
 

 

13 

 

Surface expression and intracellular staining (ICS) analysis were performed using a 

standard flow cytometry protocol described previously (BD FACSCalibur, BD Biosciences, 

Franklin Lakes, NJ). To assess the percentage of peritoneal populations, we identified 

Macrophages as Mac1
+
/Gr1

-
, neutrophils as Mac1

-
/Gr1

+
, and MDSC as Mac1

+
/Gr1

+
. Mast cells 

were identified as FcεRI
+
/Kit

+
. For cytokine measurements, cells were first activated for 90 min 

with IL-33, and then cultured for 6-8 h in the presence of 5 μM monensin at 37°C, before fixation 

in PBS with 4% paraformaldehyde, and staining in the presence of 0.5% saponin with PE-

conjugated anti- IL-13 or -Mip-1. TNF (clone MP6-XT22) and IL-6 (clone MP5-20F3) were 

detected using anti-mouse Ab (BioLegend). 

 

Western blot analysis 

Western blotting was performed using 30-50 μg total cellular protein per sample. Protein 

was loaded and separated over 4–20% gradient SDS polyacrylamide gels (Bio-Rad, Hercules, 

CA). Proteins were transferred to nitrocellulose (Pall Corporation, Ann Arbor, MI), and blocked 

for 60 min in 0.1% casein in TBS. Blots were incubated in 0.1% casein/TBS-T with a 1:1000 

dilution of anti-Akt, -TAK1, -ERK, -IKB, -GAPDH or –β-actin overnight at 4°C with gentle 

rocking. Blots were washed six times for 5 min each in TBS-T, followed by incubation in 0.1% 

casein/TBS-T with a 1:15000 dilution of HRP-linked anti-IgG (matched to the appropriate 

primary Ab source species, from Cell Signaling, Danvers, MA). Size estimates for proteins were 

obtained using m.w. standards from Bio-Rad (Hercules, CA). 

 

http://www.jimmunol.org/cgi/redirect-inline?ad=Cell%20Signaling
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TGF-β1injection 

Mice (C57BL/6J, 8–12 wk old, n = 5/group) were injected i.p. with 0.5 μg TGF-β1or PBS 

twice daily for 3 days and once on day 4, IL-33 (1µg) was injected for 4 hours before peritoneal 

cells were harvested. Peritoneal lavage cells were counted with trypan blue and stained for flow 

analysis. The mean mast cell number from each mouse was then averaged from all five mice. 

Cardiac puncture was done to collect serum and cytokine levels were quantified by ELISA. 

 

Statistics  

Data shown in each figure are the mean and standard errors of the indicated number of 

samples. For comparisons of two samples, Student’s t–Test was used. For comparisons of 

multiple samples to a control group, one–way analysis of variance (ANOVA) was employed. 
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Results 

TGF-β1 suppresses IL-33-mediated cytokine production from mouse mast cells across 

multiple genetic strains 

     We previously found that TGF-β1selectively suppresses development, survival, and 

IgE-mediated cytokine production of bone marrow derived mast cells (BMMC), with some 

indication that genetic backgrounds can influence TGF-1 responsiveness (12). In this work we 

investigated these effects on mast cells stimulated with IL-33. Mice BMMC were cultured for 4 

days in the presence or absence of TGF-β1 prior to IL-33 stimulation. As shown in Figure 1, TGF-

β1significantly suppressed production of IL-6 and TNF among C57BL/6J, 129/SvJ, C3H/HeJ and 

BALB/cJ BMMC. Concentration response analysis was performed on C57BL/6J and 129/SvJ 

BMMC to determine IC50 of each genetic background (Figure 2). Although TGF-β1reduced 

cytokine production in both genetic strains, we found that C57BL/6J MCs were more sensitive to 

its effect than 129/Sv. We also tested the effects of other TGF isoforms (TGF-β2 and TGF-β3) on 

BMMC. As shown in Figure 3, IL-6 and TNF levels were also reduced upon TGF-β2 and TGF-β3 

treatment of C57BL/6J BMMC. Finally, we investigated the effects of TGF-β1 on peritoneal mast 

cells. We found that TGF-β1significantly diminished IL-6 production in C57BL/6J peritoneal 

mast cells. However, IL-6 production by BALB/cJ and 129/SvJ peritoneal mast cells was 

unchanged (data not shown). 

 

TGF-β1 suppresses T1/ST2 expression  
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Given the sensitivity variance of 129/SvJ, BALB/cJ and C57BL/6J BMMC to TGF-β1, we 

sought to determine its effects on the expression of the ST2 receptor through which IL-33 

mediates its function. BMMCs of each strain were cultured for 3 days in the presence or absence 

of TGF-β1and stained with anti-ST2. FACS analysis showed that TGF-β1suppressed mast cell 

ST2 surface expression to a similar extent across the different backgrounds (Figure 4). We then 

assessed TGF-mediated cytokine suppression intracellularly upon IL-33 stimulation. As shown in 

Figure 6 IL-6, IL-13, TNF and CCL3 levels were significantly decreased in 129/SvJ, BALB/cJ 

and C57BL/6J BMMC. To determine if the decrease in cytokine production correlated with 

reduced ST2, we compared this relationship by flow cytometry. As depicted in Figure 5, we used 

intracellular staining to examine groups of cells with similar ST2 expression levels. Among TNF-

positive cells, those receiving TGF-β1 produced less TNF than untreated cells at each ST2 

receptor level measured (Figure 5). Furthermore, TNF production was generally correlated with 

ST2 staining intensity in the absence of TGF-1. However this curve reached its plateau quickly in 

the presence of TGF-1, widening the gap in between the two groups. This observation indicated 

that TNF production was no longer dependent of ST2 expression levels, suggesting that ST2 

signaling may be compromised.  

 

TGF-β1 suppresses TAK1 and ERK activation, but maintains IB expression downstream of 

IL-33 signaling 

ST2 triggering by IL-33 activates a signaling cascade that includes the MAP3K TAK1, 

subsequent activation of MAPK family members, and NF-B function (13). We investigated the 
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ability of TGF-β1 to suppress expression and activation of these proteins. C57BL/6J BMMC 

treated with TGF-β1 for four days showed no change in p38 or JNK phosphorylation, but had a 

significant reduction in ERK-1/2 and TAK1 activity (Figure 7 & 8). Additionally, expression of 

the NF-B inhibitor IB was elevated at 5 and 15 minutes after IL-33 activation in TGF-β1 treated 

cells compared to the control group. 

 

TGF-β1suppresses IL-33 -mediated cytokine production in vivo 

To determine the effects of TGF-β1 in vivo, we i.p. injected C57BL/6J mice with TGF-β1 

twice daily for 3 days and once on the 4
th

 day. IL-33 was then administered through i.p. injection, 

6 hours before cardiac puncture was done to assess plasma cytokine levels by ELISA. IL-33 

injection increased plasma cytokines, as anticipated. By contrast, IL-6, IL-13 and CCL2 levels 

were significantly reduced in mice that received TGF-β1relative to those that were injected with 

PBS alone (Figure 9). These in vivo data support our in vitro findings that TGF-1 is a potent 

inhibitor of IL-33-mediated signaling. 
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Figure 4. TGF-β1 suppresses ST2 expression on mast cells from various genetic 

strains 

BMMC were cultured for three days in IL–3 and SCF (10ng/ml) ±TGF-1 (10ng/ml), cells 

were stained with anti-ST2 for FACS analysis. Data shown are mean±SE of ST2 gMFI 

from triplicate samples of at least 2 separate experiments. *P0.05, **P0.01, ***P0.001, 

****P0.0001 
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Figure 5. The effects of TGF-β1 on cytokines and ST2 expression on mast cells 

BMMC were cultured for three days in IL–3 and SCF (10ng/ml) ±TGF-1 (10ng/ml), cells 

were stained with anti-ST2 for FACS analysis IL-33 (50ng/mL) stimulation for 90 

minutes. Correlation of gMFI of TNF and T1/ST2 levels of expression. Data shown are 

mean±SE from triplicate samples of at least 2 separate experiments. *P0.05, **P0.01, 

***P0.001, ****P0.0001.  
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Figure 6. The effects of TGF-β1 on IL-33-mediated cytokine production of BMMCs 

BMMC were cultured for three days in IL–3 and SCF (10ng/ml) ±TGF-1 (10ng/ml), IL-

33 (50ng/mL) stimulation for 90 minutes changes in IL-6, IL-13, TNF and CCL3 levels on 

a per cell basis were determined using intracellular staining cells were stained for FACS 

analysis. Data shown are mean±SE of %positive cells from triplicate samples. *P0.05, 

**P0.01, ***P0.001, ****P0.0001.  
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Figure 7.  Effects of TGF-1 downstream IL-33 signaling on TAK1 and IB  

BMMC were cultured for three days in IL–3 and SCF (10ng/ml) ±TGF-1 (10ng/ml), as 

described in Materials and Methods. Cells were activated with IL-33 (200ng/mL) for 5-

30minutes.The lysates were blotted for pTAK1, and IB. Data are representative of three 

populations of at least 2 separate experiments, with mean±SE, after normalizing to 

GAPDH loading. *P0.05, **P0.01, ***P0.001, ****P0.0001 
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Figure 8.  Effects of TGF-1 downstream IL-33 signaling on ERK 1/2  

BMMC were cultured for three days in IL–3 and SCF (10ng/ml) ±TGF-1 (10ng/ml), as 

described in Materials and Methods. Cells were activated with IL-33 (200ng/mL) for 5-

30minutes.The lysates were blotted for ERK 1/2. Data are representative of three 

populations with mean±SE, after normalizing to total protein loading. *P0.05, **P0.01, 

***P0.001, ****P0.0001 
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Figure 9. TGF-β1 suppresses IL-33 -mediated cytokine production in vivo. 

TGF-β1 (0.5µg) or PBS was injected intraperitoneally twice daily for 3 days and once on 

the fourth as described in Materials and Methods. Cytokine profile of plasma post-cardiac 

puncture was determined by ELISA. Data shown is representative of 5 animals per group 

with mean±SE. *P0.05, **P0.01, ***P0.001, ****P0.0001.  
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