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ABSTRACT

Background: Asbestos is a well-known hazardous substance that causes occupational

and environmental diseases including asbestosis (lung fibrosis). Silica exposure which
causes silicosis (another type of lung fibrosis) has long been linked to the development of
autoimmune diseases; however, there are few studies on the relationship between asbestos
exposure and autoimmune diseases.

Methods: A total of 54 individuals who had worked in a former asbestos textile factory
underwent autoantibody-related blood tests, chest X-ray imaging, and pulmonary function
tests. Based on the job exposure matrix (JEM), the estimated asbestos exposure concentrations
were determined, and the presence of asbestosis was determined by chest radiography.
Results: Scleroderma (Scl-70) and ribonucleoprotein (RNP) antibodies were significantly
lowered in the pleural plaque present group than in the absent group. Additionally, Scl-70,
RNP, and Sjogren's syndrome type B (SS-B) antibodies were significantly lowered in the
asbestosis present group. When stratifying variables with or without asbestosis, Scl-70,
Smith, SS-B, and RNP antibodies decreased in female, crocidolite handling group, and
higher estimated asbestos exposure level group.

Conclusions: Contrary to our expectations that autoantibody titers would be higher in
groups with high asbestos exposure or in the asbestosis group, those with asbestosis showed
lower titers. But as our research has some methodological limitations, the lowered titer of
autoimmune antibody in our asbestos exposed subjects could not be simply interpreted as a
lowered risk of autoimmune diseases. So careful interpreting should be taken when examine
autoantibodies to screening or diagnose autoimmune diseases in people with asbestos
exposure. In addition, it is necessary to establish relevance of asbestosis and autoantibodies
through further studies of larger scale and higher confidence levels.

Keywords: Asbestos; Asbestosis; Autoantibodies; Autoimmune diseases; Textiles

BACKGROUND

Asbestos is a fibrous mineral obtained from nature, and has been used around the world
for its unique properties and low price [1]. However, as carcinogenicity and harmfulness of
asbestos have been revealed, its use has been banned worldwide. In 1987, the International
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RA: rheumatoid arthritis; RF; rheumatoid
factor; RNP: Ribonucleoprotein; RPGN:

rapid progressive glomerulonephritis;

SAIDs: systemic autoimmune diseases;
Scl-70: Scleroderma-70; SLE: systemic lupus
erythematosus; SS-A: Sjogren's syndrome
type A; SS-B: Sjogren's syndrome type B; SSc:
systemic sclerosis; UCTD: undifferentiated
connective tissue disease.
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Cancer Institute (IARC) designated asbestos as a group 1 with sufficient evidence of
carcinogenicity in humans [2]. Asbestos-related diseases (ARDs) caused by occupational and
environmental asbestos exposure include malignant mesothelioma, lung cancer, asbestosis,
and pleural disease. In addition to the effects on the lungs, the association with asbestos

has been found in diseases such as the peritoneum, immune system, digestive system, and
reproductive system [3].

There have been a lot of research on the harmful effects of silica; it is physically and
chemically similar to asbestos and can cause lung fibrosis (silicosis). Exposure to

silica is known to increase antinuclear antibodies (ANA) and the risk of systemic lupus
erythematosus (SLE) [4], rheumatoid arthritis (RA) [5], and systemic sclerosis (SSc) [6] in
both mice and humans [7]. While the relationship between silica exposure and some specific
systemic autoimmune diseases (SAIDs) has been fairly well accepted, correlations between
asbestos exposure and immune-related diseases are still insufficient [8].

The autoantibodies refer to antibodies that are produced by immune response against

the body's own self antigen. These may be present years before the diagnosis of a certain
autoimmune diseases, so it can be used for early prediction combining with genetic
information and family history [9,10]. However, the presence of autoimmune antibodies
does not always mean that there are autoimmune diseases, and low level of autoimmune
antibodies may also be present in healthy individuals [11]. In general, rheumatoid factor (RF)
and ANA tend to increase in various rheumatoid diseases including rheumatoid arthritis, SLE
etc. Anti-centromere antibodies (ACAs) are mainly associated with inflammatory diseases of
small blood vessels. Anti-Sm antibodies and anti-ribonucleoprotein (RNP) are more specific
for SLE. Thus, Sjogren's syndrome type A (SS-A/Ro) and Sjogren's syndrome type B (SS-B/
La) usually increase in Sjogren's syndrome, and Scl-70 increases in diffuse SSc or Calcinosis,
Raynaud Phenomenon, Esophageal Dysmotility, Sclerodactyly, and Telangiectasia (CREST)
syndrome [12,13].

The results of research on the effect of asbestos exposure on autoantibodies were
inconsistent. Previous research on asbestos exposure had been done in Libby, MT,

USA. Residents here were known to be exposed to asbestos both occupationally and
environmentally [14]. Results of serological tests showed higher ANA positive rates for
residents in Libby compared to control group. ANA titer and IgA levels were also significantly
higher [15]. In Western Australia's Wittenoom mining site where the asbestos mine is
located, and the mortality rate from malignant mesothelioma is high [16], an analysis of

the ANA in this cohort showed that Wittenoom residents were approximately 5 times more
ANA positive than control group, and the ANA titer was also high [17]. Additionally, in the
population-based case-control study of the Swedish population, asbestos exposure increased
the risk of seropositive RA (odds ratio [OR]: 1.2, 95% confidence interval [CI]: 1.0-1.4) and
seronegative RA (OR: 1.2, 95% CI: 1.0-1.5) in male workers [18]. Also, the high frequency

of positive RF in asbestos workers compared to the general population has been reported in
several past studies [19-21]; however, other studies have reported no association [15,22,23].

On the basis of these previous findings, we conducted a study to identify the relationship
between asbestos exposure and autoimmune diseases by examining autoantibodies in
asbestos-exposed groups in Korea. We investigated the correlations between each asbestos
exposure scenario and autoantibody titers of workers in asbestos textile factory, which shows
the highest occupational asbestos exposure level in Korea.
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METHOD

Study subjects

The study subjects were people who worked at / Chemical, the largest asbestos textile factory
which was located in Busan, Republic of Korea. They were issued an ‘Health Management
Pocketbook’ on asbestos by Korea Occupational Safety & Health Agency (KOSHA) and
underwent ‘Regular Medical Examination of Pocketbook Holder annually at Pusan National
University Yangsan Hospital environmental health centers for asbestos (EHCA). None of
the subjects were previously diagnosed any autoimmune disease at the time of examination.
Finally, a total of 54 subjects were included in the study. Appropriate informed consent was
obtained from all subjects.

Serological and other functional examination

From September 27, 2010 to October 2, 2010, the study participants were tested serologically,
chest X-ray imaging, and pulmonary function tests (PFTs). The serum sample was obtained
total 3.4 mL using plain tube or SST tube, then analyzed by chemistry or enzyme-linked
immunosorbent assay kit analyzer. The titer was evaluated quantitatively because the
percentage of participants who were positive for autoantibodies was very low (RF: 11%, ANA:
3.7%, ACA and RNP: 1.9%, 0% other autoantibodies were all negative). The results below the
detection limit were treated as zero.

Posteroanterior chest radiography was performed using an FCR 5501 digital radiograph
device (Fuji, Tokyo, Japan). The radiographs were interpreted by 2 separate radiologists
according to the ARD guidelines of the Korean Society of Thoracic Radiology. The results
were divided into 2 groups based on the presence or absence of asbestosis. Also, the results
for pleural plaque also divided into 2 groups: the presence or absence of the pleural plaque.

The PFT was performed using Vmax series 229 spirometry (SensorMedics, Yorba Linda,
CA, USA) by an experienced examiner who has passed the special medical examination
pulmonary function quality. For the acceptability and repeatability, the tests were repeated
at least three times and the best results were chosen. The results were divided into 3 groups:
normal, restrictive ventilatory defect, and obstructive ventilatory defect. The participants
were classified into restrictive ventilator defect group when forced expiratory volume

in 1 second (FEV1)/forced vital capacity (FVC) = 70% and FVC < 80% of mean predicted
value, and classified into the obstructive ventilator defect group when FEV1/FVC< 70% of
mean predicted value. When FEV1/FVC 2 70% and FVC 2 80% of mean predicted value,
the participants were classified into normal group. In the case of mixed obstructive and
restrictive ventilator defect pattern, there were no subjects and they were excluded.

Asbestos exposure profile

The detailed occupation-related asbestos exposure history was confirmed through a
structured questionnaire [24]. The questionnaire was completed through one-on-one
interviews with trained researchers. It consists work periods, latent periods, specific task
they did, and the type of handling asbestos. The specific tasks they did were carding,
twisting, weaving, spinning, gasket, fixing, managing, packaging, etc., and the type of
handling asbestos were chrysotile, crocidolite, and both. The work period was divided into 4
groups: 01 years, 2—4 years, 5-9 years, and more than 10 years. We defined the latent periods
as the time from retirement to the test date, we also divided it into 4 groups: 0-10 years, 11-20
years, 21-30 years, and 31-40 years. By integrating such information, estimated exposure level
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of asbestos were calculated using linear equations based on job exposure matrix (JEM) [25].
We divided it into 3 groups according to asbestos exposure level: less than 1 f/cc, 1-10 f/cc,
more than 10 f/cc.

Data analysis

The statistical analysis was performed using SPSS Statistics for Windows, version 25 (SPSS
Inc., Chicago, USA). Data were expressed as geometric means and geometric standard
deviations. The statistical significance was tested based on p < 0.05 significance level, using
Mann-Whitney U test or Kruskal-Wallis test.

RESULTS

Table 1 shows the general characteristics of the subjects, the factors related to past asbestos
exposure, and the distribution of clinical findings. The subjects were 55.6% women and
44.4% men. The average age of the subjects was 57.3 years. The average working years was 5.8
years, and the average latent period was 24.2 years. The chrysotile-handling group was the
largest (63.0%), followed by the crocidolite-handling group (20.4%), then the both chrysotile

Table 1. General and asbestos exposure characteristics of participants

Variables No. (%)
Sex

Male 24 (44.4)

Female 30 (55.6)
Age (years)

<55 22 (40.7)

56-60 16 (29.7)

> 61 16 (29.7)
Work periods (years)

0-1 6 (11.1)

2-4 17 (31.5)

5-9 20 (37.0)

>10 11 (20.4)
Latent periods® (years)

0-10 5(9.3)

11-20 14 (25.9)

921-30 19 (38.9)

31-40 16 (25.9)
Treated asbestos type

Chrysotile 34 (63.0)

Crocidolite 11 (20.4)

Mixed 9 (16.7)
Estimated exposure level of asbestos® (f-year/cc)

<1 13 (24.1)

1-10 17 (31.5)

>10 24 (44.4)
Presence of asbestosis in chest X-ray

Absent 34 (63.0)

Present 20 (37.0)
Presence of pleural plaque in chest X-ray

Absent 39 (72.2)

Present 15 (27.8)
Pulmonary function test results

Normal 35 (64.8)

Restrictive ventilation defect 13 (24.1)

Obstructive ventilation defect 6 (11.1)

2Defined as the time from retirement to the test date; "Calculation is based on job exposure matrix, Linear model.
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and crocidolite-handling group (16.7%). Estimated asbestos exposure level was 2.3 f-year/

cc on average. Chest X-ray revealed asbestosis in 37% and pleural plaque in 27.8% of the
subjects. In PFT, 64.8% were normal, 24.1% had restrictive ventilation defect, and 11.1% had
obstructive ventilation defect.

Table 2 shows the distribution and relation of each autoantibody with general characteristic
variables and the occupational exposure related variables. The variable that showed a
significant difference among subgroups for Smith was age, it was significantly decreased

as age increased. Likewise, SS-B also decreased significantly with increased age. ANA titer
was significantly higher in females than in males. Smoking history, work period, latent
period, types of handling asbestos, and levels of asbestos exposure did not show significant
association with autoantibody titers.

Similarly, Table 3 shows the distribution and relationship between each autoantibody and the
clinical findings. Scl-70 and RNP were significantly lower in the pleural plaque or asbestosis
group than in the normal group. In the group with asbestosis, SS-B titer was also low. No
autoantibody was found to be significantly associated with PFT results.

We conducted stratification analysis on sex, age, type of handling asbestos, and asbestos
exposure levels to identify the changes in autoantibody titers with or without asbestosis.
Consequently, Scl-70, Smith, SS-B and RNP showed inverse correlation in females with

Table 2. Autoantibodies by general and asbestos exposure characteristics

Characteristics No. RF Scl-70 Smith-Ab SS-B RNP SS-A ANA ACA
Age (years)

<55 22 8.21 +1.51 0.08+1.09 0.05+1.07° 0.09+110* 0.21+1.23 0.18+1.80 0.49 £1.79 0.28 +1.97

56-60 16 8.40 £ 1.44 0.10 +1.14 0.03£1.07* 0.09 £1.13* 0.13+1.09 0.18 +1.61 0.46+£1.59 0.29 £1.49

> 61 16 744 £1.50 0.03+1.04 0.01+1.05*° 0.02+1.09* 0.10+1.09 016 +1.77 0.40+1.93 0.23+1.49
Sex

Male 24 771+£1.43  0.07+1M 0.03+1.06 0.04+1.10 0.13 £1.10 0.17+£1.85 0.36 £1.83* 0.24 +1.51

Female 30 8.29+£1.52 0.07+110 0.04+1.06 0.09£110 0.7 £1.20 0.17+1.63 0.54+1.60* 0.29 +1.81
Smoking

Never 37 8.08+1.47 0.06+1.09 0.03+1.06 0.07<+110 0.16 £1.19 0.17 £1.81 0.49 +1.71 0.28 +1.79

Experienced 17 7.92+1.51  0.09 £1.12 0.03+1.07 0.05+1.12 014+1.09 019+154 0.39+1.87 0.25+1.49
Working period (years)

0-1 6 9.65+1.93 0.05+£1.04 0.01+1.01 0.05+1.07 0.16 +1.09 0.17 £1.73 0.55+1.29 0.29+134

2-4 17 7.62+£1.22 0.08 111 0.03+£1.06 0.06 £1.10 0.13+1.10 0.16 +1.81 0.41+£1.67 0.25+1.50

559 20 7.41+1.53 0.06+1.07 0.03+1.07 0.09+1.13 0.18 +1.25 0.16 +1.57 0.47+1.93 0.28 +1.97

>10 n 911+£1.45 0.08£1.15 0.05+1.08 0.05+1.09 015+1.09 0.21+1.90 0.44+1.88 0.26+170
Latent period (years)

0-10 5 9.84+1.34 0.07+113 0.01+1.02 0.02+£1.05 0.12 +1.04 0.15+1.46 0.32+2.19 0.22+1.15

11-20 14 7.03 +1.39 0.13£1.13 0.07+£1.09 0.10 £1M 0.23+1.29 0.18 +1.55 0.51£173  0.26 £1.51

21-30 19 816 +1.50 0.05+1.05 0.02+1.05 0.07+112 0.15+11 0.21£2.00 0.43+171 0.30 +2.16

31-40 16 8.30 £1.55 0.05+1.10 0.02+1.05 0.05+1.09 0.11 +1.09 0.14+1.53  0.49 +1.73 0.26 +1.36
Treated asbestos type

Chrysotile 34 8.06 £1.54 0.08 +£1.11 0.04+1.07 0.08 112 0.16 +1.19 0.18 +1.55  0.46 +1.74 0.26 +1.46

Mixed 9 8.20+1.34 0.05+1.05 0.03+1.07 0.03+1.07 0.14 +1.12 0.19+2.45 033174 0.22 +1.67

Crocidolite n 7.80+1.43 0.06+11 0.03+£1.06 0.05+1.08 013111 015+1.67 0.55+1.77 0.33 £2.36
Asbestos exposure level (f-year/cc)

<1 13 6.78+1.25 0.09+1.14 0.03+1.08 0.03+1.07 0.20+1.31 0.17 £1.56 0.37+1.94 0.24+1.48

1-10 17 9.22 +1.56 0.10 £1.12 0.03+1.05 0.08+1.09 116 = 1.1 0.18 +1.78 0.53 £1.78 0.27 £1.57

>10 24 7.97+1.49 0.04+1.06 0.03+1.06 0.08+112 0.13 £1.09 0.17+1.80 0.45+1.64 0.28+1.91

Values are presented as geometric mean = geometric standard deviation.

RF: rheumatoid factor, Scl-70: Scleroderma, SS-B: Sjégren's syndrome type B, RNP: ribonucleoprotein, SS-A: Sjogren's syndrome type A, ANA: antinuclear
antibody, ACA: anti-centromere antibody.
p < 0.05 by Mann-Whitney U test and Kruskal-Wallis test.
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Table 3. Autoantibodies by results of chest X-ray imaging and pulmonary function test

Variables No. RF Scl-70 Smith-Ab SS-B RNP SS-A ANA ACA
Presence of pleural plaque
Absent 39 8.08 +1.51 0.09 +1.11° 0.04 +1.07 0.08 =1.10 0.18 £1.18% 0.18 +1.74 0.44 +1.78 0.26 +1.49
Present 15 7.88 +1.41 0.02 +1.03° 0.02 +1.05 0.05+11Mm 0.10 +£1.10* 0.15+1.68 0.48 +1.75 0.30 £2.18
Presence of asbestosis
Absent 34 8.21 +1.51 0.10 + 1.12° 0.04 +1.07 0.09 +1.12% 0.19 +1.20% 0.18 £1.84 0.44 +£1.89 0.25 £1.47
Present 20 7.72 £1.43 0.02 +1.03° 0.01 +1.04 0.03 £1.06% 0.10 £ 1.06* 0.16 +1.52 0.47 £1.55 0.30 £2.03
Pulmonary function test
Normal 35 8.41 +1.52 0.09 +1.06 0.03 +1.06 0.08 £1.10 017 £1.19 0.18 +1.76 0.46 +1.70 0.25 +1.51
Restrictive pattern 13 7.72 +1.40 0.04 £1.10 0.02 +1.04 0.02 +1.04 011 £1.10 0.15+1.60 0.49 £ 1.75 0.33+2.21
Obstructive pattern 6 6.64 +1.31 0.04 +£1.04 0.06 +1.10 0.10 +1.18 014 +1.14 0.20 £1.79 0.37 +2.31 0.23 +£1.54

Values are presented as geometric mean + geometric standard deviation.

RF: rheumatoid factor, Scl-70: Scleroderma, SS-B: Sjégren's syndrome type B, RNP: ribonucleoprotein, SS-A: Sjogren's syndrome type A, ANA: antinuclear
antibody, ACA: anti-centromere antibody.

p < 0.05, °p < 0.01 by Mann-Whitney U test and Kruskal-Wallis test.

asbestosis, and Scl-70 also showed significant correlation in males with asbestosis. At age
55 and below, Scl-70 and RNP were significantly lowered in the asbestosis group. Between
age 56-60, Scl-70 and SS-B were inversely correlated. However, there was no autoantibody
associated with asbestosis in patients older than 61 years (Table 4).

In Table 5, the Scl-70 titer was significantly lowered for the chrysotile-handling group with
asbestosis; the titer was also lowered in Scl-70, Smith, SS-B, and RNP for the crocidolite-
handling group with asbestosis. In both chrysotile and crocidolite handling groups, there
was no relevant autoantibody with or without asbestosis. Asbestos exposure levels were
significantly decreased in Scl-70 in the asbestosis group over 10 f-year/cc and SS-B tended

to decrease significantly with asbestosis in the 1-10 f-year/cc and over 10 f-year/cc exposed
groups. However, in the 1 f-year/cc exposed group, there was only one patient with asbestosis;
hence, these results should be cautiously interpreted.

Table 4. Presenence of autoantibodies by sex and age based on the presence or absence of asbestosis (Geometric mean + geometric standard deviation)

Variables No. RF Scl-70 Smith-Ab SS-B RNP SS-A ANA ACA
Male 24

Asbestosis (-) 16 7.94 £1.40 0.10 £1.12% 0.03 £1.06 0.05 £1.11 0.15 £1.12 0.18 +2.04 0.33 £2.01 0.23 £1.49

Asbestosis (+) 8 7.25 +1.52 0.01+1.03*  0.02+1.07 0.02 +1.07 0.09 +1.06 0.17 +1.48 0.44 £1.38 0.25 +1.59
Female 30

Asbestosis (-) 18 8.46 +1.62 0.11 £1.12° 0.06 +1.08% 013 £1.117 0.22 +1.26% 0.18 +1.68 0.58 +1.56 0.27 £1.45

Asbestosis (+) 12 8.06 +1.39 0.02 £1.03* 0.01+1.01* 0.03 £1.06% 0.1 +1.06% 0.16 £ 1.58 0.49 +1.67 0.33+£2.30
<55 year-old 22

Asbestosis (-) 14 9.09 +1.59 0.12 £ 1.10° 0.07 +1.08 0.12 £1.10 0.28 +1.28°  0.20 +1.91 0.49 +1.87 0.25 £1.53

Asbestosis (+) 8 6.86 +1.24 0.02 £1.03° 0.01+1.01 0.04 +1.08 0.09 +1.04° 0.15 +1.56 0.47 +1.69 0.33£2.71
56-60 year-old 16

Asbestosis (-) 10 8.85+1.51 0.16 £ 1.16* 0.05£1.08 0.15+1.14* 016 £1.1 0.20 £1.70 0.46 +1.67 0.28 +£1.43

Asbestosis (+) 6 7.69 +1.35 0.01+1.02*  0.00 +1.00 0.00 £1.01* 0.10 £1.05 0.14 +1.35 0.46 +1.52 0.30 £1.63
> 61 year-old 16

Asbestosis (-) 10 6.60 +1.30 0.03 £1.05 0.00 =1.01 0.01+1.02 0.10 +1.09 0.13+1.80 0.37 £2.16 0.22 +1.43

Asbestosis (+) 6 9.09 +1.70 0.02 +£1.03 0.03 £1.08 0.03 £1.08 0.11+1.10 0.22 £1.51 0.47 +1.52 0.25 +1.61

Values are presented as geometric mean + geometric standard deviation.

RF: rheumatoid factor, Scl-70: Scleroderma, SS-B: Sjogren's syndrome type B, RNP: ribonucleoprotein, SS-A: Sjogren's syndrome type A, ANA: antinuclear
antibody, ACA: anti-centromere antibody.

p < 0.05, °p < 0.01 by Mann-Whitney U test.
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Table 5. Presence of autoantibodies by type of asbestosis treated and asbestos exposure level based on the presence or absence of asbestosis

Variables No. RF Scl-70 Smith-Ab SS-B RNP SS-A ANA ACA
Chrysotile handling group 34

Asbestosis (-) 25 8.45 £1.60 0.11+£112¢  0.05+1.07 0.10 £1.13 0.19 +1.22 0.18+1.60 0.44 £1.81 0.26 = 1.42

Asbestosis (+) 9 7.06 £1.32 0.02£1.03* 0.01=+1.01 0.04+1.07 0.09 +1.04 0.17 £ 1.45 0.52 +1.54 0.27 £1.60
Crocidolite handling group n

Asbestosis (-) 4 711 +1.26 0.15+116° 0.08 £1.07° 0.15+1.08" 0.23+1.142 0.18+219 0.82+159 0.26£1.58

Asbestosis (+) 7 8.22 +1.52 0.01+1.02* 0.00+1.00*° 0.00+1.00° 0.08+1.05* 0.13+1.35 0.43 +1.68 0.37 +2.82
Mixed handling group 9

Asbestosis (-) 5 7.97£1.09 0.06 £1.07 0.00 +1.01 0.02 +£1.03 0.14 £1.15 0.17+310 0.28+1.90 0.20 =171

Asbestosis (+) 4 8.49+159 0.03+1.03 0.05+110 0.05+1.10 0.14 £1.10 0.21£1.88 0.42+1.44 0.25+171
Asbestos exposure level < 1f-year/cc 13

Asbestosis (-) 12 6.85+1.26 0.09 +1.14 0.04+1.08 0.03+1.07 0.21 £1.32 0.16 +1.58 0.36 +1.99  0.23 +1.31

Asbestosis (+) 1 6 0 0 0 0.15 0.23 0.43 0.64
1-10 f-year/cc 17

Asbestosis (-) 13 9.37 +1.54 0.12 £1.12 0.04 +1.06 0.10 £0.10* 041811 0.19+1.89 0.55+1.87 0.29 +1.61

Asbestosis (+) 4 8.76 £1.74 0.02+1.03 0.00+1.00 0.00+1.00* 0.07<+1.06 0.15+1.32 0.49+1.55 0.22 £ 1.41
210 f-year/cc 24

Asbestosis (-) 9 8.65+1.68 0.09+1.07° 0.06+1.08 0.17 +1.152 0.17 £1.12 0.18+2.19 0.43+174 0.24 +1.44

Asbestosis (+) 15 7.60 +1.37 0.02+1.03"° 0.02+1.05 0.03+1.07° 0.10 +1.06 0.16 +1.59 0.47 £1.60 0.31+2.15

Values are presented as geometric mean + geometric standard deviation.

RF: rheumatoid factor, Scl-70: Scleroderma, SS-B: Sjogren's syndrome type B, RNP: ribonucleoprotein, SS-A: Sjdgren's syndrome type A, ANA: antinuclear
antibody, ACA: anti-centromere antibody.
p < 0.05, °p < 0.01 by Mann-Whitney U test.

https://aoemj.org

DISCUSSION

The present study investigated the relationship between asbestos exposure and autoimmune
diseases. We identified autoimmune antibody titers to predict the development of
autoimmune diseases. We classified the participants to several subgroups according to
general characteristics, asbestos exposure-related characteristics, chest X-ray, and PFT
results to identify the differences in the level of autoimmune antibodies in each variable.
Interestingly, contrary to our expectations that autoantibody titers would be higher in high
asbestos exposure group or the asbestosis group, some of those with asbestosis showed
significantly lowered titers. Scl-70, Smith, SS-B, and RNP showed significantly lowered titers
in women with asbestosis and crocidolite handling group with asbestosis. Additionally, at
age 55 and below, Scl-70 and RNP were significantly lowered in the asbestosis group, and in
case of age 56—60 group, Scl-70 and SS-B were lowered in the asbestosis group. Furthermore,
Scl-70 was significantly decreased in those with over 10 f-year/cc asbestos exposed group with
asbestosis and SS-B were decreased significantly in the 1-10 f-year/cc and over 10 f-year/cc
exposed groups with asbestosis.

Silica has been studied more than asbestos, and there are well-known complications in
patients with silicosis including RA, SSc, SLE, and ACA-related vasculitis. It is also known
that ANA, Scl-70, and ACA are often found in this condition, even when symptoms related to
autoimmune diseases have not appeared [26]. Despite the extensive epidemiologic studies on
the association between silica and systemic autoimmune diseases, the exact mechanism is yet
unknown. In case of asbestos, it is more difficult to draw conclusions because of the limited
number of epidemiological studies between asbestos exposure and autoimmune disease.

But the previous studies have revealed that some autoantibodies tend to more present in

the asbestos-exposed group even without autoimmune diseases [8,14-20]. Few studies have
investigated the relationship with asbestos and the titers of antibodies, but these have shown
increased RF or ANA titers in asbestos-exposed groups [14,15,17,19-21,27]. These studies have
also shown that higher ANA positive rates in groups with asbestos exposure were associated
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with severity or faster progression of lung disease [15,28-31]. Although these studies suggest
that autoantibody production can be caused by tissue damage from lung disease, Tamura
etal. [29,31] found that autoantibodies existed prior to lung disease in most cases. Another
study suggests that autoantibodies are not a nonspecific consequence of pulmonary fibrosis
because of the absence of autoantibodies in other chronic fibrotic lung diseases [28].

The most likely mechanism for increasing autoantibodies in asbestos-exposed people is first
taken up by macrophages when asbestos fibers enter the body. These macrophages release ROS
and cause inflammation through inflammasome activation, and inflammation is accelerated
by promoting inflammatory cytokine secretion. Autoimmune antigens produced by apoptosis
of macrophages are presented to T cells through APC, and finally, autoimmune antibodies are
produced from B cells [8,32]. Recent studies have suggested that inflammasome activation by
asbestos may promote proinflammatory effects such as interleukin-1p release [33,34]. It was
also founded that chrysotile and amphibole both activate caspase cascade, oxidative stress,

and Nod-like receptor family protein 3 (NLRP3) inflammasome; however, there were some
differences in specific pathways between the 2 fibers [35].

In the present study, all subjects had no history of autoimmune disease diagnosed at the
time of examination, and few patients showed positive autoantibodies. Two of the positive
participants were diagnosed with autoimmune-related diseases years later, one with p-ACA
associated rapid progressive glomerulonephritis (RPGN) and the other with ANA-positive
undifferentiated connective tissue disease (UCTD). Their estimated asbestos exposure
concentration was at the highest level (more than 10 f/cc). One had diagnosed with asbestosis
at the time of examination, and the other was normal, but later diagnosed with asbestosis.
They were all diagnosed with autoimmune disease after being diagnosed with asbestosis.
This finding is consistent with previous findings that high concentrations of asbestos
exposure can be related to positive autoantibodies or autoimmune diseases. However,

our study results showed that some autoantibody titer was lowered in participants with
asbestosis, which means a strong evidence of asbestos exposure.

Autoantibodies that were shown to decrease in relation to asbestosis were mainly Scl-70, SS-B,
Smith, and RNP. Anti-Scl-70 antibody, also called anti-topoisomerase I [36], is an antibody found
in diffuse SSc or CREST syndrome; it is highly related to severe scleroderma disease [37]. In

the presence of Scl-70 autoantibody, the incidence of pulmonary fibrosis is high and mortality

is known to be higher. Anti-SS-A/Ro antibodies and anti-SS-B/La antibodies are representative
autoantibodies related to Sjogren's syndrome, a chronic rheumatic disease characterized by
progressive dryness of the eye, mouth, and other mucosal tissues; it is also accompanied by other
rheumatoid diseases such as RA and SLE [38]. Anti-Sm antibody and anti-RNP antibody are
autoantibodies that are specific for autoimmune diseases, especially SLE. Anti-Sm antibodies are
known to be detected in 15%—30% of SLE patients, and anti-RNP antibodies are found in 30%-—
40% of SLE patients. These kind of autoantibodies have never been studied for their relevance

to asbestos. Also, the relationship between these autoantibodies related autoimmune diseases
has been rarely studied. Only a study in lupus or scleroderma patients has found a relationship

to asbestos exposure [39], and other study has shown an increased risk of SSc related death in
people with occupational asbestos exposure [40]. Furthermore, there have not been identified
the clinical significance of low antibody titers of autoantibodies.

Our study did not prove the hypothesis that higher autoantibody frequencies and
autoimmune diseases would positively associated in asbestos-exposed groups. On the
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contrary, the negative correlation was observed between several autoantibodies and asbestos
exposure scenario. This is thought to be an accidental discovery due to research limitations.
In practice though, there can be a certain mechanism in which the autoantibody titer
decreases in the early stages of the disease, but there have been no previous studies to prove
it, and it is reasonable to interpret it as a negative study according to biological plausibility.
So, the lowered titer of autoimmune antibody in our asbestos exposed subjects could not be
simply interpreted as a lowered risk of autoimmune diseases.

One limitation of this study is that the small and limited sample size may have resulted in
the dropout of autoimmune disease or severe asbestosis patients, who may not have been
included in the study. Therefore, the inclusion of these groups may lead to different results.
In addition, the autoimmune diseases that were significantly associated with autoantibodies
in our study have a very low prevalence and incidence. Although the prevalence of RA in the
general population is relatively high at 860 per 100,000 persons, the prevalence is very low
for SLE (32 per 100,000 persons), SSc (24 per 100,000 persons), and Sjogren's syndrome (14
per 100,000 persons). Considering the long-term morbidity of autoimmune diseases, the
incidence for autoimmune diseases is likely to be lower. In the group exposed to asbestos,
the prevalence of SAIDs seems to be so small that few studies have been conducted on SAIDs
and asbestos exposure. Moreover, although relatively many RA studies have been conducted,
the results of these studies were inconsistent. Therefore, it is difficult to determine the
actual prevalence and incidence for autoimmune diseases in the asbestos exposed group.
Nonetheless, patients exposed to asbestos are thought to also have a low prevalence

and incidence for autoimmune diseases. The small sample size and the epidemiological
characteristics of autoimmune diseases may contribute to limitations in deriving research
results. Furthermore, women account for a much higher proportion of the population with
autoimmune diseases (SLE: 88%, SSc: 92%, RA: 75%, Sjogren's syndrome: 94%) [41].

The previous studies which investigated asbestos and autoantibody were mainly men with
occupational asbestos exposure. But in our study, the proportion of women is high and there
may be differences according to the study subjects' general characteristics.

Secondly, in our study, asbestosis was diagnosed based only on routine chest X-ray
examinations, which have low validity and reliability. The diagnostic criteria for asbestosis
in Korea are based on computed tomography findings and criteria provided by a Korea
environment corporation. Hence, these diagnostic criteria may differ greatly from the
diagnostic criteria based on simple chest radiography, which may have contributed to
diagnostic errors in this study. In addition, the possibility of erroneously diagnosing
interstitial lung disease associated with autoimmune disease as asbestosis could not be
excluded. In general, interstitial lung disease tends to increase in autoimmune diseases.
However, in such a case, a positive correlation between autoantibodies and interstitial
lung disease should appear, but this study showed the opposite. It is necessary to review
the results of this study through additional examination modality such as chest computed
tomography and additional analysis accordingly.

Thirdly, a different type of asbestos may have been exposed compared to previous studies. In
previous studies, Libby's is mainly composed of tremolite, while Witternoon's is composed of
crocidolite, and their subjects were exposed to asbestos mixed with other minerals from the
asbestos mine. Our study subjects handled purified pure chrysotile and crocidolite for industrial
usage; hence, the difference may have occurred here. Finally, since high proportion of the test
results were at the subclinical level, it is difficult to evaluate the clinical meaning of the test
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itself. Furthermore, the analysis of the association with autoantibodies could not confirm the
direct association with autoimmune diseases. Therefore, it is necessary to establish relevance
of asbestosis and autoantibodies through further studies of larger scale and higher confidence
levels. Additionally, in countries where asbestos is still in use, strict sanction is needed to
completely ban the use of asbestos. Considering the harmfulness and long latency of asbestos,
further continuous research on high asbestos exposure groups are necessary.

CONCLUSION

The results did not show that asbestos exposure and autoantibodies were positively related.
Although some autoantibodies were inversely associated with higher asbestos exposure
groups, the clinical significance is yet uncertain because lack of previous studies about
asbestos and autoantibodies which shows valid results in our study, and limitations of

our research method. Also, this study is a limited-scale cross-sectional study, so that it is
difficult to generalize the results. This suggests that careful interpreting should be taken
when examine autoantibodies to screening or diagnose autoimmune diseases in people
with asbestos exposure. Therefore, it is necessary to establish relevance of asbestosis

and autoantibodies through further studies of larger scale and higher confidence levels.
Furthermore, international sanction of asbestos-using countries and continuous attention to
the high asbestos exposed group are needed.

REFERENCES

1. Kang DM, Kim YK, Kim JE. Asbestos and environmental diseases. ] Korean Med Assoc 2012;55(3):214-22.
CROSSREF

2. International Agency for Research on Cancer (IARC). IARC monographs volume 100C asbestos
(chrysotile, amosite, crocidolite, tremolite, actinolite, and anthophyllite). 2012. monographs.iarc.fr/ENG/
Monographs/vol100C/monol00C-11.pdf. Accessed 6 Nov 2019.

3. Bunderson-Schelvan M, Pfau JC, Crouch R, Holian A. Nonpulmonary outcomes of asbestos exposure. ]
Toxicol Environ Health B Crit Rev 2011;14(1-4):122-52.
PUBMED | CROSSREF

4. Cooper GS, Gilbert KM, Greidinger EL, James JA, Pfau JC, Reinlib L, et al. Recent advances and
opportunities in research on lupus: environmental influences and mechanisms of disease. Environ Health
Perspect 2008;116(6):695-702.
PUBMED | CROSSREF

5. Brown JM, Archer AJ, Pfau JC, Holian A. Silica accelerated systemic autoimmune disease in lupus-prone
New Zealand mixed mice. Clin Exp Immunol 2003;131(3):415-21.
PUBMED | CROSSREF

6. Brown JM, Pfau JC, Holian A. Immunoglobulin and lymphocyte responses following silica exposure in
New Zealand mixed mice. Inhal Toxicol 2004;16(3):133-9.
PUBMED | CROSSREF

7. Miller FW, Alfredsson L, Costenbader KH, Kamen DL, Nelson LM, Norris JM, et al. Epidemiology
of environmental exposures and human autoimmune diseases: findings from a National Institute of
Environmental Health Sciences Expert Panel Workshop. ] Autoimmun 2012;39(4):259-71.
PUBMED | CROSSREF

8. Pfau]JC, Serve KM, Noonan CW. Autoimmunity and asbestos exposure. Autoimmune Dis
2014;2014:782045.
PUBMED | CROSSREF

9. Arbuckle MR, McClain MT, Rubertone MV, Scofield RH, Dennis GJ, James JA, et al. Development
of autoantibodies before the clinical onset of systemic lupus erythematosus. N Engl ] Med
2003;349(16):1526-33.
PUBMED | CROSSREF

https://doi.org/10.35371/a0em.2020.32.e32 10/12


https://doi.org/10.5124/jkma.2012.55.3.214
http://www.ncbi.nlm.nih.gov/pubmed/21534087
https://doi.org/10.1080/10937404.2011.556048
http://www.ncbi.nlm.nih.gov/pubmed/18560522
https://doi.org/10.1289/ehp.11092
http://www.ncbi.nlm.nih.gov/pubmed/12605693
https://doi.org/10.1046/j.1365-2249.2003.02094.x
http://www.ncbi.nlm.nih.gov/pubmed/15204774
https://doi.org/10.1080/08958370490270936
http://www.ncbi.nlm.nih.gov/pubmed/22739348
https://doi.org/10.1016/j.jaut.2012.05.002
http://www.ncbi.nlm.nih.gov/pubmed/24876951
https://doi.org/10.1155/2014/782045
http://www.ncbi.nlm.nih.gov/pubmed/14561795
https://doi.org/10.1056/NEJMoa021933
https://aoemj.org

Asbestos and autoantibodies

Annals of Occupational and
Environmental Medicine

https://aoemj.org

10. Rose NR. Predictors of autoimmune disease: autoantibodies and beyond. Autoimmunity 2008;41(6):419-28.
PUBMED | CROSSREF

11. Elkon K, Casali P. Nature and functions of autoantibodies. Nat Clin Pract Rheumatol 2008;4(9):491-8.
PUBMED | CROSSREF

12. Lee SH, Lee DR, Lee DJ, Kim KM, Park SB, Kim BT. Interpretation of tests for autoimmune disease.
Korean J Fam Pract 2012;2(3):221-32.

13. Kim HW. Interpretation of diagnostic test. Korean ] Med 2018;93(3):271-6.
CROSSREF

14. DPeipins LA, Lewin M, Campolucci S, Lybarger JA, Miller A, Middleton D, et al. Radiographic
abnormalities and exposure to asbestos-contaminated vermiculite in the community of Libby, Montana,
USA. Environ Health Perspect 2003;111(14):1753-9.
PUBMED | CROSSREF

15. PfauJC, SentissiJJ, Weller G, Putnam EA. Assessment of autoimmune responses associated with asbestos
exposure in Libby, Montana, USA. Environ Health Perspect 2005;113(1):25-30.
PUBMED | CROSSREF

16. Berry G, Reid A, Aboagye-Sarfo P, de Klerk NH, Olsen NJ, Merler E, et al. Malignant mesotheliomas
in former miners and millers of crocidolite at Wittenoom (Western Australia) after more than 50 years
follow-up. BrJ Cancer 2012;106(5):1016-20.
PUBMED | CROSSREF

17. Reid A, Franklin P, de Klerk N, Creaney J, Brims F, Musk B, et al. Autoimmune antibodies and asbestos
exposure: evidence from Wittenoom, Western Australia. Am J Ind Med 2018;61(7):615-20.
PUBMED | CROSSREF

18. Ilar A, Klareskog L, Saevarsdottir S, Wiebert P, Askling J, Gustavsson P, et al. Occupational exposure to
asbestos and silica and risk of developing rheumatoid arthritis: findings from a Swedish population-based
case-control study. RMD Open 2019;5(2):e000978.
PUBMED | CROSSREF

19. Stansfield D, Edge JR. Circulating rheumatoid factor and antinuclear antibodies in shipyard asbestos
workers with pleural plaques. Br ] Dis Chest 1974;68(0):166-70.
PUBMED | CROSSREF

20. Turner-Warwick M, Parkes WR. Circulating rheumatoid and antinuclear factors in asbestos workers. BMJ
197053(5721):492-5.
PUBMED | CROSSREF

21. Lange A. An epidemiological survey of immunological abnormalities in asbestos workers. I. Nonorgan
and organ-specific autoantibodies. Environ Res 1980;22(1):162-75.
PUBMED | CROSSREF

22. ZervaLV, Constantopoulos SH, Moutsopoulos HM. Humoral immunity alterations after environmental
asbestos exposure. Respiration 1989;55(4):237-41.
PUBMED | CROSSREF

23. ZoneJJ, Rom WN. Circulating immune complexes in asbestos workers. Environ Res 1985;37(2):383-9.
PUBMED | CROSSREF

24. Bae HS, Kang DM, Kim YK, Kim JE, Kim YS, Kim KI, et al. Respiratory symptoms, pulmonary function
tests, and asbestos related chest radiograph abnormalities of former asbestos textile factory workers.
Korean J Occup Environ Med 2010;22(4):331-44.
CROSSREF

25. Choi S, Kang D, Park D, Lee H, Choi B. Developing asbestos job exposure matrix using occupation and
industry specific exposure data (1984-2008) in Republic of Korea. Saf Health Work 2017;8(1):105-15.
PUBMED | CROSSREF

26. Lee S, Hayashi H, Mastuzaki H, Kumagai-Takei N, Otsuki T. Silicosis and autoimmunity. Curr Opin
Allergy Clin Immunol 2017;17(2):78-84.
PUBMED | CROSSREF

27. Pernis B, Vigliani EC, Selikoff IJ. Rheumatoid factor in serum of individuals exposed to asbestos. Ann N'Y
Acad Sci 1965;132(1):112-20.
PUBMED | CROSSREF

28. Turner-Warwick M. Immunology and asbestosis. Proc R Soc Med 1973;66(9):927-30.
PUBMED | CROSSREF

29. Tamura M, Tokuyama T, Kasuga H, Yoneda T, Miyazaki R, Narita N. Study on correlation between chest
X-P course findings and change in antinuclear antibody in asbestos plant employees. Sangyo Eiseigaku
Zasshi 1996.38(3):138-41.
PUBMED

https://doi.org/10.35371/a0em.2020.32.e32 11/12


http://www.ncbi.nlm.nih.gov/pubmed/18781467
https://doi.org/10.1080/08916930802031686
http://www.ncbi.nlm.nih.gov/pubmed/18756274
https://doi.org/10.1038/ncprheum0895
https://doi.org/10.3904/kjm.2018.93.3.271
http://www.ncbi.nlm.nih.gov/pubmed/14594627
https://doi.org/10.1289/ehp.6346
http://www.ncbi.nlm.nih.gov/pubmed/15626643
https://doi.org/10.1289/ehp.7431
http://www.ncbi.nlm.nih.gov/pubmed/22315054
https://doi.org/10.1038/bjc.2012.23
http://www.ncbi.nlm.nih.gov/pubmed/29797780
https://doi.org/10.1002/ajim.22863
http://www.ncbi.nlm.nih.gov/pubmed/31413868
https://doi.org/10.1136/rmdopen-2019-000978
http://www.ncbi.nlm.nih.gov/pubmed/4609449
https://doi.org/10.1016/0007-0971(74)90034-5
http://www.ncbi.nlm.nih.gov/pubmed/4918296
https://doi.org/10.1136/bmj.3.5721.492
http://www.ncbi.nlm.nih.gov/pubmed/6968265
https://doi.org/10.1016/0013-9351(80)90128-0
http://www.ncbi.nlm.nih.gov/pubmed/2595107
https://doi.org/10.1159/000195740
http://www.ncbi.nlm.nih.gov/pubmed/3874772
https://doi.org/10.1016/0013-9351(85)90119-7
https://doi.org/10.35371/kjoem.2010.22.4.331
http://www.ncbi.nlm.nih.gov/pubmed/28344849
https://doi.org/10.1016/j.shaw.2016.09.002
http://www.ncbi.nlm.nih.gov/pubmed/28177948
https://doi.org/10.1097/ACI.0000000000000350
http://www.ncbi.nlm.nih.gov/pubmed/5219543
https://doi.org/10.1111/j.1749-6632.1965.tb41094.x
http://www.ncbi.nlm.nih.gov/pubmed/4548939
https://doi.org/10.1177/003591577306600949
http://www.ncbi.nlm.nih.gov/pubmed/8689500
https://aoemj.org

Asbestos and autoantibodies

Annals of Occupational and
Environmental Medicine

https://aoemj.org

30. Gregor A, Parkes RW, du Bois R, Turner-Warwick M. Radiographic progression of asbestosis: preliminary
report. Ann N'Y Acad Sci 1979;330:147-56.
PUBMED | CROSSREF

31. Tamura M, Liang D, Tokuyama T, Yoneda T, Kasuga H, Narita N, et al. Study on the relationship between
appearance of autoantibodies and chest X-ray findings of asbestos plant employees. Sangyo Igaku
1993;35(5):406-12.
PUBMED | CROSSREF

32. Rom WN, Travis WD, Brody AR. Cellular and molecular basis of the asbestos-related diseases. Am Rev
Respir Dis 1991;143(2):408-22.
PUBMED | CROSSREF

33. Dostert C, Pétrilli V, Van Bruggen R, Steele C, Mossman BT, Tschopp J. Innate immune activation through
Nalp3 inflammasome sensing of asbestos and silica. Science 2008;320(5876):674-7.
PUBMED | CROSSREF

34. Shannahan JH, Ghio AJ, Schladweiler MC, Richards JH, Andrews D, Gavett SH, et al. Transcriptional
activation of inflammasome components by Libby amphibole and the role of iron. Inhal Toxicol
2012;24(1):60-9.
PUBMED | CROSSREF

35. LiM, Gunter ME, Fukagawa NK. Differential activation of the inflammasome in THP-1 cells exposed to
chrysotile asbestos and Libby “six-mix” amphiboles and subsequent activation of BEAS-2B cells. Cytokine
2012;60(3):718-30.
PUBMED | CROSSREF

36. Guldner HH, Szostecki C, Vosberg HP, Lakomek HJ, Penner E, Bautz FA. Scl 70 autoantibodies from
scleroderma patients recognize a 95 kDa protein identified as DNA topoisomerase I. Chromosoma
1986;94(2):132-8.
PUBMED | CROSSREF

37. de Rooij DJ, Van de Putte LB, Habets W], Van Venrooij W]. Marker antibodies in scleroderma and
polymyositis: clinical associations. Clin Rheumatol 1989;8(2):231-7.
PUBMED | CROSSREF

38. von Miihlen CA, Nakamura RM. Clinical and laboratory evaluation of systemic rheumatic diseases. In:
McPherson RA, Pincus MR, editors. Henry's Clinical Diagnosis and Management by Laboratory Methods. 22nd
ed. Philadelphia: Elsevier/Saunders; 2011, 977-9.

39. Noonan CW, Pfau JC, Larson TC, Spence MR. Nested case-control study of autoimmune disease in an
asbestos-exposed population. Environ Health Perspect 2006;114(8):1243-7.
PUBMED | CROSSREF

40. Gold LS, Ward MH, Dosemeci M, De Roos AJ. Systemic autoimmune disease mortality and occupational
exposures. Arthritis Rheum 2007;56(10):3189-201.
PUBMED | CROSSREF

41. Pfau]JC, Noonan CW. Asbestos exposure and autoimmune disease. In: Nriagu J. Encyclopedia of
Environmental Health. 2nd ed. London: Elsevier; 2019, 181-90.

https://doi.org/10.35371/a0em.2020.32.e32 12/12


http://www.ncbi.nlm.nih.gov/pubmed/316663
https://doi.org/10.1111/j.1749-6632.1979.tb18715.x
http://www.ncbi.nlm.nih.gov/pubmed/8230802
https://doi.org/10.1539/joh1959.35.406
http://www.ncbi.nlm.nih.gov/pubmed/1990961
https://doi.org/10.1164/ajrccm/143.2.408
http://www.ncbi.nlm.nih.gov/pubmed/18403674
https://doi.org/10.1126/science.1156995
http://www.ncbi.nlm.nih.gov/pubmed/22168577
https://doi.org/10.3109/08958378.2011.633942
http://www.ncbi.nlm.nih.gov/pubmed/23017228
https://doi.org/10.1016/j.cyto.2012.08.025
http://www.ncbi.nlm.nih.gov/pubmed/2428564
https://doi.org/10.1007/BF00286991
http://www.ncbi.nlm.nih.gov/pubmed/2547546
https://doi.org/10.1007/BF02030079
http://www.ncbi.nlm.nih.gov/pubmed/16882533
https://doi.org/10.1289/ehp.9203
http://www.ncbi.nlm.nih.gov/pubmed/17907164
https://doi.org/10.1002/art.22880
https://aoemj.org

	Asbestos exposure and autoantibody titers
	BACKGROUND
	METHOD
	Serological and other functional examination
	Asbestos exposure profile
	Data analysis

	RESULTS
	DISCUSSION
	CONCLUSION
	REFERENCES


