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Elevation of Circulating Th17/Th22 Cells Exposed to Low-Level
Formaldehyde and Its Relevance to Formaldehyde-Induced
Occupational Allergic Contact Dermatitis

Weihua Mai, MD, Xingwei Liu, MS, Guangxiao Su, MS, Wenying Zhou, BS
Ziping Wen, MS, and Dongging Lu, MD

Objectives: The aim of this study was to investigate the effects of formal-
dehyde exposure on Th17 and Th22 cells and its relevance to human
occupational allergic contact dermatitis (OACD). Methods: Circulating
IL17-/1L22-secreting cells and serum IL17/IL22 levels in formaldehyde-
exposed workers at Occupational Exposure Limit and nonexposed controls
were assessed. Results: The IL17" and IL227 cell population were detected
in both CD37CD8" and CD37CD8™ cells. The percentages of circulating
IL17" and IL22" T cells in the workers with and without ACD history were
all elevated, which were more remarkable in the ones with ACD history.
Serum levels of IL17 and IL22 between the workers and controls were not
significantly different. Conclusions: Low-level formaldehyde exposure
may increase circulating IL17-/IL22-producing T cells (CDS™ and CD8™"),
possibly involved in the development of human OACD. But it may not alter
serum levels of IL17/IL22 before the appearance of OACD symptoms.

O ccupational skin diseases (OSDs) are the most common
nontraumatic occupational illnesses in many countries, with
serious health effects on hazard-exposed workers, resulting in
severe economic losses and social problems.' Therefore, it is quite
essential to prevent and control OSDs effectively. The goal of the US
Public Health Service for the year 2010 was to reduce national
OSDs to an incidence of no more than 46 per 100,000 full-time
workers.”

Occupational aller{F!'c contact dermatitis (OACD) is one of
the most prevalent OSDs," with a prevalence of 15% to 25%.> It is
a type IV, delayed-type hypersensitivity response to xenobiotics or
haptens in contact with the skin. The most common allergens in
occupational exposure include metals (such as nickel), fragrance,
rubber, organic solvents, preservatives, and so on. Formaldehyde, a
widely used organic compound in manufacturin6g, health care, and
embalming,4 is a well-known OACD inducer.”

Patch-test is an important diagnostic tool for the assessment
of ACD.” A series of allergens are applied to the patients, and
evaluated in 24, 48, and 72 hours after application. But false-positive
reactions may occur when the patient has generalized dermatitis or
primary irritants are used, and negative tests may be misleading for
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various reasons.® Systemic symptoms related patch-test were
reported in rare cases.>!° Therefore, if a more convenient, accurate,
and safe method for OACD susceptibility screening could be found,
it will be of great value for the prevention and control of OACD.

ACD was considered as a Th1/Th2 imbalance with Thl-
predominance for a long period. Recently, it has been suggested that
Th17 and Th22 cytokines (IL17 and IL22) are implicated in the
development of ACD,"'~'* and unique pathways are preferentially
activated by different allergens.'> Both L17 and IL22 are important
for the pathogenesis of ACD, but differ in their functions. IL17 is
more involved in the inflammatory response, whereas IL22 seems to
have a more protective/regenerative quality.'>'®!” However, up to
now, there are only few data concerning the associations of Th17
and Th22 cytokines with OACD induced by occupational hazards. It
was observed that the inflamed skin of nickel-challenged allergic
individuals contained infiltrating neutrophils and cells expressing
IL17/1L22, suggesting the involvement of IL.17 and IL22 in nickel-
induced ACD."®!® Previous studies were conducted to clarify the
possible effects of formaldehyde exposure on the immune system,
mainly limited to effects on Thl and Th2 cells.’*=> But less is
known about the effects of formaldehyde exposure on Th17 and
Th22 cells. It was observed that independent formaldehyde
exposure at a low concentration (0.2 ppm) increased the skin mRNA
expressions of IL17E in NC/Nga mice, even though it failed to
induce atopic dermatitis-like skin inflammation.>* But the effect of
formaldehyde exposure on Th17/Th22 cells in exposed workers and
its relevance to human OACD remain unclear.

According to Occupational Exposure Limit (OEL) by Sci-
entific Committee for Occupational Exposure Limits (SCOEL)
2008,% it was supposed that an 8-hour time-weighted average
exposure to 0.2 ppm formaldehyde with a short-term exposure limit
of 0.4 ppm would be not irritating or genotoxic in humans. Never-
theless, even under low-level formaldehyde exposure at OEL, a
minority of exposed workers develop OACD. In order to investigate
the effects of formaldehyde exposure on Th17 and Th22 cells and
evaluate the participation of these cells in human OACD, we
conducted studies to explore the alterations of circulating 1L17-/
[L22-secreting cells and IL17/IL22 levels in the workers exposed to
formaldehyde at proposed OEL. We supposed that low-level formal-
dehyde exposure may alter IL.17-/IL22-secreting cells and L17/1L.22
levels before the appearance of skin lesions, involved in the develop-
ment of OACD. If future studies will show that the workers with
elevated IL17-/IL22-secreting T cells and L17/IL22 levels develop
formaldehyde-induced OACD in the future, then Th17/Th22 cells
could be used as indicators for future OACD.

METHODS

Subjects

A total of 104 workers exposed to low-level formaldehyde at
proposed OEL (0.2ppm), and 90 nonexposed controls with no
history of formaldehyde or other chemicals exposure, were enrolled.
All subjects, matched for sex and age, were selected from the
individuals who took occupational or common health examinations

Copyright © 2017 American College of Occupational and Environmental Medicine. Unauthorized reproduction of this article is prohibited


mailto:weihuamai2004@163.com
mailto:weihuamai2004@163.com

Mai et al

JOEM e Volume XX, Number X, Month 2017

TABLE 1. Demographics of Formaldehyde-exposed Workers and Nonexposed Controls

Exposure Duration to With Cigarette With Alcohol

Groups Male (n) Female (n) Age, years Formaldehyde, years History (n) History (n)
Formaldehyde-exposed 96 (92.3%) 8 (7.7%) 39.85+1.134; (95% 8.68 +3.975 (4~20) 48 24
workers CI: 37.51~42.18)
Nonexposed controls 80 (88.9%) 10 (11.1%) 40.67 £2.768; (95% 0 40 18
CI: 34.73~46.60)
P 0.820 0.166 0.866 0.714

95% CI, 95% confidence interval.

in the Fifth Affiliated Hospital of Sun Yat-sen University from June
2015 to October 2016. Demographics of the workers and controls
are summarized in Table 1. Nineteen exposed workers had a clinical
history of ACD. None of the workers and controls had other
inflammatory/autoimmune diseases or received immunosuppres-
sant/glucocorticoid treatment in the previous 3 months. The con-
centrations of formaldehyde in workplaces were assessed by the
qualified agencies. Blood samples were obtained from all subjects
with informed consent. The eosinophil counts in peripheral blood
were assessed in Clinical Laboratory of the hospital. The study was
approved by the Local Ethical Committee of the Fifth Affiliated
Hospital of Sun Yat-sen University.

Flow-Cytometric Analysis

As CD4 expression on T cells was downregulated during
culture with phorbol 12-myristate 13-acetate (PMA)/Ionomycin and
brefeldin A (BFA)/Monensin, CD3"CD8" and CD3"CDS8" cells
intracytoplasmic positive for IL17 and IL22 were assessed instead.
First, to evaluate the activation of T cells, 125 pL fresh heparinized
blood was incubated in 125 wL. RPMI 1640 medium (Gibco,
ThermoFisher Scientific, Waltham, MA) containing L-Glutamine,
stimulated with 1 nL PMA/Ionomycin Mixture (PMA12.5 pg/mL,
Tonomycin 0.25 mg/mL, dissolved in ethanol, 250 X ; Multisciences
Biotech, Hangzhou, Zhejiang, China) for 6 hours at 37°C. After
incubation, 50 wL cells were stained with 5 wL. ECD-conjugated
anti-CD3 and PE-conjugated anti-CD69 mAbs (Beckman Coulter,
Indianapolis, IN) for 15 minutes at room temperature. Then, 300 L
OptiLyse C (Beckman Coulter, Indianapolis, IN) was added, incu-
bated for 20 minutes to lyse the remaining erythrocytes. After wash,
cell labelings were analyzed on Epics XL-MCL flow cytometer
(Beckman Coulter, Indianapolis, IN). Only when the proportion of
activated T cells (CD37CD69") was more than 90%, the following
procedures were conducted.

Next, 125 pL fresh heparinized blood was incubated in
125 pL RPMI 1640 medium containing L-Glutamine, stimulated
with 1 L PMA/Ionomycin mixture, in the presence of 1 wL. BFA/
Monensin mixture (BFA 0.75 mg/mL, Monensin 0.35 mg/mL, dis-
solved in ethanol, 250 x ; Multisciences Biotech, Hangzhou, Zhe-
jiang, China) for 6 hours at 37°C. After incubation, 120 pL cells
were directly stained with 5 L ECD-conjugated anti-CD3 and
PC5-conjugated anti-CD8 mAbs (Beckman Coulter, Indianapolis,
IN) for 15 minutes. Then, cells were fixed with 100 L fixation
agent (Formaldehyde, IntraPrep; Beckman Coulter, Indianapolis,
IN) for 15 minutes in the dark. After wash, cells were permeabilized
with 100 pL permeability agent (Saponine, IntraPrep; Beckman
Coulter, Indianapolis, IN), and the remaining erythrocytes
were lysed. Finally, cells were stained with 5 nL PE-conjugated
anti-IL17A mAb (50 pg/mL; eBioscience, Affymetrix, Waltham,
MA) and 5pL fluorescein isothiocyanate-conjugated anti-
1IL22 mAb (25 pg/mL; eBioscience, Affymetrix, Waltham, MA)
for 30 minutes, using 5 pL PE-labeled and fluorescein

isothiocyanate-labeled mouse IgGl mAbs (100 wg/mL: eBio-
science, Affymetrix, Waltham, MA) as Isotype Controls. After
wash, fluorescence profiles were acquired on Epics XL-MCL flow
cytometer and the data were analyzed with Expo32-ADC Analysis
software (Beckman Coulter, Indianapolis, IN).

ELISA

Serum concentrations of IL17 and IL22 were assessed with
commercially available sandwich ELISA kits: IL17 and I1L22
Quantikine kits (R&D Systems, Bio-Techne, Minneapolis, MN),
according to the manufacturer’s instructions. Microplate reader
(iMark; Bio-Rad, Hercules, CA) was used to measure the absorb-
ance at 450 nm.

Statistical Analysis

On the basis of the normal distribution of data tested by the
Kolmogorov—Smirnov, differences of T cell subsets, 1L17-/IL22-
producing T cells, and serum levels of IL17/IL22 among groups
were compared by the one-way analysis of variance (ANOVA). And
pairwise comparisons were tested by least significant difference
(LSD). The differences of sex, cigarette, and alcohol history
between groups were compared by crosstabs Chi-square tests
(Pearson Chi-square or Continuity Correction). An analysis of
bivariance correlations was used to estimate the correlations. Miss-
ing data were not included in the statistics. All statistical procedures
were performed using the statistical package of the social sciences
16.0 (SPSS16.0) and P value less than 0.05 was considered to be
significant.

RESULTS

Alternations of T Cell Subsets in Formaldehyde-
Exposed Workers

Compared with the controls, the percentages of peripheral
CD3"CDS8" cells in the workers with and without ACD history
were both elevated (68.79+2.916 vs 48.61 +2.498, P=0.000 <
0.05;55.87 £2.158 vs 48.61 +2.498, P =0.029 < 0.05), whereas the
proportions of CD37CD8™ cells were declined (30.8642.960 vs
51.394+2.498, P=0.000<0.05; 44.13+2.158 vs 51.39 £+2.498,
P=0.029 < 0.05). The alternations of CD3"CD8 and CD3"CD8"
cells in the workers with ACD history were more obvious, than
the ones without ACD history (68.79+2.916 vs 55.87 +2.158,
P =0.003 <0.05;30.86 £2.960 vs 44.13 £ 2.158, P = 0.003 < 0.05).

Elevation of IL17-/1L22-Producing T Cells in
Formaldehyde-Exposed Workers

The proportions of CD37CD69" cells in 102 exposed
workers and 86 controls were more than 90% (99.26 +0.556%),
indicating that the majority of T cells in these subjects were
activated. Representative profiles of CD37CD69™ cells from the
workers and controls are shown in Fig. 1.
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A discernible population of CD3'CDSIL17" and
CD3"CDS8TIL22" cells were detected in peripheral blood. Compared
with the controls, the percentages of circulating CD3"CDSTL17"
and CD3"CDS8TL22" cells from the workers with and without ACD
history were elevated (CD37CDS8TL17 cells: 5.5340.366% vs
1.92£0.236%, P=0.000<0.05; 2.80+£0.288% vs 192+
0.236%, P=0.025<0.05. CD3"CD8TL22"cells: 3.56+.0.275%
vs 0.64+£.0.081%, P=0.000<0.05; 1.364+.0.121% vs 0.64+
0.081%, P=0.000 < 0.05). And the elevations in the workers with
ACD history were more remarkable, than the ones without ACD
history (5.53+0.366% vs 2.80+£0.288%, P =0.000<0.05;
3.56£.0.275% vs 1.36 +0.121%, P =0.000 < 0.05).

Interestingly, CD3"CD8'IL17" and CD3"CD8"IL22" cells
were also detected in spite of small amounts. Similarly, the pro-
portions of CD3"CD8'IL22" cells in the workers with and
without ACD history were higher than the controls (0.86+
0.072% vs 0.15£0.024%, P=0.000<0.05; 0.424+0.043% vs
0.15£0.024%, P =0.000 < 0.05). And the elevation in the workers
with ACD history was more obvious, than the ones without ACD
history (0.86+0.072% vs 0.42 +0.043%, P =0.000 < 0.05). The
proportion of CD3"CD8'IL17" cells in the workers with ACD
history was also enhanced, compared with the workers without ACD
history and the controls (0.99+0.130% vs 0.62£0.105%,
P =0.042 <0.05; 0.99£0.130% vs 0.37+0.796%, P=0.002 <
0.05). But it was not significantly different between the workers
without ACD history and the controls (0.62+£0.105% vs

0.37£0.796%, P =0.074 >0.05). The data are shown in Figs. 2
and 3.

NO Distinct Serum Levels of IL17/IL22 Between
Formaldehyde-Exposed Workers and Nonexposed
Controls

Serum IL17 levels in all subjects were detected successfully,
but the serum levels of IL22 in three workers and two controls were
too low to be detected. Serum concentrations of IL17 and IL22 in
the workers with and without ACD history seemed a bit higher than
the controls, but with no significant differences (IL17: 8.92 £ 1.953
vs 7.40 £ 1.451 pg/mL, P=0.580>0.05; 8.224+0.991 vs 7.40 £
1.451 pg/mL, P=0.800>0.05. TL22: 6.79+1.289 vs 5.65+
1.310 pg/mL, P=0.654>0.05; 5.844+1.015 vs 5.65+1.310pg/
mL, P=0.711 > 0.05). There was no significant difference between
the workers with and without ACD history either (8.92 +1.953 vs
8.22£0.991 pg/mL, P=0.647>0.05; 6.79+£1.289 vs 5.84+%
1.015 pg/mL, P =0.908 > 0.05).

Correlation Between IL17-/IL22-Producing T Cells
and the Eosinophil Counts

There were positive correlations between the proportions of
CD3"CDS8IL17" and CD3"CDS8IL22" cells and the eosinophil
counts in peripheral blood (Pearson correlation coefficient
r=0.375, P=0.016 < 0.05; r=0.460, P=0.002 <0.05). But no
correlations of CD3**CD8**IL17** and CD3**CD8* *1L22**
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FIGURE 3. Comparisons of circulating CD8 and CD8* IL17-/
IL22-producing T cell population in formaldehyde-exposed
workers and nonexposed controls. The percentages of circulat-
ing CD3*CD8&IL17", CD3"CD8IL22*, and CD3"CD8*IL22*
cells from the workers with and without ACD history were all
elevated, and the elevations were more remarkable in the
workers with ACD. The proportion of CD37CD8IL177 cells
was also enhanced in the workers with ACD history, but not
significantly different between the workers without ACD history
and the controls.

proportions with the eosinophil counts were found (Pearson
correlation coefficient r=0.075, P=0.654>0.05; r=0.147,
P=0.359>0.05).

DISCUSSION

Th17 and Th22 cells have been implicated in the elicitation of
ACD in recent studies."'~'* But only few data were reported,
concerning the associations of Th17 and Th22 cells and relevant
cytokines with OACD induced by occupational hazards. It was
suggested that IL17 and IL22 were involved in nickel-induced
ACD,'>'®71% and formaldehyde exposure at 0.2ppm increased
the skin IL17E mRNA expression in mice.>* But whether formal-
dehyde exposure can increase Th17 and Th22 cells in the exposed
workers and participate in the pathogenesis of human OACD remain
to be elucidated.

Here, we observed that peripheral CD3*CD8" cells in formal-
dehyde-exposed workers with and without ACD history were
elevated, while CD3"CD8" cells were declined, indicating that
low-level formaldehyde exposure may increase CD8 T cells but
decrease CD8™" T cells. This consists with previous findings.?*!-*3
But conflicting data were also obtained in some studies.”

Importantly, we successfully detected circulating T lympho-
cytes intracellularly positive for IL17 and IL22 by flow cytometry.
The IL17" and IL22" cell population were found not only in
CD3"CD8 cells but also in CD3"CD8" cells. Moreover, the
percentages of IL17" and IL22" T cells in peripheral blood of
formaldehyde-exposed workers with and without ACD history were
all elevated, and the elevations were more remarkable in the workers
with ACD history. The data demonstrated that low-level formal-
dehyde exposure increased circulating IL17- and IL22-producing T
cells, not only CD4" but also CD8" T cells, which might be
involved in the development of OACD. Actually, other studies also
suggested that not only skin-derived CD4 ™ T cells but also CD8™ T
cells were able to produce IL17 and IL22."%?® And IL17- and TL22-

producin§ CDS™ T cells were also important for the elicitation of
ACD.”%

However, we did not find distinct serum concentrations of
IL17 and IL22 between formaldehyde-exposed workers and the
controls, although it was reported that serum level of IL22 was
increased in patients with nickel contact dermatitis.>® This suggests
that formaldehyde exposure may not alter the serum levels of IL17
and IL22 before the appearance of OACD symptoms. As it was hard
to obtain biopsies of normal skin from the workers and controls with
no skin lesions, we were not able to further evaluate the effects of
formaldehyde exposure on the expressions of Th17/Th22 cells and
related cytokines in normal skin of the workers and controls.

It is known that IL17 participates in production of certain
inflammatory  cytokines, including granulocyte-macrophage
colony-stimulating factor, tumor necrosis factor alpha, interleukin
8, C-X-C motif chemokine 10, and vascular endothelial growth
factor by keratinocytes, and IL-17 and IL-22 have synergistic effects
on interleukin 8 production.’’ Besides the proinflammatory func-
tion, IL22 seems to have a more protective/regenerative quality.'®
Th22 cells guarantee the skin integrity by inducing keratinocyte
proliferation and migration via the signal transducer and activator of
transcription 3 signal pathway.'? These may be associated with the
roles of IL17- and IL22-producing T cells for the induction
of OACD.

We also observed that the percentages of CD3"CDS8TIL17+
and CD3"CDS1L22" cells positively correlated to the eosinophil
counts in peripheral blood, consistent with previous studies,®”
suggesting the participation of these cells in human OACD.

In summary, our data demonstrated that low-level formal-
dehyde exposure at proposed OEL might increase circulating
Th17-/1L22-producing T cells (both CD8™ and CD8"), possibly
involved in the development of OACD. But it may not alter the
serum levels of IL17/IL22 before the appearance of OACD symp-
toms. Our study provides new insights into a novel mechanism for
OACD, indicating that Th17/IL17 and Th22/IL22 axes may be
potential targets for OACD therapy. We will follow-up with the
workers next. If future studies will show that people with elevated
IL17-/1L22-secreting T cells and L17/IL22 levels will develop
formaldehyde-induced OACD, then this method could be used
for OACD susceptibility screening during occupational health
surveillance.
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