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The complex allergen house dust mite (HDM) dramatically 

increases the abundance of the autophagy cargo adapter SQSTM1

in macrophages and engages an endoplasmic reticulum-associated

non-degradative autophagy mechanism. 

Hongjuan Gao1,2, Xiulan Qi1,2, Marc Y Fink1,2, William Jackson 1, Achsah D. Keegan1, 2, 3
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Conclusions

• HDM induces double membraned vesicles. 

• Treatment with HDM caused a general increase in LC3-I and LC3-

II without a substantial change in the LC3-II to LC3-I ratio while 

LC3-I is converted to membrane-associated LC3-II when treated 

with Torin 1, an inducer of autophagy.

• p62 increased dramatically in response to HDM while 62 

decreased in BMM treated with Torin 1.

• The HDM-induced increase in p62 is mediated in part by new 

protein synthesis; HDM did not inhibit classically induced p62 

degradation.  

• HDM stimulated the accumulation of SQSTM1 in the ER indicating  

ER stress. 

These results suggest that HDM dramatically increases SQSTM1 in

macrophages and engages in an ER-associated non degradative 

autophagy mechanism. 
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Polarization of macrophages to an M1 or M2 

phenotype

Figure 1. Diagram of macrophage polarization.  

Macrophages exposed to strong inflammatory signals, 

such as LPS or IFN-γ, adopt an M1, or classically 

activated, macrophage phenotype.  M2, or alternatively 

activated, macrophages are macrophages that 

differentiate upon exposure to the cytokines IL-4 or IL-

13.  While M1 macrophages are considered 

microbicidal and tumoricidal, M2 macrophages are 

associated with wound healing and considered tumor 

permissive.

Figure 2. Diagram of HDM-induced immune response.  

(A)  Once inhaled, HDM triggers cytokine production and 

release of DAMPs from lung epithelial cells. (B) Dendritic

cells are activated in the presence of these DAMPs and 

HDM AAMPs. (C) The activated dendritic cells migrate to 

the draining lymph node and stimulate naïve CD4+ T-cells 

to become Th2 effectors.  (D)  Th2 effectors migrate to the 

site of inflammation and secret cytokines that lead to 

eosinophil recruitment, chemokine production, and mucus 

secretion, which results in the characteristic systems of 

asthma, including wheezing, shortness of breath, and 

coughing.  (E)  It is not yet understood how macrophages 

respond to HDM.

HDM elicits an immune response

Electron Microscopy of BMM after treatment with HDM 

P259

Autophagy is an essential homeostatic process directing lysosomal degradation of 

cytosolic components. Autophagic mechanisms have been linked to allergic asthma 

and macrophage phenotypes, however the contribution of degradative autophagy to 

these processes is unclear. In this study, we evaluated the direct effect of the major 

human allergen, house dust mite (HDM), on responses in macrophages.

Autophagy foci formation in response to HDM 

Introduction

Results

Western blotting of LC3A/B and SQSTM1/p62 in 

BMM treated with HDM 

Western blotting of LC3A/B and p62 in BMM treated with 

HDM with or without Actinomycin D or Cycloheximide

Figure 6. Increases in SQSTM1 stimulated by HDM require new RNA and protein 

synthesis. calreticulin. BMM were cultured in the presence or absence of actinomycin D 

(5 µg/ml) (A) or cycloheximide (20 µg/ml) (B) for one hour. They were then treated with HDM 

(100 µg/ml) for the indicated times. Cell lysates were prepared and analyzed by SDS-PAGE 

followed by western blotting. Blots were probed with anti-LC3, anti-SQSTM1, or anti-

calreticulin.  

Figure 8. Microscopy images of RAW-Difluo mLC3 cells. 

A. RAW-Difluo mLC3 cells were cultured in the presence or absence of HDM (100 mg/ml) and 

Torin1 (250 nM) in complete media, or in EBSS as indicated for various times (6 or 16 hours). 

Fluorescent images were taken under GFP and RFP channels. B. The number of red, green, and 

yellow foci per cell were enumerated as described in Materials and Methods. The data are expressed 

as mean +/- SEM (n=3). Statistical analysis was performed using GraphPad Prism. C. RAW-Difluo

mLC3 cells were treated with HDM and Torin 1 as described (A) for 16 hrs. The cells were evaluated 

by Flow cytometry for RFP and GFP expression. The GFP intensity in viable, RFP positive cells is 

shown.   

Figure 9. Co-localization of SQSTM1 with calreticulin in HDM-treated Raw264.7

RAW-264.7 cells were cultured in the presence or absence of HDM (100 mg/ml) or Torin1 (250 nM) 

in complete media for 16 hours. The cells were fixed, permeabilized, and stained with antibodies to 

SQSTM1 and calreticulin. A. Fluorescent images were captured on the Echo Revolve microscope. 

B. The percentage of cells demonstrating red (SQSTM1+), green (calreticulin+), or yellow 

(SQSTM1+calreticulin+) foci was calculated. The data are expressed as mean +/- SEM (n=3). Two-

way ANOVA analysis was performed using GraphPad Prism. * p ≤ 0.05; ** p≤ 0.01

GFP and RFP of LC3B in RAW-Difluo cells 

treated with HDM with or without EBSS or Torin 1

+

SQSTM1 and calreticulin colocalized  in Raw 264.7 

after HDM treatment

Figure 3. HDM induces markers of autophagy in bone-marrow derived macrophages.

A. BMM were cultured in the presence or absence of HDM (100 mg/ml) or Torin 1 (250 nm) for 

16 hours.  The cells were stained using the CYTO-ID Autophagy Detection Kit as described by 

the manufacturer.  Images were obtained on a Confocal microscope (60X).  B. BMM were cultured 

in the presence or absence of HDM (100 mg/ml) or polymyxin B (PMB, 50 µg/ml) as indicated for 

40 hrs.  The cells were stained using the CYTO-ID Autophagy Detection Kit as described by the 

manufacturer.  BMM images were acquired in the INSPIRE™ software on the ImagestreamX Mark II 

imaging glow cytometer (Amnis Corporation, Seattle, WA) in the Baltimore Veterans Affairs Research 

Core at 60X magnification. C. The intensity of the autophagy dye in each cell was (10,000 cells)  

calculated by the IDEAS software and expressed as the mean intensity of each group. 

Figure 4. Electron microscopy of macrophages.

A. BMM were cultured in the presence or absence of HDM (100 mg/ml) or Torin 1 (250 nm) for 

16 hours.  Electron microscopy images were obtained by the Electron Microscopy Core Laboratory in 

the CIBR. Representative images are shown. At high power (21000X) the arrow points to the     

ultrastructure inside the vesicle.  B. The number of vesicles in individual cells was counted at low power. 

The average number of vesicles per cell is shown (n=30, media; n=30, HDM; n=7, Torin1). Statistical 

analysis (one-way Anova) was performed using GraphPad Prism software. Error bars represent 

mean ± SEM. 

Western blotting of LC3A/B and p62 in RAW264.7

treated with HDM, EBSS or Torin 1.

Figure 5. Western blot analysis of LC3 I, LC3 II and SQSTM1. 

BMM were treated with HDM (100 mg/ml), Torin 1(250 nM) or HDM plus Torin1 as indicated for 

2 hrs, 6 hrs and 16 hrs. Total protein was extracted and LC3 I/LC3 II and SQSTM1 (p62) were 

detected by immunoblotting. Calreticulin was used as loading control. The same blot was used 

to detect all the proteins after stripping.

Figure 7. Western blot analysis of LC3I/II, NBR1 and SQSTM1 and Q-RTPCR of SQSTM1 in 

Raw 264.7 cells. A. RAW 264.7 cells were cultured in the presence or absence of HDM (100 mg/ml)

in complete media, or in EBSS as indicated for 6 hrs. Left, Cell lysates were evaluated by western 

blotting.  Blots were probed with anti-LC3, anti-NBR1, anti-SQSTM1, and anti-calreticulin 

sequentially.  Right, densitometry was performed on western blots and plotted as the relative ratio 

of LC3II/LC3I, NBR1/calreticulin, or SQSTM1/calreticulin normalized to the untreated controls. 

B. RAW 267.4 cells were cultured in the presence or absence of HDM (100 mg/ml) or 

Torin1 (250 nM) as indicated for 16 hrs. Left, Cell lysates were evaluated by western 

blotting. Blots were probed with anti-LC3, anti-NBR1, anti-SQSTM1, or anti-calreticulin.  

Right, densitometry was performed as described in A. C. RAW 264.7 cells were cultured in the 

presence or absence of HDM or Torin 1 in complete media or in EBSS as indicated for 5 hrs.  

Cells were harvested for RNA extraction for Q-RT-PCR using primers specific for SQSTM1. D. 

Q-RT-PCR using primers specific for nbr1 using the same sample and protocol as figure C.  Data are 

presented as fold changes relative to the basal expression and represent mean of quadruplicate 

samples ± S.D. 


