) both from Miltenyi Biotec and PE-CD141 (BD, clone 1A4). Antibodies were
titrated to determine optimal concentrations. Antibody-capture beads (CompBeads, BD
Biosciences) were used for single-color compensation controls for each reagent used in the
study. To exclude dead cells from the analysis, we used in our panel an amine reactive dye
as a live/dead discrimination marker (Perfetto et al., 2006). Aqua Live/Dead kit (Invitrogen,
Carlsbad, CA) was used first to gate out dead cells. The final composition of the different
panels used in this study is shown in the Table. 1.

2.4. Blood samples and staining protocol
We routinely use two 100μl samples of whole blood in a separate tube, to ensure we have
enough DC, although this can be scaled up if necessary. Erythrocytes in 100μl of whole
blood were lysed using a cell lyse preparation workstation (TQ-Prep instrument, Beckman
Coulter). Then, samples from two tubes, equivalent to 200 μl of whole blood, were pooled,
washed with 3ml of phosphate buffered saline (PBS) containing 2% fetal bovine serum
(FBS) and incubated with a pre-mixed antibody cocktail for 15 minutes at room
temperature. After staining, cells were washed with 3ml of PBS containing 2% FBS, and
fixed with freshly prepared 1% paraformaldehyde (PFA).

2.5. Data acquisition and sample analysis
Samples were collected on a BD FACS Aria™ flow cytometer (BD Biosciences) and
analyzed using FlowJo software 8.7.1 (Treestar, Ashland, OR) on a MAC ® workstation.
Instrument calibration was checked daily using rainbow fluorescent particles (BD
Biosciences). After acquiring unstained and single color control samples, calculating the
compensation matrix, we collected between 5×105 and 1×106 events per sample, which we
determined was requested to allow for the collection of at least 200 CD34+ cells and 500
pDC. Doublets were excluded using forward scatter (FSC) area versus FSC height. Dead
cells were excluded by staining with amine reactive dye. Lymphocyte, monocyte and DC
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subsets were identified based on FSC vs. SSC, negative selection and positive expression of
their respective markers. Further gating adjustments were made based on fluorescence
minus one (FMO) where all antibodies were present except the one of interest as previously
described (Roederer, 2002; Autissier et al., 2010).

2.6. Percentages and absolute numbers of lymphocyte, monocyte and DC subsets
Absolute numbers of peripheral blood lymphocyte, monocyte and DC subsets were
calculated by multiplying the total white blood cell count (WBC), determined with an
automated hematology analyzer, with the total percentage of each cell population as
determined by flow cytometry from the whole blood sample (see Table 2).

3. Results
3.1. Panel strategy and development

The goal of this study was to design and develop a 12-color flow cytometry panel that would
allow simultaneous analysis of the lymphocyte, monocyte and DC populations in rhesus
macaques. Bandpass and dichroic filters used in this study have been previously described
(Autissier et al., 2010). Taking advantage that monoclonal antibodies directed against
human antigens often cross-react to rhesus monkeys, our first approach was to start from a
12-color panel that we developed for human specimens (Autissier et al., 2010). Next we
verified that optimal antibodies used in humans cross-reacted with rhesus macaques and
their fluorescence signals were significantly robust to delineate cell types and
subpopulations. The majority of antibody clones from our human panel cross-reacted to
monkeys, with the exception of anti-CD141, CD11c and CD34 antibodies (Autissier et al.,
2010). In humans, CD141 is expressed at a high level on a small CD11c+ mDC subset
(Dzionek et al., 2000). Two different clones of the anti-CD141 antibody were tested,
AD5-14H12 (Miltenyi-Biotech) and 1A4 (BD). As shown in Figure 1A, we found that the
clone AD5-14H12 did not cross-react with monkeys, as previously published by others
(Coates et al., 2003). The clone 1A4 cross-reacted with monkeys but did not delineate the
CD141bright mDC subset described in humans (Figure 1B). Thus we removed the anti-
CD141 antibody from our monkey panel. The Cy5-PE-anti-CD11c (BD, clone B-Ly6) and
TxRed-PE-anti-CD34 (Beckman-Coulter, clone 581) antibodies did not cross-react with
rhesus monkeys and were substituted with Alexa 700-anti-CD11c (eBiosciences, clone 3.9)
and PE-anti-CD34 (BD, clone 563) antibodies, respectively. Because anti-CD56 cross-reacts
to monkey monocytes and mDC, we did not include the anti-CD56 antibody in the lineage
panel, which includes antibodies against CD3, CD14 and CD20 (Brown and Barratt-Boyes,
2009). Next, we tested the anti-CD1c (clone AD5-8E7) antibody, conjugated to FITC or
APC. The FITC-conjugated antibody showed variable immunoreactivity giving a very weak
signal in one animal (Figure 1C) or no signal in a second animal (Figure 1D). By contrast,
the APC-conjugated antibody always gave a consistent signal and was therefore chosen to
be included in the 12-color panel. Finally, we tested antibodies against “primary” antigens
(CD3, CD4, CD8, CD14, CD16, CD20 and HLA-DR) in all possible fluorochromes
available (data not shown), selecting those with the maximum signal. The final 12-color
flow cytometry panel, optimized for the detection of lymphocyte, monocyte and DC in
rhesus monkeys is shown in Table 1.

3.2. Phenotypic analysis of lymphocyte populations
In order to identify lymphocyte populations, we first gated on cells based on forward (FSC)
and side scatter (SSC) properties (Figure 2A). We excluded doublets (Figure 2B), dead cells
(Figure 2C) and monocytes (Figure 2D), using FSC height, amine reactive dye and CD14
expression, respectively. From this gate, CD3+CD16− T lymphocytes (median: 65.8%,
range: 52.6%–79.5%, n=12) were selected (Figure 2E) and further divided into CD4+CD8−
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(median: 43.48%, range: 25.51%–47.44%, n=12), CD4−CD8+ (median: 18.27%, range:
8.04%–28.85%, n=12), CD4+CD8+ (median: 1.57%, range: 0.45%–11.54%, n=12) and
CD4−CD8− (likely gamma delta T cells) (median: 3.10%, range: 1.27%–3.93%, n=12)
lymphocytes (Figure 2F). In addition, using an anti-CD16 antibody we identified
CD3+CD16+ NKT cells (median: 0.08%, range: 0.03%–0.25%, n=12) (Figure 2E) as well
as CD3−CD16+ cells (Figure 2E). Within the CD3−CD16+ cells, we identified a major
HLA-DR-CD8+ NK population (median: 4.10%, range: 1.47%–16.19%, n=12; Figure 2G;
2H and 2I: red histogram), as well as a small population of myeloid DC subset expressing
HLA-DR (CD3-CD16+HLA-DR+, Figure 2G), CD11c (blue histogram, Figure 2H), but not
CD8 (blue histogram, Figure 2I). CD3−CD16− cells (Figure 2E) were further divided into
HLA-DR+CD20+ B cells (median: 25.77%, range: 7.78%–41.18%, n=12) and HLA-DR-
CD20−/dim cells (Figure 2J). HLA-DR+CD20+ B lymphocytes can be further divided into
CD20+CD8− (median: 22.74%, range: 5.06%–36.11%, n=12) and CD20+CD8+ B
lymphocytes (median: 2.33%, range: 0.13%–6.27%, n=12; Figure 2K). HLA-DR+CD20+ B
cells can also be divided into CD1c+ resting (median: 21.44%, range: 10.53%–23.29%,
n=12) and CD1c- activated (median: 4.33%, range: 2.60%–15.17%, n=12) B cells (Figure
2L). HLA-DR-CD20−/dim cells can be further divided into 2 small subsets of NK cells:
CD8+CD20− cells (median: 0.98%, range: 0.54%–2.76%, n=12) and CD8+CD20dim cells
(median: 0.21%, range: 0.06%–0.86%, n=12) (Figure 2M). Finally, the overall
contamination of non-lymphocyte cells within the lymphocyte gate represent consistently
3% of the total lymphocyte population, and is mainly comprised of HLA-DR+CD20− cells
(Figure 2J) and CD123+ basophil granulocytes (Figure 2N).

3.3. Phenotypic analysis of monocyte populations
Monocyte populations were analyzed by first gating using FSC and SSC (Figure 3A). We
excluded doublets (Figure 3B) and dead cells (Figure 3C) using FSC height and amine dye,
respectively, and then excluded CD3+ T and CD20+ B lymphocytes (Figure 3D). From the
HLA-DR+ and CD14+ cells (median: 4.52%, range: 1.90%–12.23%, n=12) (Figure 3E),
three monocyte subsets were distinguished: CD14+CD16− classical monocytes (median:
3.74%, range: 1.59%–9.20%, n=12), and two subsets of activated monocytes: CD14+CD16+
(median: 0.34%, range: 0.07%–0.92%, n=12) and CD14−CD16+ (median: 0.23%, range:
0.07%–0.35%, n=10) (Figure 3F). It can be noted that potential contamination of
CD14lowHLA-DR- granulocytes can be easily identified (Figure 3E).

3.4. Phenotypic analysis of dendritic cell populations
DC have an intermediate size that falls between that of monocytes and lymphocytes, when
analyzed in FSC versus SSC (Figure 4A). After excluding doublets (Figure 4B) and dead
cells (Figure 4C), DC were gated as HLA-DR+ cells and lineage-negative (Lin−) cells by
excluding CD3+ T lymphocytes and CD14+ monocytes (Figure 4D), CD8+ NK cells and
CD20+ B lymphocytes (Figure 4E) and selecting HLA-DR+ cells (Figure 4F). HLA-DR
+Lin− cells (median: 1.34%, range: 0.30%–2.89%, n=12) were further divided into
CD123+CD11c− pDC (median: 0.03%, range: 0%–0.08%, n=12), CD123-CD11c+CD16+
mDC (median: 0.61%, range: 0.06%–2.17%, n=12) and CD123-CD11c−/dim CD1c+ mDC
(median: 0.25%, range: 0.07%–0.53%, n=12) (Figure 4G). Finally, CD34+ hematopoietic
stem cells (median: 0.01%, range: 0%–0.02%, n=12) were identified within the CD123-
CD11c-CD1c-CD16- cell population (Figure 4G).

3.5. Individual Lineage specific panels versus 12-color panel
To further validate the 12-color flow cytometry panel, we compared data generated from our
12-color flow panel with data obtained using three smaller flow cytometry panels, specific
for lymphocytes, monocytes and dendritic cells. The different panels are described in Table
1. Comparing the two panels (Figure 5A), the percentage of the different leukocyte subsets
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were very comparable with no statistical differences, except for the total NK population,
where a higher percentage of CD16+ NK cells was found using the small lymphocyte panel
as compared with the 12-color panel (percent change: 29.6%, P=0.0001). This difference is
likely due to the inclusion of CD16+ mDC subset in the NK population using the small
lymphocyte panel as opposed to exclusion of this mDC subset in the 12-color panel because
of the use of HLA-DR (Figure 2G). No statistical differences were measured on the
monocyte subsets and the DC subsets using either panel (Figure 5B and 5C).

3.6. Absolute cell numbers of lymphocyte, monocyte and DC subsets by a single 12-color
flow cytometry assay

Using the gating strategy previously described, we find a normal distribution of lymphocyte,
monocyte and DC subsets in rhesus macaques that are in agreement with data obtained using
three flow cytometry panels specific for each population. Percentages and absolute numbers
of lymphocytes, monocytes and DC subsets are shown in Table 2.

4. Discussion
Identifying and measuring precisely immune cell subsets during longitudinal infectious
studies in rhesus macaques is critical to our understanding of diseases such as SIV infection.
The CD8+ lymphocyte depletion model in rhesus macaques has clearly demonstrated the
importance of a strong adaptive immune response, mainly through the CD8 T lymphocyte
(Schmitz et al., 1999). However, events during early acute infection where innate immune
effector cells interact with the virus might be of crucial importance for the progression of the
infection and ultimately the outcome of the disease (Pereira and Ansari, 2009). In addition,
there is a strong B cell depletion very early after SIV infection (Mattapallil et al., 2004; Klatt
et al., 2010). It suggests that a number of immune cells, from both the innate and adaptive
immune response, are affected, directly or indirectly, by SIV infection. The 12-color flow
cytometry panel described in this study demonstrates that we can reliably identify
simultaneously major lymphocyte populations, comprising CD4+ and CD8+ T lymphocytes,
CD20+ B lymphocytes, some of which express CD8, 3 subsets of NK cells (i.e.
CD16+CD8+CD20−, CD16-CD8+CD20− and CD16-CD8+CD20−/dim) and NKT cells. As
demonstrated in this study, identifying NK cells as CD8+CD3− or CD16+CD3− cells might
overestimate the percentage of NK cells by including some CD20+ B lymphocytes that
express CD8 and mDC that express CD16. An ideal phenotyping flow cytometry panel for
NK cells in rhesus monkeys would minimally include at least anti-CD3, anti-CD20, anti-
CD8, anti-CD16 and anti-HLA-DR antibodies.

Monocytes/macrophages are thought to be one of the main reservoirs for HIV and SIV
(Collman et al., 2003; Montaner et al., 2006). They represent early targets of infection and
might contribute to the central nervous system (CNS) infection by bringing the virus into the
brain (Pulliam et al., 1997; Williams et al., 2001; Kim et al., 2003; Williams and Burdo,
2009). In addition, subsets of non-infected monocytes expand in bone marrow with AIDS
and traffic to the CNS and accumulate with disease (Burdo et al., 2010). Monocytes are a
heterogeneous population identified by the expression of CD14 and CD16 (Ellery and
Crowe, 2005; Crowe and Ziegler-Heitbrock, 2010). Using our multicolor panel we can
clearly identify the 3 monocyte subsets: CD14+CD16− classical monocytes, and two subsets
of activated monocytes defined as CD14+CD16+ and CD14−CD16+ cells.

The study of DC in non-human primates is more complicated in part by the lack of cross-
reactivity and/or poor sensitivity of some anti-human antibodies. First, because of limited
channels available on flow cytometers, researchers used lineage specific cocktails as
exclusion markers for DC. In humans, different lineage cocktails have been used that are
usually composed of anti-CD3, anti-CD19 and/or anti-CD20, and anti-CD14 antibodies to
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gate out T and B lymphocytes and monocytes respectively. In addition, some groups
alternatively complete this lineage cocktail with an anti-CD16 antibody (Della Bella et al.,
2008), anti-CD56 antibody (Piccioli et al., 2007) or both (Ma et al., 2004; Zabel et al., 2005)
to exclude NK cells. In monkeys, CD56 is mainly expressed on monocytes and not on NK
cells leading to the use of CD16 instead of CD56 as a lineage marker in monkey flow
cytometry analyses (Carter et al., 1999; Pichyangkul et al., 2001). However since the CD11c
+ mDC in rhesus macaque express high levels of CD16 (Brown and Barratt-Boyes, 2009),
using an anti-CD16 antibody in the lineage cocktail gates out a significant proportion of
CD11c+ mDC. Different studies on non-human primates are using either CD11c or CD1c as
markers of mDC (Malleret et al., 2008; Brown and Barratt-Boyes, 2009). Here we report
that the use of these markers taken individually tends to underestimate the percentage of
mDC. Using both anti-CD11c and anti-CD1c antibodies in the same panel, we found that
CD11c+ mDC do not express CD1c but are CD16+ and that CD1c+ mDC are
CD11c−/dimCD16-. Thus by using only CD11c as an mDC marker in rhesus macaques, the
CD1c+ mDC subset is not taken into consideration in the analysis. Conversely, the use of
CD1c only tends to exclude the CD11c+ CD16+ mDC subset from the analysis. In addition,
by comparing the same CD1c clone (AD5-8E7) conjugated either with FITC or APC, we
clearly show that the APC conjugate gives a strong signal, while the FITC gives very little
or no signal suggesting that the FITC-conjugated anti-CD1c antibody is not appropriate to
study mDC in non-human primates. In order to study all known DC subsets, we suggest that
an optimal flow cytometry panel for DC phenotyping analyses in non-human primates
should include anti-CD11c, anti-CD16, anti-CD1c and anti-CD123 antibodies in addition to
anti-CD3, anti-CD14 and anti-CD19 or anti-CD20 antibodies as exclusion lineage markers.

In summary, we show that lymphocyte, monocyte and dendritic cell subsets, can be
precisely measured using a 12-color multiparameter flow cytometry approach. Moreover,
this assay is more precise than 4- or 5-color panels due in part to minimal contamination
between separate populations. Using our 12-color flow cytometry panel, we clearly
distinguished three different DC subsets in rhesus macaques based on CD123, CD11c,
CD16 and CD1c expression: CD123+CD11c- pDC, and two mDC subsets (CD11c +
CD16+CD1c− and CD11c−/dimCD16−CD1c+). Finally, we believe that this 12-color panel
will be an important tool to study the interactions between different immune cell populations
during SIV and potentially other diseases, and to better understand the key role that DC play
in disease progression.
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Figure 1. Cross reactivity assessment of anti-CD141 (A and B) and anti-CD1c (C and D)
antibodies
Two different clones of anti-CD141 antibody, AD5-14H12 (Miltenyi Biotech) (A) and 1A4
(BD Biosciences) (B) were tested on whole blood from humans and rhesus monkeys. After
gating on HLA-DR+ Lin− cells [CD3 + CD14 + CD20 + CD56 (human) or CD8 (monkey)],
dotplot of CD11c versus CD141 are shown. Percentages of human CD141brightCD11c+
mDC subset are comparable using either clone (A and B). In rhesus monkey, clone
AD5-14H12 does not cross-react with monkey cells (A), whereas clone 1A4 cross-reacts but
does not identify the CD141bright mDC subset described in human (B). Anti-CD1c antibody
was tested in rhesus monkeys using either FITC- or APC- conjugate (Miltenyi Biotech).
After gating on HLA-DR+Lin− cells (CD3 + CD14 + CD20 + CD8), APC-CD1c (green
histogram) shows strong staining whereas FITC-CD1c (red histogram) shows either weak
staining (C) or no staining at all (D). Results presented here are from 2 different monkeys.
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Figure 2. Flow cytometry analysis of lymphocyte populations
First, lymphocytes were gated based on FSC and SSC (A), followed by exclusion of
doublets (B), dead cells (C) and CD14+ monocytes (D). T lymphocytes (CD3+CD16−), NK
(CD3−CD16+) and NKT (CD3+CD16+) populations are identified using CD3 and CD16
(E). CD4+ and CD8+ lymphocytes were distinguished within the CD3+ T lymphocytes (F).
CD16+HLA-DR- NK cells and a CD16+HLA-DR+ mDC subset were distinguished within
the CD3−CD16+ population (G). Both subsets can also be distinguished based on CD11c
and CD8 expression (H and I). HLA-DR- cells and CD20+HLA-DR+ B cells are
distinguished within CD3-CD16- cells (J). Gating on CD20+HLA-DR+ cells, 2 subsets of B
cells are distinguished based on CD8 expression (K) or CD1c expression (L). From HLA-
DR- cells, 2 minor subsets of NK cells can be distinguished based on CD8 and CD20
expression (M). Results presented here are from one animal and are representative of n=12.
Numbers are percentages of each population within the same dotplot.

Autissier et al. Page 12

J Immunol Methods. Author manuscript; available in PMC 2011 August 31.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3. Flow cytometry analysis of monocyte populations
First, monocytes were gated based on FSC and SSC (A). Doublets (B), dead cells (C), CD3+
T and CD20+ B lymphocytes (D) were excluded. HLA-DR+ and CD14+ cells were selected
(E) and three monocyte subsets were gated based on expression of CD14 and/or CD16.
These include the classical monocytes (CD14+CD16−) and activated monocytes
(CD14+CD16+ and CD14−CD16+) (F). Contamination from granulocytes that are HLA-
DR- and CD14dim are excluded from monocyte analysis, based on HLA-DR and CD14
expression (Figure 3E, black arrow). Results presented here are from one animal and are
representative of n=12. Numbers are percentages of each population within the same
dotplot.
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Figure 4. Flow cytometry analysis of dendritic cell populations
DC cells were gated based on FSC and SSC including both lymphocytes and monocytes (A).
Doublets (B) and dead cells (C) were excluded. Lin− cells (i.e. CD3+ T lymphocytes and
CD14+ monocytes (D), CD20+ B lymphocytes and CD8+ NK cells (E) were excluded and
HLA-DR+ cells were gated (F). Four non-overlapping HLA-DR+Lin- cell subsets are
shown in G and are distinguished based on CD123, CD1c, CD16, CD11c and CD34
expression. Results presented here are from one animal and are representative of n=12.
Numbers are percentages of each population within the same dotplot.
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Figure 5. Comparison between individual lineage specific panels and the 12-color panel
(A) Lymphocyte subsets, (B) monocyte subsets, (C) DC subsets. Individual lineage specific
panels and a 12-color panel are described in Table 1B. Percentage median and Intra Quartile
Range were calculated for each subset (n=12). Statistical significance was determined by
using 2-tailed paired Students’ t-test where * P< 0.01.
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