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ABSTRACT
Immunomodulatory monoclonal IgG1 antibodies developed for cancer and autoimmune disease have
an inherent risk of systemic release of pro-inflammatory cytokines. In vitro cytokine release assays are
currently used to predict cytokine release syndrome (CRS) risk, but the validation of these preclinical
tools suffers from the limited number of characterized CRS-inducing IgG1 antibodies and the poor
understanding of the mechanisms regulating cytokine release. Here, we incubated human whole blood
from naïve healthy volunteers with four monoclonal IgG1 antibodies with different proven or predicted
capacity to elicit CRS in clinic and measured cytokine release using a multiplex assay. We found that, in
contrast to anti-CD52 antibodies (Campath-1H homolog) that elicited high level of multiple inflamma-
tory cytokines from human blood cells in vitro, other IgG1 antibodies with CRS-inducing potential
consistently induced release of a single tested cytokine, interferon (IFN)-γ, with a smaller magnitude
than Campath. IFN-γ expression was observed as early as 2–4 h after incubation, mediated by natural
killer cells, and dependent upon tumor necrosis factor and FcγRIII. Importantly, the magnitude of the
IFN-γ response elicited by IgG1 antibodies with CRS-inducing potential was determined by donor
FcγRIIIa-V158F polymorphism. Overall, our results highlight the importance of FcγRIIIa-dependent IFN-
γ release in preclinical cytokine release assay for the prediction of CRS risk associated with therapeutic
IgG1 antibodies.
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Introduction

In the past two decades, the use of monoclonal antibodies as
therapeutics for cancer and autoimmune diseases has sub-
stantially increased. Nonetheless, clinical toxicity has been
associated with their administration, including cytokine
release syndrome (CRS), infusion site reaction, and the
development of anti-drug antibody. CRS, one of the most
severe adverse events associated with monoclonal antibodies,
is characterized by high levels of immune cell activation and
rapid systemic release of proinflammatory cytokines. CRS
has been observed with several antibodies, including
TGN1412 (anti-CD28 superagonist), muromonab (anti-
CD3), alemtuzumab (Campath-1H, anti-CD52), and rituxi-
mab (anti-CD20).1 Importantly, preclinical models did not
predict the potential for CRS. Consequently, in vitro cyto-
kine release assays using human blood cells 2,3 have been
developed to predict and understand the mechanisms
responsible for CRS.4,5

Two principal mechanisms are thought to cause CRS: 1)
antibodies like TGN-1412 triggered cytokine release by acti-
vating T cells, and 2) IgG1 antibodies like alemtuzumab
induced cytokine release from FcγR-expressing cells. To pre-
dict preclinically these different types of CRS, two different
platforms are routinely used. The risk of cytokine release by

direct T cell activation is best predicted by human peripheral
blood mononuclear cell (PBMC) stimulation with plate-
bound antibodies, while the CRS risk associated with IgG1 is
best predicted by whole blood stimulation with soluble anti-
bodies, perhaps because whole blood contains the full spec-
trum of FcγR-expressing cells (including neutrophils and
platelets) and the complement.6 In order to interpret the
results derived from these cytokine release assays, cytokine
levels are looked at in the context of positive and negative
controls to take into account donor to donor variability.2

Anti-CD52 antibody is the most commonly used positive
control for the whole blood assay. Whether the cytokine
release observed by anti-CD52 antibodies is truly representa-
tive of the response elicited by CRS-inducing IgG1 antibodies
is, however, unclear.

Here, we compared the cytokine release triggered by four
different IgG1 antibodies with CRS inducing potential in a
whole blood cytokine release assay. Our study highlights key
differences in the magnitude and extent of cytokine responses
elicited by different IgG1 antibodies with CRS inducing
potential. We identify interferon (IFN)-γ release as a key
signature associated with CRS-inducing IgG1 antibodies in
this preclinical assay and highlight some of the important
mechanisms regulating the release of this cytokine.
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Results

IFN-γ release signature to IgG1 therapeutic antibodies

A whole blood cytokine release assay is used to assess the CRS
risk associated with IgG1 therapeutic monoclonal antibodies.6

To assess the variability/range of response observed in this
assay, the responses from blood cells derived from 11–12
naive healthy donors to four monoclonal IgG1 antibodies
(anti-CD52, mAb1, mAb2, and mAb3) were tested. These
antibodies were selected based on their varied target expres-
sion and rates of clinical or predicted cytokine release. Anti-
CD52 (Campath-1H homolog) antibody binds to a membrane
antigen abundantly expressed on the surface of lymphocytes
and monocytes and is known to induce CRS in clinics. mAb1
recognizes a target expressed at low levels ubiquitously on all
human blood cells and induced cytokine release in some
patients in a first-in-humans study. mAb2 has not been tested
in clinical studies, but targets a receptor highly expressed on
myeloid cells and was predicted to have a higher risk for
cytokine release. mAb3 recognizes a membrane antigen
expressed on some tumor cells and did not trigger any serious
adverse events or cytokine release when administered to
humans.

The response of 10 cytokines was assessed 24 h post
stimulation by multiplex immunoassays, and cytokines sig-
nificantly increased in whole blood treated with any of the
four different IgG1 antibodies were identified by statistical
analysis. In contrast to anti-CD52 antibodies that elicited a
significant increase of 9 of the 10 cytokines, mAb1 and
mAb2 only induced a significant elevation of IFN-γ
(Figure 1A and B). No significant cytokine increase was
detected following incubation with soluble mAb3 antibody
(Figure 1B) and with most IgG1 (rituximab, trastuzumab,
infliximab) or therapeutic antibodies tested in this platform
(Fig S1). Remarkably, mAb3 cross-linked by pre-incubation
with anti-human Fc antibody triggered IFN-γ secretion in
the whole blood assay (Fig S2).

CRS associated with Campath-1H in clinics is character-
ized by elevated serum levels of IFN-γ, tumor necrosis factor
(TNF), and interleukin (IL)-6.4 We next compared the mag-
nitude of IFN-γ, TNF, and IL-6 responses elicited by IgG1s in
the whole blood assay. Anti-CD52 antibodies elicited robust
release of all three cytokines in all donors (Figure 2A and
Table 1), but the magnitude of the response varied widely
between donors, ranging for IFN-γ from 370- to 1,823-fold
change with respect to the untreated sample (Figure 2A, and
Table 1). In contrast, mAb1 and mAb2 elicited a more limited
cytokine release. mAb1 triggered IFN-γ release in 50% of the
donors, but did not elicit TNF or IL-6 release (Figure 2A, and
Table 1). mAb2 elicited a stronger IFN-γ response than
mAb1, ranging from 3- to 117-fold change over untreated
sample (Figure 2B, and Table 1) and promoted TNF release
in 33% donors and IL-6 release in 16% (Table 1). Overall,
these results suggest that IFN-γ release by human IgG1 anti-
bodies in a whole blood assay identify a potential risk for CRS
in the clinic.

IgG1 antibodies with CRS-inducing potential triggered
rapid IFN-γ release from NK cells
Cytokine release in clinics is observed within hours of injec-
tion. To better characterize the kinetics of the response
induced by IgG1 antibodies in vitro, whole blood from four
donors were incubated with anti-CD52, mAb1, mAb2, or
mAb3 antibodies for 2, 4, 6, or 24 h and cytokine response
assessed by multiplex assay. Anti-CD52 antibodies induced
very rapid release of IFN-γ, TNF, and IL-6, reaching maximal
levels at 4–6 h and either plateaued (IL-6, IFN-γ) or decreased
(TNF) at 24 h (Figure 3A-C). mAb1 and mAb2 triggered a
similar rapid IFN-γ release first detected 2–4 h post-stimula-
tion (Figure 3A), but did not trigger a significant increase of
TNF or IL-6 at any time points examined. (Figure 3B,C). In
contrast, no significant elevation of any inflammatory cyto-
kines was observed with mAb3 over this time course
(Figure3A-C). Hence, IgG1 antibodies with CRS-inducing
potential triggered in vitro an early IFN-γ release from
human whole blood.

To assess the cell populations responsible for this IFN-γ
release, we performed intracellular cytokine staining on per-
meabilized whole blood cells stimulated with anti-CD52,
mAb1, mAb2, or mAb3. Flow cytometry was used to identify
cell populations and to determine the percentage of each cell
population secreting IFN-γ. No IFN-γ release was detected in
T and natural killer (NK) T cells with any antibodies
(Figure 4B). In contrast, a significant fraction of NK cells
expressed IFN-γ in the presence of anti-CD52 antibodies
(Figure 4A, B) and mAb2 (Figure 4C, D). Consistent with
the absence or low IFN-γ release observed in the multiplex
assay, minimal intracellular IFN-γ was observed with mAb1
and mAb3 (Figure 4C, D). NK cell activation is associated
with a rapid decrease in CD16 (FcγRIII) expression.7 In
agreement with the IFN-γ intracellular cytokine staining,
anti-CD52 antibodies and, to a lower extent, mAb2, triggered
CD16 downregulation in human NK cells (Figure 4E-H).
Overall, these results suggest that IgG1 antibodies with CRS-
inducing potential caused a rapid activation and IFN-γ release
by NK cells in human whole blood.

Figure 1. Cytokine response to IgG1 antibodies with CRS-inducing potential in
preclinical whole blood assay. Heat map representation of statistically significant
increase of cytokines from whole blood stimulated for 24 h with (A) anti-CD52,
mAb1, (B) mAb2, or mAb3. PBS buffer was used as negative control for donor
baseline cytokine levels. The response of 10 cytokines was measured by multi-
plex cytokine analysis. P-values generated by one-way ANOVA followed by
paired T-test of log 10 transformed concentrations of treated versus untreated
samples. Significant response is only considered if the geometric mean of the
fold change to the relative untreated sample is ≥ 2. Donor responses shown are
n = 11 (A) and n = 12 (B).
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IFN-γ secretion induced by IgG1 antibodies is dependent on
TNF and FcγRIII
We next investigated the molecular mechanisms regulating NK
cell activation by therapeutic IgG1 antibodies in the whole blood
assay. Previous studies suggested that TNF played an important
role in cytokine-induced NK cell IFN-γ production.8 To inves-
tigate the effect of TNF in IgG1-induced cytokine release, whole
blood cells were incubated with blocking anti-TNF infliximab
prior to stimulation with anti-CD52 or mAb2. Infliximab did
not trigger any cytokine release in this assay (Figure 5D), but
anti-TNF pre-treatment significantly inhibited the induction of
IFN-γ by anti-CD52 IgG1 (Figure 5A) and mAb2 (Figure 5B)
indicating that the IFN-γ release in response to IgG1 antibodies
in whole blood culture is partially dependent on TNF.

Triggering FcγRIIIa on NK cells is known to promote IFN-
γ secretion.9 To assess the contribution of the Fc region to
IgG1-mediated NK cell IFN-γ response, we compared the
response of whole blood cells to anti-CD52 full-length IgG
or F(ab’)2. In contrast to anti-CD52 full-length IgG1, anti-
CD52 F(ab’)2 failed to elicit IFN-γ secretion (Figure 6A).
Similarly, no IFN-γ release was observed when mutations
conferring an effector null IgG1 were introduced into mAb1

(Figure 6B), or when mAb2 heavy chain Fc region was
switched from IgG1 to IgG4, which is known to have weaker
binding to FcγR (Figure 6C). To further characterize the
involvement of FcγR in IFN-γ response to IgG1 antibodies,
whole blood cells pretreated with F(ab’)2 blocking FcγRI,
FcγRII, or FcγRIII were stimulated with anti-CD52 antibodies
for 24 h, and IFN-γ response was measured in plasma super-
natant. Despite their intrinsic immunostimulatory activity
(Figure 6E), only anti-FcγRIII F(ab’)2 inhibited the IFN-γ
secretion to anti-CD52 antibodies (Figure 6D). Overall, our
results suggest that IgG1 antibodies with CRS-inducing
potential promote a TNF- and FcγRIII-dependent IFN-γ
release from NK cells in whole blood culture.

FcγRIIIa polymorphisms determine the magnitude of IgG1-
dependent IFN-γ secretion
There are important polymorphisms in IgG receptors, includ-
ing FcγRIIIa. FcγRIIIa from individuals with valine at posi-
tion 158 has a higher infinity for IgG than FcγRIIIa from
individuals with a phenylalanine at this position.10 To deter-
mine the effect of FcγRIIIa 158V/F polymorphism on IFN-γ
release by NK cells in whole blood culture, genotyping was
performed on blood samples using a one step-PCR based
method followed by Sanger sequencing, and the IFN-γ release
in response to anti-CD52, mAb1 and mAb2 between the three
different genotypes were analyzed. Individuals carrying the
high affinity V/V alleles mounted stronger IFN-γ response
to anti-CD52 antibodies in the whole blood assay than indi-
viduals bearing the low affinity F/F alleles (1072 versus 376
median fold-change with respect to untreated samples, respec-
tively) (Figure 7A, B), while individuals carrying V/F alleles
elicited intermediate response (489 median fold-change over
untreated samples). Similar trends were observed when we
compared the IFN-γ release by whole blood cells derived from
V/V, V/F and F/F donors stimulated with mAb1 (Figure 7C)
and mAb2 (Figure 7E, F). Altogether, these results demon-
strate that the importance of donor FcγRIIIa-V158F poly-
morphism for the magnitude of the IFN-γ response elicited
by IgG1 antibodies with CRS-inducing potential.

Figure 2. Magnitude of cytokine responses to IgG1 antibodies with CRS-inducing potential in preclinical whole blood assay. IFN-γ response was assessed with
multiplex cytokine analysis after 24 h stimulation with (A) anti-CD52 or mAb1, (B) mAb2 or mAb3. PBS buffer was used as negative control for donor baseline
cytokine levels. All IgG1 monoclonal antibodies were analyzed at 100 µg/ml except anti-CD52, which was analyzed at 10 µg/ml. Donor responses shown are n = 11
(A) and n = 12 (B). Median of donor responses is donated by horizontal bar. P-values generated by one-way ANOVA followed by paired T-test of log 10 transformed
concentrations of treated versus untreated samples, (*p < 0.05, **p < 0.01, ***p < 0.001).

Table 1. Cytokine release profile of CRS-inducing IgG1 antibodies.

Molecule Cytokine
Fold change

rangea % responding donorsb

Anti-CD52 IFN-γ 370–1823 100
IL-6 36–488 100
TNF 23–166 100

mAb1 IFN-γ 1.0–7.6 50
IL-6 0.6–1.1 /
TNF 0.7–1.2 /

mAb2 IFN-γ 3–117 100
IL-6 0.9–12 16
TNF 0.8–3.9 33

mAb3 IFN-γ 0.6–1.52 /
IL-6 0.7–1.56 /
TNF 0.8–1.59 /

aFold change is relative to the baseline cytokine levels of the relevant untreated
samples. Fold change range shows the minimum and maximum fold change
of cytokine detected for all donors analyzed. bPercent donor responding was
calculated by dividing the number of positive responded donors by donor
total number. Positive responding donor has fold change ≥ 2 above the
relevant untreated samples. /indicates no positive responding donor.
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Discussion

IgG1 monoclonal antibodies are used as therapeutics for cancer
and autoimmune diseases when immune effector functions are
desired. However, their capacity to elicit excessive release of
pro-inflammatory cytokines is an undesired property. Here, we
identified IFN-γ release in the whole blood cytokine release
assay as a signature associated with CRS-inducing IgG1 anti-
bodies. This is in contrast to the complex cytokine response
elicited by anti-CD52 antibodies (Campath-1H homolog), the
most commonly used positive control for this assay. In addition

to inducing high levels of IFN-γ we and others have shown that
Campath also induced the release of IL-8, IL-6, IL-10, and
TNF.4,11,12 The unusual extent and magnitude of the cytokine
response elicited by Campath may be caused by: 1) the high
level of CD52 expression on the cell surface of immune cells, 2)
the unusual target of this antibody (a glycoprotein of 12 amino
acids anchored to glycosylphosphatidylinositol), and 3) the
highly depleting activities of anti-CD52 antibodies in vivo that
may involve not only antibody-dependent cell-mediated cyto-
toxicity (ADCC) involving NK cells and neutrophils,13,14 but

Figure 3. Kinetics of cytokine secretion to IgG1 antibodies with CRS-inducing potential. Whole blood from 4–5 donors were stimulated with anti-CD52, mAb1, mAb2
or mAb3 for 2, 4, 6, or 24 h. (A) IFN-γ, (B) TNF, and (C) IL-6 responses were assessed by multiplex cytokine analysis. Bar graph represent the mean ± SEM fold-change
in cytokine levels normalized to the untreated samples. P-values generated by one-way ANOVA followed by paired T-test of log 10 transformed concentrations of
treated versus untreated samples, (*p < 0.05). One representative experiment out of 2–3 experiments is shown.

Figure 4. Impact of IgG1 antibodies with CRS-inducing potential on NK cells in preclinical whole blood assay. Human whole blood were incubated with anti-CD52,
mAb1, mAb2, or mAb3 for 24 h. (A-D) IFN-γ production by NK cells (CD3-CD56+) and (B) NKT cells (CD3+ CD56+) and T cells (CD3+ CD56-) in response to (A,B) anti-
CD52, (C,D) mAb1, mAb2 and mAb3. (E-H) Analysis of CD16 expression on NK cells upon stimulation with (E,F) anti-CD52, (G,H) mAb1 and mAb2, or (E-H) mAb3. Bars
are presented as mean ± SEM.
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also complement-dependent cytotoxicity 15 and direct induc-
tion of apoptosis.16 Remarkably, polymorphisms in FcγRIIIa
did not correlate with clinical response to alemtuzumab in
chronic lymphocytic leukemia,17 suggesting that its clinical
mechanism of action is not limited to ADCC.

We have shown that IgG1 antibodies with CRS-inducing
potential can be characterized by their capacity to induce IFN-γ
release and CD16 downregulation from NK cells in whole
blood derived from healthy volunteers. This is consistent with
the recent report that obinutuzumab, anti-CD20 monoclonal
antibody with higher incidence of CRS in humans than ritux-
imab, induced robust IFN-γ release in the whole blood assay.18

Remarkably, the three CRS-inducing IgG1 antibodies tested
here, anti-CD52, mAb1, and mAb2 can trigger NK cell activa-
tion from human whole blood, but were unable to trigger NK
cell activation and cytokine release when incubated with
PBMCs (data not shown).12 Similarly, tumor-targeting IgG1
antibodies, rituximab, trastuzumab, and obinutuzumab, also
induced IFN-γ production by NK cells and CD16 down mod-
ulation by human PBMC, but only when the appropriate target
tumor cells are co-cultured with PBMC.19–21 Although the
mechanisms are not fully understood, the increased sensitivity
of whole blood to IgG1 antibodies with CRS-inducing potential
may be attributed to the presence of neutrophils or other FcγR-
expressing cells.13,14

We have shown that TNF is an important modulator of
NK cell activation IgG1 antibodies with CRS-inducing poten-
tial in the whole blood assay. Anti-CD52 and mAb2 induced a
very rapid TNF production that peaked 4–6 h after incuba-
tion. This early TNF production in the whole blood assay has
been previously reported for OKT3 22 and Campath-1H.4

Wing et al. identified NK cells as the cellular source of TNF,
suggesting that NK cells are responsible for both TNF and
IFN-γ response to IgG1 antibodies with CRS-inducing poten-
tial. However, the absence of cytokine release to IgG1 anti-
bodies with CRS-inducing potential with human PBMCs
suggest that the mechanisms regulating NK cell activation in
the whole blood assay are complex and not fully understood.

We have found that FcγRIIIa is a strong predictor of the
magnitude of the IFN-γ response elicited by IgG1 antibodies
with CRS-inducing potential in the whole blood assay. This is
consistent with previous work showing that anti-CD20 monoclo-
nal antibody with enhanced affinity for CD16 activates NK cells at
lower concentrations and more effectively than rituximab,23 and
that higher concentrations of rituximab are needed to induce NK
cell activation from subjects with the lower affinity CD16
polymorphism.20,24 Population-based studies have shown that,
among patients with select B cell malignancies treated with sin-
gle-agent rituximab, those with high-affinity FcγRIIIa 158V have
a better response rate than those with low-affinity FcγRIIIa

Figure 5. Importance of TNF for IFN-γ release in response to IgG1 antibodies with CRS-inducing potential. IFN-γ release expressed in pg/ml was assessed using
human whole blood pre-incubated with or without anti-TNF (infliximab) and then stimulated for 24 h with (A) anti-CD52, (B) mAb2, or (C) IgG1 isotype control. (D)
IFN-γ release levels from untreated or infliximab treated whole blood. Significant results are denoted by asterisks. P-values generated by one-way ANOVA followed by
paired T-test of concentrations of blocked versus control samples, (*p < 0.05). Donor responses shown are n = 7.
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Figure 6. Importance of FcγRIII for IFN-γ release in response to IgG1 antibodies with CRS-inducing potential. (A-C) IFN-γ release was assessed using human whole
blood stimulated for 24 h with (A) anti-CD52, either full-length IgG1 or F(ab’)2, (B) mAb1 with either an IgG1 or an IgG1 effector-null backbone (C) mAb2 with either
an IgG1 or an IgG4 backbone. Bar graph represent the mean ± SEM fold-change in cytokine levels normalized to the untreated samples. (D,E) IFN-γ release was
assessed using human whole blood pre-incubated with blocking anti-FcγR F(ab’)2 (FcγRI, FcγRII, or FcγRIII) and then stimulated for 24 h with (D) anti-CD52 or without
anti-CD52 (E). P-values generated by one-way ANOVA followed by paired T-test of concentrations of blocked versus control samples (*p < 0.05, **p < 0.01,
***p < 0.001). Bars are represented as mean ± SEM. Donor responses shown are (A) n = 4, (B-D) n = 6. One representative experiment out of 2–3 experiments is
shown.

Figure 7. FcγRIIIa polymorphisms determine the magnitude of IgG1-dependent IFN-γ secretion. (A,B) 73 donors were grouped by FcγRIIIa polymorphisms: (n = 26 V/
F, 19 V/V, 28 F/F). IFN-γ release was assessed using FcγRIIIa-158 genotyped human whole blood stimulated for 24 h with anti-CD52. (C,D) 19 donors were grouped by
FcγRIIIa polymorphisms: (n = 6 V/F, 6 V/V, 7 F/F). IFN-γ release was assessed using FcγRIIIA-158 genotyped human whole blood stimulated for 24 h with mAb1. (E,F)
25 donors were grouped by FcγRIIIa polymorphisms (n = 9 V/F, 9 V/V, 7 F/F). IFN-γ release was assessed using FcγRIIIa-158 genotyped human whole blood stimulated
for 24 h with mAb2. The median of IFN-γ response for each genotype is denoted by a horizontal bar. (B,D,F) Median and range of IFN-γ response based on FcγRIIIa
polymorphisms.
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158F.25 Our studies provide the first evidence of the importance of
this polymorphism for preclinical cytokine release assays and their
capacity to predict CRS.

In summary, the whole blood cytokine release assay is a
useful preclinical screening tool for the prediction of CRS risk.
While there are considerable differences in the magnitude and
breadth of cytokine responses elicited by CRS-inducing IgG1
antibodies, they all have in common the capacity to trigger
FcγRIIIa-dependent IFN-γ release by NK cells.

Materials and methods

Monoclonal antibodies and whole blood samples

Human IgG1 anti-CD52 (Campath-1H homolog), mAb1,
mAb2, and mAb3 were supplied by Eli Lilly. Endotoxin levels
of the antibodies and samples used in this study were mea-
sured and found to be within the assays acceptable levels.
Whole blood samples were obtained in Na heparin vacutainer
tubes from healthy donors after approved consent in accor-
dance with ethical practice of Lilly research biological dona-
tion program (RBD) committee.

Ex-vivo whole blood assay with soluble monoclonal
antibodies

Whole blood assaywas performed to assess cytokine release risk in
response to IgG1 monoclonal antibodies as previously described.-
12,26,27 Briefly, heparinizedwhole bloodwas obtained fromhealthy
donor population andusedwithin twohours after donation. 225μl
of bloodwas added in duplicate into 96-well polypropylene round-
bottom sterile plates (Corning Life Sciences, cat.no. 3879). IgG1
monoclonal antibodies were evaluated at final concentrations of
100 or 10 µg/ml. Monoclonal antibodies were diluted in sterile
phosphate-buffered saline (PBS; Gibco, cat.no. 20,012,027) and
added to the blood at 25 μl. Additionally, whole blood cells were
treated with PBS buffer and used as donor baseline of cytokine
levels. Following 24 h incubation at 37°C, 5% CO2, plates were
centrifuged at 1,000 g and blood plasma supernatants were col-
lected and stored at −80ºC

Multiplex cytokine analysis

Cytokine levels in plasma supernatants were detected using an
MSD multiplex human pro-inflammatory panel assay (Meso
Scale Discovery, cat.no. K15049D-2) following manufacture
instructions. Duplicate plasma supernatants derived from
whole blood assay were analyzed for the following cytokines:
IFN- γ, IL-1β, IL-2, IL-4, IL-6, IL-8, IL-10, IL-12p70, IL-13,
and TNF. Cytokine concentrations (pg/mL) in plasma super-
natants were determined using MSD Discovery Workbench
4.0 and a 7-point standard curve with 4-fold dilution series.
The standard curve fit was calculated using four parameter
logistics regression (4PL).

For data analysis, the fold change was calculated by divid-
ing the amount of cytokine detected in the treated sample by
the PBS-only treated wells. A response was considered posi-
tive if the fold change was ≥ 2 above the baseline. Assay cut
points were based on statistical analysis or the differential

response observed to the PBS alone. Extensive assay develop-
ment and previous studies have shown that this is the mini-
mum signal to noise threshold allowing maximum sensitivity
without detecting large numbers of false positive responses.
The percentage of donors that responded (% donors respond-
ing) was calculated by taking the number of donors that had a
positive fold change as a percentage of the total number of
donors that were tested.

Kinetics of cytokine release in whole blood

To determine the kinetics of cytokine release to IgG1 anti-
bodies, whole blood cells were incubated at 37°C, 5% CO2 for
2, 4, 6, and 24 h in the presence of anti-CD52, mAb1, mAb2
or mAb3. Cytokine release was assessed at the indicated time-
course post stimulation by multiplex analysis. Cytokine
release to untreated samples (PBS buffer) was tested as a
baseline control.

Intracellular cytokine staining

To detect intracellular expression of IFN-γ, whole blood cells
were incubated with IgG1 antibodies for 16 h prior to the
addition of 1 µg/ml of Golgi plug (BD Biosciences, cat.no.
555,029). After 4 h incubation, blood cells were stained for
30 minutes in dark with the following surface marker antibo-
dies: anti-CD56-APC (Biolegend, cat.no. 555,518), anti-CD3
AlexaFluor700 (BD Biosciences, cat.no. 561,027), anti-CD16
PECy7 (BD Biosciences, cat. no. 557,744), anti-CD14 BV510
(Biolegend, cat.no. 301,841). Following surface marker staining,
red blood cells were lysed with lysing buffer and stained with
fixable viability stain 450 (BD Biosciences, cat.no. 562,247).
Subsequently, blood cells were fixed using Cytofix/Cytoperm
solution (BD Biosciences, cat.no. 554,714), washed with Perm/
Wash buffer, and stained with anti-IFN-γ PE (BD Biosciences,
cat.no. 561,056) for 30 minutes in dark. Cells were acquired on
LSR Fortessa (BD Biosciences) and data was analyzed using
FlowJo software (TreeStar).

TNF blocking

To evaluate the influence of TNF on IFN-γ release, whole
blood cells were pre-incubated with 20 µg/ml of anti-TNF
(infliximab, Janssen) for 1 h at 37°C. After the incubation,
anti-CD52, mAb2, or IgG1 isotype control was added to the
blocked blood cells and cytokine response was measured
after 24 h.

Generation of anti-CD52 F(ab’)2

To determine if cytokine release by IgG1monoclonal antibody is
dependent on the Fc region, the anti-CD52 F(ab’)2 was gener-
ated using F(ab’)2 preparation kit (Pierce, cat.no. 44,988) follow-
ing manufacture instructions. Briefly, 0.5 ml of anti-CD52 was
added to Pierce spin column with immobilized pepsin and
incubated for 5 h with mixing at 37°C. Following digestion
reaction, the column was washed at 1,000 x g for 1 minute to
separate digest from immobilized pepsin. Anti-CD52 F(ab’)2 was
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purified from the digest by passing through Pierce protein A
column. The size of F(ab’)2 was assessed on SDS-PAGE gel.

Fcγ receptors inhibition

To determine which of the three FcγRs mediates cytokine
release to IgG1 antibody, whole blood cells were pre-incu-
bated with 10 µg/ml of blocking anti-FcγR F(ab’)2: anti-FcγRI
(clone 10.1), anti-FcγRII (clone 7.3), or anti-FcγRIII (clone
3g8) from Ancell for 1 h at 37°C. 10 µg/ml anti-CD52 was
then added and cytokine response measured after 24 h
incubation.

FcγRIIIa 158- V/F genotyping

Genomic DNA from healthy donor populations was extracted
from whole blood using QIAmp DNA blood mini kit
(Qiagen) following the manufacturer’s instructions. The
rs396991 (T/G) polymorphism was proven to be difficult to
genotype accurately using Nested PCR or Taqman method,
mainly because of the high degree of homology between the
gene FcγRIIIa and FcγRIIIb.28 Thus both Nested PCR and
Taqman method were avoid in the current study; instead the
genotyping of rs396991 (T/G) polymorphism was carried out
with highly FcγRIIIa-specific one-step long range PCR fol-
lowed by Sanger sequencing (data not shown). Briefly, a 2-kb
PCR product containing the polymorphic site was amplified
using forward primer 3A158-fwd and reverse primer 3A158-
rev(T) and 3A158-rev(G) (Table 2) and Taq polymerase
(GoTaq® Green Master Mix, Promega). Subsequently, the
PCR product was cleaned with ExoSAP-IT™ (Affymetrix, cat.
no. 78,201.1.ML) and sequenced using primers Seq2 and
3A158-fwd to confirm the specificity and to identify
FcγRIIIa 158 V/F allelic variants.

Statistical analysis

Bar graphs represent the mean ± SEM of the number of the
experiment indicated in the figure legends. Statistical analysis
was performed using one-way analysis of variance (ANOVA)
followed by paired t-test of log transformed concentration.
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