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Abstract
LIM-only protein FHL2 is associated with several immune and inflammatory diseases 
such as arthritis, Influenza A virus infection, and lung inflammation. However, the 
role of FHL2 in macrophage differentiation and in the development of granuloma 
formation is unknown. Here we show that expression of FHL2 is induced in bone 
marrow derived macrophages (BMM) following stimulation with M2 cytokines such 
as IL-4 and IL-10. FHL2-knockout (FHL2-KO) BMM exhibit a pro-inflammatory 
M1 phenotype after LPS treatment and display a reduced anti-inflammatory M2 
phenotype following IL-4 treatment. Furthermore, thioglycollate-induced migration 
of macrophages and B cells is enhanced in FHL2-KO mice. To evaluate the 
importance of FHL2 in the development of pulmonary granuloma formation, FHL2-
KO mice were challenged with Schistosoma mansoni (Sm) eggs. FHL2-KO mice 
show an enhanced number of granulomas  and display decreased expression of Th2 
markers and an exacerbated Th1 type of inflammation, characterized by enhanced 
expression of neutrophil markers and Th1 cytokines. Furthermore, the expression of 
barrier proteins is reduced in FHL2-KO lung compared to wild-type. Collectively, 
these data identify a previously unrecognized role for FHL2 in the pathogenesis of 
pulmonary granulomatous inflammation, partly through its effect on macrophage 
polarization, modulation of the Th1/Th2 balance  and regulation of permeability in 
lung. 
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Introduction

The helminth parasite, Schistosoma mansoni (Sm) causes some of the most 
debilitating and chronic diseases of mankind affecting more than 200 million 
people worldwide [1-3]. Schistosomiasis is a chronic disease which persists for 
years because of impaired ability to remove adult worms and the eggs that become 
trapped in the liver, lungs and intestine as well as inadequate repair of local cellular 
damage [4]. Infection by Sm involves distinct phases, including an initial T-helper 
(Th)1 response involving interferon-γ (IFN-γ) followed by a stronger Th2 response, 
reflected by excessive expression of Interleukin (IL)-4, IL-5 and IL-13, resulting in 
recruitment and activation of dendritic cells, eosinophils, Th2 cells and alternatively 
activated macrophages or M2 macrophages [3,5]. 

Macrophages are a heterogeneous population of immune cells playing a crucial role 
in the regulation of both innate and adaptive immune responses in inflammatory 
diseases, such as airway inflammation, inflammatory bowel disease and 
atherosclerosis [6]. Macrophage polarization is a key event in multiple chronic 
pulmonary diseases including schistosomasis and may help in regulation of tissue 
repair. Classical activation of macrophages (often indicated as M1) is induced by 
IFN-γ or LPS whereas alternatively activated M2 macrophages are elicited by IL-
4, IL-10 and IL-13 [7,8]. M1 macrophages are characterized by high expression 
of pro-inflammatory cytokines such as IL-12, TNFα and iNOS that are key to the 
progression of inflammation, whereas M2 macrophages inhibit the inflammatory 
response through production of molecules such as arginase 1 (Arg1), Ym1, mannose 
Receptor-2 (MRC2) and Fizz1. As macrophage behaviour is mainly coordinated by 
cytokines, the activation state of macrophages is largely dependent on the cytokines 
present in the extracellular milieu [7,8]. In schistosomasis, granulomas are usually 
associated with M2 macrophages, which may function in repair mechanisms. 

The LIM-only protein FHL2 belongs to the FHL protein family and consists of 
four and a half LIM domains, which contain double zinc finger structures that 
mediate protein-protein interactions [9-11]. FHL2 has been implicated in several 
immune and inflammatory diseases such as arthritis, Influenza A virus infection, 
vascular restenosis, and lung inflammation [10,12-14]. Furthermore, FHL2 plays 
a crucial role in a range of physiological and pathological processes, among which 



proliferation, migration, apoptosis, and inflammation [9-11]. As an adapter protein 
FHL2 interacts with numerous proteins and regulates signal transduction pathways 
in a cell and context-specific manner [9,15]. For transcription factors such as NFκB, 
androgen receptor (AR) and Nur77, FHL2 acts as a cofactor [9,11,15,16]. FHL2 
is highly expressed in heart and in vascular cells, including endothelial cells and 
smooth muscle cells, but is undetectable in monocytes and macrophages under 
basal conditions [15,17]. Although very limited data are available on FHL2 function 
in macrophages, a recent study showed that peritoneal macrophages from FHL2-
KO and wild-type (WT) mice displayed no changes in pro-inflammatory cytokine 
expression in response to LPS [12]. FHL2 is also involved in CCL19-induced 
dendritic cell  migration through regulation of sphingosine1-phosphate receptor 1 
[18]. Most recently, FHL2 has been implicated in hematopoiesis in bone-marrow 
cells regulating hematopoietic stem cell function under stress conditions [19]. 

In the current study, we stimulated bone marrow-derived macrophages (BMM) with 
IL-4 and IL-10 and found that FHL2 is highly upregulated during macrophage M2 
differentiation. In addition, FHL2 deficiency leads to upregulation of M1 macrophage 
markers and downregulation of M2 macrophage signature genes. Furthermore, 
FHL2-KO mice display enhanced migration of inflammatory cells in the peritoneal 
cavity compared to WT mice following injection of thioglycollate. Finally, using 
the Sm egg pulmonary granuloma model in mice, we studied the effect of FHL2 
deficiency on the formation of pulmonary granuloma. We found that the number of 
granulomas is significantly higher in FHL2-KO mice compared to WT counterparts. 
The Th1 response is enhanced in the lungs, whereas a decrease in Th2 response 
was observed in FHL2-KO mice. Furthermore, FHL2-KO mice display enhanced 
expression of neutrophil markers such as neutrophil elastase and myeloperoxidase 
in lungs. Finally, FHL2-KO lungs exhibit reduced expression of junctional proteins. 
Collectively, our results suggest that FHL2 plays a key role in Sm egg granuloma 
formation partly through its effects on macrophage polarization, modulation of the 
Th1/Th2 balance and regulation of permeability in the lung.

Results
FHL2 mRNA is induced following treatment with IL-4 and IL-10
We and others have shown that FHL2 mRNA is undetectable in quiescent and LPS-
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treated human and mouse macrophages [15,17]. In the present study, we investigated 
the expression of FHL2 in alternatively activated (M2) macrophages and found 
that FHL2 expression is significantly induced in cultured wild-type (WT) BMMs 
following stimulation with IL-4 and IL-10 (Fig.1). These data indicate that FHL2 
may play a role in the regulation of M2 polarization of macrophages.

Figure 1. FHL2 mRNA is induced in BMM following treatment with IL-4 and IL-10. 
BMM were polarized toward an M2 phenotype with IL-4 and IL-10. qRT-PCR was performed 
to assess mRNA expression of FHL2 at 6h and 24h of stimulation; the cDNA content of the 
samples was normalized by P0 expression levels. Values represent mean ± S.D (n=4). *, p ≤ 
0.05 by unpaired, two-tailed Student’s t-test.

FHL2 is crucial for the regulation of M1/M2 macrophage polarization 
Given the enhanced expression of FHL2 in M2 macrophages, we aimed to delineate 
the function of FHL2 in macrophage polarization. To study this, we polarized BMMs 
from WT and FHL2-KO mice toward the pro-inflammatory M1 phenotype with 
LPS or the alternative M2 phenotype with IL-4 and measured expression of well 
characterized M1 and M2 markers. We found that FHL2-KO macrophages exhibit 
enhanced mRNA expression of M1 markers including TNFα, MCP-1 and SDF-1α 
and protein expression of TNFα and MCP-1 (Fig. 2A-C). Of note, FHL2-KO BMM 
show enhanced expression of SDF-1α under basal conditions (Fig. 2A). However, 
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FHL2 deficiency did not affect the production of iNOS following LPS stimulation of 
BMM (data not shown). We next investigated the expression of M2 signature genes 
such as Mgl1, Ym1 and Arg1. In contrast with enhanced expression of M1 markers, 
FHL2-KO BMM express significantly reduced mRNA levels of Mgl1, Ym1 and 
Arg1 (Fig. 2D). In addition, FHL2-KO BMMs show decreased protein expression 
of IL-10 (Fig. 2E). Altogether, our data suggests that FHL2 plays a crucial role in 
the regulation of M1/M2 macrophage polarization.
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Figure 2. FHL2-KO macrophages exhibit an enhanced M1 pro-inflammatory phenotype 
and decreased M2 alternative activation. BMM were polarized toward an M1 phenotype 
with LPS and the M2 phenotype with IL-4. mRNA expression of M1 macrophage phenotype-
specific markers TNFα, MCP-1 and SDF-1α (A), and M2 macrophage phenotype-specific 
markers Mgl1, Ym1, and Arg-1 (D) were measured by qRT-PCR.  Protein expression of 
TNFα (B), MCP-1(C), and IL-10 (E) was measured in the supernatants of BMM stimulated 
with LPS or IL-4. Values represent mean ± S.D (n=4). *, p ≤ 0.05 by unpaired, two-tailed 
Student’s t-test.

FHL2 deficient mice displayed enhanced migration of inflammatory cells
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Having established that FHL2-KO BMM exhibit a pro-inflammatory phenotype, we 
next assessed whether FHL2 is involved in inflammatory cell migration in vivo. We 
injected thioglycollate in both WT and FHL2-KO mice, and measured the migration 
of circulating cells to the peritoneal cavity. In comparison with control mice, FHL2-
deficient mice showed enhanced migration of circulating cells to the peritoneal 
cavity (Fig. 3A). Therefore, we next analysed the cellular composition and found 
that there is a marked increase in migration of B-cells and macrophages in FHL2-KO 
mice compared to WT counter parts (Fig. 3B). Although there is a modest increase 
in T-cell migration in FHL2-KO, this did not reach statistical significance (Fig. 3B). 
Collectively, our data indicate that FHL2-KO mice exhibit an increased influx of 
inflammatory cells upon sterile peritonitis. 

Figure 3. FHL2-deficient mice displayed enhanced thioglycollate-induced cell migration. 
Migration of cells to the peritoneal cavity was induced by thioglycollate and FACS analysis 
was performed for cellular identification. The total number of migrated cells was determined 
(A) as well as the numbers of B-cells, T-cells, granulocytes, and macrophages (B). Values 
represent mean ± S.D (n=3). *, p ≤ 0.05 by unpaired, two-tailed Student’s t-test.

FHL2 regulates pulmonary granuloma formation
Because FHL2-KO macrophages exhibit a pro-inflammatory phenotype, and 
a decrease in M2 polarization, as well as increased migratory characteristics, we 
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rationalized that FHL2 may play a role in Sm egg induced pulmonary granuloma 
formation, a well-known model in which alternatively activated macrophages limit 
excessive pulmonary inflammation [20-23]. To test this hypothesis, we challenged 
both WT and FHL2-KO mice with eggs of helminth Sm. Four weeks after Sm-egg 
injection, enhanced pulmonary granulomatous inflammation was observed in egg-
injected WT mice compared to naïve WT mice (Fig. 4A-C). In comparison to WT 
mice, FHL2-KO mice exhibit a modest increase in the size of the granulomas (Fig. 
4A). Interestingly, the number of granulomas is significantly increased in FHL2-
KO mice compared to WT mice (Fig. 4B). As enhanced granuloma formation is 
associated with eosinophilia, we determined the number of eosinophils by MBP-
staining, however no difference in the number of eosinophils was observed between 
the two groups following egg injection (Fig. 4D). To characterize the type of 
granulomas formed in FHL2-KO mice, we assessed the presence of neutrophils, a 
known marker for type 1 inflammation. Interestingly, we observed that FHL2-KO 
mice have increased mRNA levels of the neutrophil-specific enzymes elastase and 
myeloperoxidase (MPO) compared to WT mice (Fig. 4E), suggesting that FHL2-KO 
mice developed type-1 pulmonary granulomas. 

FHL2 deficient mice exhibit reduced permeability

FHL2 has been implicated in cell permeability, partly through regulation of E-
cadherin and snail1 [24], and as we found FHL2-KO mice displayed increased 
number of granulomas, we investigated the role of FHL2 in tight and adherens 
junction formation in lungs (Fig. 4). We found that Sm-injected FHL2-deficient 
mice have reduced mRNA expression levels of occludin, ZO-1, VE-cadherin and 
claudin-5, but not claudin-10 compared to WT mice (Fig. 4F). These data indicate 
that FHL2 plays a role in cell permeability and may explain, at least partly, the 
increased number of granulomas in FHL2-KO mice. 

Enhanced Th1 and decreased Th2 cytokines and chemokines in FHL2-KO 
lungs
The histological examination of FHL2-KO mice  challenged with S. mansoni eggs 
suggested that this knockout mouse has a significant alteration in its lung cytokine 
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Figure 4. Granuloma formation in Sm egg injected FHL2-KO mice. WT and FHL2-KO 
mice were injected with Sm eggs. Four weeks after injection, the area per granuloma area 
was determined (A) and the number of granulomas per microscopic field of lung sections 
was measured (B). Representative photomicrographs of WT and FHL2-KO before and 
after Sm injection are shown (C). Lung sections from WT and FHL2-KO mice following 
Sm egg injection were stained for MBP to detect eosinophils and underwent morphometric 
analyses (D). qRT-PCR was performed on lung tissue to assess mRNA expression of MPO 
and neutrophil elastase as a measure of neutrophil infiltration (E). mRNA expression of tight 
and adherens junction proteins in lungs from WT and FHL2-KO mice following Sm egg 
injection was determined by qRT-PCR (E). Values represent mean ± S.D (n=8). *, p ≤ 0.05 
for FHL2-KO versus WT; #, p ≤ 0.05 for WT ctrl versus WT Sm egg. Comparisons between 
2 groups were done with unpaired, two-tailed Student’s t-test.
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Figure 5. Enhanced Th1 and decreased Th2 cytokines and chemokines in FHL2-KO 
lungs. Protein expression of IL-12p40 and MCP-1 was determined by ELISA in plasma from 
WT and FHL2-KO mice following Sm egg injection (A). qRT-PCR was performed to assess 
mRNA expression of Th-1 (B) and Th-2 (C) cytokines and chemokines in total lungs from 
WT and FHL2-KO mice following Sm egg injection. Values represent mean ± S.D (n=4). *, 
p ≤ 0.05 for FHL2-KO versus WT; #, p ≤ 0.05 for WT ctrl versus WT Sm egg. Comparisons 
between 2 groups were done with unpaired, two-tailed Student’s t-test.

and chemokine pattern. It has been shown that IL-4, IL-5, and IL-13 are highly 
expressed in Th2-skewed pulmonary granulomas, whereas IL-12 p40, MCP-1, 
IFNγ, and CXCL10 are characteristic for Th1-type pulmonary granulomas [25,26]. 
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We therefore examined these prototypical factors in the plasma and whole lungs 
of WT and FHL2-KO mice. We found that protein levels of IL-12p40 and MCP-1 
are significantly elevated in FHL2 deficient mice compared to WT mice after Sm-
egg injection (Fig. 5A). Consistent with this, mRNA expression of inflammatory 
cytokines and chemokines such as IL-12p40, MCP-1, IFNγ, iNOS and CXCL10 are 
significantly higher in whole lungs from FHL2-KO mice compared with WT mice 
(Fig. 5B). Of note, there is no significant increase in the expression of IFNγ following 
egg injection in WT mice compared to naive WT mice (Fig. 5B). Furthermore, F4/80 
expression is significantly higher in FHL2-KO mice compared to WT mice (Fig. 
5B). We next determined the expression pattern of characteristic Th2 markers such 
as IL-4, IL-5, and IL-13. In contrast to increased Th1 cytokine levels, FHL2-KO 
mice displayed a marked decrease in mRNA expression of IL-4, IL-5, and IL-13 
compared to WT mice. In addition and in line with the data on in vitro cultured 
macrophages (Fig. 2), mRNA expression of M2 markers including MRC2 and YM1 
is significantly lower in FHL2-deficient mice. Taken together, our data reveals that 
FHL2 plays a pivotal role in the formation of pulmonary granulomas following Sm 
egg injection, at least partly thorough modulation of the Th1/Th2 cytokine balance.

Discussion
The LIM-only protein FHL2 has been implicated in several immune and inflammatory 
diseases [10,12-14]; however, the function of FHL2 has never been studied in 
pulmonary granulomatous inflammation or in type 2 mediated inflammatory diseases. 
The present study is the first to provide insights into the role of FHL2 in macrophage 
polarisation and pulmonary granuloma formation in vivo. We demonstrated that 
expression of FHL2 is induced in BMM following treatment with IL-4 and IL-
10, which are cytokines that induce macrophage M2 polarization. We found that 
FHL2 actually plays a crucial role in macrophage polarization, thereby regulating 
the inflammatory response of these cells. We also showed that FHL2 deficiency 
results in more pulmonary granulomas, characterized by an exacerbated production 
of Th1 cytokines and decreased levels of Th2 cytokines in the murine model of Sm 
egg injection. These results suggest that FHL2 plays a role in granuloma formation 
resulting in modulation of the Th1/Th2 cytokine balance.

Macrophages are a heterogeneous population of immune cells that are instrumental 



in chronic inflammatory and infectious diseases [6]. FHL2 is not detectable in non-
stimulated monocytes and macrophages [15,17]. However, in the current study 
we found that FHL2 mRNA is significantly induced in BMM following treatment 
with IL-4 and IL-10, whereas no induction was observed upon treatment with LPS. 
This observation suggests that the potential involvement of FHL2 in macrophage 
M2 polarization plays a critical role in diseases such as pulmonary granulomatous 
inflammation and asthma.

Macrophages become functionally polarized in response to local cues and the type 
of polarization in the pulmonary environment is completely dependent on the Th1/
Th2 cytokine balance present [27,28]. For example, Th2 cytokines such as IL-4 
induce alternative activation of macrophages that limit inflammation and promote 
wound healing [27,28]. In this study, we show that FHL2-KO BMM exhibit reduced 
expression of characteristic alternative activation markers such as Arg1, Ym1 and 
Mgl1. A previous study demonstrated that FHL2-KO mice exhibit impaired wound 
healing, which was attributed to decreased cell migration and collagen contraction 
[29]. We propose that the abrogated macrophage M2 polarization in FHL2-KO 
mice also contributes to decreased wound healing, however, further research is 
necessary to investigate this in detail. Several studies demonstrated that FHL2 is 
associated with inflammation in multiple cell types, partly through regulation of the 
NFκB pathway in a cell-and context-dependent manner [12,14,17,30]. Upon LPS 
stimulation, FHL2-KO BMM show enhanced expression of pro-inflammatory or M1 
cytokines, which was unexpected, because FHL2 mRNA is not expressed in LPS-
treated BMM. These data suggest that FHL2 modulates the initial differentiation of 
BMM, rather than the direct LPS-response. We also observed enhanced migration 
of inflammatory cells including macrophages and B-cells to the peritoneal cavity of 
FHL2-KO mice following thioglycollate injection. In contrast to our findings, a recent 
study showed that FHL2-KO mice display no difference in expression of TNFα and 
IL-6 in peritoneal macrophages following stimulation with LPS [12]. This seeming 
discrepancy may be explained by the use of macrophages from distinct sources 
(peritoneal vs bone marrow), high/low LPS concentrations (1µg/ml vs 100 ng/ml) 
and the time of incubation (24h vs 8h). Collectively, our study revealed the crucial 
involvement of FHL2 in modulation of macrophage inflammatory responses. 
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Granulomatous inflammation is a tightly regulated chronic inflammatory process 
with characteristic pathological hallmarks including accumulation of macrophages, 
lymphocytes, neutrophils, eosinophils, mast cells and fibroblasts, and a pronounced 
T lymphocyte-mediated inflammatory response [3,5]. Both Th1 and Th2 cytokines 
play critical roles in the pathogenesis of pulmonary granulomatous inflammation 
[3,5]. The complete loss of FHL2 had a profound effect on the cytokine profile of the 
egg granulomatous response. Although we found that FHL2-KO mice displayed an 
increased number of granulomas, the cytokine profile in the lungs of FHL2-KO mice 
with Sm eggs was skewed more toward Th1 cytokines and chemokines compared 
to WT mice. FHL2 has been implicated in regulation of barrier function through 
modulation of E-cadherin and snail1 [24]. Interestingly, we found that FHL2-KO 
mice displayed reduced expression of several junctional proteins such as occludin, 
ZO-1, VE-cadherin, and claudin5. These data suggest that the enhanced number 
of granulomas found in FHL2-KO may be explained, at least partly, by a reduced 
barrier function. 

Granulomas are usually associated with M2 macrophages. A strongly reduced Th2 
response in egg-challenged FHL2-KO mice is the absence of M2 macrophages as 
evidenced by reduced expression of M2 macrophage markers such as MRC2 and 
Ym1. Increased levels of neutrophil elastase and MPO implicate increased neutrophil 
influx under these conditions. The elevated levels of pro-inflammatory cytokines 
and reduced levels of Th2 cytokines displayed in Sm-egg injected FHL2-KO mice 
suggest that FHL2 modulates the Th1/Th2 balance in granulomatous inflammation. 
Beyond a direct influence on balancing the production of Th1 and Th2 cytokines, 
FHL2 may also modulate recruitment and/or retention of immune and inflammatory 
cells at the site of infection or inflammation[13,14,29]. For example, FHL2-KO mice 
were shown to recruit monocytes through upregulated expression of CX3CL1 and 
CCL5 in a murine model of atherosclerosis. Furthermore, FHL2 has been implicated 
in CCL19-induced migration of bone marrow derived dendritic cells [18]. Thus, after 
exposure to Sm eggs, one may hypothesize that FHL2 acts on multiple inflammatory 
cells to simultaneously create conditions permissive to Th1 cell differentiation and 
to minimize Th2 effector cell recruitment or retention in the lungs, which warrants 
further research with cell-type specific depletion of FHL2.



In conclusion, our results show that FHL2 is induced in BMM following treatment 
with IL-4 and IL-10. We found that FHL2 deletion results in enhanced granuloma 
formation in the Sm egg-injected murine model, coinciding with a decreased Th2 
response and augmented Th1 cytokine production. Mechanistically, the loss of 
FHL2 caused a decrease in lung barrier function and enhanced neutrophil influx, 
suggesting a modulatory role for FHL2 in pulmonary granulomatous diseases such 
as Sm infection.
 
Materials and Methods
Animals 
FHL2-KO mice were generated by R. Bassel-Duby (University of Texas Southwestern 
Medical Center, Dallas, TX). FHL2-KO mice were bred onto a C57BL/6 background 
for >11 generations. Animal protocols were approved by an independent animal 
ethic committee of the Academic Medical Center, University of Amsterdam, The 
Netherlands and were carried out in compliance with guidelines issued by the 
Dutch government. All surgery was performed under midazolam and medetomidine 
hydrochloride anesthesia, and all animals were sacrificed under ketamine/xylazine 
anaesthesia. Every effort was made to minimize both the suffering of the animals 
and the number of animals utilized. 

In vitro murine macrophage culture 
Bone marrow cells were isolated from both femurs and tibiae of wild-type mice 
(C57BL/6) and FHL2-KO mice (n=4). Cells were cultured in RPMI-1640 (GIBCO 
Invitrogen) supplemented with penicillin/streptomycin (GIBCO Invitrogen), 10% 
fetal calf serum (FCS; GIBCO Invitrogen) and 15% L929 conditioned medium 
(LCM) for 8 days to generate bone marrow-derived macrophages (BMM). BMM 
were seeded at a density of 1.5x105 cells/cm2 and were polarized towards a pro-
inflammatory (M1) phenotype using 100ng/ml LPS (Sigma) or were alternatively 
(M2) activated using 50ng/ml interleukin (IL)-4 or IL-10 (R&D Systems). The cells 
were stimulated for different time periods as indicated. Medium was harvested, 
centrifuged and the supernatant was stored at -80o C. This experiment was repeated 
2-3 times in triplicate.

RNA Extraction and quantitative RT-PCR
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Semi-quantitative RT-PCR (qRT-PCR) was performed as described previously 
[10,15]. Briefly, total RNA was harvested from cells using the Total RNA mini 
kit (Bio-Rad) and from tissues using Trizol reagent (Invitrogen) according to the 
manufacturer’s instructions. cDNA was made using the iScript cDNA synthesis 
kit (Bio-Rad). Real-time reverse transcription PCR was performed using the MyIQ 
system (Bio-Rad) and the primer sequences are described in Supplemental Table 
1. Acidic ribosomal phosphoprotein P0 was determined as an internal control for 
cDNA content of the samples. 

Cytokine measurements by ELISA 
Protein levels of monocyte chemotactic protein-1 (MCP-1), tumor necrosis factor 
α (TNFα), IL-12p40, and IL-10 were measured in cell supernatants using the 
Cytometric Bead Array Mouse Inflammation Kit (BD Biosciences) according to the 
manufacturer’s instructions. 

Thioglycollate-induced cell migration 
Female wild-type and FHL2-KO mice (n=3) were injected intraperitoneally with 
1ml 4% (w/v) sterile thioglycollate medium. Four days post-injection, peritoneal 
cells were collected by injecting 10ml of ice cold PBS into the peritoneal cavity and 
retracting the PBS into the peritoneal cavity and retracting the PBS together with the 
cells. The cells were labelled for FACS analysis. Briefly, cells were resuspended in 
FACS-buffer (1% FCS and 0.1% sodium azide in PBS) and FC receptors were blocked 
with an antibody against CD32 and CD16 (BD Pharmingen). After washing the cells 
with FACS-buffer, they were incubated for 30 minutes with antibodies against B-
cells (CD19-PE), T-cells (CD3-APC), granulocytes (Ly6G-FITC), and macrophages 
(F4/80-FITC) (eBioscience). Unlabeled cells were used for cell counting. 

S. Mansoni egg pulmonary granuloma model
S. mansoni eggs isolated aseptically from livers of infected hamsters were used to 
induce pulmonary granulomas [31].  Female mice (n=8) aged 8 weeks were injected 
with 5000 eggs intravenously. After 4 weeks mice were sacrificed and lung tissue 
was taken for histology and RNA extraction. We noted no mortalities in any group 
up to the point of sacrifice.



Immunohistochemistry 
Lungs were fixed in 4% paraformaldehyde, paraffin-embedded, sectioned, and 
stained in hematoxylin and eosin (H&E). Images of all granulomas present in one 
section from each mouse were
captured, and the size of each granuloma was measured using Leica QWin V3 
software. Average granuloma size per mouse was determined, and then the average 
per genotype was determined. The number of granulomas present in one microscopic 
field was determined from each mouse. Eosinophils were quantified in lung tissue 
after staining with an Ab against major basic protein (MBP; provided by Dr Nancy 
Lee and Professor James Lee, Mayo Clinic Arizona, Scottsdale, AZ, USA). 

Statistical analysis
All statistical analyses were carried out with GraphPad Prism software (GraphPad 
Software, San Diego, Calif). Comparisons between 2 groups were done with the 
Student t test for unpaired variables. Data are reported as mean±SD. P values <0.05 
were considered as statistically significant.   
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