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Abstract 

Severe asthma is characterized by steroid insensitivity and poor symptom control, and is 

responsible for the majority of asthma-related hospital costs. Therapeutic options remain limited, 

in part due to limited understanding in mechanisms driving severe asthma. Increased arginine 

methylation, catalyzed by protein arginine methyltransferases (PRMTs), is increased in asthmatic 

lungs. Here, we show that PRMT5 drives allergic airway inflammation in a mouse model 

reproducing multiple aspects of human severe asthma. We find that PRMT5 is required in CD4+ 

T cells for chronic steroid-insensitive severe lung inflammation, with selective T cell deletion of 

PRMT5 robustly suppressing eosinophilic and neutrophilic lung inflammation, pathology, airway 

remodeling and hyperresponsiveness. Mechanistically, we observed high pulmonary sterol 

metabolic activity, ROR-gt and Th17 responses, with PRMT5-dependent increases in ROR-gt’s 

agonist desmosterol. Our work demonstrates that T cell PRMT5 drives severe allergic lung 
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inflammation and has potential implications for the pathogenesis and therapeutic targeting of 

severe asthma. 

 

Introduction 

Asthma is a heterogenous inflammatory lung disease characterized by reversible airflow 

obstruction and pulmonary inflammation that affects more than 24 million in the US and 

approximately 238 million people worldwide (1), with an estimated cost of $56 billion (2, 3). It’s 

esztimated that 40-70% of asthma hospital costs originate from severe asthmatics, who experience 

greater disease severity, more frequent exacerbations, and are insensitive to corticosteroid 

treatment (2–6). Phenotypically, severe asthmatics with neutrophilic or mixed 

neutrophilic/eosinophilic lung infiltrates are less likely to benefit from corticosteroids or therapies 

that solely target the eosinophilic component of asthma (7–9). Therefore, understanding 

mechanisms driving mixed granulocytic infiltration and severe asthma could provide opportunities 

to develop novel therapies for severe asthma.   

 

Protein arginine methylation is an important post-translational modification that regulates signal 

transduction, DNA repair, RNA processing, protein-protein interactions and gene expression (10, 

11). Protein arginine methyl transferases (PRMTs) are classified into type I, II or III enzymes 

based on their ability to catalyze asymmetric dimethylation (ADM), symmetric dimethylation 

(SDM) or monomethylation of target proteins (11). Among PRMTs, PRMT1 and PRMT5 are 

responsible for the majority of ADM and SDM, respectively, in the cell. Enhanced arginine 

methylation levels have been found in allergen-challenged mice, as well as in lung and sputum 

samples of asthma patients (12, 13). However, whether arginine methylation plays a role in allergic 
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airway disease, as well as whether PRMTs act through immune or structural cells, remains 

unknown.    

 

One of the barriers to understanding and treating severe asthma is the difficulty of reproducing 

multiple phenotypes of severe asthma in animal models of allergic airway inflammation. These 

severe asthma characteristics include chronicity, neutrophilic or mixed granulocytic infiltration, 

steroid insensitivity, airway remodeling and airway hyperreactivity (AHR). Short-term exposure 

of mice to intranasal c-di-GMP (GMP) and house dust mite (HDM) allergen exposure provides 

one of the first models of severe asthma, which was characterized by eosninophil/neutrophil 

infiltration,  steroid-resistant airway inflammation and airway hyperresponsiveness (AHR) (14). 

Such models may help uncover mechanisms driving severe asthma and test the effectiveness of 

novel drugs on established disease.  

 

Here, we find that using the novel GMP/allergen mouse model of severe allergic airway 

inflammation, which reproduces severe asthma and is steroid resistant, is almost completely 

dependent on PRMT5. PRMT5 was required for lung inflammation, airway remodeling and AHR, 

the clinical correlate of impaired breathing in human asthma. Remarkably, these effects were 

achieved just by eliminating PRMT5 from T cells while structural cells remained PRMT5 

sufficient, indicating that PRMT5 in T cells drives multiple clinically-relevant aspects of this 

complex disease. Mechanistically, our data show that PRMT5-sufficient T cells are essential for 

pulmonary cholesterol metabolism, Th17 responses, and mixed granulocytic infiltration. Overall, 

our work demonstrates the importance of T cell PRMT5 in severe allergic lung inflammation and 

has potential implications for the pathogenesis and therapeutic targeting of severe asthma. 
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Methods 

Allergen Mouse Model. Mouse studies were approved by The Ohio State University Institutional 

Animal Care and Use Committee under protocol #2019A00000108 (MG) and #2020A00000037 

(JE). Homozygous Prmt5tm2c(EUCOMM)wtsi mice were obtained and genotyped as described (15) and 

were provided food and water ad libitum. Litters were intranasally challenged starting at postnatal 

day 3 with PBS or mixed allergens (MA) (10µg Alternaria Alternata, 10µg Aspergillus Fumigatus, 

10µg  Dermatophagoides Pteronyssinus (all from Stallergenes Greer, Lenoir, NC), 10µg OVA 

plus 0.5µg c-di-GMP (both from InvivoGen, San Diego, CA)) 3 times per week for 7 weeks, no 

significant differences between genders(16). 

Bronchoalveolar lavage harvesting. Bronchoalveolar lavage fluid (BAL) was collected, 

processed, and stored for total and differential cell counts, cytokine, and sterol analyses as 

described (17). Total counts were performed using a hemocytometer. Cytospins were generated 

and differential cell counts were performed as described (18) using a modified Wright-Giemsa 

Stain (Newcomer Supply, 9112B, Middleton, WI). 

ELISA. Mouse CCL11, CXCL10, IL-4, IL-5, IL-13, IL-17A, IFNγ, and TNFα levels were 

measured in BAL supernatant using Meso Scale U-Plex assay (Meso Scale Diagonostics, 

Rockville, MD) following the manufacturer’s instructions. Plates were read on the MESO 

QuickPlex SQ 120 (Meso Scale Diagnostics). CXCL1 was measured in BAL using the mouse 

CXCL1 Quantikine ELISA kit (R&D Systems, Minneapolis, MN) following manufacturer’s 

instructions. 

Flow Cytometry. Single cell suspensions for flow cytometry were prepared as described (19) and 

stained with the following antibodies: anti-CD45-FITC (30-F11), anti-CD3-BV421 (17A2), anti-
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CD4-PE (A161A1), anti-IFNg-Alexa700 (XMG1.2), anti-IL-4-APC (11B11), and anti-IL-17A-

APC (TC11-18H10.1) (all from Biolegend). Data were acquired with a BD LSRII flow cytometer 

(BD Biosciences, San Diego, CA) and analyzed with FlowJo. 

Histological Analyses. Left lung lobes were inflated with 10% neutral buffered formalin at 25 cm 

H2O and paraffin embedded. Slides were stained with H&E to assess immune cell 

infiltration/aggregation in peribronchial and perivascular spaces (0-4 scale) and inducible 

bronchial-associated lymphoid tissue (iBALT) formation. Slides were stained with Alcian Blue-

Periodic Acid Schiff (PAS) to quantify mucous cells in the airway epithelium. Photomicrographs 

of four different airways were taken at 100X on Lionheart microscope (Biotek, Winooski, VT). 

PAS positive and negative cells were quantified blinded using ImageJ (NIH) and reported as a 

percentage of total airway epithelial cells counted. 

Immunohistochemistry. Formalin-fixed, paraffin-embedded left lung lobe 6µm sections were 

used for immunohistochemical staining for α-Smooth Muscle Actin (α-SMA). Sections were 

deparaffinzed with xylene and rehydrated with graded ethanol. Antigen retrieval was with 10mM 

sodium citrate at 100°C for 1h. Blocking: 4% goat serum/0.04% Triton X-100/TBS; primary 

antibody: mAb anti-α-SMA at 1:100 (Millipore Sigma, A2547); secondary antibody: anti-mouse-

Alexa 594 at 1:1000 (Millipore Sigma, F0257). Images were taken at 100X magnification on 

Lionheart (Biotek). a-SMA area was analyzed using ImageJ (NIH). Measured airway smooth 

muscle (ASM) mass was normalized to length of airway basement membrane and reported as ASM 

mass (µm2 per µm basement membrane). 

Lung Function. The exposed trachea of an anesthetized mouse was cannulated with a 19-gauge 

blunt-tip cannula. While attached to Y-tubing on the Flexivent (SCIREQ, Montreal, Quebec, 

Canada), we assessed airway hyperresponsiveness (AHR) by performing Snapshot (resistance, 
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compliance, elastance) maneuvers after nebulization with PBS and a methacholine dose response 

(Millipore-Sigma, St. Louis, MO). AHR is reported as total resistance in response to methacholine. 

Myeloperoxidase assay. The tissue isolation and the myeloperoxidase assay were performed as 

described (20). Briefly, diluted sample MPO was bound to anti-MPO coated plates (Hycult Biotech 

HK210-01) followed by washes. Fluorescence (ex 535nm, em 590nm) after addition of H2O2 and 

ADHP was acquired in kinetic mode (10min, every 30 sec) on a Biotek Cytation 1. Results reported 

as RFU/second. 

Western blotting. Right lung lobes were homogenized and lysed in RIPA buffer (10 mM Tris pH 

8.0, 5 M NaCl, 0.5 M EDTA, 1% Triton X-100, 0.1% SDS, 0.1% sodium deoxycholate) containing 

protease and phosphatase inhibitors (ThermoFisher Scientific). Primary antibodies: PRMT5 

(Abcam ab31751, 1:1000), H4R3 (MilliporeSigma SAB4300870, 1:500), SYM10 

(MilliporeSigma 07-412, 1:300), ROR-gt (Life Technologies 14-6981-82, 1µg/ml) and β-actin 

(Sigma-Aldrich A1978, 1:50,000). Secondary antibodies (1:20,000): donkey anti-rabbit or anti-rat 

800CW and donkey-anti-mouse 680RD (Li-cor). Blots were imaged on an Odyssey-CLx and 

quantified with Image Studio software (Li-Cor). 

Mass Spectrometry of cholesterol and cholesterol precursors in lung infiltrating cells and BAL. 

BAL cells were pelleted by centrifugation and cell-free supernatants collected. Lungs were 

processed as described in the Flow Cytometry section followed by a 70-30% isotonic Percoll 

gradient and pelleted. Both were stored at -80 until mass spectrometry processing. 300µL BAL or 

gradient-isolated lung infiltrating cell pellets were spiked with sterol internal standards and 

processed for derivatization and LC–MS/MS analysis of sterols as described (21). Endogenous 

sterols were quantified by using the matching deuterated sterols and reported nmol/mL for BAL 

or nmol/million for cells or the ratio to cholesterol. Full list of SRM of sterols was reported 
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previously (21). Sterol numbers were calculated relative to ml of BAL (for BAL) or total number 

of infiltrating cells (for lung infiltrating cells) and then normalized to the cholesterol/ml or 

cholesterol/cells value for that sample. 

Real-Time PCR  

300ng of RNA isolated from right lungs using Zymo Direct-zol RNA Isolation Kit (Zymo 

Research, Irvine, CA) was transcribed with Oligo dT12-18 primers and SuperScript IV 

(ThermoFisher Scientific). Quantitative real-time PCR with TaqMan gene expression assays 

(ThermoFisher Scientific, all 4331182; HPRT Mm00446968_m1, PRMT1 Mm00480135_g1, 

PRMT2 Mm01173299_m1, PRMT3 Mm00659701_m1, Carm1 Mm00491417_m1, PRMT5 

Mm00550472_m1, PRMT6 Mm01206465_s1, PRMT7 Mm00520495_m1, PRMT8 

Mm01182914_m1, PRMT10 Mm00626834_m1) were run on a QuantStudio 3 96-well Real-Time 

PCR system (ThermoFisher Scientific). Results were analyzed by the comparative Ct method. 

Statistical analyses 

Statistical analyses were performed using GraphPad Prism. Student’s t test or 1-way ANOVA 

followed by Sidak’s post-hoc multiple comparisons test was used as appropriate. Pearson 

correlation was used for correlation analyses. 

 

Results 

PRMT5 protein and its symmetric dimethylation activity are increased during severe lung 

inflammation.  

We have recently developed a model where chronic GMP and mixed allergen exposure results in 

chronic corticosteroid-resistant lung inflammation, airway remodeling and AHR (16). Since 

PRMT expression has been observed to be closely regulated at the protein level rather than the 
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transcript level (22), we evaluated the protein expression of the major Type I and II PRMTs, 

namely PRMT1 and PRMT5, and their methylation marks in lung tissue from 7-week PBS or 

GMP/MA-exposed mice (Fig. 1A). Type I PRMTs catalyze asymmetric dimethylation (ADM) and 

type II PRMTs catalyze symmetric dimethylation (SDM). We found that both PRMT1 and PRMT5 

were induced in the lung of GMP/MA vs. PBS-exposed mice for 7 weeks (Fig. 1 B-C). In contrast 

to protein induction, both PRMT1 and PRMT5 were significantly decreased at the transcript level 

(Fig. S1A-B), suggesting these PRMTs are regulated at the protein level during lung inflammation. 

Consistent with induced PRMT1 and PRMT5 protein in the lung, both SDM (indicative of PRMT5 

activity) and ADM (indicative of PRMT1 activity) were increased in allergic lung tissue, with 

robust detection of SDM (Fig. 1 D-E). PRMT induction may originate from a number of changes 

in the lung, from changes in expression in resident cells to newly infiltrating immune cells. PRMT5 

is expressed in T cells where we have shown that it promotes Th17 differentiation and IL-17A 

production (15). In turn, IL-17A is linked to neutrophilic inflammation. To identify potential links 

between lung PRMT5 induction/activity to Th17 inflammation, we performed correlation 

analyses. Lung PRMT5 protein and its SDM mark were significantly and positively correlated to 

bronchoalveolar lavage (BAL) IL-17A (Fig. 1F-G). Overall, these findings suggest that the type 

II methyltransferase PRMT5 contributes to severe lung inflammation characterized by Th17 

inflammation and neutrophilic and eosinophilic (T2/T17) components.  

 

PRMT5 Promotes Airway Inflammation and Remodeling  

 Given the increases in PRMT5 expression and its importance in Th17 differentiation, we 

examined the role of T cell PRMT5 in the GMP/MA model, which exhibits structural and 

functional changes that are insensitive to steroids (16). To evaluate the role of PRMT5 in T cells, 
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we exposed mice with a CD4-cre driven PRMT5 deletion in T cells (PRMT5fl/flCD4-Cre+ mice 

subsequently referred to as KO) or appropriate littermate controls (PRMT5fl/flCD4-Cre- mice, 

subsequently referred to as WT in figures) to GMP/MA (15). We have validated efficient and cell 

specific deletion in this model (see (15)). Quantification of lung inflammation showed significant 

immune cell infiltration in the perivascular and peribronchiolar spaces in GMP/MA challenged 

WT mice (Fig. 2A-B). These mice also developed inducible broncho-associated lymphoid tissue 

(iBALTs) (Fig. 2A, C), a pathological feature implicated in severe allergic airway inflammation 

(23–25). Immune cell infiltration and aggregation around airways and within lung tissue was 

significantly reduced in GMP/MA-challenged KO mice (Fig. 2A-C). Similarly, GMP/MA-

induced mucous cell abundance and airway smooth muscle mass were significantly reduced in 

GMP/MA-challenged KO mice (Fig. 2A, D-E). Lack of airway remodeling and thickening in 

GMP/MA-exposed KO mice was accompanied by decreased AHR compared to WT GMP/MA-

challenged mice (Fig. 2F). These findings demonstrate the importance of CD4 T cell PRMT5 in 

the structural and functional changes during severe allergic airway inflammation. 

 

PRMT5 in T cells promotes mixed granulocytic lung infiltration with eosinophils and 

neutrophils. 

To explore the immunological mechanisms associated with the robust improvements in pathology 

and AHR observed in GMP/MA-challenged KO mice, we evaluated immune infiltrates in the 

BAL. At 7 weeks, WT mice exposed to GMP/MA developed mixed granulocytic inflammation 

characteristic of the model, while similarly exposed KO mice showed an almost complete 

reduction of BAL eosinophils and neutrophils, as well as macrophages (Fig. 3A). Neutrophils 

contribute to lung pathogenesis through release of granules that contain oxidative enzyme activity. 
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Therefore, we evaluated neutrophil myeloperoxidase (MPO) activity, which has been shown to 

serve as a biomarker of neutrophil infiltration in lung tissue. We found that MPO activity was 

substantially decreased in the lung parenchymal tissue of KO mice (Fig. 3B). Eosinophil and 

neutrophil infiltration are promoted by cytokines and chemokines associated with T2 and T17 

immune responses, respectively. We found that BAL IL-4, IL-13, and IL-17A were significantly 

reduced in KO mice, whereas IL-5 and IL-17F did not reach significance (Fig. 3C-G). For T1-

associated cytokines, BAL IFN-γ levels were increased in GMP/MA KO mice and TNF-a was 

significantly reduced in KO mice (Fig. 3H-I). For neutrophil and eosinophil chemoattractants, 

BAL CXCL1 and CCL11 levels were reduced in KO mice (Fig J-K).  

 

PRMT5 deletion in T cells suppresses desmosterol content and Th17 responses in lung 

infiltrating cells. 

The observed decreases in T2 and T17 cytokines suggest that Th2 and Th17 responses that promote 

neutrophil and eosinophil infiltration are impaired after PRMT5 deletion in T cells.  To address 

this, we first evaluated whether loss of PRMT5 on T cells had a non-specific effect on lung T cell 

loss. We found that naïve KO mice had normal lung total CD4 T cell numbers (WT: mean 2.5x105; 

KO: 5x105; supplemental Fig. 2A). In addition, PBS and GMP/MA-exposed KO mice had normal 

naïve Th cell numbers (supplemental Fig. 2B). In contrast, we did observe a decrease in lung 

memory T cells in KO mice exposed to GMP/MA  (supplemental Fig. 2C). While Th1 and Th2 

cell % remained increased in the lung, Th17 cell % in GMP/MA KO was comparable to PBS mice 

(Fig. 4A). Total cell numbers of Th1 and Th2 cells were not significantly decreased while Th17 

cells were robustly suppressed (Fig. 4B). Taken together, these data suggest PRMT5 does not 

directly promote Th1 or Th2 cells, but rather, Th17 cell populations. Our previous work showing 
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PRMT5 deficiency does not impair in vitro Th2 differentiation of isolated naïve CD4 Th cells 

further support this idea (15). We then performed sterol analyses since CPI have been shown to 

drive ROR-gt activity and Th17 differentiation. Indeed, we found reduced levels of the CPI 

desmosterol in lung infiltrating cells and the BAL of GMP/MA-exposed KO mice (Fig. 4C-D). 

This decrease was not due to overall reductions in infiltrating cells, as desmosterol levels were 

normalized to total cholesterol. Other CPI sterols, such as zymosterol, were altered in BAL, but 

not lung infiltrating cells (Supplemental Figure 3A-C). If PRMT5 promotes lung Th17 responses, 

we would expect increased lung ROR-gt expression. Accordingly, we observed a PRMT5-

dependent increase in ROR-gt expression in the lung (Fig. 4E). Overall, these data suggest that 

loss of PRMT5 in T cells impairs biosynthesis of sterols that promote ROR-gt-dependent Th17 

lung responses.  

 

Discussion 

In this manuscript, we identify a key role for PRMT5 as a driver of severe allergic airway 

inflammation. While both PRMT1 and PRMT5 were induced in the GMP/MA lung, we show that 

deletion of PRMT5 in T cells protects mice from severe lung inflammation with mixed 

granulocytic infiltrates, bronchial associated lymphoid tissue development, airway remodeling and 

AHR. In addition, we find that PRMT5 in T cells promotes lung inflammation rich in the CPI 

desmosterol, lung ROR-gt expression, and Th17 cells. Although Th2 cells were not significantly 

decreased in T-PRMT5 KO mice, both T2 (IL-4) and T17 (IL-17A) cytokines were decreased, as 

well as eosinophil and neutrophil infiltration.    
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Increased aginine methylation has been described in models of allergic airway inflammation, as 

well as in human asthma (12, 13). Initial work largely detected ADM during lung inflammation, 

although SDM has also been observed (12, 13). We found that the two major PRMTs catalyzing 

SDM, namely PRMT5, and ADM, namely PRMT1, are induced in lung tissue during GMP/MA 

inflammation. Both SDM and ADM were also increased and may in principle play a role in lung 

disease. Early work showed that the AMI-1 inhibitor initially described as a PRMT1 inhibitor can 

suppress airway inflammation (26). However, AMI-1 has since been shown to suppress PRMT5 

as well, raising the possibility that targeting PRMT5 could mediate beneficial effects. Indeed, we 

find that sole deletion of PRMT5 in T cells is sufficient to halt multiple aspects of severe lung 

inflammation. It is important to note that, at least in T cells, PRMT5 has been found to regulate 

PRMT1 in a positive feedback loop (27–30). Therefore, part of PRMT5’s effects could be 

indirectly mediated by PRMT1 induction.  

 

Loss of PRMT5 in T cells robustly decreased lung infiltrating Th17 cells in the GMP/MA model, 

with minor non-significant decreases in total Th1 and Th2 cells (and no decreases in percentages) 

also observed. We have recently found, using in vitro Th cell differentiation of isolated naïve Th 

cells, that PRMT5 is essential for murine Th17 differentiation (15). In those studies, we observed 

that the decreases in Th17 cell proportion observed in PRMT5 deficient Th cells were not caused 

by Th cell death, reduced proliferation, or gating artifacts (15). In addition, we found that PRMT5 

deletion has less of a profound or no effect on Th1, Th2 and Treg differentiation (15). Overall, 

these results suggest a prominent role for PRMT5 in Th17 differentiation. The main cytokine 

produced by Th17 cells is IL-17A, a pro-neutrophilic cytokine that increases bone marrow 

neutrophil production, as well as neutrophil recruitment into tissues (31). Accordingly, we found 
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reduced neutrophils in PRMT5 KO mice. Interestingly in addition to neutrophils, we observed 

significant reduction in eosinophil infiltration. This leads to the somewhat provocative idea that 

Th17 responses and/or IL-17A is an important driver of both eosinophilic and neutrophilic lung 

infiltration, at least in certain contexts. This idea is supported by observations in fungal allergen 

or mixed allergen models (32–34). Since human allergen exposures are often varied and combined, 

it is possible that these findings are highly significant to human asthma. 

 

We hypothesize that the molecular mechanism by which PRMT5 in T cells regulates Th17 

responses in lung inflammation is via modulation of cholesterol metabolism. Sterols are 

increasingly recognized as active lipid mediators of importance in immune and other biological 

processes. Several precursors to cholesterol, as well as cholesterol itself, have strong ROR-gt 

agonistic activity and drive Th17 differentiation (15, 35, 36). In particular, desmosterol is a highly 

active ROR-gt agonist and we found it increased in infiltrating cells from GMP/MA challenged 

mice, while its BAL and infiltrating cell levels were reduced in KO mice. Since we analyzed 

mononuclear cells isolated by Percoll gradient, T cells likely contribute to this desmosterol 

increase. We have previously observed T-cell specific decreases in cholesterol pathway 

biosynthesis enzymes Lss, Cyp51a, Tm7sf2, Nsdhl, Msmo1 and Sc5d after PRMT5 deletion (15), 

as well as loss of ROR-gt activity in T cells after PRMT5 knockdown (15). ROR-gt activity was 

also decreased in GMP/MA lungs of T cell PRMT5 KO mice. Overall, our results and prior 

literature suggest that reductions in cellular desmosterol content during severe airway 

inflammation may promote Th17 responses in the lung.  
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In addition to the control of adaptive immune responses, cholesterol and fatty acid metabolism 

changes in innate immune cells have been shown to modulate their activity. TLR signaling in 

macrophages induces metabolic reprogramming in macrophages, with increased lanosterol and 

desmosterol levels (37, 38). These changes can dampen inflammatory signals while increasing the 

microbial activity of macrophages (37, 38). On the other hand, excess cholesterol levels in DCs 

and macrophages have been observed to drive NLPR3 inflammasome activation, production of 

pro-inflammatory cytokines such as IL-1b and lymphocyte activation (39, 40). However, 

deficiencies in serum proteins (i.e. apolipoproteins) and/or receptors known to facilitate cholesterol 

uptake have been associated with increased neutrophilia and Th17 responses in asthma (41–45). 

In humans, cholesterol targeting statin drugs are often considered to have anti-inflammatory 

effects. However, several statin trials in did not observe clinical asthma improvements (46). More 

recently, three large studies retrospective studies encompassing more than 100,000 patients 

showed a reduction in emergency visits for statin-treated asthmatic patients (47–49, 49), 

suggesting cholesterol metabolism may contribute to severe asthma where exacerbations and 

hospitalizations are frequent. Overall, these studies highlight the need of additional research to 

better understand the roles and mechanisms by which cholesterol metabolism and its therapeutic 

modulation play during immune responses and asthma.  

 

In summary, our work demonstrates the importance of T cell PRMT5 in severe allergic lung 

inflammation and has potential implications for the pathogenesis and therapeutic targeting of 

severe asthma, particularly asthma with mixed eosinophilic and neutrophilic infiltration. Since 

small molecule PRMT5 inhibitors have been developed and are currently being evaluated in 
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clinical trials, they may serve as therapeutic options for asthma patients and others with Th17-

mediated diseases.  

 

Figure Legends 

 

Figure 1. PRMT5 expression and activity are increased during severe airway inflammation and 

positively correlate with IL-17 responses. (A) Schematic of the GMP/MA allergic airway 

inflammation model: C57Bl6/J mice are exposed to c-di-GMP and mixed allergen (MA: 10 ug 

each of Aspergillus fumigatus, Alternaria  alternata, house dust mite and ovalbumin) 3x/week for 

7 weeks and analyses are performed at 7 weeks. (B-E) Representative blot and quantification of 

PRMT1 (B), PRMT5 (C) protein expression, PRMT1’s asymmetric dimethylation (ADM) mark 

(D) and PRMT5’s symmetric dymethylation (SDM) mark (E), all evaluated by Western blot, in 

whole lung lysate (n= 6-9/group, pooled from two independent experiments, ****p<0.0001, 

unpaired t test). (F-G) Pearson correlation analysis of bronchoalvolar lavage (BAL) IL-17 and 

either PRMT5 (F) or its methylation mark (G). Data from n= 21, pooled from two independent 

experiments, stats. *p<0.5, ***p<0.001. 

 

Figure 2. PRMT5 is key for development of prominent pathological features and airway 

hyperresponsiveness (AHR). Wild-type control (T-PRMT5fl/fl) and CD4 PRMT5 KO (T-

PRMT5fl/flCD4-cre) mice were exposed to GMP/MA for 7 weeks and evaluated for lung pathology 

and AHR. (A-B) Lung inflammation and (C) iBALT formation are reduced in CD4 PRMT5 KO 

mice. Structural changes including (D) mucous cell abundance and (E) airway smooth muscle 
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mass are reduced in CD4 PRMT5 KO mice. (F) AHR fails to increase in CD4 PRMT5 KO mice 

challenged with GMP/MA. Data are presented as mean ± SE, n=6-12/group. * p<0.05.   

 

Figure 3. PRMT5fl/flCD4-cre+ (KO) and PRMT5fl/flCD4-cre- (corresponding functional wild-type 

control, labeled WT) mice  were exposed to GMP/MA for 7 weeks and evaluated for (A) BAL 

infiltrating cells (n= 7-9, pooled from >/= 3 independent experiments, * p<0.05, ANOVA followed 

by Tukey’s multiple comparison), (B) lung neutrophil myeloperoxidase activity (n=9-15/group, 

pooled from >/= 3 independent experiments, **** p<0.0001 ANOVA followed by Tukey’s 

multiple comparison of slopes). (C-K) BAL cytokines and chemokine levels are reduced in KO 

mice. T2 cytokines: (C) IL-4 , (D) IL-5, (E) IL-13; T17 cytokines: (F) IL-17A and (G) IL-17F; T1 

cytokines (H) IFN-g and (I) TNF-a; Chemokines: (J) Eotaxin and (K) CXCL1. Data are presented 

as mean ± SE, n=8-9/group. * p<0.05.  

 

Figure 4. PRMT5fl/flCD4-cre+ (KO) and PRMT5fl/flCD4-cre- (WT, corresponding functional wild-

type control) mice  were exposed to GMP/MA for 7 weeks and evaluated for (A-B) lung infiltrating 

Th1, Th2 and Th17 cell % (A) and cell number (B) by flow cytometry (n= 5-6, pooled from >/= 3 

independent experiments, * p<0.05, ** p<0.01, **** p<0.0001, ANOVA followed by Tukey’s 

multiple comparison), (C-D) CPI desmosterol, normalized to total cholesterol, in lung infiltrating 

cells (C) and BAL (D) (n= 5-6, pooled from two independent experiments, * p<0.05, ANOVA 

followed by Sidak’s multiple comparison) and (E) ROR-gt protein expression in whole lung by 

Western blot. n= 6-9, pooled from two independent experiments, * p<0.05, ** p<0.01, ANOVA 

followed by Sidak’s multiple comparison test, * p<0.05.  

 

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted October 14, 2021. ; https://doi.org/10.1101/2021.10.13.464281doi: bioRxiv preprint 

https://doi.org/10.1101/2021.10.13.464281
http://creativecommons.org/licenses/by-nc-nd/4.0/


References 

1. Centers For Disease Control. CDC Asthma Statistics. 
http://www.cdc.gov/asthma/most_recent_data.htm.  
2. Yaghoubi, M., A. Adibi, A. Safari, J. M. FitzGerald, and M. Sadatsafavi. 2019. The Projected 
Economic and Health Burden of Uncontrolled Asthma in the United States. American Journal of 
Respiratory and Critical Care Medicine 200: 1102–1112. 
3. Barry, L. E., J. Sweeney, C. O’Neill, D. Price, and L. G. Heaney. 2017. The cost of systemic 
corticosteroid-induced morbidity in severe asthma: a health economic analysis. Respiratory 
Research 18: 129. 
4. Smith, D. H., D. C. Malone, K. A. Lawson, L. J. Okamoto, C. Battista, and W. B. Saunders. 
1997. A national estimate of the economic costs of asthma. American Journal of Respiratory and 
Critical Care Medicine 156: 787–793. 
5. Bahadori, K., M. M. Doyle-Waters, C. Marra, L. Lynd, K. Alasaly, J. Swiston, and J. M. 
FitzGerald. 2009. Economic burden of asthma: a systematic review. BMC Pulm Med 9: 24. 
6. Israel, E., and H. K. Reddel. 2017. Severe and Difficult-to-Treat Asthma in Adults. New 
England Journal of Medicine 377: 965–976. 
7. Moore, W. C., A. T. Hastie, X. Li, H. Li, W. W. Busse, N. N. Jarjour, S. E. Wenzel, S. P. 
Peters, D. A. Meyers, E. R. Bleecker, and National Heart, Lung, and Blood Institute’s Severe 
Asthma Research Program. 2014. Sputum neutrophil counts are associated with more severe 
asthma phenotypes using cluster analysis. The Journal of Allergy and Clinical Immunology 133: 
1557-1563.e5. 
8. Wu, W., E. Bleecker, W. Moore, W. W. Busse, M. Castro, K. F. Chung, W. J. Calhoun, S. 
Erzurum, B. Gaston, E. Israel, D. Curran-Everett, and S. E. Wenzel. 2014. Unsupervised 
phenotyping of Severe Asthma Research Program participants using expanded lung data. The 
Journal of Allergy and Clinical Immunology 133: 1280–1288. 
9. Moore, W. C., D. A. Meyers, S. E. Wenzel, W. G. Teague, H. Li, X. Li, R. D’Agostino, M. 
Castro, D. Curran-Everett, A. M. Fitzpatrick, B. Gaston, N. N. Jarjour, R. Sorkness, W. J. 
Calhoun, K. F. Chung, S. A. A. Comhair, R. A. Dweik, E. Israel, S. P. Peters, W. W. Busse, S. 
C. Erzurum, and E. R. Bleecker. 2010. Identification of Asthma Phenotypes Using Cluster 
Analysis in the Severe Asthma Research Program. Am J Respir Crit Care Med 181: 315–323. 
10. Yang, Y., and M. T. Bedford. 2013. Protein arginine methyltransferases and cancer. Nature 
Reviews Cancer 13: 37–50. 
11. Sengupta, S., A. Kennemer, K. Patrick, P. Tsichlis, and M. Guerau-de-Arellano. 2020. 
Protein Arginine Methyltransferase 5 in T Lymphocyte Biology. Trends in Immunology 41: 918–
931. 
12. Ahmad, T., U. Mabalirajan, B. Ghosh, and A. Agrawal. 2010. Altered asymmetric dimethyl 
arginine metabolism in allergically inflamed mouse lungs. Am J Respir Cell Mol Biol 42: 3–8. 
13. Scott, J. A., M. L. North, M. Rafii, H. Huang, P. Pencharz, P. Subbarao, J. Belik, and H. 
Grasemann. 2011. Asymmetric dimethylarginine is increased in asthma. Am J Respir Crit Care 
Med 184: 779–785. 
14. Raundhal, M., C. Morse, A. Khare, T. B. Oriss, J. Milosevic, J. Trudeau, R. Huff, J. Pilewski, 
F. Holguin, J. Kolls, S. Wenzel, P. Ray, and A. Ray. 2015. High IFN-γ and low SLPI mark 
severe asthma in mice and humans. J Clin Invest 125: 3037–3050. 
15. Webb, L. M., S. Sengupta, C. Edell, Z. L. Piedra-Quintero, S. A. Amici, J. N. Miranda, M. 
Bevins, A. Kennemer, G. Laliotis, P. N. Tsichlis, and M. Guerau-de-Arellano. 2020. Protein 

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted October 14, 2021. ; https://doi.org/10.1101/2021.10.13.464281doi: bioRxiv preprint 

https://doi.org/10.1101/2021.10.13.464281
http://creativecommons.org/licenses/by-nc-nd/4.0/


arginine methyltransferase 5 promotes cholesterol biosynthesis–mediated Th17 responses and 
autoimmunity. J Clin Invest 130: 1683–1698. 
16. Brandon W. Lewis, D. Jackson, S. A. Amici, J. Walum, M. Guesses, S. Guessas, E. 
Coneglio, A. Boda, M. Guerau-de-Arellano, M. H. Grayson, and R. D. Britt. Corticosteroid 
Insensitivity Persists in the Absence of STAT1 Signaling in Severe Allergic Airway 
Inflammation. American Journal of Physiology-Lung, Cellular and Molecular Physiology In 
Review. 
17. Chen, Z., H. Wang, C. D’Souza, S. Sun, L. Kostenko, S. B. G. Eckle, B. S. Meehan, D. C. 
Jackson, R. A. Strugnell, H. Cao, N. Wang, D. P. Fairlie, L. Liu, D. I. Godfrey, J. Rossjohn, J. 
McCluskey, and A. J. Corbett. 2017. Mucosal-associated invariant T-cell activation and 
accumulation after in vivo infection depends on microbial riboflavin synthesis and co-
stimulatory signals. Mucosal Immunol 10: 58–68. 
18. Lewis, B. W., R. Sultana, R. Sharma, A. Noël, I. Langohr, S. Patial, A. L. Penn, and Y. Saini. 
2017. Early Postnatal Secondhand Smoke Exposure Disrupts Bacterial Clearance and Abolishes 
Immune Responses in Muco-Obstructive Lung Disease. The Journal of Immunology 199: 1170–
1183. 
19. Lewis, B. W., I. Choudhary, K. Paudel, Y. Mao, R. Sharma, Y. Wang, J. S. Deshane, R. C. 
Boucher, S. Patial, and Y. Saini. 2020. The Innate Lymphoid System Is a Critical Player in the 
Manifestation of Mucoinflammatory Airway Disease in Mice. The Journal of Immunology 205: 
1695–1708. 
20. Pulli, B., M. Ali, R. Forghani, S. Schob, K. L. C. Hsieh, G. Wojtkiewicz, J. J. Linnoila, and J. 
W. Chen. 2013. Measuring Myeloperoxidase Activity in Biological Samples. PLoS One 8. 
21. Tallman, K. A., L. B. Allen, K. B. Klingelsmith, A. Anderson, T. C. Genaro-Mattos, K. 
Mirnics, N. A. Porter, and Z. Korade. 2021. Prescription Medications Alter Neuronal and Glial 
Cholesterol Synthesis. ACS Chem. Neurosci. 12: 735–745. 
22. Webb, L. M., J. Narvaez Miranda, S. A. Amici, S. Sengupta, G. Nagy, and M. Guerau-de-
Arellano. 2019. NF-κB/mTOR/MYC Axis Drives PRMT5 Protein Induction After T Cell 
Activation via Transcriptional and Non-transcriptional Mechanisms. Frontiers in Immunology 
10: 524. 
23. Tschernig, T., R. Pabst, F. Prenzler, S. Rittinghausen, A. Braun, and J. M. Hohlfeld. 2018. 
Isolated aggregates of lymphoid cells in the inner bronchial wall in asthma patients. Cell Tissue 
Res 374: 423–425. 
24. Guest, I. C., and S. Sell. 2015. Bronchial lesions of mouse model of asthma are preceded by 
immune complex vasculitis and induced bronchial associated lymphoid tissue (iBALT). Lab 
Invest 95: 886–902. 
25. Hirahara, K., K. Shinoda, Y. Endo, T. Ichikawa, and T. Nakayama. 2018. Maintenance of 
memory-type pathogenic Th2 cells in the pathophysiology of chronic airway inflammation. 
Inflammation and Regeneration 38: 10. 
26. Sun, Q., X. Yang, B. Zhong, F. Jiao, C. Li, D. Li, X. Lan, J. Sun, and S. Lu. 2012. 
Upregulated protein arginine methyltransferase 1 by IL-4 increases eotaxin-1 expression in 
airway epithelial cells and participates in antigen-induced pulmonary inflammation in rats. J 
Immunol 188: 3506–3512. 
27. Castellano, S., C. Milite, R. Ragno, S. Simeoni, A. Mai, V. Limongelli, E. Novellino, I. 
Bauer, G. Brosch, A. Spannhoff, D. Cheng, M. T. Bedford, and G. Sbardella. 2010. Design, 
synthesis and biological evaluation of carboxy analogues of arginine methyltransferase inhibitor 
1 (AMI-1). ChemMedChem 5: 398–414. 

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted October 14, 2021. ; https://doi.org/10.1101/2021.10.13.464281doi: bioRxiv preprint 

https://doi.org/10.1101/2021.10.13.464281
http://creativecommons.org/licenses/by-nc-nd/4.0/


28. Dong, S.-H., X. Wang, S.-C. Tian, N.-Q. Ma, X.-Y. Zhang, Y. Liu, B.-L. Zhang, and Y.-J. 
Wu. 2018. Arginine methyltransferase inhibitor 1 exhibits antitumor effects against cervical 
cancer in vitro and in vivo. Pharmazie 73: 269–273. 
29. Zhang, B., X. Chen, S. Ge, C. Peng, S. Zhang, X. Chen, T. Liu, and W. Zhang. 2018. 
Arginine methyltransferase inhibitor-1 inhibits sarcoma viability in vitro and in vivo. Oncol Lett 
16: 2161–2166. 
30. Zhang, B., S. Dong, R. Zhu, C. Hu, J. Hou, Y. Li, Q. Zhao, X. Shao, Q. Bu, H. Li, Y. Wu, X. 
Cen, and Y. Zhao. 2015. Targeting protein arginine methyltransferase 5 inhibits colorectal cancer 
growth by decreasing arginine methylation of eIF4E and FGFR3. Oncotarget 6: 22799–22811. 
31. Lindén, A., M. Laan, and G. P. Anderson. 2005. Neutrophils, interleukin-17A and lung 
disease. European Respiratory Journal 25: 159–172. 
32. Murdock, B. J., N. R. Falkowski, A. B. Shreiner, A. A. Sadighi Akha, R. A. McDonald, E. S. 
White, G. B. Toews, and G. B. Huffnagle. 2012. Interleukin-17 Drives Pulmonary Eosinophilia 
following Repeated Exposure to Aspergillus fumigatus Conidia. Infect Immun 80: 1424–1436. 
33. Kim, D., J. W. McAlees, L. J. Bischoff, D. Kaur, L. K. Houshel, J. Gray, J. Hargis, X. Davis, 
P. L. Dudas, H. Deshmukh, and I. P. Lewkowich. 2019. Combined administration of anti-IL-13 
and anti-IL-17A at individually sub-therapeutic doses limits asthma-like symptoms in a mouse 
model of Th2/Th17 high asthma. Clin Exp Allergy 49: 317–330. 
34. Dias, P. M., and G. Banerjee. 2013. The role of Th17/IL-17 on eosinophilic inflammation. J 
Autoimmun 40: 9–20. 
35. Hu, X., Y. Wang, L.-Y. Hao, X. Liu, C. A. Lesch, B. M. Sanchez, J. M. Wendling, R. W. 
Morgan, T. D. Aicher, L. L. Carter, P. L. Toogood, and G. D. Glick. 2015. Sterol metabolism 
controls T H 17 differentiation by generating endogenous RORγ agonists. Nature Chemical 
Biology 11: 141–147. 
36. Santori, F. R., P. Huang, S. A. van de Pavert, E. F. Douglass, D. J. Leaver, B. A. Haubrich, 
R. Keber, G. Lorbek, T. Konijn, B. N. Rosales, D. Rozman, S. Horvat, A. Rahier, R. E. Mebius, 
F. Rastinejad, W. D. Nes, and D. R. Littman. 2015. Identification of natural RORγ ligands that 
regulate the development of lymphoid cells. Cell Metabolism 21: 286–298. 
37. Araldi, E., M. Fernández-Fuertes, A. Canfrán-Duque, W. Tang, G. W. Cline, J. Madrigal-
Matute, J. S. Pober, M. A. Lasunción, D. Wu, C. Fernández-Hernando, and Y. Suárez. 2017. 
Lanosterol Modulates TLR4-Mediated Innate Immune Responses in Macrophages. Cell Rep 19: 
2743–2755. 
38. Spann, N. J., L. X. Garmire, J. G. McDonald, D. S. Myers, S. B. Milne, N. Shibata, D. 
Reichart, J. N. Fox, I. Shaked, D. Heudobler, C. R. H. Raetz, E. W. Wang, S. L. Kelly, M. C. 
Sullards, R. C. Murphy, A. H. Merrill, H. A. Brown, E. A. Dennis, A. C. Li, K. Ley, S. Tsimikas, 
E. Fahy, S. Subramaniam, O. Quehenberger, D. W. Russell, and C. K. Glass. 2012. Regulated 
accumulation of desmosterol integrates macrophage lipid metabolism and inflammatory 
responses. Cell 151: 138–152. 
39. de la Roche, M., C. Hamilton, R. Mortensen, A. A. Jeyaprakash, S. Ghosh, and P. K. Anand. 
2018. Trafficking of cholesterol to the ER is required for NLRP3 inflammasome activation. 
Journal of Cell Biology 217: 3560–3576. 
40. Westerterp, M., E. L. Gautier, A. Ganda, M. M. Molusky, W. Wang, P. Fotakis, N. Wang, G. 
J. Randolph, V. D. D’Agati, L. Yvan-Charvet, and A. R. Tall. 2017. Cholesterol Accumulation 
in Dendritic Cells Links the Inflammasome to Acquired Immunity. Cell Metab 25: 1294-
1304.e6. 

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted October 14, 2021. ; https://doi.org/10.1101/2021.10.13.464281doi: bioRxiv preprint 

https://doi.org/10.1101/2021.10.13.464281
http://creativecommons.org/licenses/by-nc-nd/4.0/


41. Barochia, A. V., M. Kaler, R. A. Cuento, E. M. Gordon, N. A. Weir, M. Sampson, J. R. 
Fontana, S. MacDonald, J. Moss, V. Manganiello, A. T. Remaley, and S. J. Levine. 2015. Serum 
apolipoprotein A-I and large high-density lipoprotein particles are positively correlated with 
FEV1 in atopic asthma. Am J Respir Crit Care Med 191: 990–1000. 
42. Dai, C., X. Yao, B. Vaisman, T. Brenner, K. S. Meyer, M. Gao, K. J. Keeran, G. Z. Nugent, 
X. Qu, Z.-X. Yu, P. K. Dagur, J. P. McCoy, A. T. Remaley, and S. J. Levine. 2014. ATP-binding 
cassette transporter 1 attenuates ovalbumin-induced neutrophilic airway inflammation. Am J 
Respir Cell Mol Biol 51: 626–636. 
43. Reece, S. W., S. Varikuti, B. Kilburg-Basnyat, K. Dunigan-Russell, M. X. Hodge, B. Luo, J. 
H. Madenspacher, S. Y. Thomas, D. A. Tokarz, R. M. Tighe, D. N. Cook, M. B. Fessler, and K. 
M. Gowdy. 2021. Scavenger Receptor BI Attenuates IL-17A-Dependent Neutrophilic 
Inflammation in Asthma. Am J Respir Cell Mol Biol 64: 698–708. 
44. Draper, D. W., K. M. Gowdy, J. H. Madenspacher, R. H. Wilson, G. S. Whitehead, H. 
Nakano, A. R. Pandiri, J. F. Foley, A. T. Remaley, D. N. Cook, and M. B. Fessler. 2012. ATP 
binding cassette transporter G1 deletion induces IL-17-dependent dysregulation of pulmonary 
adaptive immunity. J Immunol 188: 5327–5336. 
45. Yao, X., K. Fredriksson, Z.-X. Yu, X. Xu, N. Raghavachari, K. J. Keeran, G. J. Zywicke, M. 
Kwak, M. J. A. Amar, A. T. Remaley, and S. J. Levine. 2010. Apolipoprotein E negatively 
regulates house dust mite-induced asthma via a low-density lipoprotein receptor-mediated 
pathway. Am J Respir Crit Care Med 182: 1228–1238. 
46. Bhattacharjee, D., B. Chogtu, and R. Magazine. 2015. Statins in Asthma: Potential Beneficial 
Effects and Limitations. Pulmonary Medicine 2015: e835204. 
47. Tse, S. M., L. Li, M. G. Butler, V. Fung, E. O. Kharbanda, E. K. Larkin, W. M. Vollmer, I. 
Miroshnik, D. Rusinak, S. T. Weiss, T. Lieu, and A. C. Wu. 2013. Statin Exposure Is Associated 
with Decreased Asthma-related Emergency Department Visits and Oral Corticosteroid Use. Am J 
Respir Crit Care Med 188: 1076–1082. 
48. Huang, C.-C., W.-L. Chan, Y.-C. Chen, T.-J. Chen, K.-T. Chou, S.-J. Lin, J.-W. Chen, and 
H.-B. Leu. 2011. Statin use in patients with asthma: a nationwide population-based study. Eur J 
Clin Invest 41: 507–512. 
49. Wang, J.-Y., T.-C. Yao, Y.-T. Tsai, A. C. Wu, and H.-J. Tsai. 2018. Increased Dose and 
Duration of Statin Use Is Associated with Decreased Asthma-Related Emergency Department 
Visits and Hospitalizations. The Journal of Allergy and Clinical Immunology: In Practice 6: 
1588-1595.e1. 
 

 

 

 

 

 

 

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted October 14, 2021. ; https://doi.org/10.1101/2021.10.13.464281doi: bioRxiv preprint 

https://doi.org/10.1101/2021.10.13.464281
http://creativecommons.org/licenses/by-nc-nd/4.0/


Figure 1.  

 

Figure 1. PRMT5 expression and activity are increased during severe airway inflammation and 

positively correlate with IL-17 responses. (A) Schematic of the GMP/MA allergic airway 

inflammation model: C57Bl6/J mice are exposed to c-di-GMP and mixed allergen (MA: 10 ug 

each of Aspergillus fumigatus, Alternaria  alternata, house dust mite and ovalbumin) 3x/week for 

7 weeks and analyses are performed at 7 weeks. (B-E) Representative blot and quantification of 

PRMT1 (B), PRMT5 (C) protein expression, PRMT1’s asymmetric dimethylation (ADM) mark 

(D) and PRMT5’s symmetric dymethylation (SDM) mark (E), all evaluated by Western blot, in 
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whole lung lysate (n= 6-9/group, pooled from two independent experiments, ****p<0.0001, 

unpaired t test). (F-G) Pearson correlation analysis of bronchoalvolar lavage (BAL) IL-17 and 

either PRMT5 (F) or its methylation mark (G). Data from n= 21, pooled from two independent 

experiments, stats. *p<0.5, ***p<0.001. 

 

  

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted October 14, 2021. ; https://doi.org/10.1101/2021.10.13.464281doi: bioRxiv preprint 

https://doi.org/10.1101/2021.10.13.464281
http://creativecommons.org/licenses/by-nc-nd/4.0/


Figure 2. 

 

Figure 2. PRMT5 is key for development of prominent pathological features and airway 

hyperresponsiveness (AHR). Wild-type control (T-PRMT5fl/fl) and CD4 PRMT5 KO (T-

PRMT5fl/flCD4-cre) mice were exposed to GMP/MA for 7 weeks and evaluated for lung pathology 

and AHR. (A-B) Lung inflammation and (C) iBALT formation are reduced in CD4 PRMT5 KO 

mice. Structural changes including (D) mucous cell abundance and (E) airway smooth muscle 

mass are reduced in CD4 PRMT5 KO mice. (F) AHR fails to increase in CD4 PRMT5 KO mice 

challenged with GMP/MA. Data are presented as mean ± SE, n=6-12/group. * p<0.05.   
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Figure 3.  

 

Figure 3. PRMT5fl/flCD4-cre+ (KO) and PRMT5fl/flCD4-cre- (corresponding functional wild-type 

control, labeled WT) mice  were exposed to GMP/MA for 7 weeks and evaluated for (A) BAL 

infiltrating cells (n= 7-9, pooled from >/= 3 independent experiments, * p<0.05, ANOVA followed 

by Tukey’s multiple comparison), (B) lung neutrophil myeloperoxidase activity (n=9-15/group, 

pooled from >/= 3 independent experiments, **** p<0.0001 ANOVA followed by Tukey’s 

multiple comparison of slopes). (C-K) BAL cytokines and chemokine levels are reduced in KO 

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted October 14, 2021. ; https://doi.org/10.1101/2021.10.13.464281doi: bioRxiv preprint 

https://doi.org/10.1101/2021.10.13.464281
http://creativecommons.org/licenses/by-nc-nd/4.0/


mice. T2 cytokines: (C) IL-4 , (D) IL-5, (E) IL-13; T17 cytokines: (F) IL-17A and (G) IL-17F; T1 

cytokines (H) IFN-g and (I) TNF-a; Chemokines: (J) Eotaxin and (K) CXCL1. Data are presented 

as mean ± SE, n=8-9/group. * p<0.05.  
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Figure 4.  

 

Figure 4. PRMT5fl/flCD4-cre+ (KO) and PRMT5fl/flCD4-cre- (WT, corresponding functional wild-

type control) mice  were exposed to GMP/MA for 7 weeks and evaluated for (A-B) lung infiltrating 

Th1, Th2 and Th17 cell % (A) and cell number (B) by flow cytometry (n= 5-6, pooled from >/= 3 

independent experiments, * p<0.05, ** p<0.01, **** p<0.0001, ANOVA followed by Tukey’s 

multiple comparison), (C-D) CPI desmosterol, normalized to total cholesterol, in lung infiltrating 

cells (C) and BAL (D) (n= 5-6, pooled from two independent experiments, * p<0.05, ANOVA 

followed by Sidak’s multiple comparison) and (E) ROR-gt protein expression in whole lung by 

Western blot. (n= 6-9, pooled from two independent experiments, * p<0.05, ** p<0.01, ANOVA 

followed by Sidak’s multiple comparison test, * p<0.05.  
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