Journal Pre-proof

Prenatal particulate matter exposure with skin barrier dysfunction affects offspring’s
atopic dermatitis: COCOA study

Eun Lee, MD, PhD, So-Yeon Lee, MD, PhD, Hwan-Cheol Kim, PhD, Kil Yong Choi,
PhD, Hyo-Bin Kim, MD, PhD, Min Jee Park, MD, Eun-Sang Rhee, MD, Ji-Sun Yoon,
MD, Hyun-Ju Cho, MD, Sungsu Jung, MD, Kangmo Ahn, MD, PhD, Kyung Won Kim,
MD, PhD, Youn Ho Sheen, MD, PhD, Dong In Suh, MD, PhD, Soo-Jong Hong, MD,
PhD

PII: S2213-2198(20)30098-2
DOI: https://doi.org/10.1016/j.jaip.2020.01.040
Reference: JAIP 2670

To appearin:  The Journal of Allergy and Clinical Immunology: In Practice

Received Date: 3 July 2019
Revised Date: 22 November 2019
Accepted Date: 15 January 2020

Please cite this article as: Lee E, Lee SY, Kim HC, Choi KY, Kim HB, Park MJ, Rhee ES, Yoon JS, Cho
HJ, Jung S, Ahn K, Kim KW, Sheen YH, Suh DI, Hong SJ, Prenatal particulate matter exposure with
skin barrier dysfunction affects offspring’s atopic dermatitis: COCOA study, The Journal of Allergy and
Clinical Immunology: In Practice (2020), doi: https://doi.org/10.1016/j.jaip.2020.01.040.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published

in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2020 Published by Elsevier Inc. on behalf of the American Academy of Allergy, Asthma & Immunology


https://doi.org/10.1016/j.jaip.2020.01.040
https://doi.org/10.1016/j.jaip.2020.01.040

10

11

12

13

14

15

16

17

18

19

20

21

22

23

Prenatal particulate matter exposure with skin barrier dysfunction affects offspring’s

atopic dermatitis: COCOA study

Eun Lee, MD, Phf) So-Yeon Lee, MD, Pht)Hwan-Cheol Kim, Phf) Kil Yong Choi, PhD3,
Hyo-Bin Kim, MD, PhD¥, Min Jee Park, MB Eun-Sang Rhee, MDJi-Sun Yoon, MD,
Hyun-Ju Cho, M, Sungsu Jung, MB Kangmo Ahn, MD, PhD Kyung Won Kim, MD,

PhD, Youn Ho Sheen, MD, PHDDong In Suh, MD, PhDand Soo-Jong Hong, MD, PAD

®Department of Pediatrics, Chonnam National Uniwgrdilospital, Chonnam National
University Medical School, Gwangju, Republic of l€ar

PDepartment of Pediatrics, Childhood Asthma Atopy8e Environmental Health Center,
Asan Medical Center, University of Ulsan CollegeM#dicine, Seoul, Republic of Korea
‘Department of Occupational and Environmental Meudicilnha University School of
Medicine, Incheon, Republic of Korea

dDepartment of Chemical Biotechnology, Seokyeong/eirsity, Seoul, Republic of Korea
*Department of Pediatrics, Inje University SangggékMospital, Inje University Medical
School, Seoul, Republic of Korea

'Department of Pediatrics, Mediplex Sejong Hospltatheon, Republic of Korea
9Department of Pediatrics, International St. Mahgspital, Catholic Kwandong University,
Incheon, Republic of Korea

"Department of Pediatrics, Pusan National Univergiygsan Hospital, Yangsan, Republic
of Korea

iDepartment of Pediatrics, Samsung Medical Centengyunkwan University School of



24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

Medicine, Environmental Health Center for AtopicsBase, Samsung Medical Center, Seoul,
Republic of Korea

IDepartment of Pediatrics, Yonsei University Colledledicine, Seoul, Republic of Korea
IDepartment of Pediatrics, CHA Medical Center, CH#i\térsity College of Medicine, Seoul,
Republic of Korea

'Department of Pediatrics, Seoul National Univer§igllege of Medicine, Seoul, Republic of

Korea

Corresponding author: Soo-Jong Hong, MD, PhD,

Department of Pediatrics, Childhood Asthma Atopyn€g Environmental Health Center,
Asan Medical Center, University of Ulsan, Collegke Medicine, 88, Olympic-ro 43-qgil,
Songpa-gu, Seoul 05505, Korea,

Tel: +82-2-3010-3379; Fax: +82-2-473-3725; E-mgjttong@amc.seoul.kr

Running title: Effect of prenatal PM exposure and skin barrieffulystion on AD

Conflicts of interest

The authors declare no conflicts of interest iatieh to this study.

Funding: This research was supported by funding from theeRech of Korea Centers for
Disease Control and Prevention (2008-E33030-009-H8B033-00, 2011-E33021-00, 2012-
E33012-00, 2013-E51003-00, 2014-E51004-00, 201465D1, 2014-E51004-02, 2017-

E67002-00).



47

48

49

50

51

Statement of Contribution

Lee E, Hong SJ: designed and wrote the manusangbtp&rformed the analyses. Lee SY,
Kim HC, Choi KY, Kim HB, Park MJ, RheeS, Yoon JS, Cho HJ, Jung SS Ahn KM, Kim
KW, Shin YH, and Suh DI participated in the colleat analysis, and interpretation of the

data. Hong SJ supervised the execution of the study



52

53

54

55

56

Clinical Implications
Prenatal particulate matter (PM) exposure in th& frimester increases the risks of atopic
dermatitis (AD) in offspring. When combined withrigalife skin barrier dysfunction, PM

exposure during the first trimester may affectyeariset persistent AD phenotype.
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To the editor

The effects of ambient air pollution on atopic datitns (AD) development may be different
according to the exposure timing, exposure levalsd types of ambient pollutarits.
Considering that early life is a critical time ftre determination of immune and structural
development, exposure to air pollution, especially in the ptahaeriod, might affect the
development of AD. Skin barrier dysfunction is & kdaracteristic of AD,and air pollution
exposure during specific periods in pregnancy migtadify the effect of skin barrier
dysfunction on AD (Figure E1 available in this elgis Online Repository at www.jaci-
inpractice.org). However, there are no previouslission the combined effects of prenatal

exposure to air pollution and skin barrier dysfimeton AD.

We investigated the effects of prenatal exposureutoloor particulate matter (PM) with a
diameter of less than 1@ (PMyo) and less than 2459 (PM..5) during the three trimesters on
AD. Furthermore, we elucidated the combined efi@cexposure to prenatal PM during

specific trimesters and skin barrier dysfunctiorA@hand its phenotypes.

From the prospective Cohort for Childhood Origin Asthma and Allergic Diseases
(COCOA) birth cohort stud‘§/,468 infants with measurements of prenatal out&ddiy/PM, s
and trans-epidermal water loss (TEWL) levels at 4ggear were included (Table El,
available in this article’s Online Repository at wyaci-inpractice.org). The COCOA study
enrolled pregnant women after 26 weeks of gestatibth a mean gestational age of 35.0
weeks (standard deviation, 3.4 weeks) in Sédrediatric allergists evaluated AD using the
criteria of Hanifin and Rajka with SCORing Atopicebnatitis (SCORAD) scoré? AD

phenotypes were classified into 4 categories acugrob onset age and persistence of AD:
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never, early transient, late onset, and early opeetistent. TEWL levels were measured at
age 1 year. Concentrations of outdooriglind PM s from pregnancy to 1 year of life at
residential addresses were estimated weekly using Use regression mod@i3his study

was approved by the institutional board at Asan ikEdCenter and written consent was

obtained from all parents.

When the outdoor PM/PM, s levels were divided into tertiles, the highestikerof outdoor
PM1o/PM, 5 exposure in the first trimester was more signiftbaassociated with AD at age 1
year (adjusted odds ratio [aOR] 4.00, 95% confidemterval [CI] 1.43-11.23; aOR 2.19,
95% Cl 1.43-3.62, respectively), compared to theekt tertile of outdoor PM/PM, s levels
(Figure 1, A). However, durinthe second and third trimesters, there was no fgignt
association between the highest tertile of 1/RPM,5 exposure and AD at age 1 year,
compared to the lowest tertile of R§PM, 5 exposure. Exposure to RYPM; s in the first
trimester was positively related to the predictedbpbility of AD in both infants with low

and high TEWL levels (Figure 2).

TEWL levels were dichotomized into low or high aatiag to its mean (14.74 gfim). High
TEWL levels were significantly associated with ADage 1 year (aOR, 1.84; 95% CI, 1.09-
3.10). Infants exposed to higher levels of feMuring the first trimester had a significantly
higher risk of AD when their TEWL levels were hi(dOR, 3.68; 95% CI, 1.01-13.46, Figure
1, B). A higher level of outdoor PMexposure in the third trimester increased AD &skge

1 year without significant interaction with high&@WVEL levels. Infants exposed to higher
levels of PM s during the first trimester had a significantly ey risk of AD at age 1 year
when their TEWL levels were high (aOR, 3.66; 95% CIL0-12.19, interactioR = .049).

Outdoor PM¢/PM, 5 exposure levels, during the first year of liferedoand in combination

6
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with skin barrier dysfunction, were not associatgth the development of AD at age 1 year
(data not shown). Exposure to high levels of outd®d,y/PM, s during the first trimester in
infants with high TEWL was significantly associateith early-onset persistent AD (aOR

3.37,95% CI 1.17-9.69; aOR 4.27, 95% CI, 1.584 1réspectively; Figure 1, C).

The levels of total serum IgE at birth showed acreasing trend according to outdoor
PMi1o/PM, 5 levels during thdirst trimester (Figure E2 available in this amisl Online
Repository at www.jaci-inpractice.org). Total serdgkE levels at age 1 year showed an
increasing trend according to the combination of;#®M, s levels during thérst trimester
and TEWL levels (Figure E3 available in this asisl Online Repository at www.jaci-
inpractice.org). SCORAD scores at age 3 years wegbkest in infants with high TEWL
levels at age 1 year who were exposed to highezldeaf PMyPM, s during thefirst

trimester (Figure E4 available in this article’slida Repository at www.jaci-inpractice.org).

The association between prenatal exposure to outidiyb and AD in early life might be
partially due to changes in expression of pro-mfiaatory cytokines and skin disease-related
genes Prenatal exposure to PM can induce epigeneticggsaim fundamental DNA repair
genes in the placentayhich alters fetal and neonatal DNA repair capadxposure to PM,
even during short-term, can cause oxidative siresise fetus through direct trans-placental
transmission of oxidative stressors or their denes, leading to cellular damage and
epigenetic changésincreases in maternal oxidative stress during margy might affect
fetal immune development associated with ADhe effect of environmental factors on skin
development and the associated immune system cgordmeinent in the first trimester,
because the main immune cells in the skin, inclgidiangerhans cells and dendritic cells,

arise in the first trimester in the blood and macoallergic inflammation, as represented by

7
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higher total serum IgE levels in early life, may dree of the underlying mechanisms that
partially contributes to such associations (Figla® available in this article’s Online

Repository at www.jaci-inpractice.org).

In conclusion, prenatal exposure to higher levél®M;¢/PM, s during the first trimester in
itself and in combination with skin barrier dysftioa in early life increases AD risk at age 1
year. Exposure to higher levels of M, s during the first trimester in infants with skin
barrier dysfunction was associated with early-opsesistent AD and higher AD severity at
age 3 years. These findings suggest that avoidahed& pollution, especially in the early
gestational period, and enhancement of skin baineearly life might be helpful in

preventing the development or persistence of Afiants.
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Figure legends

FIGURE 1. (A) Adjusted odds ratios for atopic dermatitisD)Aat age 1 in association with
outdoor particulate matter (PM) levels during gesta (B) The combined effect of outdoor
PM1¢/PM, s exposure during the prenatal period and TEWL kwah AD at age 1. (C)
Adjusted odds ratios for AD phenotypes in assammtiwith the combination of

PM1o/PM_ 5 levels during the first trimester and TEWL levatsage 1.

Adjusted for maternal age, gestational age, betisen, maternal educational level, sex,
family history of allergic diseases, maternal boagss index during pregnancy, exposure to
environmental tobacco smoke, prenatal indoor #®M; 5 levels at 36 weeks of gestation,
and PM¢PM s levels from the prenatal periods to age 1 yearepixfor PM levels at the
specific period.

*Significant at the .05 level.
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FIGURE 2. Relationship between outdoor PMPM, s levels during the first trimmest and
predicted probability of AD according to levels ®EWL. Relationship between outdoor
PMyo levels during the first trimmest and predictedlyadoility of AD in infants with high
levels of TEWL (A) and those with low TEWL level8)( Relationship between outdoor
PM, s levels during the first trimmest and predictedladoility of AD in infants with high

levels of TEWL (C) and those with low TEWL level3)(

Values were adjusted for maternal age, gestatiagal birth season, maternal educational
level, sex, family history of allergic diseases,tenaal body mass index during pregnancy,
exposure to environmental tobacco smoke, prenadialor PMy/PM, s levels at 36 weeks of
gestation, and PM/PM, s levels from the prenatal periods to age 1 yeargpixfor specific

PM levels at the specific period.
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Supplementary Materials

Methods

Measurement of TEWL

TEWL levels were measured on the volar surfacenefforearm by applying a probe to the
exposed volar skin for approximately 15 second$| tire measurement was recorded using
a Tewameter TM 300 (Courage+Khazaka Electronic,o@uo, Germany). The TEWL
measurement was repeated 3 times and the averdge ®fvalues was recorded. The parents
were advised not to apply emollients to the infaskin for 12 hours before the reading was
taken. The infants were brought to a windowlessirao which the temperature was set

between 20°C and 25°C and humidity was maintairaiden 30% and 45%.

Measurement of outdoor PM3o and PM> s during the pregnancy

We monitored air pollutants using land use regoesgLUR) models and a regulatory
monitoring network and used ambient concentrataBM;, and PM s measured at the 37
fixed monitoring stations in the study area (Sedain the Korean Ministry of Environment
(http://www.airkorea.or.kr/web). We used centralgnd locally available geographic
variables as potential predictors. Predictor vdeisbsuch as traffic indicators, surrounding
land usage, topography, and spatial trends, wengpoted at each location using ArcGIS
version 9.3 (ESRI, Redlands, CA, USA). Multipledar regression models were built using a
supervised forward stepwise procedure. Predictoabi@s used in the final LUR model for

air pollution included the lengths of all roadsffic intensity on nearest roads, total heavy
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duty traffic loads of all roads, and variables es@nting spatial trends. The models explained
66—69% of the variability in measured PMind PM s levels, and the predicted values fitted
well with the measured values, as reported in gavipus study:" The trimester-specific
mean concentration of Plyland PMs was calculated as the mean values of pollutant

concentrations in each weak during each trimester.

Measurement of indoor PM1o and PM_ 5 during the pregnancy

The prenatal indoor P and PM s concentrations were measured in the room, whexe th
pregnant women spent most of their time at 36 weak®regnancy, using a particle
discriminator (Model GT-331; SIBATA Co., Japan) lwia laser light scattering optical
particle counter for 5 minutes. Indoor PjMand PM s concentrations were measured three

times and the mean values were used for evaluation.

Measurement of total serum IgE levels at birth and age 1 year

Total serum IgE levels were measured at birth fomrd blood and at 1 year of age using a
fluorescent enzyme immunoassay according to manur&cinstructions (AutoCAP System;
Phadia AB, Uppsala, Swedefj.A low-range anti-IgE antibody (range, 0-100 kUfkjs
employed for cord bloo&? The lower detection limit for total serum IgE afeal was 2.0

kU/L (range, 2-5000 kU/L)?

Phenotypes of AD
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Infants were followed-up until 3 years of age, aqidnotypes of AD were classified into 4
categories according to the onset age (early ors2tyears of age; late onset2 years of

age) and persistence of AD (transient, showing anmgment of AD symptoms before 2 years
of age; persistent, showing symptoms of AD untileéars of age) as never, early transient,

late onset, and early onset persisteht.

Satistical analysis

To evaluate the associations between prenatal outldh/PM, s and AD at age 1, a logistic
regression analysis was performed, after separafidime prenatal period into the first (1-13
weeks), second (14-27 weeks), and third (28-40 s)edkmesters with adjustment for
maternal age, gestational age, birth season, natedncational level, sex, family history of
allergic diseases, maternal body mass index dysmegnancy, exposure to environmental
tobacco smoke, PM or PMyslevels from the prenatal period to age 1 year exegpghe
specified period and prenatal indoor RMr PM, 5 levels measured at mean 36 weeks of

gestation (Figure E1 available in this article’sli@& Repository at www.jaci-inpractice.org).

Due to the positive correlation between outdoori#®M, s levels and indoor PM/PM, 5

levelsE* E®

and for exclusion of prenatal indoor P§PM, seffects, we adjusted the prenatal
indoor PM¢/PM s levels. To calculate the odds for AD in assocratiath prenatal exposure
to PMyo/PM, 5 combinedvith skin barrier dysfunction, logistic regressioodels were used.
ANOVA and chi-square tests were used to compare FSAID score and biomarkers

including total serum IgE levels according to M. s exposure levels during the prenatal

periods and TEWL levels at age 1. Data analysisagaslucted using SPSS 24.0 (IBM Corp.

3



65 Armonk, IL), with aP < .05 considered statistically significant.
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86  Supplementary Table

87  TableEl. Demographic characteristics of the study popaitati

Characteristics, number (%) or mean + SD Partidgan Excluded in the present P value
included in the study due to lack of

present study information on TEWL levels

Total number, n 468 2633 NA
Gender, male 248 (52.9) 689 (46.9) .925
Family history of allergic diseases 247 (52.7) =2.2) .362
Gestational age, weeks 389+1.2 39.2+1.20 724
Maternal education level .612
< High school 26 (5.5) 75 (5.2)
University 351 (74.8) 1060 (73.1)
Graduate school 92 (19.6) 315 (21.7)
AD diagnosis at age 1, yes 76 (16.2) 207 (1470) 7.25
AD phenotypes 390 (100.0) 1187 (100.0) .052
Never 268 (68.7) 847 (71.4)
Early transient (< 2 years of age) 41 (10.5) (1B528)
Late onsetX 2 years of age) 30 (7.7) 86 (7.2)
Early onset persistent (both ages 1 year and 51 (13.1) 102 (8.6)

3 years)




TEWL levels at age 1 year (gfh) 14.74 £ 11.09 NA NA

88 AD, atopic dermatitis; NA, not applicable; SD, sdlard deviation; TEWL, trans-epidermal

89  water loss.
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Supplementary Figure legends

Figure EL. Directed Acyclic Graph (DAG) showing the possildevariates, which may
affect the associations between prenatal outdootyPM. s skin barrier dysfunction, and

AD.

FIGURE E2. Comparisons of log-transformed cord blood to&lm IgE levels according
to outdoor PMy exposure levels during the (A) first, (B) secoadd (C) third trimesters.
Comparisons of log-transformed cord blood IgE Isvatcording to outdoor PiMlevels

during the (D) first, (E) second, and (F) thirdrtasters.

FIGURE E3. Comparisons of log-transformed total serum Igkele at age 1 according to
the combination of TEWL levels at age 1 and outd®bl, exposure levels during the (A)
first, (B) second, and (C) third trimesters. Conmguars of log-transformed total serum IgE
levels at age 1 according to the combination of TEWvels at age 1 and outdoor
PM, s levels during the (D) first, (E) second, and (fijd trimesters. Dotted lines mean trend

lines.

FIGURE E4. Comparisons of SCORAD index scores at (A) agedL(8) age 3 according to
the combination of outdoor Piyllevels during the first trimester and TEWL levatsage 1.

Comparisons of SCORAD index scores at (C) age 1 @jdage 3 according to the
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combination of outdoor Pp4 exposure levels during the first trimester and THé#/els.

Figure E5. Possible mechanisms for the association betwetdoouPMyPM, s exposure

during the first trimester and skin barrier dysfume in early life on the development of AD.



Log cord blood total seum IgE (kU/L)

Log cord blood total seum IgE (kU/L)

(A) PM,, at the first trimester

Lower 1/3 Middle 1/3

Upper 1/3

0.00
-0.60 -|

-1.20

5 < 0.001
P= 0017

180 © qrand p< 0001

(D) PM,; at the first trimester

Lower 1/3 Middle 1/3 Upper 1/3
0.00 -
-0.60 -
-1.20
- -:D= 0.011
180 J Trend P=0011

(B) PMy, at the second trimester

Lower 1/3 Middle 1/3

Upper 1/3

0.00

-0.60

-1.20

Trend P = 0.067

-1.80 -

(E) PM;; at the second trimester

0.00 = Lower 1/3  Middle 1/3  Upper 1/3
-0.60 -

-120 4 SWE 1

-1.80 - Trend P = 0110

(C) PMyq at the third trimester

Lower 1/3 Middle 1/3 Upper 1/3
000 L
-0.60
-1.20
Trend P = 0.022
-1.80 -
(F) PMy at the third trimester
Lower 1/3 Middle 1/3  Upper 1/3
0.00
-0.60
-1.20
Trend P = 0.092
-1.80 -



