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Tocilizumab (Anti-IL-6R) Suppressed TNFa
Production by Human Monocytes in an In Vitro
Model of Anti-HLA Antibody-Induced
Antibody-Dependent Cellular Cytotoxicity
Bong-Ha Shin, PhD,1 Shili Ge, MD, PhD,1 James Mirocha, MS,2 Stanley C. Jordan, MD,1 and Mieko Toyoda, PhD1

Background.We previously demonstrated that natural killer (NK) cells activated via FcγRIIIa (CD16) interactions with anti-HLA
antibodies binding to peripheral blood mononuclear cells (PBMCs) in the in vitro antibody-dependent cellular cytotoxicity (ADCC)
assay produced IFNγ. Here we investigate if other CD16 bearing cells are responsive to alloantigen via alloantibody in the in vitro
ADCC and if the ADCC-induced cytokine reactions and cytotoxicity can be modified by the anti-interleukin 6 receptor (IL-6R)
monoclonal antibody, Tocilizumab (TCZ). Methods.Whole blood from a normal individual was incubated overnight with irradi-
ated allo-PBMCs pretreated with anti-HLA antibody positive (in vitro ADCC) or negative sera (mixed lymphocyte reaction
[MLR]), with or without TCZ or control IgG. IFNγ+, TNFα+ or IL-6+ cell% in NK cells, monocytes and CD8+ Tcells were enumer-
ated by cytokine flow cytometry. ADCC using PBMCs (effector) and Farage B cells (FB, target) with anti-HLA antibody positive
sera, with or without TCZ, was measured by flow cytometry. Results. IFNγ+ and/or TNFα+ cell% in NK cells, monocytes and
CD8+ Tcells were elevated in the ADCC compared to the MLR condition. IL-6+ cells were significantly increased in ADCC versus
MLR (10.2 ± 4.8% vs 2.7 ± 1.5%, P = 0.0003), but only in monocytes. TCZ treatment significantly reduced TNFα+ cell% in mono-
cytes in ADCC, but had no effect on other cytokine+ cells. TCZ showed no effect on cytotoxicity in ADCC.Conclusions. IFNγ,
TNFα, and IL-6 production induced by HLA antibody-mediated CD16 bearing cell activation in NK cells, monocytes, and CD8+ T
cells suggests a potential role for ADCC and these inflammatory cytokines in mediation of antibody-mediated rejection. TCZ sup-
pressed TNFα production in monocytes in the ADCC condition, suggesting a role of IL-6/IL-6R pathway in monocytes activation.
Inhibition of this pathway could reduce the inflammatory cascade induced by alloantibody, although the inhibitory effect on cyto-
toxicity is minimal.
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Antibody-mediated rejection (AMR) is a major obstacle
to successful transplantation in HLA-sensitized (HS)

patients.1 The traditional view of AMR is that of complement-
dependent cytotoxicity-mediated injury with characteristic
C4d deposition.2,3 However, we and other investigators have
suggested that cellular effector pathways including antibody-
dependent cellular cytotoxicity (ADCC) also play an im-
portant role in the pathogenesis of AMR.4-6 We previously
reported that FcγRIIIa (CD16)+ natural killer (NK) cells in
HS patient blood responded to alloantigens expressed on
alloperipheral blood mononuclear cells (PBMCs) in cytokine
flow cytometry (CFC), resulting in IFNγ production, and this
NK cell activation was antibody-mediated via CD16 on NK
cells, which is an ADCC-like mechanism.7-9 We have also re-
ported that the antibody-mediated NK cell activation was
inhibited by calcineurin inhibitors and steroid in the in vitro
ADCC and suggested that NK cell activation and their cyto-
kine production via ADCC are likely important in mediating
AMR, and may represent a newly recognized opportunity
for modification of antibody-mediated allograft injury.10 In
addition to NK cells, primary cells for ADCC, other CD16
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bearing cells, monocytes and CD8+ T cells, could also be in-
volved in ADCC and cytokine production such as IFNγ,
TNFα and/or IL-6.

IL-6 is a pleiotropic cytokine and has proinflammatory
and anti-inflammatory properties. It plays central roles in in-
fection, autoimmunity and cancer.11 IL-6 is directly involved
in the initiation and maintenance of inflammatory immune
response. Recent clinical and experimental studies suggest
that IL-6 contributes to renal injury and is associated with
renal allograft rejection.12-14 Tocilizumab (TCZ) is a FDA-
approved humanizedmonoclonal antibody to the IL-6 recep-
tor (IL-6R) used for treatment of rheumatoid arthritis, with
potential efficacy in other autoimmune diseases.15 Recent
clinical observations and animal studies have shown that
anti-IL-6R antibodies reduced graft-versus-host disease and
allograft rejection.16-19 We have recently reported that anti-
IL-6R treatment attenuates de novo DSA production and
alloantibody recall responses by modulating immune regula-
tory and effector cells in an allosensitized animal model.20,21

In addition, we have shown promising results of TCZ use for
reduction of AMR posttransplantation in a phase I/II clinical
trial for desensitization with TCZ and intravenous immuno-
globulin followed by kidney transplantation in HS patients.22

Here, we determined if NK and other CD16+ cells, primar-
ily monocytes and CD8+ Tcells, are capable of alloantibody-
mediated cell activation, resulting in cytokine production in
the in vitro ADCC, and if TCZ is capable of suppressing
these activation events and cytotoxicity in ADCC.

MATERIALS AND METHODS

This study was approved by the Institutional Review
Board at Cedars-Sinai Medical Center (CSMC) (IRB number
Pro00012562). The study was conducted in accordance with
the ethical guideline based on federal regulations and the
common rule. CSMC also has a Federal Wide Assurance.

In Vitro Antibody-Mediated Cell Activation
(In Vitro ADCC)

The in vitro ADCC was performed as previously reported
with modification.9,10 Briefly, pooled PBMCs isolated from
blood of 5 normal individuals and then irradiated (PBMCx)
were preincubated with HS (ADCC condition) or normal
sera (NS, mixed lymphocyte reaction [MLR] condition), and
the antibody-coated PBMCx were used as stimulator cells.
HS sera was prepared by pooling sera from 70 end-stage
renal disease HS patients with PRA greater than 50% and
the same HS sera was used for all experiments in this study.
NS from 1 of 6 normal individuals without previous HLA-
sensitization events whose serum was previously shown to
be negative in the in vitro ADCC (non-HS normal individual)
was used for each PBMCx pretreatment. In the standard in
vitro ADCC used in this study, 100 μL of whole heparinized
blood (responder cells) from a non-HS normal individual
were incubated with 100 μL of antibody-coated PBMCx
(1 � 106 cell/ml, stimulator cells) (PBMC number in stimu-
lator and responder cells, approximately 1:1) at 37°C for
6 hours followed by additional 6 hour incubation with
brefeldin A (BFA) (10 μg/mL) (total, 12-hour incubation) to
measure accumulated intracellular cytokines (IFNγ, TNFα,
and IL-6) by CFC. Blood only without PBMCx was used as
another control condition. In a separate study, the blood and
PBMCx mixture was incubated for 6, 12, 18, and 24 hours
and BFA was added during the last 6 hours to determine
the time for the maximal production of each cytokine in each
cell type after initiation of the incubation. To investigate the
effect of TCZ (Roche, San Francisco, CA) on the in vitro
ADCC, the above standard in vitro ADCC (total 12-hour
incubation) was performed with or without TCZ at the con-
centration ranging from 1 to 300 μg/mL. TCZ was added
at the beginning of the ADCC culture. Purified human IgG
(R&D Systems, Minneapolis, MN) was used as control.
The experiments of each study were performed multiple
times using blood from different non-HS normal individuals
(responder cells).

Measurement of Intracellular IFNg, TNFa, and IL-6 in
NK Cells, Monocytes, and CD8+ T Cells by CFC

CFC analysis was performed as previously described with
minor modification.9 Briefly, after 6-hour incubation with
BFA, EDTA (2 mM) was added to the mixture to stop the re-
action and then the cells were stained with fluorochrome-
conjugated antibodies to CD3 (FITC), CD8 (V450), CD14
(V500), CD16 (PerCP Cy5.5) and CD56 (PE Cy7) (BD
Biosciences, San Jose, CA). After erythrocytes were lysed
followed by permeabilizing the cells, intracellular cytokines
were stained with fluorochrome-conjugated antibodies to
IFNγ (PE CF594), TNFα (APC) and IL-6 (PE) (BD Biosci-
ences). After cell acquisition by BD LSR Fortessa (BD Biosci-
ences), CD14+ monocytes were gated and then the number
of IFNγ+, TNFα+ or IL-6+ cells was enumerated by BD fluo-
rescence activated cell sorting (FACS) Diva (BD Bioscience)
(Figure 1). Lymphocytes gated by CD14/side scatter were
plotted against CD3 and CD8. CD3− cells were further plot-
ted against CD56 for NK cells, and then cytokine+ cells % in
CD56+NKcells andCD8+Tcellswere enumerated (Figure 1).

Antibody-Dependent Cell-Mediated
Cytotoxicity (ADCC)

ADCC assay developed in our laboratory as previously
described elsewhere23 with minor modification uses normal in-
dividual PBMCs as effector (E) and lymphoma Farage B (FB)
cells as target cells (T). In the assay, normal PBMCswere mixed
with FB cells prelabeled with FITC-anti-human CD19 at 4°C
for 20 minutes at the E:T ratio of 5:1 (0.1 � 106

PBMCs + 0.02 � 106 FB cells in total volume of 120 μL) to-
gether with anti-HLA antibody positive (HS) or negative (NS)
sera, and incubated at 37°C for 1 hour in a 5%CO2 incubator.
After washing, the cells were resuspended in 100 μL FACS
buffer and then 20 μL of 7-AAD was added followed by a
10-minute incubation on ice. After addition of 250 μL of FACS
buffer, the cells were submitted for flow cytometry analysis. To
examine the effect of TCZ on the ADCC, various concentra-
tions ofTCZ (0–100μg/mL)was added in the ADCCcell mix-
ture. After cell acquisition, CD19+ FB cells separated from
nonstained PBMC were plotted against 7-AAD, and then
7-AAD+ FB cell% in total CD19+ FB cells was enumerated.

Statistical Analysis

Cytokine production in the ADCC, MLR, and control
conditions in NK cells, monocytes or CD8+ T cells (Figure 3)
was compared by repeated-measures ANOVA (RMANOVA)
with contrasts. The effect of TCZon each cytokine production
inNK cells, monocytes or CD8+Tcells in the standard in vitro
ADCC (Figure 4) was assessed by RMANOVA. When the
RMANOVA showed P value less than 0.05, a standard paired



FIGURE 1. Intracellular CFC analysis to detect IFNγ+, TNFα+ or IL-6+ monocytes, CD8+ T and NK cells. After cell surface and intracellular
staining followed by acquisition of the cells, CD14+ monocytes and lymphocytes (Lym) were gated by CD14/side scatter (A). Lymphocytes
were plotted against CD3 and CD8 (B), and then CD3− lymphocytes were further plotted against CD56 for NK cells (C). Monocytes, CD3+/
CD8+ T cells and CD3−/CD56+ NK cells were finally plotted against TNFα and IL-6 (A-1, B-1, C-1), or IFNγ (A-2, B-2, C-2), and each cyto-
kine + cell% in each cell population was enumerated.
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2-tailed t test was performed to identify the effective dose.
The effect of TCZ on cytotoxicity in ADCC (Figure 5) was
assessed by a standard paired 2-tailed t test. The difference
with P less than 0.05 was considered statistically significant.

RESULTS

IFNg, TNFa, and IL-6 Production in NK Cells,
Monocytes and CD8+ T Cells in the In Vitro ADCC

To detect intracellular IFNγ, TNFα, and IL-6 in antibody-
activated NK cells, monocytes, and CD8+ T cells, we modi-
fied the original in vitro ADCCassaywhere only intracellular
IFNγ in NK cells was detected as previously reported.9,10

We first performed pilot experiments to examine the cyto-
kine production profile in NK cells, monocytes, and CD8+
T cells using CFC at various time points after initiation of
in vitro ADCC, MLR, and control (blood only) cultures.
BFAwas added during the last 6-hour incubation of each cul-
ture condition to measure cytokines produced and accumu-
lated. Cytokine+ cells in each cell population of the ADCC
and MLR conditions were compared with that in controls
at each time point, and the results were expressed as a ratio
(Figure 2). The ratios of IFNγ+ cells at 12 hour incubation
in the ADCC condition were 29.2 ± 21.3, 7.1 ± 2.3 and
8.0 ± 9.3 in NK cells, monocytes and CD8+ T cells, and
TNFα + cells 7.6 ± 4.1, 2.5 ± 1.1 and 2.9 ± 2.1, respectively,
which were much higher than the ratio 1.0 observed at all
incubation time points tested in the MLR and control condi-
tions. A similar trend was also observed at 6-hour incubation
where BFAwas added from the beginning of the cell culture,
except for TNFα+ monocytes, but the ratios were lower than
those at 12-hour incubation. IL-6+NK cells andCD8+Tcells
in the ADCC condition were minimal and similar to the
MLR conditions at all time points. However, IL-6+ mono-
cytes increased after 12-hour incubation although that was
minimal at 6-hour incubation.

Because the above pilot experiments showed that 12-hour
incubationwith BFA added during the last 6-hour incubation
was optimal for these cytokine productions in these cell pop-
ulations in the ADCC condition, similar experiments using
only this condition were repeated to determine alloantibody-
mediated cytokineproduction in the in vitroADCC.As expected,
IFNγ+ and TNFα+, but not IL-6+ cells, were significantly el-
evated in NK and CD8+ Tcells in the ADCC condition com-
pared with theMLR and control conditions (Figure 3). TNFα+
and IL-6+ monocytes in the ADCC condition were also sig-
nificantly elevated compared with other conditions, whereas
IFNγ+ monocytes in the ADCC condition were not signifi-
cantly elevated. This condition was chosen as the standard
in vitro ADCC procedure for further experiments.



FIGURE 2. Cytokine production in NK cells, monocytes and CD8+ Tcells in the in vitro ADCC and MLR cultures as detected by CFC. Cells
were cultured in the ADCC (solid line), MLR (dotted line) and control (Blood only) conditions for 6, 12, 18, and 24 hours, and cytokines produced
and accumulated for the last 6-hour incubation with BFA in each culture condition weremeasured by CFC. The cytokine+ cell% in the ADCC or
MLR condition was compared to that in control condition at each incubation time point in each cell population, and the results were expressed
as the ratio. Thus, the cytokine+ cell% in the control condition at each time point in each cell population is 1.0. Mean ± standard deviation of 5
experiments using blood from 5 different non-HS normal individuals (responder cells) is shown. The actual cytokine+ cell% in the control con-
dition at 6-, 12-, 18-, and 24-hour incubation was; IFNγ: 0.2 ± 0.1, 0.2 ± 0.2, 0.2 ± 0.1, 0.1 ± 0.1 in NK cells (A), 0.3 ± 0.5, 0.3 ± 0.4, 0.2 ± 0.3,
0.2 ± 0.3 in monocytes (B), 0.1 ± 0.0, 0.1 ± 0.0, 0.1 ± 0.0, 0.1 ± 0.0 in CD8+ Tcells (C); TNFα: 0.6 ± 0.3, 0.6 ± 0.4, 0.7 ± 0.5, 0.5 ± 0.3 in NK cells
(D), 2.8 ± 2.2, 2.7 ± 1.4, 6.1 ± 4.3, 5.9 ± 4.4 in monocytes (E), 0.6 ± 0.2, 0.7 ± 0.2, 0.9 ± 0.3, 1.0 ± 0.3 in CD8+ T cells (F); IL-6: 0.1 ± 0.1,
0.1 ± 0.0, 0.3 ± 0.4, 0.1 ± 0.0 in NK cells (G), 1.6 ± 2.5, 1.1 ± 1.9, 0.7 ± 1.1, 0.3 ± 0.2 in monocytes (H), 0.1 ± 0.1, 0.1 ± 0.0, 0.2 ± 0.3,
0.0 ± 0.0 in CD8+ Tcells (I), respectively.

FIGURE 3. Cytokine production in NK cells, monocytes and CD8+ T cells in the standard in vitro ADCC (black), MLR (slashed) and control
(gray) conditions. The standard ADCC and MLR (total 12-hour incubation with BFA added during the last 6-hour incubation) were performed
with control (blood only). The results are expressed as the percentage of IFNγ+, TNFα+ and IL-6+ cell% in NK cells, monocytes and CD8+
T cells. Mean ± standard deviation of 9 experiments using blood from 9 different non-HS normal individuals (responder cells) is shown.
PBMCxHS and PBMCxNS (stimulator cells) describe irradiated PBMC pretreated with pooled sera from HS patients and a non-HS normal in-
dividual, respectively. *P < 0.05 vs control (blood only) condition.
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FIGURE 4. The effect of TCZ on IFNγ (A-C), TNFα (D-F), and IL-6 (G-I) production in NK cells, monocytes and CD8+ Tcells in the standard in
vitro ADCC. The standard ADCC (total 12-hour incubation with BFA added during the last 6-hour incubation) was performed with or without
TCZ or control IgG. The results are expressed as the ratio against each cytokine+ cell% in the ADCC condition without additives in each cell
population, and the ratio100 is the basal level. Mean ± standard deviation of 5 experiments from 5 different non-HS normal individuals (re-
sponder cells) is shown. Actual mean value of IFNγ+, TNFα+ and IL-6+ cell% in the ADCC condition without additives was 2.9 ± 0.3,
1.9 ± 1.2 and 1.9 ± 2.5 in NK cells, 1.9 ± 1.2, 6.0 ± 3.1 and 7.3 ± 4.8 in monocytes, and 0.9 ± 0.8, 1.2 ± 0.7 and 0.2 ± 0.1 in CD8+ Tcells,
respectively. Shaded area describes possible therapeutic concentration of TCZ. #P < 0.05 vs control IgG at each concentration. *P < 0.05 vs
ADCC condition without additives.

FIGURE 5. The effect of TCZ on cytotoxicity in ADCC. The ADCC
assay was performed using normal PBMCs (E) and FB cells (T) with
no serum (control), NS (MLR) or HS (ADCC), with or without TCZ.
The results of cytotoxicity are expressed as 7-AAD+ FB cell%. Indi-
vidual lines describe the result from 7 different normal individual
PBMCs (E). Shaded area describes possible therapeutic concentra-
tion of TCZ. N.S., not significant.
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The Effect of TCZ on Cytokine Production in the
In Vitro ADCC

We next examined the effect of TCZ on cytokine produc-
tion in the in vitro ADCC using the standard in vitro ADCC
procedure.TCZsignificantly suppressedTNFαproduction in
monocytes in a dose-dependent manner, whereas the control
IgG showed no effect (Figure 4E); TCZ showed 14.5% re-
duction at 10 μg/mL, the possible lowest therapeutic concen-
tration, and 32.5%, the maximum reduction, was observed
at 50 μg/mL, about half the possible maximum therapeutic
concentration. TCZ did not significantly suppress IFNγ+ or
IL-6+ monocytes (Figure 4B and 4H). TCZ also had no effect
on IFNγ+, TNFα+ or IL-6+ cells in the NK (Figures 4A, D,
and G) and CD8+ T cell populations (Figures 4C, F, and I).

The Effect of TCZ on Cytotoxicity in ADCC

We next examined the effect of TCZ on cytotoxicity in
ADCC to assess if the reduction of TNFα production in
monocytes by TCZ contributes to reduction of cytotoxicity
in ADCC. 7-AAD+ FB cell% significantly increased when
PBMCs and FB cells were incubated with HS compared with
NS (25.6 ± 4.1 vs 7.9 ± 2.1, P < 0.001) or no serum (25.6 ±
4.1 vs 8.1 ± 2.1, P < 0.001) (Figure 5). However, the increased



6 Transplantation DIRECT ■ 2017 www.transplantationdirect.com
7-AAD+ FB cell%did not change by addition of TCZ (25.0 ±
4.8 vs 25.6 ± 4.1 at 100 μg/mL, N.S.).
DISCUSSION

Wehave previously shown thatNK cells were activated via
CD16 and produced IFNγ in response to anti-HLA antibody-
coated allo-PBMC in the in vitro ADCC using CFC.7-10 In this
study, we assessed a possibility that other CD16 bearing
cells, monocytes, and CD8+ T cells, were capable of antibody-
mediated cell activation, resulting in cytokine production in
the in vitro ADCC. We found that, IFNγ, TNFα, and IL-6–
producing cells were significantly elevated in the ADCC
compared to MLR and controls. IFNγ, TNFα, and/or IL-6
production in the ADCC has been reported in other studies
using various in vitro ADCCmodels.24-29 Most studies mea-
sured cytokine levels in supernatants from the ADCC culture
using purifiedNK cells, monocytes or Tcells,24-28 or PBMCs29

as responder cells, whereas some used CFC to detect cyto-
kines in PBMC.24,29 Most of these studies used antitumor
antibody-coated tumor cells as target cells. Our in vitro ADCC
usedwhole blood as responder cells, whichmight bemore bi-
ological condition compared to those using isolated single
cell type, and alloantibody coated allo-PBMCs as target cells,
whichmight bemore appropriate to studyAMR inHS trans-
plant patients. In addition, CFC allowed to detect multiple
cytokines separately in NK cells, monocytes and CD8+ cells,
all at once. Although all studies agreed that IFNγ, TNFα,
and/or IL-6 were produced in NK cells, monocytes, and/or
T cells in the in vitro ADCC setting, there were some discrep-
ancy in results among studies, such as the type of cytokines
detected, the type of cells producing those cytokines, and
the time of cytokines detected after the ADCC culture. Over-
all, most studies were in agreement over IFNγ and TNFα
production in NK cells, whereas cytokine production in
monocytes and CD8+Tcells was inconsistent among studies.
Different responder and target cells, and antibodies used for
each ADCC model must constitute one of the reasons for
these discrepancies as reports suggest that various factors
such as the density of antigens expressed on target cells,30 af-
finity of antibody to the antigen(s) on the target cells,31 glyco-
sylation of the Fc region of IgG and Fcγ receptors,32 and
polymorphism of CD16,33 affect interaction between anti-
body and responder or target cells, resulting in differential ef-
fects on responder cell activation, cytokine production and
the degree of ADCC.

The methods used for cytokine detection also affect final
outcomes of antibody-mediated cell activation and ADCC.
Especially, CFC that requires the addition of BFA,34 a Golgi
transport inhibitor, affects the physiology in the ADCC. In
our study, cytokine+ cells were elevated in the ADCC condi-
tion in NK cells andmonocytes at 12-hour incubation or lon-
ger compared with 6-hour incubation, whereas this trend
was not observed in CD8+ T cells. This might be due to min-
imal production of cytokines in NK cells and monocytes dur-
ing the first 6 hours of ADCC culture.24 Another possibility is
the lack of soluble growth factors in the 6-hour ADCC culture
conditionwhere BFAwas added at the initiation of ADCC cul-
ture as other reports suggest that addition of IL-12, IL-18, and
IL-21 significantly augmented IFNγ and/or TNFα production
primarily in NK cells and to a lesser degree in Tcells24,25,27 in
the ADCC.
In this study, IL-6+ monocytes in the ADCC were signifi-
cantly elevated and reached approximately 10% of mono-
cytes, but only during 12-hour ADCC incubation or longer.
IL-6 production in the responder monocytes in the ADCC
condition was not previously reported although elevated
IL-6 was detected in supernatant from 3-hour ADCC culture
conditions where PBMC and target cells were incubated with
the target-specific antibody.29 Significantly elevated TNFα+
monocytes were also found only during 12-hourADCC incu-
bation or longer in this study. These results suggest that
monocytes require soluble factor(s) to be fully activated in
the ADCC, resulting in IL-6, TNFα and other cytokine pro-
duction. Because IL-6 and TNFα are known to act as auto-
crine and/or paracrine factors, they may represent the soluble
factors required for full activation in monocytes and other
cells in the ADCC condition.35

Wenext investigated the effect of TCZon the in vitroADCC.
In this experiment, we found that TCZ significantly reduced
TNFα+ monocytes in a dose-dependent manner and close to
maximum 30% reduction was observed at 50 μg/mL, less than
the maximum therapeutic blood level, whereas TCZ did not
show significant effects on other cytokines and did not have
any impact of cytokine production by NK and CD8+ T cells.

TNFα possesses a broad spectrum of proinflammatory
properties through its activation of the NF-κB pathway,
resulting in up-regulation of anti-apoptotic proteins, pro-
longation of inflammatory cell survival and persistent in-
flammation.36 It induces the synthesis of proinflammatory
cytokines, such as IL-1 and IL-6, and chemokines, such as
IL-8, MCP-1, MIP-1α, and RANTES, and activates macro-
phages.37 In addition, it has been reported that activated
monocytes from both healthy controls and patients with
rheumatoid arthritis can induce Th17 responses in an
IL-1β/TNFα–dependent fashion in vitro and in vivo.37 An-
other study has also shown Th17 cell differentiation by
TNFα with IL-6 and IL-1β produced by monocytes in pa-
tients with active rheumatoid arthritis, and IL-17 produc-
tion was significantly reduced in patients treated with
anti-TNFα.38 Suppression of Th17 cells by regulatory T cell
through the inhibition of monocyte derived IL-6 in anti-
TNFα-treated rheumatoid arthritis patients has been shown
in other study.39 In this study, we found that anti–HLA
antibody-activated monocytes produced TNFα and IL-6
more than NK and CD8+ cells, and that elevated TNFα pro-
duction was significantly suppressed by TCZ. This result
suggests that proinflammatory cytokines, TNFα and IL-6
produced by anti-HLA antibody-activated monocytes cre-
ates an inflammatory environment in the graft, and the
blockade of IL-6/IL-6R pathway by TCZ may reduce the
TNFα-mediated proinflammatory activity.

TCZ did not show any effect on cytokine production in
NK or CD8+ T cells in this study, suggesting that IL-6 and
possibly TNFα are not required for cytokine production in
NK and CD8+ cells activated by ADCC. We also observed
that human IgG used for the control condition tended to in-
crease IL-6+ NK cells, monocytes, and CD8+ T cells in the
ADCC condition although this was not statistically signifi-
cant. A similar trend was observed in another study where
IL-6 production increased when PBMCswere incubatedwith
a mouse isotype control antibody.40

In this study, we found that TCZ significantly reduced
TNFα production in anti-HLA antibody-activated monocytes
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in the in vitro ADCC. Thus, we next investigated if the reduc-
tion of TNFα in monocytes by TCZ results in reduction of
cytotoxicity in the in vitro ADCC. TCZ showed no inhibi-
tory effect on cytotoxicity. Chung et al41 showed that NK
cells are the dominant effector cells in PBMCs that mediate
ADCC in theirADCCsystemwhere antibody-coatedB lympho-
blastoid cells was used as target cells, and only marginal
ADCCactivitywas observedwithmonocytes.Major effector
activity of NK cells in PBMC in ADCC was also reported by
other study.42 These results support our result. Because con-
tribution of monocytes in cytotoxicity in ADCC is already
minimal, only 30% reduction of TNFα in monocytes by
TCZ might not be enough to show significant reduction of
cytotoxicity in ADCC, if any.

In conclusion, using an in vitromodel of anti-HLA antibody-
induced ADCC, we observed the induction of proinflam-
matory cytokines from CD16 bearing lymphocytes and
monocytes. TCZ suppressed TNFα production in monocytes,
suggesting that IL-6/IL-6R pathway may play an important
role in antibody-mediated monocyte activation and the block-
ade of this pathway may be able to modify AMR mediated
by proinflammatory cascade via suppression of monocyte
and/or macrophage function in HS patients.
REFERENCES
1. Loupy A, Hill GS, Jordan SC. The impact of donor-specific anti-HLA anti-

bodies on late kidney allograft failure. Nat Rev Nephrol. 2012;8:348–57.
2. Sis B, Mengel M, Haas M, et al. Banff '09 meeting report: antibody medi-

ated graft deterioration and implementation of Banff working groups.AmJ
Transplant. 2010;10:464–71.

3. Truong LD, Barrios R, Adrogue HE, et al. Acute antibody-mediated rejec-
tion of renal transplant: pathogenetic and diagnostic considerations. Arch
Pathol Lab Med. 2007;131:1200–8.

4. Racusen LC, Haas M. Antibody-mediated rejection in renal allografts: les-
sons from pathology. Clin J Am Soc Nephrol. 2006;1:415–20.

5. Lee CY, Lotfi-Emran S, Erdinc M, et al. The involvement of FcR mecha-
nisms in antibody-mediated rejection. Transplantation. 2007;84:1324–34.

6. Suviolahti E, Ge S, Nast CC, et al. Genes associated with antibody-
dependent cell activation are overexpressed in renal biopsies from pa-
tients with antibody-mediated rejection. Transpl Immunol. 2015;32:9–17.

7. Toyoda M, Pao A, Vo A, et al. Intracellular IFNgamma production in CD3
negative cells exposed to allo-antigens is an indicator of prior sensitization.
Transpl Immunol. 2010;22:121–7.

8. Toyoda M, Ge S, Pao A, et al. Cellular allo reactivity against paternal HLA
antigens in normal multiparous females as detected by intracellular cyto-
kine flow cytometry remains elevated over years despite diminution of
anti-HLA antibody levels. Transpl Immunol. 2010;23:133–40.

9. ToyodaM, GeS, Suviolahti E, et al. IFNγ production byNK cells fromHLA-
sensitized patients after in vitro exposure to allo-antigens. Transpl
Immunol. 2012;26:107–12.

10. Shin BH, Ge S, Mirocha J, et al. Regulation of anti-HLA antibody-
dependent natural killer cell activation by immunosuppressive agents.
Transplantation. 2014;97:294–300.

11. Hunter CA, Jones SA. IL-6 as a keystone cytokine in health and disease.
Nat Immunol. 2015;16:448–57.

12. Nechemia-Arbely Y, Barkan D, PizovG, et al. IL-6/IL-6R axis plays a critical
role in acute kidney injury. J Am Soc Nephrol. 2008;19:1106–15.

13. Budde K, Waiser J, Neumayer HH. The diagnostic value of GM-CSF and
IL-6 determinations in patients after renal transplantation. Transpl Int.
1994;7(Suppl 1):S97–101.

14. Sonkar GK, Singh S, Sonkar SK, et al. Evaluation of serum interleukin 6
and tumour necrosis factor alpha levels, and their association with various
non-immunological parameters in renal transplant recipients. Singapore
Med J. 2013;54:511–5.

15. Shetty A, HansonR, Korsten P. Tocilizumab in the treatment of rheumatoid
arthritis and beyond. Drug Des Devel Ther. 2014;8:349–64.

16. Zhao X, BoenischO, YeungM, et al. Critical role of proinflammatory cytokine
IL-6 in allograft rejection and tolerance. Am J Transplant. 2012;12:90–101.
17. Tawara I, Koyama M, Liu C, et al. Interleukin-6 modulates graft-versus-
host responses after experimental allogeneic bone marrow transplanta-
tion. Clin Cancer Res. 2011;17:77–88.

18. Fogal B, Yi T, Wang C, et al. Neutralizing IL-6 reduces human arterial allo-
graft rejection by allowing emergence of CD161+ CD4+ regulatory Tcells.
J Immunol. 2011;187:6268–80.

19. Zhang C, Zhang X, Chen XH. Inhibition of the interleukin-6 signaling path-
way: a strategy to induce immune tolerance. Clin Rev Allergy Immunol.
2014;47:163–73.

20. WuG, Chai N, Kim I, et al. Monoclonal anti-interleukin-6 receptor antibody
attenuates donor-specific antibody responses in a mouse model of
allosensitization. Transpl Immunol. 2013;28:138–43.

21. Kim I, Wu G, Chai NN, et al. Anti-interleukin 6 receptor antibodies attenu-
ate antibody recall responses in amousemodel of allosensitization. Trans-
plantation. 2014;98:1262–70.

22. Vo AA, Choi J, Kim I, et al. A Phase I/II trial of the interleukin-6 receptor-
specific humanized monoclonal (tocilizumab) + intravenous immunoglob-
ulin in difficult to desensitize patients. Transplantation. 2015;99:2356–63.

23. Tseng M, Ge S, Roberts R, et al. Liver transplantation in a patient with
CD40 ligand deficiency and hyper-IgM syndrome: clinical and immunolog-
ical assessments. Am J Transplant. 2016;16:1626–1632.

24. Parihar R, Dierksheide J, Hu Y, et al. IL-12 enhances the natural killer cell
cytokine response to Ab-coated tumor cells. J Clin Invest. 2002;110:983–92.

25. Roda JM, Parihar R, Lehman A, et al. Interleukin-21 enhances NK cell ac-
tivation in response to antibody-coated targets. J Immunol. 2006;177:120–9.

26. Roda JM, Parihar R, Magro C, et al. Natural killer cells produce T cell-
recruiting chemokines in response to antibody-coated tumor cells. Cancer
Res. 2006;66:517–26.

27. Srivastava S, Pelloso D, Feng H, et al. Effects of interleukin-18 on natural
killer cells: costimulation of activation through Fc receptors for immuno-
globulin. Cancer Immunol Immunother. 2013;62:1073–82.

28. Darville T, Tabor D, Simpson K, et al. Intravenous immunoglobulin modu-
lates human mononuclear phagocyte tumor necrosis factor-alpha pro-
duction in vitro. Pediatr Res. 1994;35(4 Pt 1):397–403.

29. Kircheis R, Halanek N, Koller I, et al. Correlation of ADCC activity with cy-
tokine release induced by the stably expressed, glyco-engineered human-
ized Lewis Y-specific monoclonal antibody MB314.MAbs. 2012;4:532–41.

30. Velders MP, van Rhijn CM, Oskam E, et al. The impact of antigen density
and antibody affinity on antibody-dependent cellular cytotoxicity: rele-
vance for immunotherapy of carcinomas. Br J Cancer. 1998;78:478–83.

31. Tang Y, Lou J, Alpaugh RK, et al. Regulation of antibody-dependent cellu-
lar cytotoxicity by IgG intrinsic and apparent affinity for target antigen.
J Immunol. 2007;179:2815–23.

32. Hayes JM, Cosgrave EF, Struwe WB, et al. Glycosylation and Fc recep-
tors. Curr Top Microbiol Immunol. 2014;382:165–99.

33. Weng WK, Levy R. Two immunoglobulin G fragment C receptor polymor-
phisms independently predict response to rituximab in patients with follic-
ular lymphoma. J Clin Oncol. 2003;21:3940–7.

34. O'Neil-Andersen NJ, Lawrence DA. Differential modulation of surface and
intracellular protein expression by Tcells after stimulation in the presence
of monensin or brefeldin A. Clin Diagn Lab Immunol. 2002;9:243–50.

35. Siebert S, Tsoukas A, Robertson J, et al. Cytokines as therapeutic targets
in rheumatoid arthritis and other inflammatory diseases. Pharmacol Rev.
2015;67:280–309.

36. Wicovsky A, Henkler F, Salzmann S, et al. Tumor necrosis factor receptor-
associated factor-1 enhances proinflammatory TNF receptor-2 signaling
and modifies TNFR1-TNFR2 cooperation.Oncogene. 2009;28:1769–81.

37. Geiler J, BuchM,McDermott MF. Anti-TNF treatment in rheumatoid arthri-
tis. Curr Pharm Des. 2011;17:3141–54.

38. Zheng Y, Sun L, Jiang T, et al. TNFα promotes Th17 cell differentiation
through IL-6 and IL-1β produced by monocytes in rheumatoid arthritis.
J Immunol Res. 2014;2014:385352.

39. Geiler J, Buch M, McDermott MF. Th17 cells are restrained by Treg cells
via the inhibition of interleukin-6 in patients with rheumatoid arthritis
responding to anti-tumor necrosis factor antibody therapy. Arthritis
Rheum. 2012;64:3129–38.

40. Krutmann J, Kirnbauer R, Köck A, et al. Cross-linking Fc receptors on
monocytes triggers IL-6 production. Role in anti-CD3-induced Tcell acti-
vation. J Immunol. 1990;145:1337–42.

41. Chung S, Lin YL, Reed C, et al. Characterization of in vitro antibody-
dependent cell-mediated cytotoxicity activity of therapeutic antibodies—
impact of effector cells. J Immunol Methods. 2014;407:63–75.

42. Pollara J, Hart L, Brewer F, et al. High-throughput quantitative analysis of
HIV-1 and SIV-specific ADCC-mediating antibody responses. Cytometry A.
2011;79:603–12.


