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Chimeric antigen receptor T-cell (CAR T-cell) therapy has
been shown to be clinically effective for managing a variety of
hematological cancers. However, CAR T-cell therapy is associ-
ated with multiple adverse effects, including neurotoxicity and
cytokine release syndrome (CRS). CRS arises from massive cyto-
kine secretion and can be life-threatening, but it is typically
managed with an anti-IL-6Ra mAb or glucocorticoid adminis-
tration. However, these treatments add to a patient’s medication
burden and address only the CRS symptoms. Therefore, alter-
native strategies that can prevent CRS and neurotoxicity associ-
ated with CAR T-cell treatment are urgently needed. Here, we
explored a therapeutic route aimed at preventing CRS rather
than limiting its consequences. Using a cytokine-profiling assay,
we show that granulocyte–macrophage colony-stimulating fac-
tor (GMCSF) is a key CRS-promoting protein. Through a com-
bination of in vitro experiments and gene-editing technology,
we further demonstrate that antibody-mediated neutralization
or TALEN-mediated genetic inactivation of GMCSF in CAR
T-cells drastically decreases available GMCSF and abolishes
macrophage-dependent secretion of CRS biomarkers, including
monocyte chemoattractant protein 1 (MCP-1), interleukin (IL)
6, and IL-8. Of note, we also found that the genetic inactivation
of GMCSF does not impair the antitumor function or prolifera-
tive capacity of CAR T-cells in vitro. We conclude that it is pos-
sible to prevent CRS by using “all-in-one” GMCSF-knockout
CAR T-cells. This approach may eliminate the need for anti-
CRS treatment and may improve the overall safety of CAR T-cell
therapies for cancer patients.

CAR T-cell therapy3 has been shown to be clinically effective
in the treatment of a variety of cancer types (1–4). However, the
widespread use of CAR T-cell therapy is complicated by poten-
tial side effects observed in �75% of treated patients (5, 6).

Almost all patients treated with CD19 CAR T-cells will develop
cytokine release syndrome (CRS), manifested by a high-grade
fever and hypotension. About 30% of treated patients progress
to more severe forms of CRS (grade 3 or 4), characterized by
organ failure, neurotoxic effects (7, 8), and eventually death, if
not controlled. Recent studies that used cytokine profiling of
patients with CRS following CAR T-cell treatment (5, 6) shed
light on the cytokines that are differentially expressed in low-
versus high-grade CRS. These studies showed a correlation
between CRS outcome and elevated MCP-1, IL-6, and other
cytokines. In addition, one study using a patient-derived xeno-
graft model of pediatric ALL, and an in vitro co-culture system
showed that monocytes were the primary source of IL-6
increase after CAR T-cell treatment. Elevated IL-6 has been
reported in other inflammatory diseases (9), and two additional
studies showed that IL-1B was critical in mediating CRS in
murine models (10, 11).

Clinical studies also demonstrated that blocking IL-6 signal-
ing can mitigate CRS symptoms. Tocilizumab, a mAb that acts
as an IL-6 receptor antagonist, was reported to be effective at
treating severe CRS (12–14). In addition, the use of corticoste-
roids has been shown to alleviate the neurotoxic symptoms of
CRS in some patients (13, 15). Although these treatments are
promising, they failed to prevent CRS-associated death in some
cases (16, 17), and treatment with an antibody can cause further
toxicities such as infection and hepatic dysfunction (18). Thus,
alternative strategies are needed to control CRS symptoms bet-
ter or even to prevent CRS in patients receiving CAR T-cell
therapies. In this study, we demonstrate that GMCSF secretion
by tumor-activated CAR T-cells plays a key role in monocyte
activation and in the secretion of CRS biomarkers. Armed with
this knowledge, we developed a straightforward and drug-free
strategy to prevent CRS during CAR T-cell therapy through the
development of GMCSF-knockout CAR T-cells.

Results and discussion

Cytokine profiling assay to decipher the contribution of CAR
T-cells, tumor cells, and monocytes in secreting CRS mediators

To study the complex interplay between CAR T-cells, tumor
cells, and monocytes that generate CRS biomarkers, we devel-
oped a transwell co-culture assay with engineered CAR T-cells
obtained though targeted insertion of an anti-CD22 CAR cas-
sette under the control of TCR (Figs. S1 and S2) (19, 39). Using
multiplex human inflammation cytokine measurements, we
observed obvious differences in the cytokines produced by CAR
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T-cells and monocytes in the context of the transwell assay (Fig.
S3). Indeed, CAR T-cells produced TNF�, GMCSF, IL-8, IL-10,
soluble CD40L, and CD25, whereas the monocytes produced
IL-6, PTX3, and MCP-1 (Fig. S3). No cytokines were detected in
the absence of tumor cells or in the absence of T-cells (Fig. S5
and data not shown). Thus, upon tumor engagement, CAR
T-cells secrete pro-inflammatory cytokines such as GMCSF
and IL-8, which promote the release of the major CRS bio-
marker IL-6 as well as MCP-1 and IL-8, cytokines that were
previously shown to be monocyte-dependent (9). CRS bio-
marker release did not depend on physical contact between
CAR T-cells and monocytes, suggesting that it may be possible
to prevent CRS by inhibiting soluble factors involved in macro-
phage activation.

Neutralization of GMCSF decreases monocyte-dependent
inflammatory cytokines

To explore a novel therapeutic strategy for preventing the
biogenesis of CRS, we focused on GMCSF because GMCSF is
specifically up-regulated in a CAR-dependent manner and
because it is known as a pro-inflammatory cytokine. Therefore,
GMCSF can be either neutralized or deleted in CAR T-cells
even before CRS develops. We observed GMCSF secretion as
early as 4 h after co-incubation of CAR T-cells with tumor cells,
with no other cytokines detected under the experimental con-
ditions (Fig. S4 and data not shown). GMCSF is also known to
increase the proliferation and activation of macrophages and
blood monocytes, increasing their pro-inflammatory proper-
ties during infection (20, 21). In addition, GMCSF increases
macrophages’ responsiveness to CSF-1 (macrophage CSF), fur-
ther enhancing the proliferation of resident macrophages in
tissues. Finally, the GMCSF receptor has been shown to be
highly expressed by microglia, brain macrophages, and astro-
cytes, suggesting that these cells can respond to the cytokines.
Although GMCSF levels are low in normal healthy individuals,
activated lymphocytes produce elevated GMCSF levels under
pathologic conditions such as infection (22).

To verify that GMCSF plays a key role in monocyte activa-
tion, we first treated human monocytes with recombinant
GMCSF protein at various doses and measured IL-6 induction,
as a surrogate readout for inflammation. We observed that add-
ing GMCSF alone promoted IL-6 induction starting at 4 h and
peaking at 24 h, although no such induction was observed with
other recombinant proteins such as TNF� and IL-8 (Fig. S4).
Interestingly, neutralizing either GMCSF or GMCSF Ra on
monocytes inhibited GMCSF-mediated IL-6 secretion, sug-
gesting that monocyte activation occurs specifically via the
GMCSF/GMCSF Ra receptor axis (Fig. S4). We observed no
effect on IL-6 induction with the vehicle control or the isotype
Ab control. Therefore, our results indicate that GMCSF pro-
duced by CAR T-cells promotes CRS–mediator secretion.
These findings warrant testing the neutralization Ab against
GMCSF as a therapeutic approach.

To assess the effect of the GMCSF neutralizing Ab on pro-
inflammatory cytokine secretion, we performed a transwell
assay followed by a multiplex cytokine assay. We first added
different amounts of Ab to the lower chambers of the transwell
apparatus to assess its effect on GMCSF secreted by CAR

T-cells. As expected, the neutralizing Ab was able to decrease
GMCSF secretion at low doses, with barely any GMCSF
detected at the higher doses tested (Fig. 1). We observed an
average of 1,090 pg/ml of GMCSF released without any anti-
body treatment, which was reduced to 170, 43, and 16 pg/ml of
GMCSF upon treatment with 1, 2, and 5 �g/ml of the Ab,
respectively. This suggests that CAR T-cell–induced GMCSF
can be completely neutralized by higher antibody doses. No
significant Ab-mediated toxicity was observed. After validating
that GMCSF was neutralized, we performed multiplex assays to
analyze different cytokines. No significant effect of neutralizing
Ab on the production of key T-cell cytokines such as IFN�,
TNF�, and IL-10 was observed, even at higher doses. However,
a significant reduction in pro-inflammatory cytokines such as
IL-6, MCP-1, and IL-8 was observed in an Ab dose-dependent
manner (Fig. 1). MCP-1 was found to be significantly lower
after treatment with even the lowest tested antibody dose (1
�g/ml). IL-6 and IL-8 were reduced at 1 �g/ml, and a statis-
tically significant reduction was seen at the 2 and 5 �g/ml
doses. In addition, the cytokine release was antigen-depen-
dent, as CD22� KO Raji cells showed no induction of any
cytokines, and similar findings were confirmed in Daudi
cells, another CD22� tumor cell line (Fig. S5). These find-
ings suggest that the neutralization of GMCSF can be suc-
cessfully used to inhibit IL-6 secretion, which is known to
cause CRS, and to reduce the production of other pro-in-
flammatory factors such as MCP-1 and IL-8, cytokines with
known roles in immune cell trafficking that have been shown
to be elevated in high-grade CRS (23, 24).

GMCSF KO CAR T-cells as a therapeutic approach to prevent
CRS

To translate these findings into a relevant next-generation
CAR T-cell product, we sought to disrupt the GMCSF gene in
CAR T-cells. This strategy could have several advantages over
the Ab neutralization approach. First, GMCSF reduction in
GMCSF KO CAR T-cells prior to CRS onset may be beneficial
for patients’ safety, as it will avoid any antibody-mediated side
effects and because the GMCSF antibody dosing schedule is not
yet fully established. In addition, it would avoid Ab treatment,
which adds substantial costs and treatment time in a managed
care setting. In contrast, the genetic inactivation of GMCSF
could be easily incorporated into a CAR T-cell production
scheme, with relatively little cost increase. Therefore, we
designed and screened two different TALEN molecules target-
ing exon1 of the GMCSF gene (Tal_1 and Tal_2) in two inde-
pendent T-cell donors (Fig. 2, A and B). Both TALEN con-
structs reduced GMCSF levels significantly (98 and 86%,
respectively) compared with mock-transfected cells. Consistently,
T7E1 analysis confirmed GMCSF knockout at the genomic level
(Fig. 2C).

We then used these two independent TALEN molecules to
engineer GMCSF KO CAR T-cells. We opted to use both re-
agents in parallel to confirm the validity of our approach by
independent constructs. Utilizing the anti-CD22 CAR expres-
sion cassette targeting the TCR locus described earlier, we suc-
cessfully engineered GMCSF KO CAR T-cells by co-transfect-
ing TRAC and GMCSF TALEN mRNAs. We observed no
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differences in CAR expression among different groups (Fig. 2, D
and E). However, GMCSF KO resulted in a 90% reduction in
GMCSF secretion by CAR T-cells after 16 h of co-incubation
with tumor cells (Fig. 2F). To confirm that GMCSF KO did not
impair the proliferation and anti-tumor function of CAR
T-cells, we then performed a tumor-mediated proliferation
assay and a 24-h anti-tumor assay, respectively (Fig. S6). We
observed no change in either the proliferation capacity or
anti-tumor properties of CAR T-cells after GMCSF KO in
four independent donors treated with two different GMCSF

TALEN constructs, suggesting that GMCSF KO does not
impair the normal functions of CAR T-cells. We also carried
out a serial killing assay to challenge GMCSF KO CAR
T-cells with daily doses of tumor cells for six consecutive
days. This assay showed similar results, with no impaired
activity of GMCSF KO CAR T-cells compared with GMCSF
wildtype (WT) cells performed at different effector to target
(E/T) cell ratios (Fig. S6). Finally, we observed no difference
in the expansion of GMCSF KO CD4 CAR T-cells and
GMCSF KO CD8 CAR T-cells (Fig. S6).

Figure 1. GMCSF antibody neutralization prevents cytokine release by monocytes. A, schematic showing transwell assay system with and without GMCSF
antibody. Supernatants were collected after a 16-h incubation and analyzed by ELISA (B) or by Multiplex cytokine FACS-based assays (C). The results are
summarized as the average of three independent experiments. One-way ANOVA was used for statistical analysis followed by Dunnett’s multiple comparisons
test. ****, p � 0.0001; ***, p � 0.0001; *, p � 0.05; n.s., not significant.
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Because GMCSF KO CAR T-cells proliferate as well as
GMCSF WT CAR T-cells and exhibit similar anti-tumor prop-
erties, we then subjected these cells to the transwell assay
described above. Similar to what was observed in the GMCSF
Ab neutralization experiment (Fig. 1), we observed that

GMCSF KO CAR T-cells suppressed the secretion of inflamma-
tory cytokines by monocytes. Consistent with our activity tests,
GMCSF KO did not impair the production of key CAR T-cell
cytokines such as IFN�. In addition, both TALEN treatments led
to a significant reduction in IL-6 and MCP produced by mono-

Figure 2. Engineered GMCSF KO CAR T-cells thwart cytokine release by monocytes. A, upper panel, schematic showing TALEN target location relative to
GMCSF genomic organization; lower panel, experimental design for screening TALEN activity in T-cells. B, GMCSF-specific ELISA was performed on superna-
tants collected at the indicated time points after activation. The average of two independent donors is plotted. C, T7 endonuclease I (T7E1) assay showing
editing of GMCSF at a genomic level with two different TALEN reagents (Tal_1 and Tal_2) performed in two independent donors. DNA was collected 7 days
post-transfection of GMCSF TALEN mRNA (2 �g/million cells) into bead-activated T-cells. D, schematic showing transwell assay system performed with WT
GMCSF CAR T-cells versus GMCSF KO CAR T-cells. Mock-treated cells were engineered in the absence of the AAV6 carrying the CAR construct. E, expression of
CAR on TCR a/b KO cells. After 60 h, the cells were stained with Qbend10 anti-CD34 antibody and analyzed using flow cytometry. No significant differences in
CAR frequency were seen in the different groups. F, ELISA confirmation of GMCSF reduction in GMCSF KO CAR T-cells in two independent clones, measured
post-16 h of activation. G, multiplex cytokine FACS-based assay showing changes in different cytokines GMCSF KO CAR T-cells, measured post-16 h. D–F, results
are displayed as average of four independent donor experiments. B, two-way ANOVA was used for statistical analysis followed by Dunnett’s multiple compar-
isons test. D–F, one-way ANOVA was used for statistical analysis followed by Dunn’s multiple comparisons test. ****, p � 0.0001; *, p � 0.05; n.s., not significant.
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cytes (Fig. 2G). GMCSF KO also led to a decrease in TNF�, albeit
one that was not statistically significant, and no change in IL-8
compared with CAR T-cells with WT GMCSF (Fig. 2G). These
data further confirm that GMCSF inhibition in CAR T-cells
attenuates the release of several inflammatory cytokines by
monocytes and that GMCSF KO can be used to engineer
safer but equally effective CAR T-cell– based therapies.

Interestingly, while we were preparing our manuscript,
another study (25) showed that GMCSF neutralization via spe-
cific antibody treatment was able to reduce CAR T-cell–
mediated neurotoxicity. Using Crispr/Cas9-mediated gene-ed-
iting approach, Sterner et al. (25) showed that knocking out
GMCSF in anti-CD19 CAR T-cells prevented CRS symptoms
such as weight loss and encephalopathy in a primary ALL xeno-
graft. In an independent in vivo model, the authors showed
improved overall survival in mice with NALM6 xenografts
treated with anti-CD19 GMCSF KO CAR T-cells. Therefore,
this study demonstrates the therapeutic potential of GMCSF
KO in vivo, further corroborating our findings regarding the
CAR T-cell–mediated CRS. In addition, Sentman et al. (26)
has shown previously in a syngeneic mouse model that
NKG2D CAR T-cells generated from germline GMCSF
knockout mice were less inflammatory. Therefore, our
data on anti-CD22 CAR T-cells along with published data on
anti-CD19 and NKG2D CAR T-cells indicate that GMCSF-
mediated CRS promotion is unlikely to be an antigen- and/
or CAR-dependent phenomenon. Moreover, the role of
GMCSF in mediating inflammation is well established in
several immune and autoimmune diseases (27). Earlier stud-
ies measuring cytokines in patients with inflammatory dis-
orders found elevated GMCSF levels in synovial fluid and
blood (28, 29). Other studies reported elevated GMCSF in
the cerebrospinal fluid of patients with active multiple sclerosis
and showed that GMCSF activates resident microglial cells within
the CNS, promotes blood–brain barrier breakdown, and enables
inflammation by other immune cells (30–33). As a result, inhibit-
ing GMCSF signaling, either via a mAb against GMCSF (nami-
lumab) (34, 35) or via an antibody against GMCSF receptor
(mavrilumumab), has been tried in multiple clinical trials against
inflammatory diseases (36, 37). Similarly, our work points toward a
strategy that could be used to prevent the side effects of CAR T-cell
therapy.

This work is a substantial improvement over current symp-
tomatic treatments for CAR T-cell–initiated CRS. GMCSF KO
CAR T-cells would simply prevent CRS in patients receiving
CAR T-cell therapy. Currently, CAR T-cell therapy is indicated
for cancer patients who have previously received treatment;
these individuals have a high disease burden and are in rela-
tively poor health. For these patients, high-grade CRS could be
life-threatening. Thus, preventing this side effect rather than
treating its symptoms will provide a significant benefit. Fur-
thermore, “all-in-one” GMCSF KO CAR T-cells could be easily
generated during the manufacturing process due to the effi-
ciency of TALEN-mediated gene inactivation. For example, we
observed �90% efficiency in GMSCF KO with the two-tested
TALEN; this inactivation is sufficient to reduce monocyte-me-
diated cytokine release. However, before entering the clinic, it is
imperative to evaluate the genomic integrity of these engi-

neered cells. In addition, it will be important to monitor the
GMCSF serum levels in preventing CRS in the clinic, particu-
larly in the presence of other GMCSF-responsive cells such as
endothelial or hepatic cells. We have shown that the identities
of monocyte-specific cytokines observed in our transwell assay
in vitro are in agreement with cytokines observed in patients
with CRS (5–7). This dataset corroborates the findings of other
researchers in identifying monocytes as the main source of CRS
mediator release in humans and in mouse models (9 –11). How-
ever, we cannot exclude that other cells could participate in this
phenomenon in vivo. For example, human endothelial and
fibroblast cells possess the GMCSF receptor (20, 38) and thus
could respond to GMCSF secreted by CAR T-cells. To this
point, it is also important to evaluate the effect of GMCSF KO
on the anti-tumor properties of CAR T-cells in several antigen
model systems. Despite the fact that the T-cells do not possess
a functional receptor for GMCSF and thus do not rely on
GMCSF for proliferation and anti-tumor activity, it must be
determined whether GMCSF KO CAR T-cells are equally
potent in in vivo conditions in the presence of other immune
cells. One study in mice did show some effect of GMCSF on the
anti-tumor properties of mouse CAR T-cells (26).

In conclusion, we describe a strategy to engineer safer “all-
in-one” CAR T-cells that confer lesser cytokine-mediated toxicity.
Our results demonstrate that GMCSF neutralization, either
through a specific antibody treatment or through TALEN-medi-
ated GMCSF KO in the CAR T-cells, is sufficient to reduce inflam-
matory cytokine release from monocytes in vitro. Interestingly,
inhibiting GMCSF, which is able to cross the blood–brain barrier,
also mitigated CAR T-cell–mediated neurotoxicity in vivo (25).
Thus, our data present a strategy for engineering safer CAR T-cells
lacking GMCSF. This strategy could be easily incorporated into
the CAR T-cell manufacturing process and may ease the burden
both on physicians and patients entering CAR T-cell clinical trials
for a variety of cancers.

Experimental procedures

Cells

Cryopreserved human PBMCs were acquired from
ALLCELLS (catalog no. PB006F), and human monocytes were
acquired from STEMCELL Technologies (catalog no. 70035.1).
Both PBMCs and monocytes were cultured in X-vivo-15 media
(Lonza, catalog no. BE04-418Q), containing IL-2 (Miltenyi Bio-
tec, catalog no. 130-097-748) and human serum AB (Seralab,
catalog no. GEM-100-318). Raji CD22 WT, Raji CD22 KO, and
Daudi cells were cultured in RPMI 1640 media supplemented
with 10% v/v FBS (Gibco, catalog no. 10437036) and 5% v/v
penicillin and streptomycin.

Antibodies and reagents

Human T-activator CD3/CD28 (Life Technologies, Inc., cat-
alog no. 11132D) was used to activate T-cells. CAR T-cells were
stained using CD34 antibody QBEND10-APC (R&D Systems,
catalog no. FAB7227A). Monocyte phenotyping was performed
using antibodies against human CD14, CD11b, and CD16 from
Miltenyi Biotec (catalog nos. 130-110-524, 130-110-552, and
130-113-389, respectively). GMCSF neutralization antibody
was purchased from R&D Systems (catalog no. MAB215).
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Human recombinant proteins GMCSF, IL-8, and TNF� were
purchased from R&D Systems (catalog nos. 215-GM and 208-
IL-010) and PeproTech (catalog no. 50-813-404), respectively.
Human ELISA kits for GMCSF, IFN�, IL-6, and TNF� were
obtained from R&D Systems (catalog nos. DGM00, DIF50,
H600C, and DTA00D, respectively). LEGENDplex cytokine
assays (13-plex), with human inflammation panels 1 and 2, were
obtained from the BioLegend (catalog nos. 740118 and 740775,
respectively).

Targeted integration of CAR in primary T-cells

The targeted integration at TRAC was performed as follows.
PBMC cells were first thawed, washed, resuspended, and culti-
vated in X-vivo-15 complete media (X-vivo-15, 5% AB serum,
20 ng/ml IL-2). One day later, the cells were activated with the
Dynabeads� human T activator CD3/CD28 (25 �l of beads/1E6

CD3 positive cells) and cultivated at a density of 1E6 cells/ml for
3 days in X-vivo complete media at 37 °C in the presence of 5%
CO2. The cells were then split in fresh complete media and
transduced/transfected the next day according to the following
procedure. On the day of transduction–transfection, the cells
were first de-beaded by magnetic separation (EasySep), washed
twice in Cytoporation buffer T (BTX Harvard Apparatus, Hol-
liston, MA), and resuspended at a final concentration of 28E6

cells/ml in the same solution. The cell suspension was mixed
with 5 �g of mRNA encoding TRAC TALEN� arms (see Table
1 for sequences) with or without GMCSF TALEN (see Table 1
for sequences) in a final volume of 200 �l. Transfection was
performed using Pulse Agile Technology (BTX Harvard
Apparatus). The electroporated cells were immediately
transferred to a 12-well plate containing 1 ml of prewarmed
X-vivo-15 serum-free media and incubated for 37 °C for 15
min. The cells were then concentrated to 8E6 cells/ml in 250
�l of the same media in the presence of AAV6 particles (mul-
tiplicity of infection � 3E5 vg/cells) comprising the donor
matrices in 48-well regular-treated plates. After 2 h of cul-
ture at 30 °C, 250 �l of Xvivo-15 media supplemented by 10%
AB serum and 40 ng/ml IL-2 was added to the cell suspen-
sion, and the mix was incubated 24 h in the same culture
conditions. One day later, the cells were seeded at 1E6

cells/ml in complete X-vivo-15 media and cultivated at 37 °C
in the presence of 5% CO2.

Transwell assay

Transwell assays were performed using anti-CD22 CAR
T-cells (GMCSF WT of KO) from multiple donors, co-cultured
with tumor cells (bottom chamber) and human CD14� mono-
cytes (top chamber), and separated by a polystyrene membrane
with a pore size of 0.4 �m. Briefly, 1E5 CAR T-cells and 5E4

tumor cells were incubated with 1E5 monocytes for various
time points in the absence or presence of GMCSF antibody at

increasing concentrations. The supernatant was collected after
16 h, unless stated otherwise, to measure cytokines using a Bio-
Legend Human Inflammation 13-plex kit or ELISA.

The CD14� human monocytes used in this assay were
acquired from STEMCELL Technologies. Approximately 1 h
prior to the experiment, the cells were thawed at 37 °C in a
water bath, and after a brief spin at 300 � g for 5 min, the cells
were resuspended and counted. For the transwell experiment,
the cells were suspended in X-vivo media supplemented with
5% v/v human AB serum, the same media used for CAR T-cells
suspension. This quick transition (�1 h) between thawing and
starting the experiment prevented any differentiation of mono-
cytes into any other lineages.

Serial killing assay

To assess the antitumor activity of the engineered CAR T-cells,
a serial killing assay was performed according to Ref. 19 using a
suspension of 2.5E5 Raji-luc tumor cells mixed with CAR T-cells at
variable E/T ratios (5:1, 3.5:1, 2.5:1, and 1:1) in a total volume of 1
ml of Xvivo media supplemented with 5% AB serum.

Statistical analysis

Statistical analysis was performed using Prism 6 (GraphPad
Software) using either one-way or two-way ANOVA for com-
parisons wherever appropriate. p value significance was calcu-
lated using post-test Bonferroni or Dunnett’s multiple compar-
isons test.
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