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Different splice variants of the proinflammatory cytokine IL-32 are
found in various tissues; their putative differences in biological
function remain unknown. In the present study, we report that IL-
32y is the most active isoform of the cytokine. Splicing to one less
active IL-32p appears to be a salvage mechanism to reduce inflam-
mation. Adenoviral overexpression of IL-32y (AdIL-32y) resulted in
exclusion of the IL-32y-specific exon in vitro as well as in vivo,
primarily leading to expression of IL-32f mRNA and protein. Splic-
ing of the IL-32y-specific exon was prevented by single-nucleotide
mutation, which blocked recognition of the splice site by the spli-
ceosome. Overexpression of splice-resistant IL-32y in THP1 cells or
rheumatoid arthritis (RA) synovial fibroblasts resulted in a greater
induction of proinflammatory cytokines such as IL-18, compared
with IL-328. Intraarticular introduction of IL-32y in mice resulted in
joint inflammation and induction of several mediators associated
with joint destruction. In RA synovial fibroblasts, overexpression
of primarily IL-328 showed minimal secretion and reduced cyto-
kine production. In contrast, overexpression of splice-resistant IL-
32y in RA synovial fibroblasts exhibited marked secretion of IL-32y.
In RA, we observed increased IL-32y expression compared with
osteoarthritis synovial tissue. Furthermore, expression of TNFa
and IL-6 correlated significantly with IL-32y expression in RA,
whereas this was not observed for IL-32p. These data reveal that
naturally occurring IL-32y can be spliced into IL-328, which is a less
potent proinflammatory mediator. Splicing of IL-32y into IL-32f is
a safety switch in controlling the effects of IL-32y and thereby
reduces chronic inflammation.

L-32 is a proinflammatory cytokine that exists in six isoforms (1,

2). The cDNA coding for IL-32 previously described as NK4 (3)
is the IL-32 isoform that contains all IL.-32 exons resulting in the
complete IL-32 transcript. The NK4 protein sequence predicted
from the nucleotide sequence contains a potential signal cleavage
site between amino acid positions 31 and 32 (3). Whether NK4
could be secreted was investigated by in vitro translation of NK4
RNA and processing of the protein product in the presence or
absence of canine microsomes (3). By PAGE analysis, a reduction
of 2-3 kDa in size in the presence of canine microsomes was
observed, corresponding to the predicted signal cleavage site (3).
After 12 y, NK4 was studied as a recombinant protein and
renamed IL-32 (2). IL-32 was detected in supernatants of IL-12-,
IL-18-, and IL-12- plus IL-18-stimulated human natural killer
(NK) cells (2). Furthermore, in that study, IL-32 expression in
supernatants of concavalin A-stimulated human peripheral blood
mononuclear cells was found, suggesting IL-32 secretion (2).

IL-32 protein expression was observed in rheumatoid arthritis
(RA) and osteoarthritis (OA) synovial fluid (4) and in super-
natants of IL-1f-, IFNy-, and TNFa-stimulated HT-29 human
intestinal epithelial cells (5), indicating IL-32 protein secretion or
release by cell death. Increased IL-32 gene expression was ob-
served in T cells undergoing apoptosis, and overexpressed IL-32
resulted in enhanced apoptosis in HeLa cells whereas down-
regulation prevented apoptosis (1). Silencing of IL-32 resulted in
significantly reduced keratinocyte apoptosis in atopic dermatitis
(6). Additionally, cells from patients with chronic myelomono-
cytic leukemia expressed only a small fraction of IL-32 compared
with cells from healthy donors, whereas in patients with myelo-
dysplastic syndrome with hematopoietic failure, IL-32 expres-
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sion is increased (7), indicating the relationship between IL-32
and apoptosis.

We previously reported that IL-32 is a cell-associated cytokine
when human peripheral blood mononuclear cells are stimulated
with LPS or mycobacterium tuberculosis, and IL-32 protein in
the supernatants was barely detectable (8), indicating a role for
intracellular IL-32. Furthermore, we demonstrated that in-
tracellular IL-32y via adenoviral overexpression could synergize
with TLR2 and NOD?2 ligands for the production of proin-
flammatory cytokines and chemokines (9). In several studies,
silencing of endogenous IL-32 resulted in significant reduction of
proinflammatory mediators and prevented apoptosis (7, 10-14).

In this study, we investigated the expression of several IL-32
isoforms in OA and RA synovial biopsies and the correlation
between IL-32 isoforms and TNFa, IL-1p, IL-6, or CXCLS8 ex-
pression. Unexpectedly, we observed that IL-32y can be spliced
into IL-32f and, with a single-nucleotide mutation, we were able
to prevent IL-32y splicing. This splice-resistant IL-32y isoform
enabled us to define the function of the naturally occurring IL-32y
isoform and compared it with IL-32p. All previous studies were
done with recombinant IL-32. Moreover, we compared differ-
ences in IL-32 secretion in spliced and splice-resistant IL-32y in
RA synovial fibroblasts.

Results

Expression of IL-32 Isoforms in Human OA and RA Synovial Biopsies.
Although IL-32 expression is greater in RA and OA synovial
lining (15), which isoform is expressed was unknown. As shown
in Fig. 14, OA as well as RA synovial tissue expression of IL-32q,
1L-32, IL-32y, and IL-326 mRNA was analyzed. The expression
of IL-32y was significantly increased in RA compared with OA
synovial biopsies. Association between IL-32y and IL-32f iso-
forms showed significant correlation in OA synovial tissue (Fig.
1B), but no correlation between IL-32y and IL-32f was observed
in RA synovial tissue.

Only IL-32y Correlates with TNFa and IL-6 Expression in RA Synovial
Tissue. To investigate whether the difference in inflammatory
status of synovial biopsies between RA and OA was responsible
for the enhanced IL-32y, we determined the expression of TNFa,
IL-1, IL-6, and CXCLS. Fig. 24 shows that RA synovial tissue
expressed more proinflammatory mediators compared with OA.
Next, we assessed whether TNFa, IL-1p, IL-6, or CXCLS8 ex-
pression correlated with IL-32y or IL-32p in RA synovial biopsies.
TNFa and IL-6 correlated significantly with IL-32y expression,
whereas this was not observed for IL-32p (Fig. 2B).
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Fig. 1. IL-32q, IL-32p, IL-32y, and IL-325 expression and correlation in OA
and RA synovial biopsies. RNA from synovial biopsies was isolated and used
for determining IL-32 isoform expression. (A) IL-32y mRNA expression was
significantly enhanced in RA versus OA synovial biopsies (mean + SEM; OA,
n =9; RA, n =15; Mann-Whitney U test; *P < 0.05). (B) Correlation between
IL-32y and IL-32p isoforms in OA and RA synovial tissue (OA, n = 9, Pearson
correlation test, Pearson r = 0.9023, P = 0.0009, ***P < 0.001; RA, n = 15,
Pearson correlation test, nonsignificant).

Splicing Regulates IL-32y Expression, Resulting in Expression of IL-
32p. To explore the inflammatory properties of the IL-32y isoform,
we constructed an adenoviral vector (9). Adenoviral overexpression
of IL-32y (AdIL-32y) resulted in expression of IL-32y and IL-32f
isoforms in HeLa cells (Fig. 34). Using specific primers, two ampli-
cons were produced, as shown in Fig. 34. The larger amplicon con-
tains the IL-32y-specific exon, whereas the smaller amplicon aligned
with the IL-32p sequence. By Western blot (Fig. 34), we observed
IL-32y and IL-32p proteins as early as 8 h and greater amounts 20 h
after viral transduction. Thus, IL-32y mRNA was spliced into IL-32.
Moreover, there was more IL-32f protein than IL-32y (Fig. 34).

To avoid IL-32y-into-IL-32f splicing, we mutated the donor
site GU into AU. Removal of the IL-32y-specific exon by the
spliceosome is facilitated by recognition of the GU donor and AG
acceptor site (16), which results in exclusion of the exon (Fig. 3B).
Mutation of the donor splice site prevented recognition by the
spliceosome (17), and splicing of IL-32y should not occur (Fig.
3B). The mutated IL-32y mRNA derived from an adenoviral
vector (AdIL-32yM) was not spliced into IL-328 mRNA as well as
IL-32p protein. This occurred as early as 8 h and more so at 20 h
after viral transduction (Fig. 3C). As shown in Fig. 3C, IL-32y
splicing was prevented in human THP1 cells transduced with
AdIL-32yM. Prominent IL-32y protein bands at 24 and 48 h were
present, although some endogenous IL-32f protein was observed.
In addition, AdIL-32y-transduced human THP1 cells showed
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Fig. 2. Correlation between IL-32y and TNFa or IL-6 in RA synovial tissue. (A)
Enhanced TNFq, IL-1, IL-6, and CXCL8 expression in RA synovial tissue (mean
+ SEM; OA, n =9; RA, n = 14; Mann-Whitney U test). (B) TNFa and IL-6 both
correlated with IL-32y expression in RA synovial tissue (RA, n = 14, Pearson
correlation test, IL-6/IL-32y, Pearson r = 0.9638, P < 0.0001; TNFo/IL-32y,
Pearson r = 0.9598, P < 0.0001, ***P < 0.001).

primarily IL-32f protein bands at 24 and 48 h (Fig. 3C), whereas
AdControl-exposed THP1 cells showed no IL-32 proteins.

We next investigated whether IL-320 mRNA originated from
IL-32y transcripts. To avoid induction of endogenous IL-32 iso-
form expression, we transduced murine fibroblasts (3T3 cell line)
with AdIL-32y or AdIL-32yM. Fig. S1 4 and B shows that both
AdIL-32y- and AdIL-32yM-derived transcripts can be spliced
into IL-320; however, we did not observe any IL-32a protein
bands in HeLa- or THP1-transduced cells based on protein size.

IL-32y Isoform Is a Potent Inducer of Proinflammatory Mediators
Compared with IL-32p. IL-1p, IL-6, and CXCLS8 protein secre-
tion was investigated in AdControl-, AdIL-32y—, or AdIL-32yM-
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Fig. 3. Splicing of IL-32y results in expression of IL-32p, which can be prevented by single-nucleotide mutation. (A) Adenoviral overexpression of IL-32y resulted
in IL-32p and IL-32y mRNA expression and primarily IL-32f protein production, as shown in Hela cells. (B) Theoretical model. G-to-A mutation of the B2 donor
splice site prevents IL-32y-into-IL-32 splicing. (C) Overexpression of IL-32yM results in IL-32y mRNA expression and protein production in Hela cells. Further-
more, in THP1 cells, AdControl shows no IL-32 protein production, whereas AdIL-32y—-exposed cells show primarily IL-328 and some IL-32y production. Moreover,
AdIL-32yM-transduced cells show primarily IL-32y and some IL-32f production. In addition, we quantified IL-32p or IL-32y production and corrected for actin
production in AdIL-32y- or AdIL-32yM-transduced cells, respectively. (D) THP1 cells transduced with AdControl, AdIL-32y, or AdIL-32yM followed by medium or
IL-1B stimulation. AdIL-32yM-transduced THP1 cells showed enhanced secretion of IL-6 and CXCL8 protein compared with AdIL-32y- or AdControl-exposed cells.
Furthermore, AdIL-32yM-exposed cells showed enhanced IL-1p production compared with AdControl-transduced cells. Additionally, AdIL-32y showed only
enhanced CXCL8 production compared with AdControl-transduced cells (mean + SEM, n = 4, Bonferroni’s multiple-comparison test, *P < 0.05, ***P < 0.001).

transduced human THP1 cells. AdIL-32yM-transduced cells
showed significantly enhanced IL-1p, IL-6, and CXCL8 pro-
duction compared with AdControl-exposed cells (Fig. 3D). In
AdIL-32y—transduced cells, there was augmented CXCLS8 pro-
duction compared with AdControl, as shown in Fig. 3D. However,
AdIL-32yM-transduced cells showed significantly elevated levels
of IL-6 and CXCL8 compared with AdIL-32y—transduced cells
(Fig. 3D). To verify that AdIL-32y and AdIL-32yM are equally
efficient in IL-32 production, we quantified IL-32f protein ex-
pression produced by AdIL-32y compared with IL-32y production
induced by AdIL-32yM and corrected for actin levels. After 24
and 48 h, AdIL-32y produced more IL-32f- than AdIL-32yM-
induced IL-32y production (Fig. 3C). These results demonstrate
that IL-32y is a more potent inducer of proinflammatory media-
tors than IL-32f.

In Vivo Overexpression of IL-32y Results in Joint Inflammation. To
investigate the properties of AdIL-32yM in vivo, we first examined
whether murine fibroblasts produced IL-32y following trans-
duction. AdIL-32y—transduced 3T3 cells expressed IL-32y and IL-
328, whereas AdIL-32yM-transduced cells only expressed IL-32y
(Fig. 44). To confirm that IL-32y is produced in vivo, AdIL-32yM
was injected into C57BL/6 mice. Intraarticular injection of AdIL-
32y into mouse knee joints resulted in IL-32y and IL-32f expres-
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sion, whereas AdIL-32yM-injected joints expressed only IL-32y
(Fig. 44). Intraarticular injection of AdIL-32yM resulted in sig-
nificantly enhanced joint swelling compared with AdIL-32y (Fig.
4A4). Moreover, histological analysis showed enhanced synovial
infiltrating cells in AdIL-32yM-exposed joints.

Expression of proinflammatory mediators was determined in
synovial tissue and patellar cartilage. In synovial tissue, mRNA
expression of TNFa, IL-1p, IL-6, and IL-32y was markedly en-
hanced in AdIL-32yM-exposed joints, compared with AdIL-32y.
Furthermore, iNOS, MMP3, and MMP13 mRNA levels were
greater in patellae of AdIL-32yM-injected mice (Fig. 4C), but
MMP9 expression was comparable in both groups. Because the
expression of IL-32all (recognizing IL-32 a, B, y, and § isoforms)
was comparable between AdIL-32yM and AdIL-32y, we observed
that both adenoviral vectors were equally efficient in viral trans-
duction (Fig. 4B).

IL-32y Isoform but Not IL-32f Is Secreted in Human RA Synovial
Fibroblasts. We hypothesized that IL-32y is the isoform that can
be secreted, because the IL-32y—specific exon contains a potential
signal peptide (3, 18). In supernatants of AdIL-32y—-transduced
RA synovial fibroblasts, a small portion of IL-32 protein was ob-
served (Fig. 54). Most of the IL-32 protein remained intracellular.
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Fig. 4. Aggravated arthritis in AdIL-32yM-exposed mice. (A) Splicing of IL-32y into IL-328 in 3T3 cells and mice, which is not observed in AdIL-32yM-exposed
mice. Enhanced macroscopic knee joint scores (mean + SEM, n = 12, Mann-Whitney U test, ***P < 0.001) and more infiltrating cells in mice knee joints
(mean + SEM, n = 6, Mann-Whitney U test, **P < 0.01), which is shown by H&E staining. (B) Increased expression of TNFa, IL-1p, IL-6, and IL-32y (1 x 5 pooled
synovial biopsies), whereas IL-32all expression was comparable between AdIL-32y and AdIL-32yM. (C) Enhanced iNOS, MMP3, and MMP13 expression in
patellar cartilage derived from AdIL-32yM-exposed mice (1 x 5 pooled patellar cartilage samples).

However, when stimulated with IL-1p or TNFa, there was en-
hanced IL-32y secretion (Fig. 54). Of particular interest, AdIL-
32yM-transduced RA synovial fibroblasts secreted IL-32y protein
without stimulation (Fig. 54). TNFa or IL-1f stimulation showed
some additional secretion of IL-32y protein.

Because IL-32 is associated with cell death (1, 7), we de-
termined the percentage lactate dehydrogenase (LDH) release.
There were no differences between cells exposed to adenovirus-,
AdControl-, AdIL-32y-, or AdIL-32yM-transduced RA synovial
fibroblasts (Fig. 5B). Furthermore, we observed that IL-32y was
more potent in inducing IL-6 than IL-32f or control transduced
RA fibroblast-like synoviocytes (FLS) after IL-1p stimulation
(Fig. 5C). In addition, CXLC8 protein production after IL-1p
stimulation was significantly enhanced by IL-32y compared with
control exposed RA FLS, whereas this was not observed for IL-
328 (Fig. 5C).

Discussion

The splicing of the IL-32y isoform into IL-32f was an unexpected
finding associated with rather marked changes in the biological
properties of IL-32. In the case of IL-32y splicing, the lower
abundance of this isoform resulted in reduced in vitro cytokine
production as well as in vivo activity. Next, there was also an
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unexpected change in the amount of IL-32 secreted from RA
synovial fibroblasts such that cells primarily expressing the IL-32y
isoform released significantly more compared with cells expressing
IL-32p. From a clinical perspective, there was an excellent corre-
lation of TNFa and IL-6 in mRNA levels in synovial tissues from
RA patients with the IL-32y but not the IL-32f isoform. Splicing is
a rather common occurrence in transcripts but is rarely associated
with clinically relevant phenotypic changes in the cell, as shown in
this report. The present study also supports the concept that IL-32
is an example of self-imposed limitation of runaway inflammation
by splicing to a less active isoform as well as restricting the product
of the IL-32f isoform to an intracellular existence. Transgenic mice
expressing human IL-32y initially exhibit greater inflammation in
a model of induced colitis compared with WT but, as the disease
progresses, the transgenic mice recover and heal more rapidly than
WT (19). 1t is likely that the splicing event to IL-32p contributes to
the clinical improvement.

The increased expression of IL-32y in RA synovial tissue is
consistent with several studies reporting enhanced levels of I1L-32
in RA synovial fluid (4) or in RA synovial fibroblasts (20), com-
pared with OA synovial fluid or fibroblasts, respectively. En-
hanced expression of TNF«, IL-1p, IL-6, and CXCL8 was
observed as expected in RA compared with OA synovial tissue.
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AdControl-transduced RA FLS showed low IL-32 concentrations both intra- and extracellularly. Secretion of IL-32 was significantly induced in AdIL-32y—
transduced RA FLS after IL-1p or TNFa stimulation, whereas medium control showed minimal secretion of IL-32 (mean + SEM, n = 5, Mann-Whitney U test,
*P < 0.05, **P < 0.01). Moreover, AdIL-32yM-transduced RA FLS showed impressive secretion of IL-32y compared with AdIL-32y, whereas IL-1 or TNFa
stimulation showed some increase (mean + SEM, n = 5, Mann-Whitney U test, *P < 0.05, **P < 0.01). (B) In addition, cell death was investigated by de-
termining LDH release, which was not different between the groups (mean percentage LDH release + SEM, n = 6, Dunnett’s multiple-comparison test). (C)
Splice-resistant IL-32y was more potent in inducing IL-6 and CXCL8 compared with spliced IL-32y or AdControl after IL-1p stimulation (fold increase protein
level + SEM, n = 5, Bonferroni’s multiple-comparison test, *P < 0.05, **P < 0.01).

In OA synovial biopsies a positive association between IL-32y and
IL-32p isoforms was observed, whereas this was absent in RA.
One explanation is that in OA there is less inflammatory milieu,
allowing for a correlation between IL-32y and IL-32f. In RA,
enhanced expression of proinflammatory cytokines is observed
which potentially could result in loss of the IL-32y/IL-32p corre-
lation. IL-32y correlated significantly with TNFa and IL-6 in RA
synovial tissue, whereas IL-32f did not with either cytokine. In
OA synovial tissue, no correlation between IL-32 isoforms and
TNFa or IL-6 was observed. We assume that mRNA splicing is
responsible for expression of the different IL-32 isoforms, as ob-
served for other proteins such as IL-6-induced a-1-antitrypsin (21)
or LPS-induced ICAM-1 isoform expression (22).

HeLa cells transduced with AdIL-32y showed two protein spe-
cies, one corresponding to the size of IL-32y (~27 kDa) and the
other to IL-32p (~22 kDa). In addition, PCR with specific prim-
ers was performed to discriminate between IL-32y and IL-328,
resulting in two amplicons. Both were sequenced and corre-
sponded to IL-32y and IL-32f sequences. Apparently, the majority
of IL-32y mRNA is spliced and translated into IL-32f protein,
although some IL-32y protein was observed. To prevent IL-32y-
into-IL-32f splicing, a single-nucleotide mutation at the donor site
was introduced. Transduction of this mutant IL-32y adenoviral
vector (AdIL-32yM) resulted in one IL-32y—specific amplicon and
IL-32y protein in human HeLa and THP1 cells. This IL-32y pro-
tein derived from AdIL-32yM is more potent in inducing proin-
flammatory cytokines compared with AdIL-32y-derived 1L-32f
protein. Intraarticular injection of AdIL-32yM resulted in en-
hanced macroscopic knee joint scores, more infiltrating cells in
synovia, and enhanced expression of proinflammatory mediators
in synovia and patellae compared with AdIL-32y—injected mice.
Moreover, we showed that intracellularly overexpressed IL-32y
can function as a proinflammatory cytokine in the absence of ad-
ditional stimuli, which is in contrast to IL-328, which requires
a second signal to act as a proinflammatory cytokine (9). This is in
line with a previous study in which adenoviral overexpression of
IL-32f in human umbilical vein endothelial cells resulted in pro-
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found enhancement of ICAM-1, VCAM-1, and E-selectin only
after IL-1 stimulation (23). Moreover, it was shown that transgenic
IL-32p mice were healthy, viable, and fertile; however, in a cecal-
ligation and puncture sepsis model, inflammation and sepsis were
exacerbated (23), again showing the requirement for an additional
signal for IL-32p. Others demonstrated that the expression and
secretion of mouse IL-1p and IL-6 by splenocytes from bone
marrow-derived transgenic (BM-hIL-328) mice was not different
compared with the control group (24). In an additional study, the
potency of IL-32y was investigated by stimulating mouse perito-
neal macrophages with recombinant IL-32a, IL-32f, IL-32y, or IL-
328 (25). It was reported that recombinant IL-32y was most potent
in inducing secretion of mouse TNFa and MIP2, confirming our
data that IL-32y is more potent than IL-32f. Although they used
LPS-resistant mice, peptidoglycans could still be present in these
recombinant protein preparations, capable of synergizing with IL-
32via NOD2 (9, 26), which potentially could influence the results.

It is still not clear whether IL-32 can be secreted and which
isoforms are released. In the early days, it was reported that in vitro
translation of the NK4 transcript resulted in a shift in protein size
which corresponded to the predicted signal peptide sequence
length when canine microsomes were added (3). Several studies
reported IL-32 release; however, cell death was not thoroughly
investigated (1, 2, 5, 7, 24, 27). In our study, IL-32 secretion was not
due to cell death because overexpression of spliced or splice-
resistant IL-32y did not result in release of intracellular LDH.
Recently, it was proposed that endogenous IL-32 could be re-
leased as a membrane-associated protein, because IL-32 accumu-
lated on the cell surface in droplet-like structures and colocalized
with endosomal and lysosomal markers (28). Moreover, they ob-
served cell death after prolonged IL-32 induction by IFNy and
TNFa stimulation in intestinal epithelial cells which resulted
in IL-32 release. Apparently, IL-32 can be released via non- and
classical secretory pathways.

Single-nucleotide mutation of the donor splice site prevented
IL-32y from being spliced into IL-32, which gave us the oppor-
tunity to study the role of intracellular IL-32y rather than IL-32p.
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This mutant IL-32y isoform is more potent than the IL-32y iso-
form, which is primarily spliced into IL-32p, as shown in this study.
Interestingly, this splice-resistant IL-32y contains a potential signal
peptide sequence for protein secretion which cannot be removed
through mRNA splicing and showed that IL-32 secretion was
significantly enhanced. When the IL-32y-specific exon was re-
moved, the amount of released IL-32 was significantly lower
compared with the intracellular IL-32 content.

In conclusion, we demonstrate that IL-32y can be spliced into the
1L-32p isoform, in vitro as well as in vivo. Furthermore, we dem-
onstrated that IL-32y is more potent than IL-32f in inducing pro-
inflammatory mediators, which results in enhanced inflammatory
arthritis. Additionally, secretion of IL-32y was significantly enhanced
by TNFa or IL-1p stimulation without cell death being involved.
Moreover, splice-resistant IL-32y was already efficiently secreted
without TNFa or IL-1f stimulation. Splicing of IL-32y into IL-32f
suggests a safety switch or negative feedback loop, dampening in-
tracellular presence and secretion of the more potent IL-32y iso-
form. By unraveling the function of IL-32y our current knowledge
concerning IL-32 biology increases, which contributes to un-
derstanding autoimmune diseases such as rheumatoid arthritis.

Materials and Methods

RA and OA Synovial Tissue. Synovial biopsies were isolated from RA or OA
patients receiving joint replacement surgery and immediately stored in liquid
nitrogen until RNA isolation. Synovial tissue was disrupted by using MagNA
Lyser green ceramic beads in a MagNA Lyser apparatus (Roche), and an
RNeasy Mini Kit (Qiagen) was used to isolate RNA. Reverse-transcriptase
enzyme was used to produce cDNA which was used to determine IL-32 iso-
forms (primer sequences are shown in Table S1). TNFq, IL-1B, IL-6, and CXCL8
expression was corrected for GAPDH, as described by Heinhuis et al. (9).

Cells. RA FLS and Hela, and 3T3 cells were cultured in DMEM-Glutamax
medium (Gibco-Invitrogen) and THP1 cells in RPMI-1640 (Gibco-Invitrogen),
both containing 10% FCS, pyruvate, and penicillin/streptomycin. RA FLS were
isolated from synovial tissue as described (9).

Single-Nucleotide Mutation of the GU Donor Splice Site and Construction of
AdIL-32yM. Specific primers containing the mutation were designed and used
in conventional PCR using pPro-EX-HTa-IL-32y as a template. The PCR product
was ligated into pScript, and sequence analysis showed the presence of the
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mutation. Subsequently, pScript-IL-32yM and pShuttle-CMV were digested
with Bglll/Xbal (New England Biolabs) and the insert was ligated into
pShuttle-CMV, resulting in pShuttle-CMV-IL-32yM. The plasmid was se-
quenced and used to generate AdIL-32yM as described (9).

In Vitro Transduction of AdIL-32y or AdIL-32yM. HeLa, THP1, and 3T3 cells were
transduced with AdIL-32y or AdIL-32yM as described by Heinhuis et al. (9). IL-
32y splicing was investigated by conventional PCR using primers as described
by Goda et al. (1). Western blot analysis was used to study IL-32y splicing as
described (9) with the following adaptations: Rabbit anti-goat-HRP (Dako)
antibody was used as a second antibody and the ECL Plus Western Blotting
Detection System (GE Healthcare) was used to visualize proteins. THP1 cul-
ture media (48 h posttransduction) were used to measure TNFaq, IL-16, IL-6,
and CXCL8 production with Luminex Multi-Analyte technology (Bio-Plex
System; Bio-Rad Laboratories).

In Vivo Transduction of AdIL-32y or AdIL-32yM. C57BL/6 mice were intra-
articularly injected with 1 x 107 plaque-forming units of AdIL-32y or AdIL-
32yM. At 24 h after adenovirus injection, synovial tissues were isolated to
investigate splicing by conventional PCR analysis. Moreover, knee joints were
isolated and used for histology (H&E staining) as were synovia/patellae for
quantitative real-time PCR analysis, 48 h after viral transduction. Mice were
kept in filter-top cages with standard diet and water both freely available.
Animal studies were approved by our institutional ethics committee.

IL-32 Secretion in RA Synovial Fibroblasts. RA synovial fibroblasts were
transduced with AdIL-32y or AdIL-32yM as described (9). Twenty-four hours
posttransduction, cells were stimulated with 1 ng/mL IL-1p or 10 ng/mL TNFa
in serum-free DMEM-Glutamax medium for 24 h. Secretion of IL-32 was
measured in culture media by using an IL-32 ELISA; goat anti-IL-32 (AF3040)
antibody (R&D Systems) was used as capturing antibody and biotinylated
goat anti-IL-32 (BAF3040) antibody (R&D Systems) was used for detection.
Recombinant IL-32a (R&D Systems) protein was used for the standard curve.
Cell death was investigated with a CytoTox 96 Kit (Promega).
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