Int J Clin Exp Med 2015;8(9):16158-16166
www.ijcem.com /ISSN:1940-5901/1JCEM0012869

Original Article
Performance evaluation of FlowCytomix assays to
quantify cytokines in patients with rheumatoid arthritis

Xuefeng Wang*2?4, Liyang Dong'?, Yong Liang?, Hongchang Ni#, Jun Tang*, Chengcheng Xu'?, Yuepeng
Zhou?, Yuting Su*?, Jun Wang*, Deyu Chen?, Chaoming Mao?

1Department of Nuclear Medicine, The Affiliated Hospital of Jiangsu University, Zhenjiang 212001, P. R. China;
2Institute of Oncology, The Affiliated Hospital of Jiangsu University, Zhenjiang 212001, P. R. China; °Clinical Labo-
ratory, Huai’an Hospital Affiliated of Xuzhou Medical College, Huaian, P. R. China; “Department of Rheumatology,
The Affiliated People’s Hospital, Jiangsu University, Zhenjiang 212002, Jiangsu, P. R. China

Received July 14, 2015; Accepted September 1, 2015; Epub September 15, 2015; Published September 30,
2015

Abstract: Objectives: To compare the cytokine profile in RA patients and healthy control by using two methods-
FlowCytomix assay and traditional ELISA. Methods: Cytokine levels were evaluated by FlowCytomix assay and ELISA
in serum and supernatants of peripheral blood mononuclear cells (PBMC) cultures with and without stimulation
by phytohaemagglutinin (PHA). Results: The levels of IL-6, IL-13, and TNF-a were significantly higher in sera of RA
patients than those of healthy controls. The levels of IL.-22, IL-6, IL-13, TNF-, and IL-10 were higher in unstimulated
PBMC culture supernatant of RA patients than those of healthy controls. PHA stimulation significantly increased the
production of proinflammatory cytokines from PBMC with RA patients. Compared with detectable cytokine levels in
sera, cytokine concentration in the supernatant of PBMCs was remarkably higher. FlowCytomix and ELISA showed
significant correlation in detecting cytokines. However, the FlowCytomix assay detected more cytokines than ELISA.
Conclusion: The supernatant of PBMCs provide a fine condition for the study of cytokine production because of the
lack of interference factors in sera. The FlowCytomix assay is more sensitive than ELISA in detecting cytokines from
RA patients. Multiple cytokine signatures using FlowCytomix assay may represent a more realistic approach in the

future of personalized medicine in RA.
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Introduction

Rheumatoid arthritis (RA) is one of the most
common systemic autoimmune diseases. RA
characterized by chronic inflammation in the
synovium, resulting in progressive destruction
of joints and cartilage. Although the pathophys-
iology of RA has not been completely under-
stood yet, increasing numbers of cytokines
have been found to be involved in RA pathology.
Hence, cytokine-blocking therapies are being
considered for prevention of inflammation and
cartilage and bone destruction [1]. Several
detection methods (ELISA, immunohistochem-
istry) have identified TNF-a and IL-1 as major
players in the network of cytokines, notably
directly expressed at the disease site in joint
fluid tissue. Recently, more cytokines, including
IL-6, IFN-y, GM-CSF, IL-17, IL-21, IL-18 and IL-15,
have also been found to be involved in the RA
pathology [2, 3]. Thus, increased levels of cyto-
kines such as IL-1, IL-6 and TNF have been

interpreted as an indicator of inflammatory
state [1]. Furthermore, as an expensive cyto-
kine therapy, there are up to 40% non-response
patients. Das and colleagues [4] reported that
serum IL-6 was significantly higher at baseline
in rituximab non responders and that a signifi-
cant reduction followed treatment in respond-
ers. Response to anti-TNF (etanercept) was
associated with reduced levels of IL-6 and
increased IL-23 and IL-32 post-treatment while
there was no change in non-responders [5].
Thus, cytokines may as predictive biomarkers
for therapy outcome would allow tailoring thera-
py to the individual. It is unlikely that single
immune mediators correlate with inflammatory
state or disease biological processes on their
own. Instead, multiple cytokines are involved in
pathological and immunological processes of
RA, reflecting the different capacities and func-
tions of immune cells, such as immunoregula-
tion, proliferation or activation [6]. Understan-
ding the complex cytokine networks that con-
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Table 1. Characteristics of RA patients and healthy controls

tional ELISA. This study provides

useful information that could be

. Active RA Healthy o .
Demographics (n = 35) (n = 15) used as a guide in the selection of
Age (years), mean (range) 54.1(35-71) 52.6 (32-68) approprlat(? multiple an.alyte tech-
Sex. femal | 29/6 12/3 nology, which allows discovery of

& fema e/”?a © / / patterns and relevant correlations
Disease duration (years), Mean (range) 7.5 (2-16) and may be more powerful in cap-
RF, positive/negative 21/14 turing the emergence of complex
ESR (mm/h), mean (range) 38.9(28-69) 7.6 (4-16) responses associated to inflam-
CRP (mg/L), mean (range) 62.8 (27-135) 3.6 (1-8) mation or pathology in RA.

Mean DAS28 6.2 (4.5-7.3)

RF Rheumatoid factor, ESR Erythrocyte sedimentation rate, CRP C-reactive

protein; DAS28 Disease Activity Score in 28 joints.

tribute to the autoimmune processes associat-
ed with RA has become more relevant since the
advent of biologic therapy [1, 7].

Methods of detection for cytokines vary consid-
erably. Enzyme-linked immunosorbent assays
(ELISAs) have long been considered the “gold
standard”, but could only measure one analyte
at a time. Furthermore, traditional ELISA for a
single cytokine could take up to 4 h to com-
plete; therefore, performing multiple ELISA as-
says for a number of different cytokines could
be very expensive and time-consuming.

Currently, development of multiplexing technol-
ogy has allowed simultaneous investigation of
multiple cytokines from a small amount of sam-
ple material, reducing any inter-assay variation,
analysis, cost, sample material, and human
error. A number of commercial kits are avail-
able. Flow cytometric multiplexed bead assays
using fluorescently-labeled microbeads coated
antibodies that specifically react with different
analytes in a multiplex system could be differ-
entiated by size and distinct fluorescence inten-
sity using flow cytometry, and allow for auto-
mated high-throughput screening, potentially
improving reproducibility and reducing human
error. Although FlowCytomix assay is widely
used for detection of cytokines [8-11]; however,
few comparative studies of this assay with tra-
ditional ELISA methods have been performed.
Furthermore, most of the studies comparing
different multiplex kits have measured cyto-
Kines in serum or the supernatants of periph-
eral blood mononuclear cells (PBMC) [12-14];
few comparative studies of serum with PBMC
supernatant have been reported.

In this study, we employed the Bender Med-
Systems FlowCytomix platform to determine
the cytokines from serum and supernatants of
PBMC with RA, and then compared with tradi-
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Materials and methods

Patients

Thirty-five patients with active RA based on the
criteriaofthe American College of Rheumatology
[15] and fifteen age- and sex-matched healthy
controls were enrolled in study. Disease activity
was assessed using the 28-joint disease activ-
ity score (DAS28) [16]; all patients were free of
infectious diseases, malignant diseases, car-
diovascular complaints, or other inflammatory
diseases. Table 1 presents the characteristics
of the RA patients and the healthy controls.
Informed consent was obtained from all pa-
tients and healthy controls. This study was ap-
proved by the Ethics Committee of the Affiliated
Hospital, Jiangsu University (Permit Number:
JSU 12-098) and abides by the Helsinki De-
claration on ethical principles for medical re-
search involving human subjects.

Blood sample preparation

Approximately 8 ml of venous blood was drawn
by venipuncture from the patients and healthy
controls. Up to 6 ml of the 8 ml sample was
heparinized for isolation of PBMC, while the
remaining 2 ml was centrifuged at 800x g for
10 min, aliquot, and stored at -80°C for prepa-
ration of serum.

PBMC were isolated from healthy controls and
RA patients by Ficoll-Hypaque (Amersham Ph-
armacia Biotech, Uppsala, Sweden) density
gradient centrifugation. The cells were washed
three times with sterile phosphate buffered
saline (PBS) and suspended in a concentration
of 2x10° cells/ml in RPMI 1640 (Life Techno-
logies) supplemented with 10% heat-inactivat-
ed fetal calf serum, 2 mM L-glutamine, and 1%
penicillin-streptomycin (HyClone, Logan, Utah,
USA). PBMCs were stimulated in a concentra-
tion of 2x10° cells per well in 200 uyl complete
culture medium with 5 pg/ml phytohaemagg|u-
tinin (PHA) in U bottom 96-well plates at 37°C.
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Table 2. Concentrations of serum cytokines
determined by FlowCytomix assay

%’;2368 Control Active RA

IL-6 46.24+15.71 91.65+24.82"
IL-1B 182.75+55.27  412.09+67.92"
TNF-o 59.62+27.18 162.35+46.78"

“P < 0.05, significance between RA patients and healthy
control.

The supernatant was collected after incubation
for 24 h, and then frozen at -80°C until assay.

The concentrations of the cytokines in the sera
and the supernatants of PBMCs were deter-
mined using the FlowCytomix Human Cytokine
kit (Bender MedSystems, Vienna, Austria) and
ELISA kit (Bender Med Systems, Vienna,
Austria).

Cytokine measurement by FlowCytomix human
cytokine Kit

The sera and PBMC supernatant were assayed
to determine the concentrations of cytokines
with Human Th1/Th2/Th9/Th17/Th22 13-plex
FlowCytomix™ Kit (Bender MedSystems, Vi-
enna, Austria) according to the instructions of
the manufacturer. The kit allowed simultane-
ous quantification of 13 cytokines, including
Th1 cytokines (IFN-y, IL-2, and TNF-), Th2 cyto-
kines (IL-10, IL-4, IL-5, IL-6, and IL-13), Th17
cytokines (IL-17 and IL-23), Th9 cytokines (IL-9),
and Th22 cytokines (IL-12p70 and IL-22). Data
were collected on a FACSCalibur flow cytometer
using CellQuest (BD Biosciences, Franklin
Lakes, NJ) and analyzed with FlowCytomix Pro
2.2 Software (Bender MedSystems). Standard
curves were determined for each cytokine from
a range of 27-20000 pg/ml. The concentration
of each cytokine was expressed as pg/ml. The
lower limit of detection according to the manu-
facturer is 1.2-43.3 pg/ml depending on the
analyte.

Cytokine measurement by ELISA

The measurement of cytokines in sera and
PBMC supernatant by ELISA kit (Bender Med
Systems, Vienna, Austria) was performed ac-
cording to manufacturer’s instructions of the
manufacturer. Dilutions of recombinant human
cytokines following the instructions from the
manufacturer were used to create a standard
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curve. All samples were assayed in duplicate.
Concentrations below the detection limit were
considered undetectable.

Statistical analysis

Statistical analyses were performed with Gra-
phPad Prism 5.01 (GraphPad Software, 2007,
CA, USA). Data are expressed as the mean +*
standard error of the mean (SEM). Nonpara-
metric Mann-Whitney U-test was used to calcu-
late the significance difference between the
groups and P < 0.05 (two-tailed) was consid-
ered statistically significant. Pearson correla-
tion analysis was used to calculate the correla-
tion coefficient between FlowCytomix and
ELISA. The significance was set at P < 0.05.

Results

Increased pro-inflammatory cytokines in the
serum from RA patients by FlowCytomix assay

The serum cytokine environment of the RA
patients and the healthy controls were mea-
sured using FlowCytomix assay. Table 2 shows
that the active RA group exhibited higher levels
of serum IL-6, IL-1B, and TNF-a than those of
the healthy controls (all P < 0.05). Serum levels
of the other cytokines tested were almost
exclusively less than the detection limit of the
assay system. These results suggested that an
increased pro-inflammatory cytokines in the
serum from active RA patients.

Increased pro-inflammatory cytokines in the
supernatant of PBMCs from RA patients by
FlowCytomix assay

To determine the cytokine supernatant profiles,
PBMCs from RA patients and healthy controls
were cultured for 48 h in the presence or
absence of PHA stimulation; the cytokine pro-
duction in the supernatants was evaluated.
IL-22, IL-6, IL-1B, TNF-a and IL-10 levels were
higher in the unstimulated PBMC culture super-
natant of RA patients compared with those of
the healthy controls (Table 3). The Thil-as-
sociated cytokine IFN-y, Th2-associated cyto-
kine IL-4, IL-5, and IL-13, Th9-associated cyto-
kine IL-9, and Thl7-associated cytokine IL-17
were almost not detected in the unstimulated
PBMC culture supernatants of the patients and
controls. Consistent with results described pre-
viously by our group [9], PHA stimulation in-
duced significant increase in the production of
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Table 3. Concentrations of cytokines in culture supernatants of PBMCs with or without PHA stimula-

tion by FlowCytomix assay

Cytokines Control Active RA

(pg/ml) Unstimulated stimulated Unstimulated Stimulated
IFN-y / 665.35+213.24 / 339.51+135.16"
IL-17 / 73.68+28.61 / 172.05+82.64*
IL-2 / 277.19+84.86 / 353.54+75.24
1122 51.25+12.26 89.10+21.15 112.38+25.56" 177.83+51.55%8
IL-6 1252.09+93.10 1386.35+625.75 1894.75+832.55" 2606.19+721.61%$
IL-13 / 216.79+41.63 / 263.45+33.65
IL-4 / 29.58+17.41 / 23.82+8.53
IL-5 / 76.47+45.50 / 84.12+67.93
IL-1B 1318.44+181.12 2465.32+525.86 1967.32+247.71" 3693.09+866.99%8
TNF-o 441.31+79.17 1189.76+462.38 903.50+413.12" 1795.84+718.18%$
IL-10 89.98+19.30 735.26+224.35 352.42+124.18" 713.16+237.918

*P < 0.05, significance between RA patients and healthy control from PBMCs without stimulation. ¥P < 0.05, significance
between RA patients and healthy control from PBMCs with stimulation. $P < 0.05, significance between with and without stimu-

lation from RA patients PBMCs.

Table 4. Concentrations of cytokines in cul-
ture supernatants of PHA-stimulated PBMCs
by ELISA

Cytokines

(pg/ml) Control Active RA
IFN-y 67.38+12.33 15.09+7.07*
IL-17 19.91+7.14 43.69+7.94*
IL-22 18.18+2.97 35.07+£3.95**
IL-6 196.94+27.15 352.12+32.23**
IL-1B 380.61+54.83 570.40£53.31*
TNF-o 262.52+44.12 417.41+40.60*
IL-10 205.8+25.69 254.2+29.24

*P < 0.05 and **P < 0.01, significance between RA
patients and healthy control.

proinflammatory cytokines from PBMC with RA
patients in this experiment. In response to PHA
stimulation, PBMC from RA patients released
more 1L-22, IL-6, IL-13, TNF-&, and IL-10 (Table
3). Furthermore, PHA stimulation resulted in
the PBMC of RA patients secreting higher levels
of IL-17 than those of healthy controls (all P <
0.05). However, IFN-y levels decreased and
IL-2, IL-13, IL-4, IL-5 and IL-10 levels were not
significantly changed. IL-9 and IL-12p70 were
undetectable (Table 3). Compared with detect-
able cytokine levels in sera, the concentration
of cytokines in the supernatant of PBMCs were
remarkably high. Collectively, these results sug-
gest that increased levels of pro-inflammatory
cytokines in the supernatant of PBMCs from RA
patients regardless of PHA stimulation.
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Comparison of FlowCytomix and ELISA for
cytokine measurement in RA patients

Given of limited detection of cytokines in serum
and unstimulated PBMC culture supernatant of
RA patients and healthy control, FlowCytomix
and ELISA were compared based on their ability
to detect cytokine production in PBMC after
PHA stimulation. Among the 13 cytokines mea-
sured, IL-2, IL-4, IL-5, 19, IL-12p70 and IL-13
were undetectable by the ELISA method, where-
as IFN-y, IL-17, 1L-22, IL-6, IL-1B, TNF-&, and
IL-10 could be detected by the FlowCytomix and
ELISA. Table 4 shows the concentrations of
cytokines in culture supernatants of PHA-
stimulated PBMCs by ELISA. A similar trend
for cytokine levels was observed using the
FlowCytomix (Table 3) and ELISA (Table 4)
among the detectable cytokines, such as IFN-y,
IL-17, IL-22, IL-6, IL-1B, TNF-acand IL-10. However,
the FlowCytomix detected higher quantities of
IFN-y, IL-17, 1L-22, IL-6, IL-1B3, TNF-a and 1L-10,
and the correlation between the FlowCytomix
and ELISA is graphically represented in Figure
1. Table 5 shows the corresponding linear rela-
tionships between the FlowCytomix and ELISA
readings on the detectable cytokines (IFN-y,
IL-17, 122, IL-6, IL-1B, TNF-a, and IL-10) in
supernatant PHA-stimulated PBMCs from RA
patients. The FlowCytomix assay detected
more cytokines with higher quantities than the
ELISA. Therefore, the FlowCytomix assay may
be more sensitive than ELISA in detecting cyto-

Int J Clin Exp Med 2015;8(9):16158-16166



Quantify cytokines using FlowCytomix assays

entific information despi-
te limited sample volumes
[19, 20]. However, to deter-
mine the best method, a
thorough knowledge of as-
say performance in the sa-
mple matrix intended for

analysis and comparison
with traditional methods is

r=0.89 essential. The performan-

ce of the FlowCytomix as-
say in sera or culture su-
pernatant of stimulated
PBMCs isolated from nor-
mal donors or patients ha-

ve been fairly well charac-
terized [9, 21, 22]. How-
ever, few studies that pro-
vide a thorough evaluation
of the performance of the-
se assays to compare the
serum cytokine level with
ex vivo spontaneous and
induced PBMC cytokine
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Figure 1. Correlation of cytokines in supernatants of PHA-stimulated PBMCs

production that would be
analyzed during a clinical
study and how assay per-
formance is affected in
samples collected from pa-
tients with different dis-
ease states have been re-
ported. Assay performance
with clinically relevant sam-
ple types is critical in deter-
mining the proper applica-
tion of these methods to

from RA patients detected between FlowCytomix and ELISA. Correlation of pg/

ml of IFN-y (A), IL-17 (B), IL-22 (C), IL-6 (D), IL-1B (E), TNF-& (F), and IL-10 (G) de-
tected between the FlowCytomix and ELISA. The two methods significantly cor-

understand disease pro-
cess and drug action.

related with one another for the detection of IFN-y (Pearson r = 0.88, P = 0.004),

IL-17 (Pearson r = 0.94, P = 0.0005), IL-22 (Pearson r = 0.92, P = 0.0014), I.-6
(Pearson r = 0.89, P = 0.0031), IL-1B (Pearson r = 0.95, P = 0.0003), TNF-a
(Pearson r =0.97, P < 0.001), and IL-:10 (Pearson r = 0.94, P =0.0006).

kines from patients with inflammatory diseas-
es, such as RA.

Discussion

Currently, the use of multiplexed methods to
simultaneously measure multiple analytes for
better understanding of the underlying biologi-
cal mechanisms of various diseases and the
mechanism of action of therapeutic agents has
received a great deal of interest [17, 18]. These
methods facilitate the evaluation of multiple
analytes and collection of large amount of sci-
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The method described in
this study was evaluated
for quantification of thir-
teen cytokines in culture
supernatant from unstimulated and stimulated
PBMCs and in serum samples from RA patients
and healthy controls. We found that FlowCytomix
assay for the cytokine measurement in sera or
supernatant from RA patients and healthy con-
trol is quite reliable. However, the detection
range and concentration of cytokines in super-
natant was far superior to that in sera. Normal
human serum has reduces the sensitivity of
some commercial sources of antibody pairs
[23], and the presence of animal proteins such
as bovine serum albumin could also interfere
with the assays. These results are consistent

Int J Clin Exp Med 2015;8(9):16158-16166
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Table 5. Correlation of cytokines in culture
supernatants of PHA-stimulated PBMCs from
RA patients detectedbetween FlowCytomix
and ELISA

Cytokines ELISA values relative to FlowCytomix

IFN-y Y = 0.049x-1.613
IL-17 Y = 0.09x+28.17
IL-22 Y =0.20x-0.19

IL-6 Y =0.11x+61.82
IL-1B Y = 0.14x+165.8
TNF-a Y = 0.17x-39.56
IL-10 Y =0.32x+21.73

with another study demonstrating lower quanti-
ties of cytokines in sera than that in superna-
tant by LINCOplex [19] and MILLIplex kits [24],
which may be related to the presence of large
dynamic concentration ranges of proteins and
other interfering factors in sera [19].

PBMC culture may allow the study of cytokine
production in vitro spontaneously or after acti-
vation of specific cells, reflecting their secretory
potential in an attempt to identify a specific
cytokine “signature” to RA patients. Consistent
with a previous study reporting that IL-6, IL-1[3,
and TNF-a are abundant in the inflamed joint in
patients with active RA and are directly involved
in the destruction of cartilage and bone [25],
our study demonstrated that PBMCs from RA
patients without stimulation could secrete
higher levels of IL-22, IL-6, IL-13 and TNF-ac com-
pared with healthy donors. IL-22, a Th17-related
cytokines, is also produced by Th22 cells,
innate lymphocytes (lymphoid tissue-inducer
cells, y/0 T cells and natural killer cells) [26],
has been found to be elevated in the periphery
and synovial of RA patients [27-29] and has a
pathogenic role in RA [26]. Furthermore, con-
sistent with our previous study [9], we also
found that PBMCs from RA patients stimulated
by PHA, a polyclonal stimulator of T cells, could
secrete higher levels of IL-17, IL-6, TNF-&« and
IL-1B compared with healthy donors. However,
IFN-y, a Thi-related cytokine was decreased,
while IL-2, 1L-13, IL-4, IL-5 and IL-10, other Thl
or Th2-related cytokines, were not changed in
RA patients compared with those in healthy
controls (Table 4). This result was consistent
with the concept that the function of Th2 cells
in RA was impaired [25], however, it is in con-
trast to a study that demonstrated that Th1 and
Th47 cells play an important role in the progres-
sion of RA [30, 31]. Similarly, decreased IFN-y
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level in RA patients was found in another study
[32], suggesting that Th17, rather than Thl
cells, is the pathogenic culprit in RA [31].

Although multiplexed assays provide the ability
to collect large amount of information from lim-
ited samples, the results highlight the point
that “real world” assay performance must be
evaluated to help in understanding how the
results of the assays should be used. This
understanding will be especially important
when trying to compare results obtained with
different methods. FlowCytomix assay was able
to detect more and higher quantities cytokines
than ELISA. Good concordance was observed
between the two methods when detecting IFN-
y, IL-17, IL-22, IL-6, IL-1B3, TNF-a and IL-10; a lin-
ear correlation was also observed between the
two methods in the above cytokine detection.
These correlations could be attributed to the
high level of cytokines detected by all assays,
assuming that the levels were well above the
limits of detection, thus, the quantities are
more accurately determined. These results
were consistent with another study demon-
strating that values from cytokine flow cytome-
try assays were consistently higher than those
from an Enzyme-linked immunospot (ELISPOT)
[33] or ELISA [34].

Because cytokines form part of a network, the
profile obtained is better understood if all or
most variables contributing to it are analyzed
simultaneously. Multiplex techniques can si-
multaneously measure a number of different
parameters using a small amount of sample
thereby reducing any inter-assay variation,
sample material, analysis time, cost and human
error. Multiplex techniques better reflect the
“real world” in vivo from patients than single-
measurement ELISAs. Although we did not
compare FlowCytomix assay with other multi-
plex cytokine detection, Berthoud et al. [35]
compared two Luminex methods and two fl-
ow cytometry methods, including the Bender
FlowCytomix kit, for detection of cytokines in
supernatants from human leukocytes stimulat-
ed with viable Plasmodium falciparum infected
red blood cells or P. falciparum schizont lysates.
They found that the two flow cytometry-based
kits showed significant correlation in detection
of IFN-y, IL-2, TNF, IL-10 and IL-6. The Bender
FlowCytomix kit detected significantly higher
amounts of IFN-y and TNF-«, but significantly
lower amounts of IL-6 and IL-10 than the BD Kkit.
Young et al. [34] compared the BD kit, ELISA

Int J Clin Exp Med 2015;8(9):16158-16166
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and Bender MedSystems kit in measurement
of cytokines in rodent bronchoalveolar lavage,
and reported that although correlations could
be good between multiplex cytokine kits and
ELISA, a large fold difference (up to 11-fold) in
the quantity of cytokine detected could be
observed. Differences in the absolute quantity
of cytokine present in the samples may be
explained by contaminants in the matrix that
differentially affect the standard curves and
efficiency of different monoclonal antibody
pairs. Thus, when much information is needed
from a complex inflammatory disease such as
RA, a different method such as FlowCytomix
assay should be considered.

Conclusion

In summary, this work demonstrates that the
supernatant of PBMCs provide a fine condition
for the study of cytokine production because
of the lack of interference factors in sera.
FlowCytomix assay provides reliable, high th-
roughput and rapid screening for cytokine sig-
nature profiles in inflammatory disease such as
RA even when using small samples. Further
investigations based on multiple samplings are
necessary. Furthermore, the complicated me-
chanism and the relationships of the cytokines
and clinical characteristics of RA need to be
further investigated in the future.
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