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Abstract
Mice with histone deacetylase 6 (HDAC6) deficiency grow and develop normally but exhibit
impaired immune response. The molecular mechanisms for this phenotype remain largely elusive.
Methods: A mouse acute peritonitis model was used to study the infiltration of neutrophils and
monocyte-derived macrophages. In vitro cell motility assays were performed to analyze
monocyte/macrophage recruitment. Fluorescence microscopy and flow cytometry were performed
to examine the phagocytic ability of macrophages. Immunofluorescence microscopy was used to
investigate protein localization, protrusion formation, and microtubule acetylation.
Results: HDAC6 deficiency does not affect neutrophil infiltration, but instead attenuates the
infiltration of monocyte-derived macrophages into the peritoneal cavity. HDAC6 plays a specific
role in monocyte/macrophage recruitment. Loss of HDAC6 suppresses the phagocytic capacity of
macrophages challenged with E. coli. Lipopolysaccharide stimulation results in the translocation of
HDAC6 and cortactin from the cytosol to the cell periphery, promotes the formation of filopodial
protrusions, and enhances microtubule acetylation around the microtubule-organizing center, all of
which are abrogated by HDAC6 deficiency.
Conclusion: These findings implicate HDAC6 in the innate immune response and suggest that it
may serve as a promising target for the treatment of macrophage-associated immune diseases.
Key words: HDAC6, inflammation, macrophage, infiltration, migration, acetylation

Introduction
Inflammation, a protective innate immune
response to invading pathogens or tissue injury, is a
‘double-edged sword’ that can also cause a number of
immune disorders, such as septic shock, rheumatoid
arthritis, atherosclerosis, and neurodegenerative
diseases, when over-activated or inappropriately
activated [1-4]. The process of inflammation begins
with an influx of neutrophils, followed by recruitment

of monocytes that subsequently differentiate into
inflammatory macrophages or dendritic cells [5].
Neutrophils and monocytes/macrophages serve as
the key effector cells at sites of inflammation, where
they recognize and phagocytose pathogens, as well as
necrotic cells, contributing to the clearance of the
infection [5, 6]. In addition, they activate the adaptive
immune response through communication and
http://www.thno.org
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coordination with other immune cells. A growing
body of evidence reveals that recruitment of
inflammatory immune cells, including neutrophils
and monocytes/macrophages, also plays a key role in
tumorigenesis, as these cells can be hijacked by
cancers to promote cancer development [7-9].
Therefore, targeting infiltration of inflammatory
immune cells may represent an effective therapeutic
strategy for the treatment of cancer, in addition to
inflammatory and immune disorders. However, the
molecular mechanisms that contribute to infiltration
of these cells remain poorly understood.
Actin filaments and microtubules are central to a
wide variety of cellular functions, including
maintenance and alteration of cell shape, as well as
cell division, cell motility, and intracellular transport.
In response to inflammatory cues, the actin filaments
and microtubules of innate immune cells undergo
dynamic remodeling to promote extravasation and
phagocytosis. Neutrophils move faster than
monocytes/macrophages and display a unique
asymmetric polarized morphology during migration
[10], suggesting that cytoskeletal remodeling differs
between neutrophils and other types of cells.
However, the molecular mechanisms by which actin
filaments and microtubules are differentially orchestrated in different immune cell types are unknown.
Histone deacetylase 6 (HDAC6) has recently
been identified as an important regulator of
cytoskeletal dynamics. It modifies two key
cytoskeletal substrates: α-tubulin and cortactin, a
filamentous actin (F-actin)-associated protein essential
for Arp2/3-mediated actin network formation [11,
12]. Emerging evidence reveals that HDAC6 promotes
inflammation by regulating expression of genes
involved in inflammatory responses [13-15]. Despite
evidence supporting the importance of HDAC6 in
diverse cellular functions, HDAC6 knockout (KO)
mice grow and develop normally; however, these
mice exhibit impaired immune response [16]. The
molecular mechanisms for this phenotype are largely
unclear. In this study, we established an acute
inflammation model in wild-type and HDAC6
knockout mice and examined the role of HDAC6 in
the regulation of myeloid cell infiltration and
phagocytosis during inflammation.

Results
HDAC6 deficiency suppresses the infiltration
of myeloid cells into inflammatory lesions
In response to inflammatory cues, monocytes
and neutrophils originating in the bone marrow
emigrate from the circulation into sites of infection,
where monocytes differentiate into macrophages. To
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investigate the role of HDAC6 in these processes, we
first examined the effects of loss of HDAC6 on
myeloid lineage cell differentiation. Neutrophils
exclusively express the Ly6G antigen and express
higher levels of Gr-1 antigen (a composite epitope of
the Ly6C and Ly6G antigens) relative to monocytes/
macrophages. In contrast, CD11b is a marker of all
myeloid lineage cells, including granulocytic
neutrophils, monocytes, and macrophages [17].
Therefore, we quantified subpopulations of cells
labeled with Gr-1 and CD11b monoclonal antibodies
in murine bone marrow samples isolated from
wild-type (WT) and HDAC6 knockout mice using
flow cytometry (Figure 1A). There was no significant
difference in the ratio of neutrophils (CD11b+/
Gr-1high) to monocytes (CD11b+/Gr-1intermediate) in WT
and HDAC6 KO mice (Figure 1B-C), indicating that
HDAC6 deficiency does not affect myeloid cell
development.
Next, we established an E. coli-induced acute
peritonitis model to examine the effects of HDAC6
deficiency on peripheral neutrophil and monocyte/
macrophage infiltration. We quantified recruited
and
monocytes/
neutrophils
(Ly6G+/Ly6B+)
macrophages (Ly6G-/Ly6B+) present in the peritoneal
cavity (Figure 1D) in WT and HDAC6 KO animals.
The percentage of recruited neutrophils in the WT
mice group was similar to that of the KO mice group
(Figure 1E), but HDAC6 deficiency resulted in a
significant decrease in the percentage of recruited
monocytes/macrophages (Figure 1F). To confirm
these results, we established a second acute peritonitis
model by inducing inflammation using bacterial
lipopolysaccharide (LPS). In this model, HDAC6
deficiency was also associated with suppression of
peritoneal infiltration of monocytes/macrophages,
but not neutrophils (Figure 1G-I). Together, these
data reveal a critical role for HDAC6 in promoting
monocyte/macrophage infiltration during inflammation.

The deacetylase activity of HDAC6 is required
for macrophage migration
To further explore the role of HDAC6 in
monocyte/macrophage infiltration, we isolated
primary monocytes from bone marrow and
differentiated them into macrophages. We then
compared the migration ability of macrophages
derived from WT and HDAC6 KO mice using
transwell assays. We found that macrophages derived
from KO mice migrated less than those from WT mice
(Figure 2A-B). Next, we examined whether HDAC6
deacetylase activity is required for macrophage
migration. Macrophages were treated with tubacin, a
selective HDAC6 inhibitor, and inhibition of
http://www.thno.org

Theranostics 2018, Vol. 8, Issue 11

2929

Figure 1. HDAC6 regulates the infiltration of monocytes/macrophages, but not neutrophils, during inflammation. (A-C) Flow cytometric analysis of neutrophil
(CD11b+/Gr-1high) and monocyte (CD11b+/Gr-1intermediate) subpopulations in myeloid cells isolated from the bone marrow of wild-type (WT) and HDAC6 knockout (KO) mice
(A). Quantification of neutrophils (B) and monocytes (C) in (A). (D-F) Flow cytometric analysis of recruited neutrophils (Ly6G+/Ly6B+) and monocytes/macrophages
(Ly6G-/Ly6B+) present in the peritoneal cavities of mice with E. coli-induced acute peritonitis (D). Quantification of neutrophils (E) and monocytes/macrophages (F) in (D). (G-I)
Flow cytometric analysis of recruited neutrophils (CD11b+/Gr-1high) and monocytes/macrophages (CD11b+/Gr-1low) present in the peritoneal cavities of mice with LPS-induced
acute peritonitis (G). Quantification of neutrophils (H) and monocytes/macrophages (I) in panel G. *P < 0.05; ns, not significant.

deacetylase activity was confirmed by immunoblotting (Figure 2C). Consistent with the effects of
tubacin on α-tubulin acetylation (Figure 2C), tubacin
exposure resulted in a dose-dependent decrease in
murine macrophage migration (Figure 2D-E),
suggesting that the deacetylase activity of HDAC6 is
important for macrophage migration.
To extend our results showing a role for HDAC6
in macrophage migration, we next investigated
whether HDAC6 is important for macrophage
migration in response to chemotactic gradients of
immune-related signals. As the concentration of LPS
increased, the number of migrated macrophages also
increased; strikingly, tubacin exposure attenuated
LPS-induced macrophage migration (Figure 2F-G).
We also examined the response to other chemotactic
factors.
Tubacin
exposure
also
attenuated
macrophage migration in response to macrophage
colony-stimulating factor (M-CSF) or serum (Figure
2H-J), suggesting that HDAC6 plays a ubiquitous role
in regulation of macrophage migration. Collectively,
these findings reveal that HDAC6 positively regulates

macrophage migration via its deacetylase activity.

HDAC6 does not affect neutrophil migration
Although we observed no significant difference
in neutrophil infiltration between WT and HDAC6
KO mice in the acute peritonitis model experiments,
substantial variation was observed among individuals
in the KO group in independent replicates, with
percentages of recruited neutrophils ranging from
42% to 80%. To rule out the possibility of artifacts
resulting from individual variation, we isolated
neutrophils from bone marrow and prelabeled
WT-derived and KO-derived cells with carboxyfluorescein succinimidyl ester (CFSE) and Dil fluorescent
dyes, respectively. These cells were then mixed at a
1:1 ratio and implanted in the mouse acute peritonitis
model via tail vein injection. Confirming our previous
results (Figure 1), the percentage of CFSE-labeled
neutrophils in the peritoneal lavage fluid was similar
to that of Dil-labeled neutrophils (Figure 3A-B),
suggesting that HDAC6 does not regulate neutrophil
infiltration.
http://www.thno.org
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Figure 2. HDAC6 is critical for macrophage migration. (A) Representative images of bone marrow-derived macrophages subjected to transwell assays. Scale bar, 50 μm.
(B) Quantification of migrated cells from experiments performed as described in (A). (C) Immunoblot analysis of RAW264.7 macrophages treated with tubacin. (D-E)
Representative images of RAW264.7 macrophages subjected to transwell assays (D) and quantification of migrated cells (E). Scale bar, 100 μm. (F-G) Representative images of
transwell assays using RAW264.7 macrophages treated with tubacin and LPS (F) and quantification of migrated cells (G). Scale bar, 100 μm. (H-J) Representative images of
transwell assays using RAW264.7 macrophages treated with tubacin in the presence of M-CSF or serum (H). Quantification of migrated cells induced with M-CSF (I) or serum
(J). Scale bar, 100 μm. **P < 0.01; ***P < 0.001.

To further rule out a role for HDAC6 in
neutrophil migration, we used N-formyl-methionylleucyl-phenylalanine (fMLP), a potent neutrophil
chemoattractant. No significant difference in
neutrophil migration was observed between the WT
and KO groups (Figure 3C-D). Analysis of neutrophil
chemotactic movement using the EZ-TAXIScan
optical device revealed that HDAC6 deficiency had a
slight impact on the velocity and directionality of
neutrophil migration in response to an fMLP gradient

(Figure 3E-G). However, inhibition of HDAC6
activity with tubacin did not affect migration velocity
or directionality (Figure 3H-J). In addition, loss of
HDAC6 had no effect on velocity or directionality of
neutrophil migration induced by exposure to
leukotriene B4 (LTB4), another chemoattractant
involved in inflammation (Figure 3K-M). Taken
together, these data suggest that HDAC6 activity is
dispensable for neutrophil infiltration.

http://www.thno.org
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Figure 3. HDAC6 does not affect neutrophil migration. (A) Neutrophils from wild-type and HDAC6 knockout mice were labeled with CFSE and Dil, respectively, mixed
and injected into acute peritonitis mouse models. Cells infiltrating into the peritoneal cavity were analyzed by flow cytometry. (B) Experiments were performed as described in
(A), and the relative migration efficiency was determined. (C) Transwell assays comparing migration of neutrophils from wild-type and HDAC6 knockout mice. Scale bar, 100 μm.
(D) Experiments were performed as described in (C), and migrated cells were quantified. (E-G) Neutrophils from wild-type and HDAC6 knockout mice were induced with
fMLP, and movement tracks were recorded using EZ-TAXIScan (E). Migration velocity (F) and directionality (G) were quantified. (H-J) Neutrophils from wild-type mice were
treated with tubacin, and fMLP-induced movement tracks (H), velocity (I), and directionality (J) were analyzed. (K-M) Neutrophils from wild-type and HDAC6 knockout mice
were induced with LBT4 and the movement tracks (K), velocity (L), and directionality (M) were analyzed. *P < 0.05; ***P < 0.001; ns, not significant.

HDAC6 deficiency significantly impairs the
phagocytic ability of macrophages
Recruited macrophages are the major phagocytic
effector cells engaged in clearance of invading
pathogens. Because phagocytosis requires dynamic
remodeling of the cytoskeleton and HDAC6 has been
linked to cytoskeletal regulation, we investigated the
role of HDAC6 in regulation of cytoskeletal

remodeling during phagocytosis. E. coli expressing
mCherry were added to the culture medium of
primary macrophages, and the phagocytosis was
visualized by immunostaining. HDAC6 deficiency
markedly impaired the phagocytic ability of
macrophages, as fewer E. coli were observed within
HDAC6 KO macrophages (Figure 4A-B). To quantify
these results, we used flow cytometry to measure E.
coli uptake. Compared to the WT group, macrophages
http://www.thno.org
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Figure 4. Loss of HDAC6 impairs the phagocytic ability of macrophages. (A) Fluorescence staining showing phagocytosis of E. coli by macrophages from wild-type or
HDAC6 knockout mice. Scale bar, 20 μm. (B) Experiments were performed as described in (A), and the numbers of E. coli within macrophages were quantified. (C-E) Flow
cytometric analysis of GFP-labeled E. coli phagocytosed by macrophages isolated from wild-type or HDAC6 knockout mice (C). GFP-positive cells (D) and fluorescence intensity
(E) were quantified. *P < 0.05.

isolated from KO mice phagocytosed fewer
GFP-expressing E. coli (Figure 4C-E), indicating a role
of HDAC6 in macrophage phagocytosis.

HDAC6 deficiency abrogates cortactin
translocation and formation of filopodial
protrusion in macrophages
Cortactin is an important substrate of HDAC6
that binds F-actin to facilitate assembly and branching
of actin filaments, structures crucial for cell migration
and phagocytosis [18]. Thus, we investigated whether
HDAC6 regulates macrophage infiltration and
phagocytosis through regulation of cortactin.
Immunostaining revealed that HDAC6 and cortactin
colocalized in the cytosol of resting macrophages and
that both proteins translocated to the cell periphery in
response to LPS challenge (Figure 5A). In contrast, in
HDAC6-deficient cells, LPS exposure did not induce
cortactin translocation (Figure 5B).
Because the acetylation status of cortactin
regulates its binding to F-actin [19], we next examined
whether loss of HDAC6 affects formation of
F-actin-dependent
structures.
In
WT-derived
macrophages, LPS induced the formation of filopodial
protrusions, but this activity was abolished by
HDAC6 KO (Figure 5C-D). Taken together, these

findings reveal that LPS stimulates translocation of
HDAC6 to the cell periphery, where it deacetylates
cortactin and promotes its binding to F-actin, thereby
facilitating the formation of filopodial protrusions.

LPS is unable to promote microtubule
acetylation in HDAC6-deficient macrophages
In addition to actin filaments, the microtubule
cytoskeleton is also essential for cell migration and
phagocytosis [20]. Therefore, we next investigated the
effects of loss of HDAC6 on microtubule acetylation
in macrophages. In WT-derived macrophages, only
microtubules at the microtubule-organizing center
(MTOC) were acetylated under basal conditions, and
LPS exposure resulted in a significant increase in
microtubule acetylation at the MTOC (Figure 6A-B).
HDAC6 deficiency was associated with a substantial
and global increase in microtubule acetylation under
basal conditions, but LPS exposure did not
significantly enhance microtubule acetylation (Figure
6A-C). These results implicate HDAC6 as the master
regulator of microtubule acetylation in macrophages
and suggest that microtubule acetylation is saturated
in the absence of HDAC6, thereby preventing
LPS-induced acetylation.

http://www.thno.org
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Figure 5. Effects of HDAC6 on LPS-induced cortactin localization and filopodial protrusion formation. (A) Macrophages from wild-type mice were treated with
PBS or LPS and immunostained with antibodies against HDAC6 and cortactin. Arrowheads indicate the cell membrane. Scale bar, 20 μm. (B) Macrophages from HDAC6
knockout mice were treated with PBS or LPS and immunostained with antibodies against F-actin and cortactin. Scale bar, 20 μm. (C) Macrophages from wild-type or HDAC6
knockout mice were treated with PBS or LPS and immunostained with antibodies against F-actin. Scale bar, 20 μm. (D) Experiments were performed as in (C), and the
percentages of cells with filopodial protrusions were quantified. ***P < 0.001; ns, not significant.

http://www.thno.org
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Figure 6. Effects of HDAC6 on LPS-induced microtubule acetylation. (A) Macrophages from wild-type or HDAC6 knockout mice were treated with PBS or LPS and
immunostained with antibodies against α-tubulin and acetylated α-tubulin. Scale bar, 40 μm. (B-C) Experiments were performed as in (A), and the fluorescent intensity ratios of
acetylated α-tubulin to α-tubulin in wild-type derived macrophages (B) and HDAC6 knockout-derived macrophages (C) were determined. **P < 0.01; ns, not significant.

Figure 7. Proposed model for HDAC6-mediated macrophage infiltration and phagocytosis. In wild-type unstimulated macrophages, HDAC6 localizes to the
cytosol. In response to inflammatory cues, HDAC6 partially translocates to the cell periphery, where it deacetylates α-tubulin and cortactin, thereby enhancing dynamics of
microtubule tips and promoting actin assembly. Changes in cytoskeletal dynamics promote macrophage infiltration and phagocytosis. In the absence of HDAC6, cytoskeletal
dynamics are not affected, rendering macrophages insensitive to inflammatory cues.

Discussion
Despite the demonstrated roles of HDAC6 in
diverse cellular activities, such as cell motility [21, 22],
immunity [13, 23], viral infection [24], and
degradation of misfolded proteins [25, 26], HDAC6deficient mice survive and thrive [16], indicating that
HDAC6 is not critical for embryonic and postnatal
development under normal physiological conditions.
These observations, together with the known role of

HDAC6 in secretion of inflammatory cytokines [27],
led us to investigate whether HDAC6 is important for
the inflammatory response under pathological
conditions.
In line with the finding that HDAC6 does not
affect lymphocyte development [16], we demonstrate
that HDAC6 does not affect proliferation of immune
cells, as HDAC6-deficient mice exhibit no significant
difference in the ratio of neutrophils to monocytes in
bone marrow compared to wild-type mice. Neutrohttp://www.thno.org
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phils are the first leukocytes recruited to sites of
inflammation. They subsequently secrete chemotactic
factors that initiate monocyte/macrophage recruitment, contributing to a switch from neutrophil influx
to monocyte/macrophage influx [10, 28]. HDAC6
deficiency does not affect infiltration of neutrophils,
but instead, loss of HDAC6 results in a decrease in
numbers of monocytes/macrophages recruited to the
peritoneal cavity in a model of inflammation. These
results are consistent with differing roles for HDAC6
in regulating infiltration of neutrophils and
monocytes. Monocyte/macrophage recruitment may
be impaired due to either cell-intrinsic or cell-extrinsic
mechanisms.
Macrophages act as the principal effector cells
during inflammation and play a key role in the
initiation, resolution, and tissue repair and
regeneration phases of the inflammatory response.
Multiple lines of evidence have identified a critical
role for HDAC6 in regulation of inflammatory
signaling. As mentioned above, HDAC6 is known to
regulate expression of inflammatory cytokines [27], in
addition to other pro-inflammatory factors, such as
monocyte chemoattractant protein-1, a protein
released by neutrophils that is critical for recruitment
of monocytes during acute inflammation [29].
HDAC6 also attenuates interleukin 10 expression in
macrophages and interleukin 17 expression in γδ T
cells [14, 15]. The underlying mechanism by which
HDAC6 regulates inflammatory gene expression may
be through modulation of p38 mitogen activated
protein kinase, nuclear factor κB, and activator
protein 1 pathways [27]. These data raise the question
of whether HDAC6 affects the production of these
and other extrinsic chemotactic factors in neutrophils
during inflammation.
Due to the complexity of mechanisms involved
in HDAC6-mediated inflammatory factor expression
and difficulty in recapitulating this system in our
model, in this study we did not explore the
contribution of HDAC6-mediated production of
extrinsic inflammatory factors to monocyte/
macrophage recruitment. Instead, we focused on the
cell-intrinsic effects of HDAC6 on macrophage
migration. Using in vitro transwell assays, we
demonstrate that HDAC6 activity is required for
macrophage migration, confirming the importance of
HDAC6 in cell-intrinsic inflammatory responses.
Cortactin and α-tubulin are important substrates of
HDAC6 that are important for HDAC6-mediated cell
migration [21, 26, 30, 31]. In this study, we reveal that
LPS challenge induces translocation of HDAC6 and
cortactin from the cytosol to the cell periphery,
consistent with previous findings from NIH3T3 cells
challenged with epidermal growth factor [19].
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HDAC6-mediated deacetylation of cortactin enhances
binding of cortactin to F-actin, which, in turn,
activates the actin-nucleating complex Arp2/3 and
promotes actin filament network formation [18, 32] .
Our study extends these results by revealing that
loss of HDAC6 suppresses formation of filopodia,
spike-like actin protrusions critical for macrophage
migration. Based on these data, we postulate that in
response to LPS, HDAC6 is translocated to the cell
periphery, where it deacetylates cortactin, promotes
its interaction with F-actin, and thereby facilitates
actin-related cellular activities, including cell
migration and phagocytosis (Figure 7). In addition,
LPS-induced translocation of HDAC6 to the cell
periphery may also be the underlying cause of
increased microtubule acetylation surrounding the
MTOC. Thus, translocation of HDAC6 to the cell
periphery may increase the dynamics of microtubules
at the cell periphery, positively regulating cell
migration and phagocytosis (Figure 7). However, it is
important to note that HDAC6 has a number of other
substrates, such as heat shock protein 90, some of
which are also involved in cell migration [33-35].
Therefore, alternative or complementary molecular
mechanisms may be identified in the future.
Currently, several HDAC6 inhibitors are under
clinical investigation for treatment of cancers, such as
multiple myeloma and breast cancer [36, 37]. Our
study has uncovered a critical role for HDAC6 in
macrophage infiltration, suggesting that these
inhibitors may also be beneficial for the treatment of
macrophage-associated immune disorders. Sustained
recruitment of monocytes/macrophages is associated
with a number of chronic inflammatory diseases,
including atherosclerosis, rheumatoid arthritis, and
autoimmune disorders. Based on the critical role for
HDAC6 in regulation of macrophage recruitment
shown here, HDAC6-targeted therapies may have
significant potential for treatment of these and other
chronic inflammatory diseases.

Methods
Materials
LPS, 4’-6-diamidino-2-phenylindole (DAPI),
tubacin, M-CSF, fMLP, LTB4, and antibodies against
β-actin and acetylated α-tubulin were purchased from
Sigma-Aldrich. Antibodies against cortactin (Cell
Signaling Technology), α-tubulin (Abcam), horseradish peroxidase-conjugated secondary antibodies
(Amersham Biosciences), and fluorescein- or
rhodamine-conjugated secondary antibodies (Jackson
ImmunoResearch Laboratories) were obtained from
the indicated sources.

http://www.thno.org
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Cell culture
RAW264.7 murine macrophages were purchased
from the American Type Culture Collection.
RAW264.7 cells and primary macrophages and
neutrophils were cultured with the RPMI 1640
medium supplemented with 10% fetal bovine serum
(FBS) and 1% penicillin/streptomycin, in a
humidified atmosphere with 5% CO2 at 37 °C.

Isolation of primary macrophages and
neutrophils
Primary bone marrow-derived macrophages and
neutrophils were generated as described previously
[38]. In brief, eight-to-twelve-week-old male mice
were sacrificed by cervical dislocation, and the femurs
and tibias were separated. Bone marrow cells were
collected by flushing with cold PBS, and cells were
then filtered through a 40-µm cell strainer (BD
Biosciences). Red blood cells were lyzed by hypotonic
NaCl and the remaining cells were washed with PBS
once. For macrophage differentiation, 30 ng/mL of
M-CSF was added to the culture medium. Culture
medium was replaced each day to remove
non-adherent cells, and on day 6, monocytes were
differentiated into macrophages. For primary
neutrophil isolation and purification, cells were
isolated by density gradient centrifugation.

Mouse acute peritonitis model
All mouse experiments were approved by the
Animal Care and Use Committee of Nankai
University, and all experiments conformed to the
relevant regulatory standards. HDAC6 heterozygous
mice were obtained from Tso-Pang Yao (Duke
University, Durham, NC, USA) and intercrossed to
generate wild-type and HDAC6 knockout KO
littermates as described previously [39]. Eight-toTwelve-week-old male mice were intraperitoneally
injected with 5×108 colony forming unit/mL of E. coli
suspensions or 200 μL of LPS (100 mg/mL) to induce
acute peritonitis. At 5 h post injection, mice were
anesthetized with ether exposure. Sterile phosphatebuffered saline (PBS) was injected into the abdomen,
followed by external massage of the abdomen for 1
min. The peritoneal lavage was collected for flow
cytometric analysis.

Phagocytosis
The pET-28a-GFP and pET-28a-mCherry
plasmids were transformed into BL-21 E. coli. Bacteria
were collected and resuspended with PBS. The
suspension was added to the primary bone
marrow-derived macrophages and phagocytosis was
examined by immunofluorescence staining or flow
cytometric
analysis.
For
immunofluorescence
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staining, E. coli expressing mCherry were incubated
with macrophages for 1 h and phagocytosis was
examined by immunostaining with fluoresceinlabeled phalloidin. For flow cytometric analysis, E. coli
expressing GFP were incubated with macrophages for
1 h, and phagocytosis was examined by analyzing
GFP intensity.

Western blotting
Western blotting was performed as described
previously [40]. In brief, proteins were loaded into
10% SDS-PAGE gel, separated, and transferred onto
PVDF membranes (Millipore). The membranes were
blocked in Tris-buffered saline containing 5% fat-free
dry milk and 0.2% Tween 20. The membranes were
subsequently incubated with primary antibodies and
horseradish peroxidase-conjugated secondary antibodies. The proteins of interest were visualized with
enhanced chemiluminescence detection reagent
according to the manufacturer’s instructions (Pierce
Biotechnology).

Flow cytometric analysis
Cells isolated from bone marrow or peritoneal
lavage were labeled with the indicated antibodies for
30 min at 4 °C. Anti-mouse CD11b-PE, Gr-1-APC and
Ly6B-biotin (Biolegend), and Ly6G-fluorescein (BD
Bioscience) were used in this study. Biotinylated
antibodies were detected with APC-streptavidin
(eBioscience). Cells were washed with PBS twice
before analysis using a Caliber flow cytometer (BD
Biosciences).

Immunofluorescence microscopy
Immunofluorescence microscopy was performed
as described previously [41, 42]. Cells were fixed with
4% paraformaldehyde for 30 min at room
temperature, permeabilized with 0.2% Triton X-100
for 15 min. Cells were then blocked with 2.5% bovine
serum albumin for 20 min at room temperature. Cells
were incubated with primary antibodies for 2 h,
subsequently with fluorescein and/or rhodamineconjugated secondary antibodies for 2 h. Nuclei were
stained with DAPI. Coverslips were mounted with
90% glycerol in PBS and visualized with a Zeiss
fluorescence microscope.

Transwell assays
Transwell assays were carried out as prescribed
previously [43, 44]. In brief, cell suspension in
serum-free medium was added to the upper inserts,
and the inserts were then placed in a 24-well plate
containing complete medium or the indicated
chemotactic factors. After 16 h of incubation, the
inserts were gently taken out and cells on the inner
surface of the inserts were wiped by cotton swabs.
http://www.thno.org
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Cells on the underside of inserts were fixed with 4%
paraformaldehyde and stained with crystal violet
solution. Five different fields were photographed and
calculated.

2.

Time-lapse chemotaxis assays

5.

Time-lapse chemotaxis assays were carried out
by using an EZ-Taxiscan chamber (Effector Cell
Institute) as described [38]. Primary neutrophils were
loaded into the EZ-Taxiscan channel with chemotactic
factors in the chemoattractant well at 37 °C. Phasecontrast images of migrating cells were recorded
every 30 s for 30 min. The movement track, velocity,
and directionality of cells were determined by using
ImageJ software.

Statistical analysis
All the experiments were repeated independently three times and the results are presented as
mean ± standard errors (SEM). Student’s t-tests and
one-way analysis of variance (ANOVA) were carried
out for statistical analysis.
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