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athogens activate the innate immune system and inﬂammatory responses via pattern-recognition receptors (PRRs),
which include Toll-like receptors (TLRs), NOD-like receptors
(NLRs), RIG-like helicases (RLHs), and C-type lectin receptors
(CLRs) (1, 2). Stimulation of TLRs leads to MyD88-dependent
NF-κB activation and induces expression of the 31-kDa precursors of both IL-1α and IL-1β. Both cytokines bind to the IL-1
receptor (IL-1R) and are potent proinﬂammatory cytokines,
mainly produced by myeloid cells such as macrophages, monocytes, and dendritic cells. IL-1α and IL-1β are processed into
smaller biologically active forms, which are then secreted via the
ER/Golgi-independent, but poorly understood, unconventional
protein secretion pathway (3, 4). The cleavage mechanism of
proinﬂammatory (pro)–IL-1β into mature IL-1β is well characterized. Upon assembly of different types of inﬂammasomes,
caspase-1 is activated and cleaves pro–IL-1β into an N-terminal
14-kDa inactive propiece and a C-terminal 17-kDa mature and
biologically active form of IL-1β. In contrast to IL-1β, IL-1α
exists not only as a mature soluble form, but also as a cell-surface
protein. Pro–IL-1α is thought to be myristoylated and translocated to the cell membrane where it associates with cell-surface
components by an unknown mechanism (5, 6). It has been
speculated that phosphorylation of pro–IL-1α induces a conformational change leading to surface anchoring via lectin binding
(7, 8). Except for lectin-binding sites, IL-1α contains no transmembrane regions, GPI anchors, or other hydrophobic regions
allowing surface anchoring. Processing of IL-1α induces the
cleavage of pro–IL-1α into a propiece and a mature soluble
form. This cleavage depends on calpains, Ca2+-dependent proteases present at the cytosolic side of the cell membrane (6, 9,
10). Though pro–IL-1α does not contain any predicted cleavage
site for caspase-1, there is evidence that it can bind to caspase-1,
and that caspase-1 may be involved in the secretion of IL-1α (11,
12). Therefore, caspase-1 may act as a regulator of unconvenwww.pnas.org/cgi/doi/10.1073/pnas.1109176108

tional protein secretion (4). Here, we investigated the role of the
inﬂammasome and caspase-1 on the expression of secreted and
surface IL-1α and found that surface expression was caspase-1
independent, whereas secretion of mature IL-1α required activation of both inﬂammasome and caspase-1. Surprisingly, we
also found a role for IL-1β in the secretion of IL-1α.
Results
IL-1α Expressed on the Cell Surface Is Biologically Functional and
Depends on TLR Stimulation Only, Whereas Secretion of Mature IL1α Requires Additional Stimuli. To study the kinetics of IL-1α sur-

face expression, we stimulated human monocytes with LPS.
Maximal levels of the cell-surface–bound IL-1α were detected
after 6 h, whereas intracellular IL-1α levels continuously increased
even at later time points (Fig. 1A and Fig. S1). As it remains
unknown how IL-1α is anchored to the cell membrane, it has been
debated whether surface-associated IL-1α is biologically active, or
if it merely represents mature secreted IL-1α that is bound to its
receptor IL-1RI (13). However, IL-1α surface expression on murine bone marrow-derived dendritic cells (bmDCs) from IL-1R−/−
mice was comparable to that of C57BL/6 WT mice, indicating that
IL-1R is not required for cell-surface expression of IL-1α (Fig.
1B). For unknown reasons, IL-1α surface expression was even
consistently higher in IL-1RI−/− than in WT cells. Furthermore, to
exclude that the IL-1α detected by surface staining was not IL-1α
bound to the decoy IL-1RII, we shedded the IL-1RII in IL-1RI−/−
bmDCs using phorbol myristate acetate (PMA)/ionomycin (14)
and compared the amount of surface IL-1α by ﬂow cytometry.
Shedding of IL-1RII did not decrease levels of surface IL-1α (Fig.
1C), whereas shedding was conﬁrmed by increased amounts of
IL-1RII in the supernatant by Western blotting (Fig. 1D).
To assess whether cell-surface–associated IL-1α was biologically active, human monocytes were stimulated with LPS,
washed to eliminate secreted IL-1α, and ﬁxed with paraformaldehyde to block further secretion. Serial dilutions of these monocytes were then coincubated with an IL-1 reporter cell line secreting
IL-2 upon IL-1RI signaling. Monocytes were able to induce IL1RI–dependent IL-2 secretion in a cell number-dependent manner, and IL-2 secretion could be suppressed by an anti–IL-1α
antibody (Fig. 1E).
To compare the kinetics of IL-1α surface expression with IL1α secretion, monocytes were stimulated with LPS for different
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Interleukin-1α (IL-1α) and -β both bind to the same IL-1 receptor (IL1R) and are potent proinﬂammatory cytokines. Production of proinﬂammatory (pro)–IL-1α and pro–IL-1β is induced by Toll-like receptor (TLR)-mediated NF-κB activation. Additional stimulus involving
activation of the inﬂammasome and caspase-1 is required for proteolytic cleavage and secretion of mature IL-1β. The regulation of IL1α maturation and secretion, however, remains elusive. IL-1α exists
as a cell surface-associated form and as a mature secreted form. Here
we show that both forms of IL-1α, the surface and secreted form, are
differentially regulated. Surface IL-1α requires NF-κB activation
only, whereas secretion of mature IL-1α requires additional activation of the inﬂammasome and caspase-1. Surprisingly, secretion of
IL-1α also required the presence of IL-1β, as demonstrated in IL-1β–
deﬁcient mice. We further demonstrate that IL-1β directly binds IL1α, thus identifying IL-1β as a shuttle for another proinﬂammatory
cytokine. These results have direct impact on selective treatment
modalities of inﬂammatory diseases.

Fig. 1. IL-1α expressed on the cell surface is biologically functional and depends only on TLR stimulation, whereas secretion of mature IL-1α requires additional stimuli. (A) Cell-surface and intracellular expression of IL-1α in human monocytes after LPS stimulation at different time points was measured by ﬂow
cytometry. Surface expression (maximal after 6 h) and intracellular expression (maximal after 24 h). Representative stainings of three independent experiments. (B) bmDCs derived from IL-1RI−/− mice (open bars) and WT mice (closed bars) were stimulated with upLPS for 24 h, and surface-associated IL-1α was
measured by ﬂow cytometry. Data are mean and SD of duplicates. One representative of three independent experiments is shown. (C and D) bmDCs derived
from IL-1RI−/− mice were stimulated with medium or upLPS in presence (open bars) or absence (closed bars) of PMA/Ionomycin for surface IL-1RII shedding.
Amounts of surface IL-1α were compared by ﬂow cytometry (C). Shedding of IL-1RII was conﬁrmed by an IL-1RII Western blot of precipitated supernatant.
Lysates of cells were tested for intracellular IL-1RII and IL-1α expression by Western blot (D). Data shows mean and SD of one representative of two independent experiments. (E) EL4-6.1 cells were incubated with paraformaldehyde-ﬁxed human monocytes expressing surface IL-1α after LPS stimulation in the
presence (open squares) or absence (closed squares) of anti–IL-1α antibody. IL-2 production was quantiﬁed by ELISA. Mean and SD of triplicates. (F and G)
Human monocytes were stimulated with upLPS (open squares) or conventional LPS (closed squares) over the indicated time period. Surface IL-1α expression
was measured by ﬂow cytometry (F), and secreted IL-1α was quantiﬁed by ELISA (G). (H and I) IC-21 macrophages were treated with upLPS with or without
MSU during the last 6 h of a 24-h stimulation period. IL-1α secretion was measured by ELISA (H). Mean and SD of six replicates. *P < 0.05; **P < 0.01; ***P <
0.001 (unpaired, two-tailed Mann–Whitney U test). Pro–IL-1α and mature IL-1α were assessed in cell lysate and supernatant, respectively, by Western blot (I).
As control actin, Western blot was performed.

Inﬂammasome Activation Is Crucial for IL-1α Secretion, but Not
Required for Surface Expression. To further conﬁrm the role of

(18–20). Several inﬂammasomes share the adapter protein ASC,
which is able to link the pyrin (PYD) domain of an inﬂammasome
sensor to the caspase recruitment domain (CARD) of caspase-1
(1, 2). As expected, secretion of IL-1β was impaired in ASCdeﬁcient bmDCs when treated with upLPS and ATP. In line with
the above data, the same was observed for IL-1α secretion, which
was also impaired in ASC−/− bmDCs. In contrast, IL-1α surface
expression was not affected in ASC−/− bmDCs (Fig. 2 A–C).
Consistent with our observations in the ASC−/− bmDCs, cells
from NALP3−/− and P2X7R−/− mice expressed normal levels of
cell surface IL-1α (Fig. 2A), but were not able to secrete IL-1α and
IL-1β upon stimulation with upLPS and ATP (Fig. 2 B and C).
Furthermore, the reduction of IL-1α secretion in the ASC−/−,
NALP3−/−, and P2X7R−/− cells was not due to a missing feedback
loop of secreted IL-1β signaling via IL-1RI, because we found
comparable levels of IL-1α secretion in bmDCs from IL-1RI−/−
and WT mice (Fig. 2 A–C). Expectedly, IPAF deﬁciency did not
have an impact on IL-1α and IL-1β secretion using upLPS and
ATP stimulation (Fig. 2 B and C). Induction of intracellular pro–
IL-1α and pro–IL-1β by upLPS was comparable in all of the
above-tested bmDCs and therefore to excluded transcriptional
differences (Fig. 2D).

inﬂammasome activation in IL-1α secretion, bmDCs from apoptosis-associated Speck-like protein containing a caspase recruitment domain (ASC)-, NALP3-, P2X7R-, and IPAF-deﬁcient
mice were stimulated using upLPS alone or upLPS plus ATP.
ATP activates the ASC-dependent NALP3 (also known as cryopyrin, CIAS1, or NLRP3) inﬂammasome via P2X7 receptor
(purinoceptor 7), which leads to pannexin pore formation and
efﬂux of K+ (16, 17). ATP does not activate the ICE-protease
activating factor (IPAF) (also known as NLRC4) inﬂammasome

In Vitro and in Vivo Secretion of IL-1α Is Caspase-1 Dependent. The
importance of inﬂammasome activation for IL-1α secretion was
conﬁrmed by inhibiting caspases with the pan-caspase inhibitor
carbobenzoxy-Val-Ala-Asp (OMe) ﬂuoromethylketone (z-VAD
fmk). This resulted in decreased IL-1α and -β secretion in LPSpulsed human monocytes. In contrast, IL-1α surface expression was
enhanced (Fig. 3 A–C). The role of caspase-1 in IL-1α and -β secretion was conﬁrmed by stimulation of caspase-1−/− bmDCs with

time periods. Though surface expression of IL-1α was already
detectable 3 h after LPS stimulation (Fig. 1F and Fig. S1), and
reached its maximum after only 6 h, IL-1α secretion was low
during the ﬁrst 16 h and continuously increased up to 24 h (Fig.
1G). Interestingly, we observed that stimulation of monocytes
using a conventional (i.e., not highly puriﬁed LPS preparation)
stimulated both IL-1α surface expression and secretion, whereas
an ultrapure (up)LPS preparation induced only surface expression but not secretion of IL-1α (Fig. 1 F and G), suggesting that
IL-1α secretion was induced by contaminations in the conventional LPS preparation, which may stimulate additional pathways
other than TLR4 and NF-κB. It is known that muramyldipeptid
(MPD)-contaminated LPS activates the NALP3 inﬂammasome
(15). To investigate whether such contaminants induced IL-1α
secretion through inﬂammasome activation, a macrophage cell
line was stimulated with upLPS or upLPS in combination with
the NALP3 inﬂammasome activator monosodium urate (MSU)
(15). Indeed, cells stimulated with upLPS secreted the mature
form of IL-1α only in the presence of MSU (Fig. 1 H and I).
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Fig. 2. Inﬂammasome activation is crucial for IL-1α secretion, but not required for surface IL-1α expression. (A–C) bmDCs derived from ASC-, NALP3-, P2X7R-,
IPAF-, and IL-RI–deﬁcient (open bars) or WT mice (closed bars) were stimulated with upLPS in presence or absence of ATP as indicated during the last 30 min of
a 24-h stimulation. Surface IL-1α expression was analyzed by ﬂow cytometry (A). IL-1α and -β secretion in the supernatant was quantiﬁed by ELISA (B and C).
Mean and SD of duplicates and one representative of three independent experiments are shown. (D) Intracellular pro–IL-1α and -β were measured by Western
blot in lysates prepared from bmDCs stimulated with upLPS. One representative of two independent experiments is shown.

upLPS and ATP, which resulted in decreased IL-1α and IL-1β
secretion (Fig. 3 E and F), whereas the intracellular proforms of
both cytokines were induced at normal levels (Fig. 3G). In line
with the above ﬁndings, caspase-1−/− bmDCs were able to express
cell-surface IL-1α under all experimental conditions (Fig. 3D),
conﬁrming that IL-1α surface expression is independent of the
inﬂammasome and caspase-1. The validity of the above in vitro
observations was tested in vivo in an airway infection model.
Caspase-1−/− and WT mice were infected intranasally (i.n.) with
the Gram-negative bacterium Legionella pneumophila (Lpn), and
the secretion of IL-1α and IL-1β was measured in bronchoalveolar
lavage (BAL). Indeed, caspase-1−/− mice exhibited both impaired
IL-1α and IL-1β secretion (Fig. 3 H and I). Similar results were
obtained in WT mice infected with either WT Lpn or ΔT Lpn, the
latter lacking the type IV secretion system (T4SS) and therefore
being unable to activate caspase-1 (21, 22) (Fig. 3 J and K).
IL-1α Secretion Is IL-1β Mediated and Uses a Distinct Pathway from
IL-1α Surface Expression. The reason why IL-1α secretion is cas-

pase-1 dependent, even though it is not a direct substrate for
caspase-1, was previously attributed to the binding of IL-1α to
caspase-1, thereby facilitating unconventional protein secretion
(4). Surprisingly, coimmunoprecipitation (co-IP) experiments using lysates of upLPS-primed murine bmDCs revealed a weak band
for IL-1β after an anti–IL-1α pull-down, suggesting an intracellular interaction between IL-1α and IL-1β (Fig. 4A). To conﬁrm this interaction between IL-1α and IL-1β, we overexpressed
human pro–IL-1α (myc-tagged) and pro–IL-1β (HA-tagged) in
Cos cells. Precipitation of pro–IL-1α using an anti-myc antibody
led to coprecipiation of pro–IL-1β, detected using an anti-HA
antibody (Fig. 4B). Furthermore, the endogenous association of
Fettelschoss et al.

IL-1α and IL-1β could be demonstrated in lysates of differently
stimulated bmDCs using a modiﬁed sandwich ELISA with an IL1α capture antibody and a non–cross-reactive IL-1β detection antibody (Fig. 4C). Though upLPS-stimulated cells showed a strong
signal for IL-1α–bound IL-1β, this signal was reduced when cells
were additionally treated with ATP, most likely due to reduced
intracellular availability as a result of secretion, and thereby conﬁrming the co-IP data of the endogenous protein. The requirement
of IL-1β for secretion of IL-1α was conﬁrmed in a functional assay
showing that IL-1β–deﬁcient cells were unable to secrete IL-1α
(Fig. 4D), whereas the level of intracellular pro–IL-1α were
comparable in IL-1β+/− and IL-1β−/− bmDCs (Fig. 4E). Therefore, the IL-1β dependence of IL-1α secretion was not explained
by differences in transcription, as previously reported (23). In
contrast to that, IL-1β secretion was independent of IL-1α secretion shown in IL-1α–deﬁcient mice (Fig. S2). Furthermore, the
inﬂammasome activity, measured by the unconventionally secreted
caspase-1 p10 subunit in the supernatant, was not impaired in IL1β–deﬁcient cells when stimulating with upLPS and ATP (Fig. 4E).
Consistent with the inﬂammasome-independent presentation of
IL-1α on the cell surface, cell-bound IL-1α was readily detected in
IL-1β–deﬁcient bmDCs upon stimulation (Fig. 4F).
Note that upon stimulation of bmDCs with upLPS and ATP,
with time, no secretion of IL-1α was detected by ELISA in IL1β−/− mice (Fig. 4G). However, a release of signiﬁcant amounts
of pro–IL-1α was detectable in the supernatant by Western
blotting (Fig. 4H). This ﬁnding indicates that the ELISA only
detected the mature form of IL-1α. IL-1β–deﬁcient bmDCs release pro–IL-1α, but were not able to actively secrete intracellularly processed mature IL-1α (Fig. 4 G and H). Pro–IL-1α
has lower biological activity than mature IL-1α, but could be
PNAS | November 1, 2011 | vol. 108 | no. 44 | 18057

Fig. 3. In vitro and in vivo secretion of IL-1α is caspase-1 dependent. (A–C) Human monocytes were stimulated with LPS in presence or absence of the pancaspase inhibitor z-VAD fmk. IL-1α surface expression was analyzed by ﬂow cytometry after 6 h of stimulation (A), and IL-1α and -β secretion was quantiﬁed
by ELISA after 24 h of stimulation (B and C). Control samples were treated with the DMSO containing solvent (closed bars). Mean and SD of six replicates.
*P < 0.05; **P < 0.01; ***P < 0.001 (unpaired, two-tailed Mann–Whitney U test). One representative of two independent experiments is shown. (D–F)
bmDCs derived from caspase-1–deﬁcient (open bars) and WT control mice (closed bars) were stimulated with upLPS in the presence or absence of ATP
during the last 30 min of a 24-h stimulation period. Surface IL-1α expression was analyzed by ﬂow cytometry (D). IL-1α (E) and -β (F) secretion were
quantiﬁed by ELISA. Data shows mean and SD of duplicates and one representative of three independent experiments. (G) Pro–IL-1α and -β were measured
by Western blot in lysates prepared from bmDCs stimulated with upLPS. (H and I) IL-1α (H) and -β (I) levels in the BAL of Lpn-infected caspase-1–deﬁcient
and C57BL/6 control mice were quantiﬁed by ELISA. Mean and SD of n = 3, and one representative of three independent experiments is shown. *P < 0.05;
**P < 0.01; ***P < 0.001 (unpaired, two-tailed t test). (J and K) IL-1α (J) and IL-1β (K) levels were measured in the BAL of WT mice infected with WT JR32 Lpn
or ΔT Lpn. Mean and SD of n = 2 or n = 3 and one representative of three independent experiments is shown. *P < 0.05; **P < 0.01; ***P < 0.001 (unpaired,
two-tailed t test).

further cleaved by other extracellular proteases, i.e., cathepsin G,
elastase, proteinase-3, and chymase in vivo.
This and the previous experiments suggest the presence of two
distinct pathways for IL-1α surface expression and IL-1α secretion. This interpretation was further supported by cell-surface
protein biotinylation of upLPS–pulsed, and therefore surface IL1α–expressing, bmDCs. Following biotinylation of surface proteins, including IL-1α (Fig. 4I), cells were treated with the
inﬂammasome activator ATP to induce IL-1α secretion. Quantitative ELISA demonstrate that the secreted IL-1α was almost
entirely composed of nonbiotinylated IL-1α, indicating that secreted IL-1α was not cleaved off from the surface but rather
released from intracellular compartments (Fig. 4J).
Discussion
Our data show that IL-1α surface expression and secretion can
be dissected into two independent pathways. Though TLR
stimulation alone is sufﬁcient for the production of IL-1α determined for the cell surface, additional activation of the
inﬂammasome is required for the production of secreted and
soluble IL-1α. This study further demonstrates that, against
former notion, secretion of IL-1α is not the result of cleavage of
cell-surface–bound IL-1α, but occurs via a distinct pathway dependent on inﬂammasome, caspase-1, and IL-1β. Because IL-1α
does not have a caspase-1 cleavage site, the observed inﬂammasome and caspase-1 dependency appears to be explained by
binding of IL-1α to IL-1β and piggy-backing on IL-1β during
transfer from the cytoplasm to the extracellular space via the
caspase-1, and probably also via calpains, which are relevant for
cleavage of IL-1α. The ﬁnding that bmDCs from IL-1β−/− mice
are also deﬁcient in secretion of mature IL-1α suggests that
certain ﬁndings in IL-1β−/− mice should be revisited. Susceptibility to Mycobacterium tuberculosis (Mtb) infection may be one
18058 | www.pnas.org/cgi/doi/10.1073/pnas.1109176108

such example. IL-1β−/− mice were found to be more susceptible
to M. tuberculosis infection than WT mice (24), but when WT
mice were depleted with IL-1α or IL-1β antibodies, it was IL-1α
but not IL-1β that determined susceptibility to infection (25).
Recently, Mtb susceptibility was also conﬁrmed in IL-1α−/− mice
(26). Moreover, our data suggests a unique role for IL-1β in unconventional protein secretion. It remains to be resolved whether
interaction with IL-1β is also a prerequisite for the secretion of
other unconventionally secreted proteins, such as FGF-2 and Bid.
Our observation that IL-1β–deﬁcient mice do not secrete mature IL-1α, but may still release signiﬁcant amounts of pro–IL-1α,
is likely due to cell damage upon massive stimulation. Cell damage
and inﬂammasome activation may explain why another group
detected IL-1α in the serum of LPS-infected IL-1β–deﬁcient mice
(27). This may be either pro–IL-1α, which is less biologically active,
or pro–IL-1α matured by extracellular proteases, i.e., cathepsin G,
elastase, proteinase-3, and chymase. Alternatively, cells other than
macrophages and dendritic cells studied by us may have been the
source of IL-1α after LPS injection.
We have tested three cell types—bmDCs, macrophages, and
monocytes—with regard to the signaling requirements for the
secretion of mature IL-1α. Though others have shown that
monocytes do not require an additional inﬂammasome activation
to secrete mature IL-1 due to the fact that monocytes express
a constitutively active caspase-1 (28), in our hands, two separate
stimuli were required in monocytes.
The identiﬁcation of distinct pathways, i.e., for IL-1α surface
expression and IL-1α secretion, suggests that the two forms of IL1α may exert different biological functions. Indeed, a differential
role of surface-bound and secreted IL-1α in different inﬂammatory situations has recently been suggested. Surface-bound but
not secreted IL-1α triggering senescence-associated secretion of
IL-6/IL-8 (29) and surface-bound IL-1α caused inﬂammatory deFettelschoss et al.

struction of cartilage during arthritis (30, 31). Thus, the presented
data on the regulation of cell-surface and secreted IL-1α may offer
the possibility to selectively modulate the expression of the two
forms of IL-1α. Such regulation may furthermore allow us to dissect protection against pathogens from inﬂammatory diseases.
Insight into such regulation of IL-1α processing may furthermore
allow investigations to better understand the cytokine’s role in
protection against pathogens and its role in mediating inﬂammatory diseases, and consequently, to design new and improved
treatment options against such diseases.
Methods
Mice. All knockout mouse strains used have been described elsewhere.
Mice were treated according to guidelines of Swiss veterinary authorities.

DMSO content of 0.1% 1 h before stimulation with upLPS or LPS. IC-21 macrophages were plated at a density of 5 × 105 cells in a six-well plate, and bmDCs in
a density of 2 × 106 cells in a six-well plate or 7.5 × 104 cells in a 96-well plate.
Human monocytes were plated at a density of 2 × 106 cells per 3 mL in a sixwell plate.
Bacteria and Infection. Legionella pneumophilia (Lpn) strains used in this study
were JR32 (WT Philadelphia-1) (32) and GS3011 (ΔT, icmT deletion lacking
a functional Icm/Dot T4SS) (33). Lpn was grown for 3 d on charcoal yeast extract
agar plates. Mice were infected intranasally (i.n.) with 5 × 106 cfu Lpn in 20 μL PBS.
At 4 h postinfection, the BAL was collected by ﬂushing the airways with 1 mL PBS
after sublethal anesthesia. Cells were recovered from the BAL by centrifugation
and the cell-cleared BAL ﬂuid was stored at −20 °C for further analysis.
Additional details regarding methods can be found in SI Methods.

In Vitro Stimulation Experiments. Cells were stimulated with upLPS from E. coli
0111:B4 (InvivoGen) or LPS from E. coli 0111:B4 (Sigma-Aldrich) at 1 μg/mL. upLPSstimulated cells were stimulated additionally using either 5 mM ATP (SigmaAldrich) for 30 min or 150 μg/mL MSU (Alexis) for 6 h. Cells were treated with
2.5 μM caspase inhibitor z-VAD fmk (Alexis) or solvent only (DMSO) with a ﬁnal
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Fig. 4. IL-1α interacts with IL-1β for secretion. (A and B) Co-IP of bmDCs stimulated with medium or upLPS in the presence or absence of ATP as indicated
during the last 10 or 30 min of a 24-h stimulation using an anti–IL-1α pull-down or an isotype control antibody (A) and co-IP of Cos cells transfected with pro–
IL-1α-myc or pro–IL-1β-HA alone or in combination of both using an anti-myc pull-down antibody (B). (C) Sandwich ELISA of lysed bmDCs stimulated with
upLPS in the absence or presence of ATP during the last 10 or 30 min of a 24-h stimulation using IL-1α capture antibody and IL-1β detection antibody of
undiluted (closed bars), 1:1 (gray bars), and 1:10 (open bars) diluted bmDCs lysates stimulated as indicated. Mean and SD of n = 4, and one representative of
two independent experiments is shown (two-way ANOVA). (D–F) bmDCs derived from IL-1β–deﬁcient (open bars) or WT mice (closed bars) were stimulated
with upLPS in the presence or absence of ATP as indicated during the last 30 min of a 24-h stimulation period. IL-1α secretion in the supernatant was
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