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The IL-1 family member IL-37 broadly suppresses innate inflam-
mation and acquired immunity. Similar to IL-1« and IL-33, IL-37 is a
dual-function cytokine in that IL-37 translocates to the nucleus but
also transmits a signal via surface membrane receptors. The role of
nuclear IL-37 remains unknown on the ability of this cytokine to
inhibit innate inflammation. Here, we compared suppression of
innate inflammation in transgenic mice expressing native human
IL-37 (IL-37Tg) with those of transgenic mice carrying the mutation
of aspartic acid (D) to alanine (A) at amino acid 20 (IL-37D20ATg).
The mutation D20A prevents cleavage of caspase-1, a step re-
quired for IL-37 nuclear translocation. In vitro, peritoneal macro-
phages from IL-37Tg mice reduced LPS-induced IL-1p, IL-6, TNFa
and IFNy by 40-50% whereas in macrophages from IL-37D20ATg
mice this suppression was not observed, consistent with loss of
nuclear function. Compared with macrophages from IL-37Tg mice,
significantly less or no suppression of LPS-induced MAP kinase and
NFxB activation was also observed in macrophages from IL-
37D20ATg mice. In vivo, levels of IL-18, IL-6, and TNFa« in the lungs
and liver were markedly reduced during endotoxemia in IL-37Tg
mice but not observed in IL-37D20ATg mice. However, suppression
of innate inflammation remains intact in the IL-37D20A mice once
the cytokine is released from the cell and binds to its receptor.
These studies reveal a nuclear function for suppression of innate
inflammation and are consistent with the dual function of IL-37
and a role for caspase-1 in limiting inflammation.

IL-37 | caspase-1 | mutation | inflammation | suppression

L-37 is unique compared with other members of the IL-1

family (1, 2). Unlike the proinflammatory members of the
family, IL-37 broadly reduces innate inflammation and acquired
immune responses (3, 4). There are five isoforms of IL-37 in
humans; IL-37b has the most complete number of exons and is the
isoform expressed in transgenic mice in the present study. IL-37
isoform d has the same antiinflammatory properties observed for
IL-37b and also uses SMAD3 for suppressing inflammation (5), an
observation reported in 2010 (6). In human peripheral blood
mononuclear cells, a knock-down of IL-37 results in increased
production of LPS- as well as IL-1p—induced cytokines (6), sup-
porting a role for endogenous IL-37 in suppression of innate in-
flammation. Mice transgenic for human IL-37 (IL-37Tg) are
protected against LPS-induced systemic inflammation (6), chem-
ical colitis (7), metabolic syndrome (8), spinal cord injury (9), and
suppressed immune responses following challenge by specific
antigen (10). Not unexpectedly, IL-37 affects host defense (11).

In addition to studies in IL-37 transgenic mice, the extracel-
lular function of IL-37 using recombinant IL-37 inhibits in-
flammation in vitro and in vivo in wild-type (WT) mice (12-18).
Recombinant IL-37 improves insulin sensitivity and reduces in-
flammatory cytokine production in adipose tissue (13), amelio-
rates joint and systemic inflammation (15), limits the metabolic
costs of chronic inflammation, which promotes exercise toler-
ance (14), and promotes intestinal immune homeostasis (19).
Although the functions of recombinant I[L-37 require the IL-18
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receptor (IL-18Ra) and the antiinflammatory coreceptor IL-1R8
(formerly Single IgG IL-1 Related Receptor) and although
molecular proximity studies of the heterotrimeric complex have
been reported (12, 20), direct surface binding of IL-37 to these
receptors has not been demonstrated.

IL-37 is a dual-function cytokine that translocates to the nu-
cleus (21). In mouse macrophages stably transfected with human
1L-37, ~20% of IL-37 translocates to the nucleus, which is as-
sociated with decreased inflammatory cytokine production (6,
21, 22). However, in the presence of a peptide caspase-1 in-
hibitor, there is no translocation to the nucleus and no reduction
in LPS-induced cytokines (21). Mutation of the aspartic acid at
the caspase-1 recognition and cleavage site at position 20 to al-
anine (IL-37D20A) results in resistance to caspase-1 cleavage
and abolishes the nuclear localization (22). In the mouse RAW
macrophage line, transfection of IL-37D20A results in a loss of
the suppression of cytokine production (22).

It remains unknown to what extent nuclear IL-37 plays a role
in the antiinflammatory function of IL-37. To this end, we gen-
erated a transgenic mouse expressing human IL-37D20A (IL-
37D20ATg). The advantage of using the D20A mutation is that
endogenous caspase-1 is present in the cells for processing of IL-
1p and IL-18 as well as other caspase-1 functions and that only
the intracellular processing of IL-37 is prevented for nuclear
translocation. Therefore, the IL-37D20ATg mouse allows one to
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solely characterize the role of nuclear IL-37 on responses in vitro
and in vivo.

Results

The D20A Mutation in IL-37 Abolishes Nuclear Translocation in
Peritoneal Macrophages from IL-37D20ATg Mice. As shown in Fig.
1, IL-37 is present in the nucleus of primary peritoneal macro-
phages from transgenic mice expressing native IL-37 but absent
in the nucleus of macrophages from IL-37D20ATg mice. This
finding is consistent with our previous study in cell lines
expressing IL-37D20A (22). As shown, cytosolic IL-37 remains
intact in the same macrophages. Both cytosolic and nuclear
forms of IL-37 are present in macrophages from mice expressing
native IL-37. Cells from WT mice lacking the IL-37 gene do not
contain IL-37 (Fig. 1) (6, 23).

The D20A Mutation in IL-37 Abolishes the Suppressive Effect of IL-37
on LPS-Induced IL-18, TNFa, IL-6, and IFNy in Peritoneal Macrophages.
To determine whether the mutation of the caspase-1 cleavage
site prevents the antiinflammatory function of IL-37 in primary
cells, peritoneal macrophages from WT, IL-37Tg, and IL-
37D20ATg mice were incubated with LPS. As shown in Fig.
2A, LPS-induced IL-1p and TNFa production was decreased by
45% and 38%, respectively, in macrophages from IL-37Tg mice,
but this suppression was significantly less in macrophages from
IL-37D20ATg mice, where only 22% and 10% suppression was
observed for IL-1p and TNFa (Fig. 24). Similarly, in comparison
with macrophages from WT mice, LPS-induced IL-6 production
decreased by 37% in macrophages from IL-37Tg mice, but this
suppression was diminished in macrophages from IL-37D20ATg
mice where only 9% suppression was present. LPS-induced IFNy
was also attenuated in the same cells carrying the D20A muta-
tion, from 45% suppression in cells of IL-37Tg to only 10%
suppression in cells from IL-37D20ATg (Fig. 24).

Effect of the D20A Mutation of IL-37 on LPS-Induced MAPK Activation.
We next examined the intracellular kinase activities in response
to LPS stimulation in peritoneal macrophages from WT, IL-
37Tg, and IL-37D20ATg mice. Exposure to LPS dramatically
increased the phosphorylation of ERK and p38 MAPK com-
pared with unstimulated cells from WT mice (Fig. 2B). As
shown, LPS-induced MAPK phosphorylations were markedly
reduced in cells from IL-37Tg mice. In contrast, these phos-
phorylations in macrophages from IL-37D20ATg were at nearly
the same level as in cells from WT mice and were significantly
higher than in cells from IL-37Tg mice (Fig. 2B and SI Appendix,
Fig. S1). A densitometric quantitative analysis of both phospho-
ERK and p38 signals normalized to the p-actin control is shown

WT IL-37-Tg

- -

IL-37D20ATg

Cytosolic IL-37

Nuclear IL-37

Anti-H2B

Fig. 1. IL-37 protein expression in WT, IL-37Tg, or IL-37D20ATg strains.
Thioglycollate-elicited peritoneal macrophages from WT, IL-37Tg, or IL-37D20ATg
mice were collected, centrifuged, and lysed with homogenizing buffer. Cytosolic
and nuclear fractions were separated for Western blotting of IL-37 (see Ma-
terials and Methods). Nuclear H2B protein content was used as loading con-
trol. These are representative images of two independent experiments.
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Fig. 2. Loss of suppression of MAP kinase signaling in cells from IL-37D20ATg
mice. (A) LPS-induced IL-1p and TNFa as well as LPS-induced IL-6 and IFNy
production in peritoneal macrophages from WT, IL-37Tg, or IL-37D20ATg mice.
Mean + SEM percent change of LPS-induced cytokine production with WT is set
at 100; N 2 6. *P < 0.05 and ***P < 0.001 compared with WT macrophages. The
bracket indicates the P value comparing cells from IL-37Tg or IL-37D20ATg mice.
(B) Western blotting of phospho-ERK and phospho-p38 MAP kinases in peri-
toneal macrophages with or without LPS stimulation. The cells were stimulated
with or without 1 pg/mL of LPS for 30 min before the cell lysates were prepared.
These are representative images of three independent experiments.

in SI Appendix, Fig. S1. These in vitro data reveal functional
properties of nuclear IL-37 in primary cells.

The D20A Mutation in IL-37 Reverses the Inhibitory Effect of IL-37 on
LPS-Induced NFxB Activation. Because LPS and cytokines activate
NF«B signaling through MAPK (24-26), we next carried out flow
cytometry analysis to detect changes in NF«kB signaling in peri-
toneal macrophages from WT, IL-37Tg, and IL-37D20ATg mice.
The peritoneal macrophages were labeled as CD11b*CD3™ (S/
Appendix, Fig. S24). LPS stimulation induced a significant in-
crease of NFkB activation in WT macrophages over the sponta-
neous NF«kB signal. The percentage of p-NF«B positive cells from
spontaneous condition compared with the LPS-induced condition
in WT CD11b*CD3~ cells are 24.0 + 1.4% to 33.7 + 0.9%, P =
0.004 (SI Appendix, Fig. S2B). As shown in Fig. 3, although both
spontaneous and LPS-induced NF«B activation are significantly
reduced in macrophages from IL-37Tg mice compared with cells
from WT mice, the reduction was absent in cells from IL-
37D20ATg mice. The difference in LPS-induced NFxB activa-
tion between cells from IL-37Tg and IL-37D20ATg mice is similar
to the difference observed in LPS-induced cytokine production
and MAPK activation (Fig. 2 and SI Appendix, Fig. S1).

We also compared NFkB activation in cultured splenocytes
from WT, IL-37Tg, and IL-37D20ATg mice. Considering the
complexity of spleen cellular composition, we selectively studied
two distinct cell populations in the spleen (SI Appendix, Fig. S34):
the CD11b~/CD3" T cell population and the CD11b*/CD3~ my-
eloid population (27). There was no clear increase in LPS-induced
NFxB activation over the spontaneous NFkB signal in either
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Fig. 3. Flow cytometry analysis of intracellular NFkB activation in macro-
phages from WT, IL-37Tg, or IL-37D20ATg mice. Cells were stimulated with
or without 1 pg/mL of LPS for 30 min before the cells were collected for flow
cytometry. (A) Statistical analysis of p-NF«xB signal in CD11b*CD3 peritoneal
macrophages from WT, IL-37Tg, or IL-37D20ATg mice. Spontaneous p-NFxB
signal in WT cells was set as 1. (B) Statistical analysis of LPS-induced p-NFxB
signal in CD11b*CD3~ peritoneal macrophages from WT, IL-37Tg, or IL-
37D20ATg mice. The p-NFkB signal in LPS-stimulated WT cells (LPS in-
duced) was set as 1; mean + SEM of three independent experiments; **P <
0.01 or ***P < 0.001 compared with WT macrophages. The P values between
samples from IL-37-Tg and IL-37D20ATg mice are indicated by the brackets.

CD11b*/CD3™ or CD11b/CD3™ cells. In addition, no significant
changes were observed in either spontaneous or LPS-induced
NFxB signal in the CD11b*CD3™ cells or spontaneous NF«B sig-
nal among the CD11b"CD3* cells from WT, IL-37Tg, and IL-
37D20ATg mice (SI Appendix, Fig. S3 B and C, Left). However,
a significant decrease in LPS-induced NF«kB activation was found in
CD11b~CD3* cells from IL-37Tg mice, compared with the p-NFxB
signal in cells from WT mice (SI Appendix, Fig. S3C, Right). The
inhibition on LPS-induced NF«kB activation in cells from IL-37Tg
mice remained intact in cells from IL-37D20ATg mice.

Transgenic Mice with the D20A Mutation Are Not Protected by LPS
Challenge in Vivo. IL-37Tg mice are protected from LPS-induced
systemic endotoxemia (6). To assess the role of nuclear IL-37 in
the response to endotoxemia, we subjected WT, IL-37Tg, and
IL-37D20ATg mice to ip. LPS as was performed in mice

4458 ' | www.pnas.org/cgi/doi/10.1073/pnas.1821111116

Il WT [ IL-37Tg [ IL-37D20ATg

150+
g :!9 100+ . - b
23
©
§ E 50- -
o2 "
| P
0-
IL-18 TNFa IL-6
B
B WT [ IL-37Tg [ IL-37D20ATg
g 1507 p=0.010
2 p=0.025  p=0.036 1
S~ | — l
7]
3 & 1001
o 3
o2 # #
s+
o g 50_ ﬂ Fkk
23 |l| |l|
[
2
[]
o 0
IL-18 TNFa IL-6 IFNy

O

B WT [ IL37Tg
1509  p=0.019
i

[ IL-37D20ATg

(]
o p=0.089
= [y |
& l p=0.047
3 £ 100- m—
g9 o
23
c (=]
O S 50- r
td
[
8 ﬁ
[
o 0-
IL-1B TNFa IL-6 IFNy

E) 150 I WT [ 1L-37Tg [ IL-37D20ATg
g
<=

7]

[]
3£ 100-
o 2 *
o0 ok *
-‘::u 5 I Fxk ek I *k *
G2 504 s T T71 I
T wn
q’ =~ Fkk
5
o 0~ |

IL-1B TNFa IL-6 IFNy

Fig. 4. Function of IL-37 in vivo. WT, IL-37Tg, or IL-37D20ATg mice were
challenged with LPS (10 mg/kg) intraperitoneally and then assessed after
20 h. (A) Plasma cytokine levels. (B-D) Cytokine levels in organ lysates of liver
(B), lung (C) or spleen (D). For all, cytokines in WT mice were set at 100% and
the mean + SEM percent change was calculated for IL-37Tg and IL-37D20ATg
mice. N 2 4 independent experiments for each group of three mice. *P <
0.05, **P < 0.01, ***P < 0.001 compared with WT samples. The P value
between samples from IL-37-Tg and IL-37D20ATg mice are indicated with
brackets.
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expressing native IL-37 or treated with recombinant IL-37 (6,
12). As anticipated, LPS-induced inflammatory responses were
substantially lower in IL-37Tg mice compared with WT mice
(Figs. 4 and 5). Mice expressing native IL-37 had lower levels of
cytokines in the plasma (Fig. 44) and in tissues from the liver, lung,
and spleen (Fig. 4 B-D). However, the reduced inflammation ob-
served in tissues from IL-37Tg mice was not observed in IL-
37D20ATg mice (Fig. 4 B-D). For example, in the tissues, IL-1p,
TNFa, IL-6, and IFNy levels from liver and lung organ lysates (Fig.
4 B and C) were significantly higher in IL-37D20ATg mice com-
pared with mice expressing native IL-37. However, the inhibition of
inflammatory responses by IL-37 remained significantly low in the
spleen of IL-37D20ATg mice, with only TNFa and IFNy increased
(Fig. 4D). In the plasma of IL-37D20ATg, IL-1p and TNFa levels
remained low (Fig. 44). The white blood cell counts are lower in
both IL-37Tg and IL-37D20ATg mice compared with the WT mice
(SI Appendix, Fig. S4A4). Thus, besides the loss of inhibition on LPS-
induced inflammatory responses in the liver and lungs of IL-
37D20ATg mice, we observed data in which the suppression of
inflammatory responses in IL-37D20ATg mice were the same as in
IL-37Tg mice, supporting the concept that the extracellular
function of IL-37 remains intact in both strains.

In parallel, we measured cytokine levels in the peritoneal lavage
fluid, bone marrow cells, and splenocyte cultures from the LPS-
challenged mice. As shown in SI Appendix, Fig. S4B, there was
significantly less IL-6 in the peritoneal lavage of IL-37Tg mice
compared with WT mice, but no significant difference was de-
tected between IL-37Tg and IL-37D20ATg mice. In addition, we
noticed a trend of lower spontaneous TNFa and IL-6 production
by either bone marrow cells or splenocytes of the IL-37Tg mice
compared with WT mice. In general, cells from IL-37D20ATg
mice produce more cytokines than cells from IL-37Tg mice, al-
though these differences did not achieve statistical significance
(Fig. 5, Left). When the cells were further challenged with LPS ex
vivo, significantly less TNFa and IL-6 production was observed in
cells from IL-37Tg mice; however, the suppression was absent in
cells from IL-37D20ATg mice (Fig. 5, Right). These data are
consistent with the data from LPS-stimulated cell cultures of
thioglycollate-elicited peritoneal macrophages from WT, IL-37Tg,
and IL-37D20ATg mice (Fig. 24).

Effects of D20A Mutation in Naive Primary Bone Marrow Cells. As
shown in Fig. 5, LPS-induced cytokines from primary spleen and
bone marrow cells of LPS-challenged IL-37D20ATg mice
revealed a near-complete absence of suppression that is observed
in cells from mice expressing native IL-37. We next studied fresh
naive bone marrow cells from WT, IL-37Tg, and IL-37D20ATg
mice to assess LPS-induced cytokine release at early (6 h) and
late (24 h) hours of incubation. After 6 h, there was no sup-
pression of TNFa, IL-6, and KC released from cells of IL-
37D20ATg mice compared with IL-37Tg mice (Fig. 6). After
24 h, the TNFa, IL-6, and KC levels from cells expressing native
IL-37 remained low compared with cells from WT mice; how-
ever, cells from IL-37D20ATg mice released less cytokines (or at
a similar level) than cells expressing native IL-37 (Fig. 6).

Discussion

The advantage of the IL-37D20A mutation is that endogenous
caspase-1 is present in cells of the entire mouse, enabling the
in vivo function of nuclear IL-37 in LPS-induced systemic in-
flammation. The IL-37D20ATg mouse confirmed that caspase-1
cleavage at the aspartic acid 20 is required for nuclear translocation.
The whole-animal studies provide insights into the evolutionary
significance of IL-37 as a functional suppressor of inflammation in
the nucleus before the appearance of receptors on cell surfaces.
Functional IL-37 in the nucleus is supported by several lines of
evidence. First, compared with macrophages from IL-37Tg mice,
peritoneal macrophages from IL-37D20ATg mice lost the ability
to suppress LPS-induced cytokine production (Fig. 24). In
addition, the inhibition of LPS-stimulated MAPK activation or
NFkB activation was also diminished in macrophages from IL-
37D20A mice (Figs. 2B and 3). Importantly, when mice were
challenged with LPS in vivo, the protection in IL-37D20ATg
mice was lost (Fig. 4). Moreover, LPS-induced cytokine production
is also diminished or significantly reduced in cultured bone mar-
row cells and splenocytes from the IL-37D20ATg mice (Fig. 5).
Together, the data confirm that nuclear translocation of IL-37
is crucial for the antiinflammatory function of IL-37 in vitro and
in vivo.

However, IL-37D20A mice still exhibit antiinflammatory prop-
erties under certain conditions. As presented in Figs. 4 and 5 as well
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Fig. 5. Ex vivo spontaneous and LPS-induced TNFa
and IL-6 released from bone marrow and splenocyte
cultures of LPS challenged WT, IL-37Tg or IL-
. 37D20ATg mice. Mice received 10 mg/kg LPS i.p.,
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Fig. 6. Time course of LPS-induced bone marrow culture release of TNFa, IL-
6, and KC from naive WT, IL-37Tg, and IL-37D20ATg mice. Bone marrow cells
were collected, seeded on 24-well plates, and allowed to adhere for 2 h at
37 °C, and nonadherent cells were removed. Adherent cells were cultured in
parallel wells with or without 1 pg/mL of LPS. After 6 h, the supernatants
were removed from one set of cultures, and, after 24 h, the supernatants
were removed from the second set of cultures. (A) TNFaq, (B) IL-6, and (C) KC;
mean + SEM of five mice per group. *P < 0.05, **P < 0.01, and ***P < 0.001
compared with WT bone marrow cells. The P values between cytokine levels
from IL-37Tg and IL-37D20ATg mice are indicated with brackets.

as in ST Appendix, Figs. S3 and S4, some protection to LPS-induced
inflammatory responses by IL-37 in vivo remains in plasma (IL-1p
and TNFa), spleen organ lysates (IL-1p and IFNy), and cell cultures
(spontaneous TNFo and IL-6), as well as peritoneal fluid lavage (IL-
6). These findings are consistent with |the extracellular function of

4460 ' | www.pnas.org/cgi/doi/10.1073/pnas.1821111116

IL-37 (12). IL-37 is active outside the cell, since endogenous IL-37 is
neutralized with anti—IL-37 in IL-37Tg mice challenged with LPS
in vivo and recombinant IL-37 in vitro (4, 12, 14, 22).

IL-37Tg

extracellular

processmg
- IL- 18ROL
- IL-1R8
TLR4

NLRpa ® \
Anti-inflammatory lzl
Signal Transduction
caspase-l .
N\

suppression of

enes
g

B IL-37D20ATg

El extracellular
processing
LPS
\l, —> . ||_.13Ru.IL-18R(x
TLR4 IL-1R8 IL-1R8

OQUQ(WQM)M@

\tRP3
caspase 1

ET =
L

Anti-inflammatory
Slgnal Transduction

Fig. 7. Dual mechanisms of IL-37-mediated suppression of innate inflam-
mation in IL-37Tg and IL-37D20A transgenic mice. (A) The antiinflammatory
pathway for native IL-37 expressed in IL-37Tg mice; 1, extracellular LPS binds
the TLR4 receptor and initiates inflammatory signaling; 2, synthesis of the IL-37
precursor and other cytokines and activation of NLRP3 and caspase-1; 3, acti-
vated caspase-1 cleaves the IL-37 precursor at aspartic acid (D) in position 20; 4,
generation of the carboxyl domain of IL-37 (amino acids 20 to 218); 5, IL-37
translocates to nucleus and suppresses the expression of proinflammatory
genes activated by LPS as shown in step 1; 6, release of full-length IL-37 into
the extracellular space; 7, processing of IL-37 by extracellular enzymes; 8,
processed IL-37 binds the cell surface receptors IL-18Ra and IL-1R8; and 9, the
IL-37 receptor complex activates antiinflammatory signaling. (B) The antiin-
flammatory pathway for IL-37D20A carrying the caspase-1-resistant mutation
expressed in IL-37D20ATg mice; 1, extracellular LPS binds the TLR4 receptor and
initiates inflammatory signaling; 2, synthesis of the IL-37 precursor and other
cytokines; 3, activation of NLRP3 and caspase-1; 4, the mutated IL-37D20A is
resistant to caspase-1 cleavage and does not translocate to nucleus; 5, increased
concentrations of the IL-37 precursor inside the cell; 6, release of IL-37 into the
extracellular space; 7, processing of IL-37 by extracellular enzymes; 8, processed
IL-37 binds the cell surface receptors IL-18Ra and IL-1R8; and 9, the IL-37 re-
ceptor complex activates intracellular antiinflammatory signaling.
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Throughout these studies, we were aware that, as the level of
IL-37D20A protein accumulated intracellularly in the IL-
37D20ATg mouse, IL-37D20A could be released from the cell
and trigger the cell, as does recombinant IL-37. How the IL-37
precursor is released from the cell in the absence of cell death
remains unknown, as there was no increase in LDH in naive
bone marrow cells after 24 h of incubation with LPS. Other
studies demonstrate that extracellular processing for optimal
activity of IL-37b is at or near amino acid 46 (12, 14, 28). In the
case of the IL-37D20ATg mouse, there would be more IL-
37D20A protein outside the cell compared with native IL-37 in
the IL-37Tg mouse, because at least 20% (perhaps more) native
IL-37 would be in the nucleus. Therefore, to observe in some
tissues as much suppression in the IL-37D20ATg mouse as in the
native IL-37Tg mouse was not unexpected (Figs. 4 and 6 and SI
Appendix, Fig. S5). Indeed, we observed, in the same primary
bone marrow cultures from the two strains, similar suppression
as shown in Fig. 6. The lack of IL-37-mediated suppression on
LPS-induced cytokine production in fresh bone marrow cells of
IL-37D20ATg mice was observed after 6 h of LPS stimulation
but not after 24 h. This lack of suppression at 6 h is similar to the
lack of suppression in peritoneal macrophages from the IL-
37D20ATg mice (Fig. 24) and supports the functional role of
nuclear IL-37. As depicted in Fig. 74, the intended evolutionary
function of IL-37 to limit innate inflammation is maintained with
nuclear as well as extracellular functions. In Fig. 7B, the intended
evolutionary function of IL-37 to limit innate inflammation is
also maintained, but without nuclear function.

It is likely that the high-dose LPS challenge in vivo resulted in
the release of extracellular IL-37. However, the extent of this
release clearly differs in various tissues. For example, the sup-
pression of IL-1§ in the lung and liver of native IL-37Tg mice is
not observed in IL-37TgD20A mice, consistent with the concept
that there is no extracellular IL-37 released. In contrast, there is
the same suppression of IL-1p in the spleen, suggesting extra-
cellular IL-37 functions in both strains.

In summary, our studies confirm that failure of caspase-1 cleavage
of the intracellular IL-37 precursor prevents translocation of the
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carboxyl domain of IL-37 into the nucleus, and that results in a
loss of the cytokine suppressing functions in vivo and ex vitro.
However, the loss of nuclear localization does not abolish the
protective effect of IL-37, as the suppression of innate in-
flammation of IL-37 in the extracellular compartment remains
intact. To limit their respective proinflammatory extracellular
nature, nuclear IL-1a and nuclear IL-33 function as a sink to
limit inflammation (29, 30). In contrast, IL-37 is consistently an
antiinflammatory cytokine whether in the nucleus or outside
the cell.

Materials and Methods

Generation of IL-37D20ATg Mice. The animal protocols were approved by
University of Colorado Animal Care and Use Committee. The IL-37Tg and IL-
37D20ATg were generated as follows: IL-37 (isoform b) full sequence with
the D to A mutation was released from plasmid pTarget (22) and inserted into
the same pIRES vector with CMV promoter used for the generation of IL-37Tg
mice (6). Fertilized eggs from C57BL/6 mice were then injected with the pIRES
IL-37b or pIRES IL-37bD20A expression plasmid similar as described earlier (6)
and implanted into C57BL/6 females. Founders were mated with C57BL/6 WT
females or males. The IL-37 transgene for IL-37Tg and IL-37D20ATg was
identified by PCR (6).

Age- and gender-matched PCR-negative littermates and WT mice were
used as controls. C57BL/6 WT mice were obtained from Jackson Laboratory.
Details of other mouse studies are provided in S/ Appendix.

Cell Cultures, Western Blotting, LPS Model, and Cell Sorting. Details are pro-
vided in SI Appendix.
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