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ABSTRACT

Cytokine production by human peripheral blood mononuclear cells including monocytes, is frequently assessed by measuring secreted cytokines using enzyme linked
immunosorbent assay (ELISA), whereby the total concentration of one cytokine of interest is obtained without information regarding the cell type responsible for
making the cytokine. Cytokines can be retained inside the cell using protein transport inhibitors. Subsequent analysis by flow cytometry not only identifies the cell
type producing the cytokine but can semi-quantitate the amount of cytokine produced by measuring the geometric mean fluorescence intensity (gMFI) and is
amenable to analyzing more than one protein associated with the same cell (multiplexing). We hypothesized that a more comprehensive and biologically meaningful
cytokine profile could be acquired by measuring both secreted and the retained intracellular cytokines in parallel cultures of magnetic-sorted CD14 + monocytes.
Peripheral monocytes were isolated from 18 healthy donors and treated with standardized molecules that stimulate cytokine production; Toll-like receptor (TLR)4
agonist (lipopolysaccharide, LPS) or TLR7/8 agonist (R848). Pro-inflammatory cytokines (interleukin (IL)-6, IL-8 and tumour necrosis factor (TNF)) secreted into the
culture medium were measured by ELISA. Parallel cultures were treated with LPS and R848 in the presence of brefeldin A (protein transport inhibitor) and the
accumulated intracellular cytokines measured by flow cytometry. Each cytokine (IL-6/IL-8/TNF) gave a unique general pattern when secreted versus intracellular
cytokine measurements (frequency and gMFI) were plotted to determine correlation. For monocytes treated with the TLR4 agonist, secreted IL-8 correlated with the
frequency of IL-8 positive cells (R = 0.559, p = .016) and not with the amount (gMFI) of IL-8 per cell. In contrast, monocytes treated with the TLR7/8 agonist showed
no correlation of secreted IL-8 with the frequency of IL-8 positive cells, but with this treatment secreted IL-6 was correlated with an increase in the frequency of IL-6
positive cells (R = 0.501, p = .034). TNF secretion from monocytes treated with either the TLR4 or TLR7/8 agonist did not correlate with the frequency or gMFI of
TNF positive cells. However, there were significant correlations between the TLR4 and TLR7/8 induced TNF response (secreted and gMFI). We conclude that there
are fundamental differences in secreted and intracellular IL-6/IL-8/TNF production after monocytes are treated with TLR agonists. Furthermore, secreted and
intracellular cytokine analyses are complementary measures that should be used in parallel to explore inflammatory response and cytokine biology.

1. Introduction flow cytometry.
ELISA is the ‘gold standard’ to quantitatively measure cytokines

The measurement of cytokine production is commonly used to de- within a liquid medium with high specificity and sensitivity however, it

termine the activity of the immune system (Choy et al., 2017). The
innate immune system is the body's first line of defense against invading
pathogens. Pathogens are recognized by the binding of pathogen-as-
sociated molecular pattern (PAMPs) to pattern recognition receptors
such as Toll-like receptors (TLRs) (Takeuchi and Akira, 2010). Binding
of TLRs with their respective ligands, triggers a pro-inflammatory sig-
naling cascade that has antimicrobial and antiviral activity as well as
stimulating the adaptive immune response through cytokine production
and the activation of antigen presenting cells (APCs). There are two
main techniques used to assess cytokine production in clinical samples
and cell culture, the enzyme-linked immunosorbent assay (ELISA) and

does not provide information on the cell type producing the cytokine
(Schuerwegh et al., 2003). In contrast, protein transport inhibitors can
be used to retain cytokines in the cell and flow cytometry used to
identify cytokine production by individual cells or cell populations. The
latter allows the determination of the frequency (%) of cytokine pro-
ducing cells within a population and an arbitrary measure of the
amount of cytokine per cell determined by the geometric mean fluor-
escence intensity (gMFI) of the positive population (Amel Kashipaz
et al., 2003).

Cytokine release may not be uniform across a homogeneous cell
population, as each cell is in a distinct point in their cell cycle, and
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varies between multiple different cells in a heterogeneous population.
The average cytokine production by a cell population can be driven by a
few individual groups of single cells showing significant heterogeneity
(Shalek et al., 2014). The measurement of bulk cytokine release by
ELISA cannot differentiate increased cytokine response due to increased
cell number or from increased cytokine per cell. Moreover, incomplete
and even conflicting cytokine data suggest there is a need to present
results from different assays side by side (Chao et al., 1991). In this
study we hypothesized that the analysis of isolated CD14 + cells should
simplify the comparison between secreted and intracellular cytokines.

Only one study has compared extracellular cytokines with retained
intracellular cytokines (IL-1B/IL-6/IL-10/1L-12) of CD14+ monocytes
treated with a Toll-like receptor (TLR)4 agonist (lipopolysaccharide,
LPS), showing good correlation between the two (Schuerwegh et al.,
2003). However in that study, a flow cytometry bead array method was
used to measure extracellular cytokines, not ELISA. In our study we
have used ELISA to measure cytokines secreted by monocytes treated
with either a TLR4 or TLR7/8 agonist in a first head-to-head compar-
ison with retained intracellular cytokines measured by flow-cytometry.
We were particularly interested in the degree of correlation between
the two methodologies, and two TLR agonists and whether flow cyto-
metry provides biological insight into the process of cytokine produc-
tion over and above the information provided by ELISA.

2. Methods

Eighteen healthy volunteers (aged 22-61 years) gave a blood do-
nation to the study.

2.1. Isolation of peripheral monocytes

Peripheral blood was collected into lithium-heparin tubes.
Peripheral blood mononuclear cells (PBMC) were isolated by density
gradient centrifugation using SepMate™ tubes (STEMCELL
Technologies) containing Ficoll-Paque™ Plus (GE Healthcare). To iso-
late monocytes, PBMCs were filtered through a 40 um cell strainer,
centrifuged (300 xXg, 10min), resuspended in phosphate-buffered
saline (PBS)/0.5% (*/,) bovine serum albumin (BSA)/2 mM ethylene-
diaminetetraacetic acid (EDTA, 80 uL/10” cells) and incubated with
CD14 magnetic MicroBeads (Miltenyi Biotec, Catalogue Number 130-
050-201, 20 uL beads/107 cells) for 15 min at 4 °C. The cell-MicroBead
suspension was washed with PBS/0.5%BSA/2mM EDTA (2mL) and
centrifuged (300 x g, 10 min). The cell pellet was resuspended in PBS/
0.5%BSA/2mM EDTA (500pL) and applied to an autoMACS™
Separator (Miltenyi Biotec). The positive selection program was used to
collect the CD14+ fraction. For each donor, the purity of CD14+
monocytes was determined by flow cytometry and ranged from 95% to
100% (mean = 98%).

2.2. Stimulation of cytokine production by monocytes

After CD14+ monocytes were isolated, viable cells were counted
using trypan blue (Gibco) staining. Viable monocytes (1 x 10°) were
transferred to a sterile round bottom polystyrene tube (5 mL Falcon)
with culture medium (1 mL) comprising: RPMI-1640 (Gibco), 2 mM
GlutaMAX, 100 units/mL penicillin, 100 pg/mL streptomycin and 5%
(*/,) fetal bovine serum (FBS). Monocytes were incubated in the pre-
sence and absence of the TLR4 ligand LPS (0.01-100 ng/mL or 100 ng/
mL, LPS-EK Ultrapure from Escherichia coli strain K12, InvivoGen, San
Diego, CA) or the TLR7/8 ligand R848 (5ug/mL = 14.25uM, imida-
zoquinoline compound InvivoGen, San Diego, CA) for 6 h in a CO, in-
cubator (Sanyo, Osaka, Japan) at 37 °C, with 95% humidity and 5%
CO,. After treatment, the monocytes were centrifuged (524 x g, 5min,
20 °C), the supernatants transferred to new tubes and stored at —80 °C
for subsequent ELISA.

To measure intracellular cytokines, parallel monocyte cultures were
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treated with 1 mL culture medium (no stimulant), LPS (0.01-100 ng/
mL or 100 ng/mL) or R848 (14.25uM) for 2h in a CO, incubator at
37 °C, with 95% humidity and 5% CO,. After this period, the cultures
were spiked with brefeldin A (final concentration was 1.0 ug/mL or
3.57 uM, Catalogue No. 555029, BD Biosciences, San Jose, CA) and
incubated for a further 4h in a CO, incubator at 37 °C, with 95% hu-
midity and 5% CO,. After incubation, monocyte cultures were cen-
trifuged (524 x g, 5min, 20 °C) and prepared for flow cytometry ana-
lysis.

2.3. Intracellular cytokine measurements by flow cytometry

Monocytes (1 X 10°/100 uL) were incubated with 3 pL anti-human
CD14-APC-Cy7 (clone M@P9, Catalogue No. 557831, BD Biosciences,
San Jose, CA) for 20 min on ice, protected from light, prior to the ad-
dition of PBS/2% FBS (1 mL). Cells were centrifuged (524 X g, 5min,
4 °C), the supernatant was discarded and the cell pellet fixed and per-
meabilized with Cytofix/Cytoperm™ Fixation/Permeabilization solu-
tion (100 uL, BD Biosciences) for 16 h at 4 °C. Cells were centrifuged
(1455 x g, 5min, 20 °C), supernatant discarded and washed twice with
BD Perm/Wash™ buffer (1 mL) prior to staining with a cocktail (100 uL)
of anti-human IL-6-FITC (clone MQ2-6A3, Catalogue Number 554696,
5uL), IL-8-PE (clone G265-8, Catalogue Number 554720, 5puL) and
TNF-APC (clone MAb11, Catalogue Number 554514, 3 uL) all from BD
Biosciences (San Jose, CA). Cells were incubated for 30 min on ice,
protected from light before adding PBS (1mL) and centrifuged
(1455 x g, 5min, 20 °C). Cells were analyzed on the BD FACSCanto II
flow cytometer (BD Biosciences, San Jose, CA) using FACS Diva soft-
ware Version 6.0 (BD Biosciences, San Jose, CA). Computer analysis
software (FLOWJO® Version 9, Tree Star Inc., Ashland, OR) was used to
analyze the data. The gating strategy included selection of single cells
on forward scatter/side scatter plots (Fig. Error! Reference source not
found.A), followed by selection of the CD14 positive population versus
side scatter (Fig. 1B) and further analysis of this population for IL-6/IL-
8/TNF (Fig. 1C). The software was used to calculate the frequency (%)
and geometric mean fluorescence intensity (gMFI, as a measure of
production) of cytokine producing cells.

2.4. Secreted cytokines measured by ELISA

The cell culture supernatants from treated monocytes were tested
with separate BD Biosciences OptEIA™ kits for IL-6 (Catalogue No.
555220), IL-8 (Catalogue No. 555244) and TNF (Catalogue No.
555212), according to the manufacturer's instructions. Briefly, 96-well,
flat-bottom, high-protein binding ELISA plates (Nunc MaxiSorp™,
Thermo Scientific) were coated with biotinylated anti-human IL-6, IL-8
or TNF antibodies in 0.1 M NaHCO3/0.1 M Na,COs;~ (pH 10.0) for 16 h
at 4 °C. The unbound antibody was aspirated and non-specific binding
of the bound antibody was blocked with PBS/10% FBS (200 uL/well,
1h, 20°C). The blocking reagent was aspirated and undiluted cell cul-
ture supernatant or recombinant protein standards (100 pL/well) were
added to duplicate wells and incubated for 2h at 20 °C. After washing
three times (PBS/0.05% Tween-20, 400 pL/well), biotinylated detec-
tion antibody plus horse radish peroxidase-streptavidin were added for
60min at 20°C (100 pL/well). After washing 3 times (PBS/0.05%
Tween-20, 400 uL/well), 3,3’, 5,5;tetramethylbenzidine (TMB) chro-
mogenic solution (100 pL/well, SeraCare, Catalogue No. 5120-0076)
was added for 30 min before stopping the reaction with 1 M H,SO,4
(50 puL/well). The absorbance was measured at 450 nm on a FLUOstar
Omega (BMG Labtech, Cary, NC) and readings were determined from
standards (in pg/mL) prepared in different wells on the same plate.

2.5. Statistical analyses

The flow cytometry parameters (frequency (%) and gMFI) of cyto-
kine producing cells were correlated with the ELISA results on semi-log
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Fig. 1. Representative gating strategy and concentration-response to LPS. Monocytes from one donor were analyzed by flow cytometry. The gating strategy was
based on forward scatter/side scatter and selection of single cells (A), followed by selection of CD14 positive cells on the CD14-APC-Cy7 versus side scatter plot (B).
The CD14+ population was analyzed for cytokines IL-6, IL-8 and TNF, showing the difference between monocytes incubated in the absence and presence of LPS
(100 ng/mL, C). The CD14 + monocytes from 1 donor were treated with LPS (0.01-100 ng/mL) and analyzed for intracellular (frequency and gMFI) and secreted IL-6
(D), IL-8 (E) and TNF (F). Data points are connected by a dotted line for visualization only.

and log x-y plots. Statistical analyses were performed using Prism 6.

The Spearman's test was used for describing the correlation between the

continuous variables.

3. Results

An in vitro model of the stimulated innate immune system was es-
tablished by treating magnetic-sorted CD14+ cells with ligands for
TLR4 (LPS) and TLR7/8 (R848). Secreted cytokines (IL-6/IL-8/TNF)
were measured by ELISA and intracellular cytokines by measuring the
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frequency/gMFI of cytokine producing cells by flow cytometry
(Fig. 1A-C). The 6 h incubation of MAC-sorted CD14+ monocytes re-
duced the proportion of CD14+ cells independent of the treatment as
represented in Fig. 1B. Between donors, the CD14+ population for
unstimulated, LPS and R848 ranged from 12 to 39%, 7-56% and
17-56%, respectively.

3.1. Correlation between the frequency and gMFI of cytokine positive cells

To demonstrate that measuring intracellular cytokines can provide a
deeper understanding of the underpinning biology, we tested whether
or not there was a correlation between the frequency of cytokine po-
sitive cells and the gMFI of the cytokine positive cells. The treatment of
magnetic-sorted CD14 + cells with LPS (0.01-100 ng/mL) resulted in a
concentration-response with regards to the frequency of IL-6, IL-8 and
TNF positive cells and the amount of secreted cytokine (Fig. 1D-F). In
contrast, a concentration-response to LPS treatment was observed for
the gMFI of IL-8 positive cells (Fig. 1E) and not for IL-6 and TNF po-
sitive cells (Fig. 1D, F). Subsequent experiments were done with
100 ng/mL LPS or 14.25 nM R848 as previously described for PBMCs by
our laboratory (Howell et al., 2013).

Magnetic-sorted CD14 + cells were treated with LPS (100 ng/mL) or
R848 (14.25uM) for 6 h before analysis. Compared with untreated
monocytes, cultures treated with LPS and R848 showed a higher fre-
quency and gMFI of IL-6, IL-8 and TNF (Fig. 2, closed symbols). After
monocyte treatment with LPS, the frequency of TNF positive cells
correlated with the gMFI of TNF positive cells (Fig. 2C, R = 0.485,
p = .041). Similarly, when monocytes were treated with R848, the
frequency of TNF positive cells correlated with the gMFI of TNF positive
cells (Fig. 2F, R = 0.783, p = .0001). The frequency and gMFI of IL-6/
IL-8 positive cells did not correlate with each other, after treatment
with either LPS or R848 (Fig. 2A, B, D, E). For IL-8 positive cells, this

IL-6

A B

IL-8

Journal of Immunological Methods 464 (2019) 131-137

may be due to a relatively high basal frequency in unstimulated
monocytes (Fig. 2B, E). These data suggest that for some cytokines, an
increase in the number of cytokine producing cells does not always
correlate with an increase in the production of that cytokine.

3.2. Correlation between secreted and intracellular cytokines

The complex cytokine biology can be analyzed with x-y plots of
secreted and intracellular cytokine data (Fig. 3). For unstimulated
monocytes, secreted IL-8 and TNF correlated with the frequency of IL-8
positive cells and TNF positive cells (Fig. 3B and C, respectively). In the
absence of stimulant, secreted TNF correlated with the gMFI of TNF
positive cells (Fig. 3, R = 0.477, p = .045).

When treated with LPS, the amount of IL-6 secreted by monocytes
correlated with intracellular gMFI of IL-6 positive cells (Fig. 3G,
R = 0.476, p = .046). Secreted IL-8 correlated with the frequency of IL-
8 positive cells after monocyte treatment with LPS (Fig. 3B, R = 0.559,
p = .016).

When treated with R848, the amount of IL-6 secreted by monocytes
correlated with the frequency of IL-6 producing cells (Fig. 3D,
R = 0.501, p = .034). Secreted TNF correlated with the intracellular
gMFI of TNF positive cells after treatment with R848 (Fig. 3L,
R = 0.463, p = .053).

By comparing with basal levels, general patterns show that for IL-6
where the basal gMFI is comparable with that of stimulated cultures
(Fig. 3G, J), the increased IL-6 secretion following TLR ligand treatment
is likely the result of increased frequency of IL-6 positive cells (Fig. 3A,
D). In contrast, increased basal secretion of IL-8 following TLR ligand
treatment is likely the result of increased gMFI (Fig. 3H, K) because the
frequency of IL-8 positive cells is similar to untreated cells (Fig. 3B, E).
In contrast to both IL-6 and IL-8, the increased TNF secretion from
monocytes treated with either TLR4 or TLR7/8 ligands may be the
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Fig. 2. Correlation between the frequency and gMFI of cytokine positive monocytes. Peripheral monocytes from 18 donors were positively selected with CD14
magnetic beads and treated with no stimulant (open symbols), a TLR4 agonist (LPS, closed circles) or TLR7/8 agonist (R848, closed squares) for 6 h. Intracellular IL-6
(A, D)/IL-8 (B, E)/TNF (C, F) were measured by flow cytometry. The frequency of cytokine positive cells and the gMFI of the same cytokine were graphed together as
x-y plots on a semi-log scale. The Spearman’s test was used to calculate the P value and correlation co-efficient stated on each graph.
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Fig. 3. Correlation between secreted and intracellular cytokines. Peripheral monocytes from 18 donors were treated with a TLR4 agonist (LPS, A-C and G-I, closed
circles) or TLR7/8 agonist (R848, D-F and J-L, closed squares) for 6 h. Secreted IL-6/IL-8/TNF measured by ELISA, was graphed on the x-axis (log scale) with
intracellular cytokine parameters; either frequency (A-F, linear scale) of the cytokine or the gMFI (G-L, log scale) of the cytokine. The corresponding measurements
from unstimulated cells are presented as open symbols in each graph. The Spearman’s test was used to calculate the P value and correlation co-efficient stated on each

graph.
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p=0.0186 (*), secreted R=0.761, p=0.0002 (***).

result of both increased frequency (Fig. 3C, F) and increased gMFI of
TNF positive cells (Fig. 31, L).

3.3. Correlation of TLR4 and TLR7/8 induced cytokine stimulation

The intracellular and secreted cytokine data were used to compare
the monocytes capacity to respond to two TLR agonists (LPS and R848),
plotted on the same graph (Fig. 4). There was a significant correlation
between the responses to LPS and R848 related to the frequency
(R = 0.888, p < .0001) and gMFI (R = 0.639, p = .004) of IL-6 posi-
tive cells and secreted IL-6 (R = 0.573, p = .013, Fig. 4A). Similarly, a
significant correlation between the responses to LPS and R848 related
to the frequency (R = 0.779, p =.0001) and gMFI (R = 0.744,
p = .004) of IL-8 positive cells and secreted IL-8 (R = 0.618, p = .0063,
Fig. 4B). In contrast, only the gMFI of TNF positive cells (R = 0.548,
p = .0186) and secreted TNF (R = 0.761, p = .0002) were associated
with a significant correlation between LPS and R848 treatment
(Fig. 4C). Overall, these data suggest that a cytokine response to a TLR4
ligand corresponds with a response to a TLR7/8 ligand.

4. Discussion

Monocytes predominantly express the principal family of pattern
recognition receptors, up to thousands of TLRs per cell (Visintin et al.,
2001). Moreover, monocytes produce a large amount of cytokines after
stimulation of TLR4 and TLR7/8 (Bjork et al., 1992), and are an im-
portant model for studying the cytokine profile (Schildberger et al.,
2013). By focusing on a specific cell type (human primary monocytes)
we have extended on previous reports (Schuerwegh et al., 2003) by
showing significant improvement in the validation for measuring se-
creted and intracellular cytokines using two assays. Purified monocytes
from 18 healthy donors were stimulated and multidimensional data
generated for intracellular IL-6/IL-8/TNF. Secreted cytokines from
magnetic-sorted monocytes were measured by ELISA whereas the fre-
quency of cytokine positive cells and amount of intracellular cytokine
per cell was measured by flow cytometry. This is the first report to

136

demonstrate that monocytes treated with TLR agonists have different
secreted and intracellular cytokine response profiles.

Treatment of monocytes with either a TLR4 or TLR7/8 agonist, in-
creased IL-8 production to levels generally one order of magnitude
greater than IL-6 and TNF. Known for recruiting granulocytes, natural
killer (NK) cells and T cells (Taub et al., 1996), IL-8 synergizes with
interferon-alpha in NK cells (Dunn et al., 2007). In clinical conditions
where the immune system is compromised, such as chronic hepatitis B
patients undergoing a hepatic flare (acute increase in liver inflamma-
tion), peripheral IL-8 is the only cytokine that is consistently elevated
and a biomarker for activation of the innate immune system (Tan et al.,
2010). Moreover, the onset of hepatic flares is preceded by higher IL-8
production (Dunn et al., 2007; Tan et al., 2010). In this study, mono-
cytes produced more IL-8 compared with IL-6 and TNF, which supports
the use of this cell model for the study of cytokines in clinical conditions
and their biological role for recruiting and synergizing with other im-
mune cells.

Measuring the amount of secreted cytokines by ELISA is informative
but does not give cell-specific cytokine information. Flow cytometry is
complementary to ELISA because it provides advantageous semi-
quantitative data for cell-specific cytokines. In our study, each stimu-
lated cytokine (IL-6/IL-8/TNF) gave a unique pattern when measure-
ments for secreted vs intracellular were compared (Fig. 3); supporting
the use of both techniques to provide a deeper understanding of cyto-
kine biology.

Using gMFI we were only able to detect a small amount of IL-6
production following LPS stimulation and IL-6/IL-8 production fol-
lowing R848 stimulation. In contrast, significant production was de-
monstrated by measuring secreted cytokines by ELISA. However, the
ELISA data are misleading and cannot discriminate cytokines from
monocytes that have retained/lost CD14 after treatment which oc-
curred in unstimulated, LPS and R848 treated cells. The loss of CD14
from monocytes occurs during culture and has been reported by others
(Ruppert et al., 1993).

The LPS treated monocytes secreted IL-8 and this correlated with
the frequency of IL-8 producing cells (Fig. 3B) but not with their gMFI
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(Fig. 3H). Under these conditions, the frequency was more sensitive
than gMFI. The possible biological mechanism for this discrepancy may
be due to the heterogeneity of CD14 + monocytes which exist as two
populations; CD14 + CD16- (classical, 85% of all monocytes) and
CD14 + CD16+ (intermediate, 10% of all monocytes) (Ancuta et al.,
2009; Belge et al., 2002). These two monocyte populations can respond
differently to TLR ligands. For example, CD14+/CD16+ monocytes
treated with LPS produced 3-fold more TNF and IL-10 compared with
CD14 + CD16- (Belge et al., 2002; Skrzeczynska-Moncznik et al.,
2008). This could mean that in our study after LPS treatment, whilst
more CD14+ cells were positive for IL-8 (i.e. frequency), only a small
percentage of the population may have been producing the majority of
IL-8, and this increased gMFI signal was likely lost amongst the ma-
jority of CD14+ cells that had little increase in IL-8 production. To test
this, future studies should include an antibody to CD16 to further
subgroup the CD14+ monocytes.

Only one other study has compared intracellular production with
extracellular cytokines (IL-2/IL-4/IL-6/TNF/IL-10/IL-12) of CD14+
monocytes treated with LPS (TLR4 agonist) showing good correlation
between the two (Schuerwegh et al., 2003). However in that study, a
flow cytometry bead array method was used to measure extracellular
cytokines after stimulation of whole blood with LPS. To extend and
clarify the previous report, we used the ‘gold standard’ ELISA to mea-
sure cytokines secreted by monocytes and directly compared this with
retained intracellular cytokines measured by flow-cytometry. Ad-
ditionally, rather than stimulating whole blood with only one TLR4
agonist (LPS), we used purified monocytes and treated these with either
a TLR4 or TLR7/8 agonist.

To semi-quantitate the amount of intracellular cytokines in the
CD14+ population, cells were stimulated for 6 h and Brefeldin A was
added in the last 4 h. There is a possibility that CD14+ cells secrete
cytokines within the first 2 h with TLR agonists and this may cause a
difference in the secreted vs intracellular cytokines observed. However,
this is unlikely based on our own unpublished findings and previous
cytokine kinetic studies that show little to no difference of IL-8 and TNF
cytokines secretion from monocytes in the first 2h of LPS treatment
compared with untreated cells (Kaufmann et al., 1999).

We note that the concentration of brefeldin A recommended by the
manufacturer and used in this study (3.57 uM), is 2.5 times the con-
centration used in the other study (1.4 uM) (Schuerwegh et al., 2003).
With our experimental conditions, the viability of the monocytes at the
end of the treatment period was > 85% (data not shown). Despite the
difference in concentration of brefeldin A between our study and the
previous report, both studies found a correlation between intracellular
and secreted IL-6 after monocytes were treated with LPS (Fig. 2.2D).

In conclusion, different cytokine profiles between IL-6/IL-8/TNF
were evidenced by flow cytometry and ELISA. Flow cytometry provided
a complementary and detailed insight beyond ELISA in revealing cell-
specific intracellular cytokines. Our study shows that when assessing
immune cell culture models, analysis of both secreted and intracellular
cytokines gives a more comprehensive understanding of the biology
surrounding cytokine production.
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