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Dibutyl phthalate aggravated allergic asthma through endoplasmic reticulum stress in mice
LIU Chao™?, QI Haomin?, CHEN Haiyuz, XU Ranhongz, LI Jinquan2 (1. The Sixth Hospital of Wuhan,
Affiliated Hospital of Jianghan University, Wuhan, Hubei 430015, China; 2. Brain Science and Ad-
vanced Technology Institute, School of Medicine, Wuhan University of Science and Technology,
Wuhan, Hubei 430065, China)

Abstract:

[Background] Dibutyl phthalate (DBP) is one of the most commonly used plasticizers, and has
been found to relate to allergic asthma. However, mechanisms behind the phenomenon linking
DBP and allergic asthma are still not well comprehended.
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To investigate the role of endoplasmic reticulum stress in DBP-exacerbated allergic asthma.

Thirty-two male mice were divided into four groups at random, eight mice in each group: control group, allergic asthma model
group (ovalbumin, OVA), OVA+40 mg-kg™* DBP exposure group (OVA+DBP), and OVA+40 mg-kg ™" DBP+50 mg-kg ™" 4-phenyl butyric acid (4-
PBA) group (OVA+DBP+4-PBA). The control group mice were treated with saline via intraperitoneal injection on day 21, 35, 42, and 49,
and atomized saline for 30 min per day from day 54 to 60. The OVA group mice were injected with 0.3 mL OVA sensitizing solution via
intraperitoneal injection on day 21, 35, 42, and 49, and atomized with 1% OVA solution from day 54 to 60. The OVA+DBP group was
treated in the same way as the OVA group to build an allergic asthma model, and was orally exposed to 40 mg-kg™ DBP from day 1 to 53,
plus atomized with 1% OVA solution from day 54 to 60. In order to verify the role of endoplasmic reticulum stress in DBP-exacerbated allergic
asthma, 4-PBA was injected intraperitoneally every 2 d from day 1 to 53 in the OVA+DBP+4-PBA group mice. The pathological changes
such as airway remodeling, inflammatory cell infiltration, and airway mucous hyperplasia in lung tissues were observed after hematoxylin-
eosin (HE) and periodic acid-Schiff (PAS) staining. The contents of total immunoglobulin E (T-IgE) and ovalbumin immunoglobulin E (OVA-
IgE) levels in serum, and interleukin (IL)-4, IL-5, IL-13, and IL-17A in alveolar lavage fluid (BALF) were detected by Enzyme-Linked Im-
munoSorbent Assay(ELISA). The expression levels of endoplasmic reticulum stress-related proteins including inositol-requiring enzyme
la (IREla), protein kinase R-like endoplasmic reticulum kinase (PERK), and activating transcription factor 6 (ATF6) were detected by im-
munohistochemistry.

Compared to the control mice, the OVA mice showed significant asthma-like symptoms, including inflammatory cell infiltration,
increased inflammatory cytokines, airway remodeling, and mucous hyperplasia. Compared to the OVA group, long-term exposure to DBP
aggravated airway pathological changes in the OVA+DBP mice, and increased the serum T-IgE and OVA-IgE levels (P < 0.01), the Th2 (IL-4,
IL-5, IL-13) and Th17 (IL-17A) cytokines in BALF (P<0.01), and the expression levels of endoplasmic reticulum stress-related proteins
IREla, PERK and ATF-6 (P<0.01). In addition, after the 4-PBA treatment, it was found that compared with the OVA+DBP group, the ex-
pression levels of endoplasmic reticulum stress-related proteins (IRE1a, PERK and ATF-6) were down-regulated in the OVA+DBP+4-PBA
group (P<0.01), the levels of cytokines (IL-4, IL-5, IL-13, and IL-17A) in BALF and T-IgE and OVA-IgE in serum were decreased (P <0.01),
and airway remodeling and mucous hyperplasia were significantly alleviated.

Long-term exposure to DBP could aggravate allergic asthma by activating the endoplasmic reticulum stress pathway. This
worsening effect is accompanied by the increase of immunoglobulin IgE levels and the release of Th2 and Th17 cytokines, which in turn
leads to lung histopathological changes that affect lung function.

dibutyl phthalate; allergic asthma; endoplasmic reticulum stress; 4-phenyl butyric acid; airway remodeling
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Figure 1 Experimental protocol for OVA-induced allergic asthma
model
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[Note] Control: Control group; OVA: Allergic asthma model group; OVA+
DBP: OVA+40 mg-kg’1 DBP exposure group; OVA+DBP+4-PBA: OVA+
40 mg-kg ™ DBP+50 mg-kg™ 4-PBA group. A: HE staining, black arrow
indicates airway remodeling, and red arrow indicates cell infiltrati-
on; B: Results of inflammation score in lung tissues of each group;
C: PAS staining results, mucous hyperplasia is stained purple red; D:
Results of PAS staining mucous hyperplasia analysis in lung tissues
of each group. Compared with the control group, **: P < 0.01;
Compared with the OVA+DBP group, ##: P <0.01, n=4.

= 2 DBP BEME I8t m/ )RR ARIENT
Figure 2 DBP exposure exacerbates pulmonary pathological
changes in allergic asthma mice
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[7&] Control: XYHAZH; OVA: TG/ NERAREYLE; OVA+DBP: OVA+40 mg-kg™
DBP 5 F& 2H ; OVA+DBP+4-PBA: OVA+40 mg-kg™' DBP+50 mg-kg™
4-PBA 4B, A: MM T-IgE 7KF; B: M55 OVA-IgE 7k Fo S53FERLAHE
b, **: P<0.01; 5 OvA+DBP £HABLL, ##: P<0.01, n=8,

[Note] Control: Control group; OVA: Allergic asthma model group; OVA+

DBP: OVA+40 mg-kg " DBP exposure group; OVA+DBP+4-PBA: OVA+
40 mg-kg™ DBP+50 mg-kg™ 4-PBA group. A: Serum T-IgE level; B:
Serum OVA-IgE level. Compared with the control group, **: P <
0.01; Compared with the OVA+DBP group, ##: P < 0.01, n=8.
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Figure 3 DBP exposure increases OVA-induced T-IgE and OVA-IgE

levels in serum
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[7£] Control: X$8RLH; OVA: BN/ \ERAREIZH; OVA+DBP: OVA+40 mg-kg™
DBP £ & #H ; OVA+DBP+4-PBA: OVA+40 mg-kg™ DBP+50 mg-kg™
4-PBA £, A~D: IL-4. IL-5. IL-13 FT IL-17A 7KF, SXFERLAABLL, **:
P<0.01; 5 OVA+DBP £H48LL, ##: P<0.01,n=8,

[Note] Control: Control group; OVA: Allergic asthma model group; OVA+

DBP: OVA+40 mg-kg™ DBP exposure group; OVA+DBP+4-PBA: OVA+
40 mg-kg™ DBP+50 mg-kg™* 4-PBA group. A-D: IL-4, IL-5, IL-13, and
IL-17A levels, respectively. Compared with the control group, **: P<
0.01; Compared with the OVA+DBP group, ##: P < 0.01, n=8.
=4 DBP ZRIEI MR/ NEEELRPARRAFIE
Figure 4 DBP exposure aggravates cytokine levels in BALF of al-
lergic asthma mice
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[3] Control: XTBRLH; OVA: B/ NERAREILH; OVA+DBP: OVA+40 mg-kg™
DBP £ & #H ; OVA+DBP+4-PBA. OVA+40 mg-kg™ DBP+50 mg-kg™
4-PBA 48, A\ C. E: flfi£H4R IREla. PERK. ATF-6 RBHARNUFRE
25, B. D. F: fi£H4R IREla. PERK. ATF-6 IR B E D TER,
S33884A48EL, **: P<0.01; 5 OVA+DBP 4HABLL, ##: P<0.01,n=4,
[Note] Control: Control group; OVA: Allergic asthma model group; OVA+
DBP: OVA+40 mg-kg’1 DBP exposure group; OVA+DBP+4-PBA: OVA+
40 mg-kg™ DBP+50 mg-kg™ 4-PBA group. A, C, E: Immunohisto-
chemical staining results of IRE1a, PERK, and ATF-6 in lung tissues,

(ATF6 average optical density)

respectively; B, D, F: Mean optical density analysis results of IREla,
PERK, and ATF-6 in lung tissues, respectively. Compared with the
control group, **: P < 0.01; Compared with the OVA+DBP group,
##: P<0.01, n=4.
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Figure 5 Effects of DBP exposure on the expression of endoplasmic
reticulum stress-related proteins in allergic asthma mice
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BEHAE. BSBIMATNEETREES, iM%
T3l DBP MR &5 14 SCIOFH R I LI 40 mg-kg-d™ NBEK
FERE", B, BT B RABEMEETE DBP I
B SRRV ER A, N5 DBP ERRFIE
79 50 mg-kg-d %

EHEIE AR SMHARBERNE TS &89 1 B
B8R, | BBHRNEHIHFERRY 156 1FESH
R RN, Th BEAMREFU L4 72 | BB RN
EEPRERNEZENETIER. Lo, 1L-17 ATLUIE
3R FP MR R BE S8 REA Th2 ZBRE N SRS
EARIE" OVA [ 32 T SR R SR 30 sh s BL By
i, B B E S/ LB IERETIREEBN R LA 1%
OVA A BRNENHER MBI LUES/NR=4d2
B RZIGIEER, B35 M55 T-1gE A=, LA Th2 BUAE
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K HA DBP R EFIHE N OVA IFESHY/NEAHER Th2 BUFN
Th17 B4R FRYRIX, (2t B AR B EKEH IgE
899338, IR AFE R X FEAMR BN ERRILE,
RASHREELFMMEPIIEE.
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AR AN AR R ARAR A AE B F, (R AR EBThRER (R 2
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RZ; MmsbR ATF6 5P BN 2k 52 & B o] P& 81
[Ri% S HY/NER BALF FR SR M4 4 40 B A0 4k B2 4B R 15
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