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Abstract

Activation of macrophages is a key step in initiation of immune responses, but the transcriptional 

mechanisms governing macrophage activation during infection are not fully understood. It was 

recently shown that the AP-1 family transcription factor JUNB positively regulates macrophage 

activation in response to Toll-like receptor agonists that promote classical or M1 polarization, as 

well as to the cytokine Interleukin-4 (IL-4), which elicits an alternatively activated or M2 

phenotype. However, a role for JUNB in macrophage activation has never been demonstrated in 

vivo. Here, to dissect the role of JUNB in macrophage activation in a physiological setting, mice 

lacking JUNB specifically in myeloid cells were tested in two infection models: experimental 

cerebral malaria, which elicits a pathological type 1 immune response, and helminth infection, in 

which type 2 responses are protective. Myeloid-restricted deletion of Junb reduced type 1 immune 

activation, which was associated with reduced cerebral pathology and improved survival during 

infection with Plasmodium berghei. Myeloid JUNB deficiency also compromised type 2 

activation during infection with the hookworm Nippostrongylus brasiliensis, leading to diminished 

cytokine production and eosinophil recruitment and increased parasite burden. These results 

demonstrate that JUNB in myeloid cells shapes host responses and outcomes during type 1 and 

type 2 infections.
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INTRODUCTION

Macrophages serve as the first line of defense against many infections. As tissue-resident 

innate immune cells, classically activated macrophages (also called M1 or M(LPS) 

macrophages (1)) phagocytose and degrade invading microbes, secrete antimicrobial 
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molecules, and produce cytokines and chemokines that recruit additional effector cells and 

activate adaptive immune responses (2). In addition to these functions, alternatively 

activated macrophages (also called M2 or M(IL-4) macrophages (1)) participate in tissue 

repair and resolution of inflammation after infection has been contained (3). Given their 

central role in these diverse but vital processes, it is of great interest to identify key 

regulators of macrophage activation and polarization. To that end, several recent studies 

have characterized the transcriptional landscape of different myeloid cell types, including 

macrophages, monocytes, and dendritic cells (4–6). In these studies, systematic analysis of 

transcriptional architecture has permitted identification of a number of transcription factors 

that are both highly expressed and highly connected (i.e., co-regulated with other expressed 

genes), suggesting that these factors may control the transcriptional programs of activated 

myeloid cells. However, most of these network studies have not been experimentally 

validated, and so the functional importance of these putatively key transcription factors 

remains uncertain.

Recently, we demonstrated that the AP-1 family transcription factor JUNB, identified as a 

potential central regulator in our regulatory network predictions and in other in silico and 

ChIP-seq studies (4,5) does indeed promote activation of bone marrow-derived macrophages 

(BMDMs) in vitro (6). JUNB-deficient BMDMs treated with a variety of M1-polarizing 

Toll-like receptor agonists displayed defective upregulation of a number of inflammatory 

targets, including Il1b and Il12b, at both the transcript and the protein level. Furthermore, 

JUNB-deficient BMDMs treated with IL-4, an inducer of M2 macrophage polarization (7), 

were defective in upregulation of M2 markers, including expression of canonical target 

genes and upregulation of arginase activity (6). Thus, confirming predictions made in silico, 

we showed that JUNB regulates the responses of both M1 and M2 macrophages in vitro, 

making it one of a very small number of transcription factors demonstrated to play roles in 

both classical and alternative macrophage activation (with C/EBPα being another notable 

example (8)). However, it remains to be seen whether myeloid expression of JUNB affects 

immune responses and host outcomes in vivo. In the current study, mice bearing a deletion 

of Junb in myeloid cells were challenged in two different infection models in which 

macrophage activation and immune polarization are known to modulate outcomes: a model 

of experimental cerebral malaria employing the protozoan Plasmodium berghei, in which 

type 1 responses drive pathology and mortality (9); and infection with the helminth 

Nippostrongylus brasiliensis, during which type 2 polarization is important for activation of 

immunity and worm clearance (10,11). We show that myeloid deletion of JUNB dampens 

immune polarization and reshapes disease outcomes during infection with both P. berghei 

and N. brasiliensis by limiting type 1 and type 2 responses, respectively. Thus, JUNB is an 

important regulator of myeloid responses to both type 1 and type 2 infections in vivo.

MATERIALS AND METHODS

Mice

Lyz2Cre/Cre mice (12) were crossed to Junbfl/fl mice (E. Passegue, UCSF) to generate 

Lyz2Cre/Cre Junbfl/fl mice on the C57BL/6 (B6) background as described (6). B6 mice were 

from Jackson Laboratories. All mouse work was conducted with the approval of the UCSF 
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Institutional Animal Care and Use Committee (Protocol AN086391) in strict accordance 

with the guidelines of the NIH Office of Laboratory Animal Welfare.

Plasmodium infections

P. berghei ANKA (MRA-311) was obtained from the MR4 stock center and maintained in 

C57BL/6 mice. Blood was harvested by cardiac puncture from an infected mouse 4–6 d after 

infection and 106 infected erythrocytes were introduced into a new mouse by intraperitoneal 

(i.p.) injection in 100 μl of Alsever’s solution. All infections were initiated at 1400 h. For 

plasma collection and flow cytometry, blood was harvested by cardiac puncture or sub-

mandibular bleed into potassium EDTA (K2EDTA). Survival was monitored daily. 

Parasitemia was measured by thin film blood smear stained with Giemsa.

Flow cytometry

Blood was harvested 6 d post infection with P. berghei. Red blood cells were lysed with 

ACK and leukocytes were incubated with LPS (100 ng/μL) or vehicle plus GolgiPlug (BD) 

and monensin (eBioscience) for 4 h. Samples were blocked with anti-Fc receptor antibody 

(α-CD16/32, clone 2.4G2; UCSF Monoclonal Antibody Core) and labeled with antibodies 

to CD11b (M1/70) and F4/80 (BM8) (UCSF), Ly6c (HK1.4; eBioscience) and Ly6g (1A8; 

BioLegend). Following fixation and permeablization with Cytofix/Cytoperm (BD), 

intracellular labeling was performed with antibodies to IL-1β (NJTEN3), TNF (TN3-19), or 

rat IgG1 isotype (eBRG1) (all eBioscience). Samples were analyzed on an LSR II (BD). 

Classical monocytes were defined as CD11b+ Ly6g− F4/80int Ly6chi, as previously 

described (13).

Cytometric bead assay

Cytokine concentrations were measured in plasma using the Milliplex MAP Mouse 

Cytokine/Chemokine Magnetic Bead Panel kit (EMD Millipore) according to the 

manufacturer’s instructions. Measurements were made on a MAGPIX instrument 

(Luminex).

Evans Blue assay

Mice were injected i.p. with 200 μl Evans Blue dye (2% in PBS) on day 6 post infection. 

After 1 h, mice were sacrificed and perfused with 5 mL PBS at 1 mL/min. Brains were 

excised and Evans Blue was extracted by 24 h incubation in dimethylformamide at 37 

degrees. Evans Blue concentration was determined by comparing 630 nm absorbance for 

each sample to a standard curve and was normalized to tissue mass.

Quantification of Purkinje neuron density

Mouse brains were harvested and fixed in 10% formalin for 24 h, and 4 μm sagittal sections 

were processed for hematoxylin and eosin staining. Images were acquired from all areas of 

the mouse cerebellum that were well stained at 10X magnification using a Leica DM6000 B. 

A 500 μm stretch along the longest, straightest runs of cerebellum was identified using 

segmented lines in ImageJ, and the number of Purkinje neurons was counted along this 
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length. A minimum of three such stretches were counted per animal, and Purkinje neuron 

density was calculated as cells per 100 μm.

N. brasiliensis infections

N. brasiliensis was maintained as described previously (14). Mice were injected 

subcutaneously with 750 third-stage larvae. After 9 d, mice were sacrificed and 

bronchoalveolar lavage (BAL) was performed using 3 mL PBS with EDTA and EGTA 

(0.04% each). Following red blood cell lysis in ACK, cells in BAL fluid were enumerated 

using the Guava Viacount assay (EMD Millipore), and leukocyte populations were 

quantified by cytospin and differential staining using the Hema 3 Manual Staining System 

(Protocol). BAL fluid was concentrated to 500 μL in Amicon Ultra 10K Centrifugal Filters 

(Millipore) and cytokines were measured using the mouse IL-13 and IL-9 ELISA Ready-

Set-Go kits (eBioscience).

Quantitative RT-PCR

Lungs were harvested after 4 d infection with N. brasiliensis and homogenized in lysis 

buffer from the RNeasy kit (Qiagen), which was then used to isolate total RNA. On-column 

DNA digestion was performed with Turbo DNase (Ambion). Messenger RNA was reverse 

transcribed with Superscript III (Life Technologies) primed with dT20V. Quantitative PCR 

was performed in a Step One Plus RT PCR System (Applied Biosystems) using PerfeCTa 

2x qPCR mix (Quanta). Arg1 levels were normalized to levels of actin mRNA. The 

following primer sequences were used: actin: F-ACCCTAAGGCCAACCGTGAA, R-

CCGCTCGTTGCCAATAGTGA; Arg1: F-TGGGAGGCCTATCTTACAGA, R-

CATGTGGCGCATTCAC.

N. brasiliensis egg and worm counts

For egg counts, feces were collected, weighed, homogenized in PBS, and mixed with 

saturated NaCl solution. Eggs were collected from the surface and loaded onto McMaster 

slides for counting. To enumerate worms, intestines were harvested, filleted, and incubated 

in warm PBS. Worms in PBS were concentrated and counted under a dissecting microscope.

RESULTS

Loss of myeloid JUNB protects mice from lethal cerebral malaria

In order to test whether myeloid JUNB shapes the host immune response in vivo, we 

generated Lyz2Cre/Cre Junbfl/fl mice (referred to hereafter as JunbΔLyz2 (6)), in which the 

Lyz2 promoter drives expression of Cre recombinase in cells expressing Lysozyme M, 

resulting in excision of the floxed Junb gene in macrophages, granulocytes, and a small 

fraction of dendritic cells (12). First, to test whether myeloid JUNB directs M1 and type 1 

immune responses, we challenged JunbΔLyz2 mice with P. berghei ANKA in a model of 

lethal cerebral malaria. In this model, the balance of pro-inflammatory to regulatory 

cytokines has been shown to be a critical determinant of pathology and mortality (9,15). 

Because suppression of M1 macrophage activation during P. berghei infection protects mice 

from fatal cerebral malaria (16), we hypothesized that deletion of myeloid JUNB in this 
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infection model would decrease the ratio of pro-inflammatory to regulatory cytokines, and 

reduce pathology and mortality.

To confirm that myeloid cells developed in vivo exhibit the same defects in cytokine 

production that we reported previously in BMDMs (6), we first measured production of 

IL-1β and TNF in blood monocytes isolated from P. berghei-infected mice. Consistent with 

in vitro data, monocytes from infected JunbΔLyz2 mice exhibited decreased cytokine 

production compared to Junbfl/fl controls, both ex vivo and after restimulation with LPS 

(Figure 1a). Next, we measured cytokine levels in the plasma of infected mice. After 6 d 

infection with P. berghei, we observed significant increases in the regulatory cytokine IL-10 

in JunbΔLyz2 mice relative to controls, whereas MIP1B and TNF were decreased (Figure 1b). 

Levels of other cytokines, including interferon-γ (IFNG), IL-4, IL-6, and IL-12p70, did not 

differ significantly between groups (Figure 1b and data not shown). These data implicate 

myeloid JUNB in regulating the balance of pro-inflammatory and regulatory cytokines and 

chemokines during P. berghei infection. Consistent with previous reports demonstrating that 

this pro-inflammatory cytokine balance is critical for determining pathology and mortality in 

experimental cerebral malaria (9,15), JunbΔLyz2 mice were significantly protected from 

lethality (p < 0.0001, Mantel-Cox test), whereas 80% of Junbfl/fl mice succumbed to 

infection within 7 days, and 100% within 20 days (Figure 1c). This improved survival was 

not due to differences in parasitemia, as parasite burdens were similar between JunbΔLyz2 

and wild-type mice during the first week of infection, during which time most wild-type 

mice succumbed to cerebral malaria (Figure 1d). Approximately 60% of JunbΔLyz2 mice did 

eventually die, but with slower kinetics (Figure 1c), high parasite burdens (Figure 1d), and 

an absence of cerebral symptoms. Notably, these characteristics are similar to those 

observed in other P. berghei-infected mice with diminished type 1 responses, which are 

protected from cerebral pathology but die eventually from hyperparasitemia (16,17). 

Together, these results support the hypothesis that JUNB-mediated induction of type 1 

inflammation in myeloid cells exacerbates the severity of P. berghei-induced cerebral 

malaria.

Myeloid JUNB promotes cerebral permeability and loss of motor neurons

The data above suggest that myeloid JUNB promotes immune-driven pathology during 

experimental cerebral malaria. Vascular leakage across the blood/brain barrier, as evidenced 

by permeability of the brain to Evans blue dye, is associated with lethality during P. berghei 

infection (18). Thus, consistent with survival data, we measured an increase in vascular 

permeability in the brains of infected Junbfl/fl mice, whereas the brains of JunbΔLyz2 mice 

were protected (Figure 2a). Furthermore, differences in brain histology were observed 

between Junbfl/fl and JunbΔLyz2 mice. Microhemorrhages occurred at very low frequencies 

in both Junbfl/fl and JunbΔLyz2 mice, making quantitative comparison difficult; they were not 

observed in uninfected mice (unpublished data). In contrast, we observed striking 

differences in the density of cerebellar Purkinje neurons, which control motor function (19): 

compared with uninfected mice, P. berghei-infected Junbfl/fl mice exhibited a significant 

decrease in Purkinje neuron density, suggestive of cell death, which was partially rescued in 

JunbΔLyz2 mice (Fig. 2b). Taken together, these experiments indicate that myeloid JUNB 
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drives a pro-inflammatory cytokine milieu, increased brain pathology, and mortality during 

experimental cerebral malaria.

Myeloid JUNB enhances Type 2 responses in the lungs of N. brasiliensis-infected mice

Given that we previously found JUNB to promote M2 development in vitro (6), we next 

asked whether myeloid JUNB expression was important in shaping in vivo type 2 responses. 

To investigate, we employed the hookworm N. brasiliensis, a helminthic parasite that 

induces a type 2 immune response in murine hosts. Upon infection, N. brasiliensis larvae 

migrate first to the lung, where they elicit M2 polarization of alveolar macrophages and 

hemorrhagic lung injury (20,21), then to the gut, where maturation and egg production 

occur. In this model, M2 macrophages have been shown to promote eosinophil recruitment, 

resolution of lung inflammation, and clearance of worms (21–23). To test whether myeloid 

JUNB regulates these processes, we subjected Junbfl/fl and JunbΔLyz2 mice to infection with 

N. brasiliensis.

First we assessed early activation of type 2 responses in the lung. We observed a significant 

defect in upregulation of the M2 macrophage marker Arg1 in lung tissue from JunbΔLyz2 

mice 4 days post-infection (Figure 3a). Other markers of type 2 polarization, such as 

cytokines in the bronchoalveolar lavage, were difficult to measure at this time due to their 

low levels, consistent with a previous study reporting very low cytokine transcripts early in 

infection (24). However, cytokine transcript levels peak approximately one week after 

infection (21,24,25), and cytokine levels remain robustly elevated in the lungs for weeks 

following resolution (26); additionally, lung frequencies of Th2 cells and eosinophils do not 

reach their peak until 9 days after infection (27). We therefore examined late induction of 

the type 2 cytokines IL-13 and IL-9 in the lung as measures of overall type 2 polarization, as 

influenced by M2 macrophage activity. IL-13 is produced by Th2 cells and innate type 2 

lymphoid cells (ILC2s) in response to IL-33 secreted by M2 macrophages and lung 

epithelial cells (28–30). IL-9 is also produced by activated T cells and ILC2s during N. 

brasiliensis infection (24). Both cytokines contribute to eosinophil recruitment in the 

infected lung and are crucial for control of N. brasiliensis (24,30,31). At 9 days post-

infection, when robust type 2 polarization has occurred in the lungs of wild-type mice 

(24,26), we measured significantly lower levels of IL-13 in bronchoalveolar lavage fluid 

from infected JunbΔLyz2 mice relative to JUNB-sufficient controls. In addition, JunbΔLyz2 

mice exhibited decreased levels of IL-9, although the difference was not significant (Figure 

3b). Concurrently, we observed significant decreases in the frequencies and absolute 

numbers of lung eosinophils, another indicator of type 2 activation, in JunbΔLyz2 mice 

(Figure 3c). Frequencies and absolute numbers of lymphocytes, neutrophils, and 

mononuclear cells were not altered (data not shown). Thus, deletion of JUNB in myeloid 

cells results in diminished induction of type 2 responses, including cytokine production and 

cell recruitment, in the N. brasiliensis-infected lung.

Defective clearance of N. brasiliensis in mice with myeloid JUNB deficiency

Finally, we tested whether myeloid JUNB was important for clearance of this hookworm 

infection. Consistent with the notion that decreased type 2 responses in the lung correlate 

with defective clearance (10), we observed increased egg production (Figure 3d) and higher 
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worm burdens (Figure 3e) in the intestines of JunbΔLyz2 mice relative to controls. Overall, 

these results suggest that JUNB acts in myeloid cells to promote M2 macrophage activation, 

type 2 immune responses, and expulsion of parasitic worms.

DISCUSSION

Historically, JUNB has been studied mostly in development, while AP-1 activity in the 

immune system has been ascribed primarily to the closely related protein c-JUN, along with 

its canonical dimerization partner c-FOS. Recently, however, an increasing number of 

studies have implicated JUNB in immune activation. One such publication showed that 

JUNB is important in polarization of CD4+ Th2 helper cells (32). Other studies have hinted 

that JUNB might play an important role in myeloid cells based on regulatory network 

predictions (4–6) and direct binding to regulatory regions of DNA (33–35). Despite these 

reports, the effects of myeloid JUNB deletion on immune activation had not been examined 

in vivo, nor in the context of infection. Here, we have demonstrated that JUNB modulates 

myeloid responses in vivo and plays an important role in the development of host immune 

responses against parasites that induce either type 1 or type 2 immunity. Thus, we provide in 

vivo validation of our previous data obtained in silico and in vitro, and obtain further 

insights into several pathological and protective aspects of the immune responses in these 

models of type 1 and type 2 immunity.

It is generally accepted that P. berghei ANKA causes cerebral malaria by eliciting an over-

robust type 1 immune response, resulting in activation of cytotoxic CD8+ T cells that 

mediate brain pathology (36). In support of this model, mice genetically deficient in 

components of the type 1 response, including receptors for the chemokine MIP1B (37) and 

the cytokines IL-12 (Il12Rb2−/−) (38), IFNG (Ifngr1−/−) (39,40), and TNF (Tnfr2−/−) (41–

44), are protected from experimental cerebral malaria and associated brain pathology. 

Conversely, production of regulatory cytokines such as IL-10 is associated with protection 

(45,46). The specific role of myeloid cells is less clear, but several lines of evidence indicate 

that M1 macrophages are pathogenic during P. berghei infection. For example, several of 

the cytokines implicated in pathology (IL-12, TNF) can be produced by M1 macrophages 

(6). Furthermore, activated macrophages are recruited to postcapillary venules in the brain 

during lethal P. berghei infection, but not infection with a nonlethal P. yoelli parasite (47), 

and treatment with the M2-related cytokine IL-33 was shown to protect mice from cerebral 

malaria through decreased M1 and increased M2 polarization (16). In this work, we have 

demonstrated that during P. berghei infection, JUNB deficiency in myeloid cells (a) results 

in lower production of pro-inflammatory cytokines by monocytes; (b) shifts the plasma 

cytokine profile to a less inflammatory state, characterized by high IL-10 and low MIP1B 

and TNF; and (c) correlates with a decrease in blood-brain barrier permeability, preservation 

of Purkinje neurons, and host survival. Our data are therefore consistent with a model in 

which reduced inflammatory signaling from M1-polarized myeloid cells in JunbΔLyz2 mice 

leads to the observed reduction in cerebral pathology and improved survival. Importantly, it 

has been demonstrated that the ratio of pro-inflammatory to regulatory cytokines is a better 

predictor of host survival in this model than the absolute level of any individual cytokine 

(15); thus, although we observed no JUNB-dependent differences in IFNG levels during 

infection, there appears to be a shift in the balance between pro- and anti-inflammatory 
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signals in JUNB-deficient mice that correlates with improved survival. In the future, it will 

be of great interest to determine whether the altered cytokine milieu in JunbΔLyz2 mice 

results in diminished CD8+ T cell responses, which are also a vital component of cerebral 

pathology (48).

In addition to modulating the severity of cerebral malaria, myeloid JUNB deficiency also 

had a marked effect on immune control of N. brasiliensis in our study, consistent with the 

established role of M2 macrophage activation in induction of type 2 responses to this 

pathogen (21). We have not directly demonstrated that lung macrophage responses are 

defective in this model; additionally, it is unlikely that the lung phenotypes we describe on 

day 9 post-infection relate directly to the observed defect in intestinal worm clearance, as the 

worms have been absent from the lung for several days at this point. However, our results 

identify defects in several processes that occur downstream of M2 macrophage responses 

during the resolution phase of the lung immune response, namely IL-13 production (28,30) 

(which, we note, can also be stimulated by lung epithelial cells (29)) and eosinophil 

recruitment (21,30). Although the role of M2 polarization in clearance of N. brasiliensis is 

controversial (49,50), we observed a clear increase in egg and worm burdens in JunbΔLyz2 

mice, consistent with a role for myeloid JUNB in control of this infection. It is possible that 

the observed clearance defect could reflect additional requirements for JUNB-dependent 

macrophage functions beyond M2 polarization. Further work is needed to dissect the 

specific contributions of myeloid JUNB to control of this pathogen, but our data clearly 

demonstrate defective development of type 2 responses and inhibited clearance in JunbΔLyz2 

mice.

Macrophage activation and polarization are key processes in both the initiation and the 

cessation of immune responses. In several situations, including microbial infection and 

wound healing, an initial inflammatory M1 response mediates immune cell infiltration and 

destruction of pathogens and damaged tissue; as the response progresses, M2 macrophages 

develop and promote healing, regeneration, and resolution of inflammation (51). Most of the 

transcription factors that regulate these complex transitions act specifically in M1 or M2 

macrophages (2,52). JUNB is therefore unusual in that it plays a central role in both M1 and 

M2 responses, likely cooperating with other transcription factors to control these distinct 

phenotypic states (4,6). Although AP-1 activity has been previously implicated in driving 

pathology during experimental cerebral malaria (53,54), this effect was attributed to c-JUN 

rather than JUNB; at the same time, little characterization has been performed on AP-1 

activity during N. brasiliensis infection. Further research is needed to elaborate upon the role 

of the AP-1 pathway in general, and JUNB in particular, in these and other infection 

settings.
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Figure 1. Myeloid JUNB deficiency alters cytokine production and promotes survival during P. 
berghei infection
Mice were infected with 106 P. berghei-parasitized erythrocytes. (a) Classical (Cd11b+ 

Ly6c hi) blood monocytes were isolated from infected mice after 6 d and expression of the 

indicated cytokines was assessed by intracellular cytokine staining after 4 h incubation with 

vehicle or LPS. (b) The indicated cytokines were measured in plasma 6 d post-infection by 

cytometric bead assay. (c) Survival was monitored (n = 19 Junbfl/fl and 14 JunbΔLyz2 mice). 

(d) Parasitemia was monitored daily by thin blood smear. All results are pooled from three 

independent experiments. Statistical significance was determined by t-test (b) or Mantel-Cox 

test (c). **, p < 0.01. ***, p < 0.001.
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Figure 2. Myeloid deletion of JUNB prevents brain hemorrhage and neuronal death during 
experimental cerebral malaria
(a) 6 d after infection with P. berghei, mice were injected with Evans Blue dye 1 h prior to 

euthanasia and cardiac perfusion. Brains were photographed (left), and Evans Blue was 

extracted from brain tissue and quantified by absorbance (right). Absorbance results show 

mean + SD of three independent experiments. (b) Brains were harvested from infected mice 

6 d post-infection and stained with hematoxylin and eosin to visualize Purkinje neurons 

(arrowheads, left panels; representative naive and infected Junbfl/fl samples are shown). The 

number of intact Purkinje neurons per 100 μm was quantified (right graph; mean + SD from 

5 Junbfl/fl and 4 JunbΔLyz2 mice). *, p < 0.05 by t-test.
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Figure 3. Myeloid JUNB modulates type 2 responses and clearance during N. brasiliensis 
infection
Mice were infected with 750 N. brasiliensis larvae (n = 4 Junbfl/fl and 5 JunbΔLyz2 mice from 

one experiment for a; 8 mice of each genotype pooled from two independent experiments 

for b and c; n = 13 Junbfl/fl and 15 JunbΔLyz2 mice pooled from 3 independent experiments 

for d and e). (a) Arg1 mRNA levels were measured in homogenized lung tissue by 

quantitative RT-PCR 4 d post infection. (b) IL-13 and IL-9 were measured by ELISA in 

bronchoalveolar lavage 9 d post-infection. (c) Frequency (left) and absolute number (right) 

of eosinophils in bronchoalveolar lavage were measured 9 d post-infection. (d) N. 
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brasiliensis egg density in feces was measured 6–9 d post-infection. (e) Intestinal worms 

were counted on day 9. *, p < 0.05; **, < 0.01 by t-test.
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