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Abstract

Fresh water sanitation and disinfection using a variety of chemical entities as chlorination agents
is an essential public health intervention ensuring water safety for populations at a global

scale. Recently, we have published our observation that the small molecule oxidant, innate
immune factor, and chlorination agent HOCI antagonizes inflammation and photocarcinogenesis
in murine skin exposed topically to environmentally relevant concentrations of HOCI. Chlorinated
isocyanuric acid derivatives [including the chloramines trichloroisocyanuric acid (TCIC) and
dichloroisocyanuric acid (DCIC)] are used worldwide as alternate chlorination agents serving as
HOCI-precursor and stabilizer compounds ensuring sustained release in aqueous environments
including public water systems, recreational pools, and residential hot tubs. Here, for the

first time, we have examined the cutaneous TCIC-induced transcriptional stress response (in

both an organotypic epidermal model and in AP-1 luciferase reporter SKH-1 mouse skin),

also examining molecular consequences of subsequent treatment with solar ultraviolet (UV)
radiation. Taken together, our findings indicate that cutaneous delivery of TCIC significantly
enhances UV-induced inflammation (as profiled at the gene expression level), suggesting a
heretofore unrecognized potential to exacerbate UV-induced functional and structural cutaneous
changes. These observations deserve further molecular investigations in the context of TCIC-based
freshwater disinfection with health implications for populations worldwide.

INTRODUCTION

Fresh water sanitation and disinfection using a variety of chemical entities as chlorination
agents is an essential public health intervention ensuring water safety for populations at
a global scale (as recognized by the United Nations’ sustainable development goals) (1,
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2). The small molecule electrophile, oxidant, and chlorination agent hypochlorous acid
(HOCI), apart from its multifaceted biological role as a crucial antimicrobial factor of

the innate immune system, is a key mediator of chlorination stress targeting microbes as
relevant to chemical disinfection ensuring safety of drinking water and recreational water
use (2-11). Remarkably, biomedical and toxicological impact of chemical exposure-induced
chlorination stress targeting human epithelial (cutaneous, gastrointestinal, and respiratory)
tissue remain largely undefined, representing an unexplored area of the skin exposome and
redoxosome (2, 11, 12).

Serving an important endogenous microbicidal and immune-modulatory role in the context
of the innate immune system, HOCI has recently emerged as an important mediator of
numerous human pathologies including tissue response to trauma and wound healing,
vascular endothelial damage, respiratory illness, neurodegeneration, cancer, and senescence
(13-17). Regulatory guidelines stipulate acceptable HOCI environmental exposure levels [<
5 ppm (equaling < 100 uM) following US (CDC/EPA) guidelines] relevant to cutaneous
impact as it occurs during recreational freshwater use, for example in the context of public
pool sanitation (5, 7, 10). Only a limited number of studies have addressed the potential
health impact associated with water chlorination as it occurs for drinking water disinfection
and recreational use, focusing mostly on (/) HOCI (in equilibrium with OCI™) as the ultimate
chlorination agent and (/7) HOCI-precursor chemicals (designed to stabilize and release the
reactive intermediate). Moreover, chlorination byproducts (CBPs including chloroform) are
known to be associated with numerous irritant, organotoxic, and potentially carcinogenic
effects impacting human health as a function of environmental exposure (documented for
example in bladder cancer, liver damage, disinfectant-related asthma, and allergic contact
dermatitis) (2, 3, 5, 18-22).

Chlorinated isocyanuric acid derivatives [including the chloramines trichloroisocyanuric
acid (TCIC; CAS#: 87-90-1), dichloroisocyanuric acid (DCIC), and isocyanuric acid
chlorinated /n situ in the presence of HOCI] are used worldwide as alternate chlorination
agents serving as HOCI-precursor and stabilizer compounds that ensure sustained release
in aqueous environments such as drinking water reservoirs and swimming pools used
according to EPA-recommended hazard assessment and concentration levels (< 300 uM)
(23-26). Ubiquitous use of these agents is predicated on various seemingly favorable
chemical features including synthetic accessibility, shelf life, established safety profile, and
photostability, a property of special significance in the context of pool disinfection where
the well-established UV-instability of HOCI/OCI~ compromises sustained maintenance

of antimicrobial chlorination levels (23-28). Remarkably, biological effects of TCIC

on epithelial human tissues are largely understudied, and most available evidence has
been obtained performing standard regulatory toxicity assessment (including acute irritant
exposure and long-term feeding models). Indeed, the role of TCIC-associated chlorination
stress in skin deterioration, particularly in the context of solar UV co-exposure, remains
unexplored even though human exposure is ubiquitous, and pharmacokinetics of human
exposure to isocyanuric acid and its chlorinated derivates (ingested orally by recreational
swimmers) have been described (23).
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Acute and chronic skin photodamage is a well-established consequence of human exposure
to solar ultraviolet (UV) radiation, involved in photoaging and photocarcinogenesis, and
environmental modulation (enhancement or attenuation) of skin photodamage impacted by
additional factors of the skin exposome (such as arsenic and polyaromatic hydrocarbons) is
well documented (29-38). Interestingly, with reference to co-exposure scenarios involving
environmental disinfectants and solar UV (such as in the context of recreational swimming
pool use), only limited experimental data are available documenting cutaneous pathology
and toxicological effects downstream of this environmentally relevant co-exposure (3, 5).
Recently, we have published our findings employing co-exposure models indicating that
topical HOCI suppresses inflammatory photocarcinogenesis in SKH-1 high risk mouse skin
(2, 11). In accordance with this observation, a topical HOCI regimen suppressed acute
UV-induced inflammation and AP-1-controlled transcriptional activity in transgenic SKH-1
luciferase-reporter mouse skin as revealed by oxidative stress RT2 Profiler™ array analysis,
substantiating the established anti-inflammatory effect of topical HOCI harnessed clinically
for therapeutic intervention targeting inflammatory pathologies including pruritus, atopic
and radiation dermatitis, and psoriasis (2, 14).

Here, for the first time, skin effects of topical TCIC-exposure were examined first in an
organotypic model of human epidermis and then in AP-1 luciferase reporter SKH-1 mouse
skin examining the molecular interaction that occurs upon subsequent treatment with solar
UV, an experimental approach mimicking environmental co-exposure. These novel data
demonstrate that topical TCIC significantly enhances UV-induced inflammation, suggesting
a heretofore unrecognized potential to exacerbate UV-induced functional and structural
cutaneous changes. This co-exposure might be relevant to specific environmental exposure
scenarios, impacting for instance human skin exposed to topical TCIC (pool disinfectant)
and UV (solar radiation). Given the ubiquitous nature of human TCIC exposure in the
context of freshwater disinfection, implications for skin health (as investigated here for the
first time) deserve further molecular investigations.

MATERIALS AND METHODS

All methods (- including human skin cell culture, cell viability analysis by flow

cytometry, caspase 3 activation assay, detection of intracellular oxidative stress, human
epidermal reconstructs, epidermal AP-1 luciferase mouse model, comparative RT?
Profiler™ gene expression array analysis, single RT-gPCR expression analysis, and tissue
immunohistochemistry -) were performed according to our previously published procedures
as specified in detail in ‘Supporting Materials’ (11, 39-46).

Statistical analysis:

Data sets were analyzed employing analysis of variance (ANOVA) with Tukey’s posthoc
test using the GraphPad Prism 9.1.0 software (Prism Software Corp., Irvine, CA); in
respective bar graphs (analyzing more than two groups), means without a common letter
differ (p < 0.05) as published before (11). Experiments involved at least three independent
individual replicates per data point. Nonparametric data analysis of murine experimentation
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(bioluminescence assessment) was performed using the Mann—-Whitney test. Differences
between groups were considered significant at p < 0.05.

RESULTS AND DISCUSSION

The freshwater disinfectant TCIC induces cytotoxicity in human HaCaT keratinocytes
characterized by annexin V/PIl-positivity, cleavage of procaspase 3, and induction of redox
dysregulation

Using cultured HaCaT human keratinocytes, cytotoxicity was first evaluated by flow
cytometric analysis revealing the dose response relationship of TCIC-induced cell death
(=500 M in regular medium; 24 h continuous exposure; Fig. 1a), observable at high
micromolar concentrations (= 250 uM). Subsequently, time course analysis indicated loss of
viability observable already within 60 min TCIC exposure (500 pM) causing approximately
35% reduction in viability with cells staining positive exclusively for annexin V (Fig. 1b).
The proportion of dead cells increased as a function of exposure time, with more than 95%
reduction in viability observable at 24 h. At that time point, all cells displayed positivity for
annexin V, with substantial co-staining for propidium iodide (detectable in approximately
50% of dying cells) indicative of late-stage apoptotic cell death, an observation supported
by detection of TCIC-induced cleavage of procaspase 3 (Fig. 1c). We then examined

the induction of oxidative stress in response to treatment with TCIC employing flow
cytometric analysis of dye oxidation [assessing conversion of the fluorogenic precursor
2,7’ -dihydrodichlorofluorescein-diacetate (DCFH-DA); Fig. 1d] (41). Indeed, oxidative
dye conversion with formation of dichlorofluorescein was observable within 1h exposure
time (TCIC: 250 uM). In contrast, at low TCIC concentrations (< 100 uM), ROS formation
was not detectable.

Array analysis reveals induction of redox stress response gene expression in human
reconstructed epidermis (EpiDerm™) exposed to topical TCIC

Next, after elucidating acute toxicity towards cultured HaCaT keratinocytes, a human
organotypic epidermal model was exposed to TCIC (100 uM, PBS, 6 h) with subsequent
gene expression analysis employing the Oxidative Stress Plus RT2 Profiler™ PCR Array
technology (TCIC versus PBS only; Fig. 2) (11). As a result of TCIC exposure,
expression of the following genes was associated with statistically significant changes

(= three-fold) elicited by TCIC exposure as analyzed by scatter plot depiction (Fig. 2a),
volcano plot depiction [expression differential versus respective p-value (Fig. 2b)], and
quantitative overview summarizing gene expression changes [fold change = 2; p value <
0.05 (Fig. 2c)]: MB (encoding myoglobin; 14.4-fold), BN/P3 (encoding BCL2 interacting
protein 3; 7.1-fold), 7XNRD1 (encoding thioredoxin reductase 1; 3.3-fold), and GCLM
(encoding glutamate -cysteine ligase, modifier subunit; 3.3-fold); in contrast, TCIC-induced
downregulation by at least three-fold was observed with GSR [encoding glutathione
reductase; 3.5-fold].

Subsequent IHC analysis confirmed tissue integrity (H&E stain; Fig. 2d) and TCIC-induced
introduction of 3-chloro-tyrosine-epitopes (3-CI-Tyr; Fig. 2d; bottom panels), indicative of
posttranslational modification as a result of chlorination observed before in chlorination
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stress-associated pathologies including UV-damage, inflammatory dysregulation, metabolic
syndrome, septic shock, malignancy, and cellular senescence (11, 14-17).

In summary, topical cutaneous TCIC exposure [performed at a concentration relevant

to environmentally-exposed human skin (100 pM)] induces a oxidative stress-related
transcriptional response detectable in a human organotypic epidermal model (Epiderm™).
It is interesting to note that examination of HOCI-induced transcriptional responses at

the mRNA level (as assessed by us before using the same Epiderm™ exposure model)
has already profiled an HOCI-induced oxidative epidermal stress response; however, our
data indicate that identity of specific genes (responsive to chlorination agents) differs

as a function of the specific chlorination-inducing chemical entity (i.e., HOCI versus

the chloramine TCIC) that determines reactivity and pharmacokinetic parameters of skin
delivery, an unexplored topic to be examined in adequate detail by future experimentation
(12).

Topical TCIC enhances AP-1 transcriptional activity in response to acute UV exposure in a
murine cutaneous exposure model

Recently, we have shown that transgenic SKH-1 reporter mice engineered for luciferase
expression under the control of activator protein 1 (AP-1) are a suitable model allowing

(/) the detection of UV-induced AP-1 transcriptional activation and (ii) screening of topical
chemopreventive agents that antagonize this UV-sensitive inflammatory pathway (11, 44,
45). We therefore examined the impact of cutaneous TCIC pre-exposure on AP-1 signaling
elicited by subsequent UV exposure, mimicking co-exposure as it would occur in human
swimmer’s skin exposed to solar UV and pool-associated disinfectants. To this end, murine
cutaneous exposure was performed employing TCIC (100 pM in carrier), generating four
treatment groups: (/) “TCIC’, (i) ‘carrier’, (/i) “TCIC plus UV’ (UVB: 275 ml/cm?), or
(#V) “carrier plus UV’ (Fig. 3a). Employing this /n vivo exposure model, it was observed
that UV treatment caused AP-1 activation as indicated by upregulation of luciferase-
dependent luminescence intensity (by more than 500-fold over carrier control) (Fig. 3b),

a finding consistent with our previous data using this model exploring HOCI-effects on
skin inflammation after UV exposure (11). Strikingly, TCIC used as a single agent, did not
induce a cutaneous luminescence signal; however, if applied in combination with UV, TCIC
pre-treatment (preceding UV exposure) potentiated UV-induced luminescence intensity by
more than 100% (consistent with AP-1 hyperactivation), an observation indicative of the
inflammation-enhancing effects associated with this environmentally-relevant chloramine.

Array analysis indicates TCIC-potentiation of UV-induced oxidative stress and
inflammatory gene expression detectable in SKH-1 murine skin

Following our expression analysis performed in a TCIC-exposed organotypic epidermal
model (Fig. 2), we examined redox and inflammatory gene expression responses at the
mRNA level comparing solar UV-induced gene expression changes in SKH-1 mouse skin
subjected to “TCIC’ or “carrier only’ pretreatment (Fig. 4).

TCIC-induced gene expression changes (Oxidative Stress RT2 Profiler™ PCR Array;
greater than three-fold) were detectable as follows (upregulated expression): Mb (encoding
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myoglobin; 8.4-fold), AoxI (encoding aldehyde oxidase 1; 5.7-fold), Pfgs2 (encoding
cyclooxygenase 2; 3.8-fold), Ucp3 (encoding uncoupling protein 3; 3.2 fold), and //22
(encoding interleukin 22; 3.1 fold); downregulated expression: FmoZ (encoding flavin
containing monooxygenase 2; 9.0 fold) and Sod3 (encoding superoxide dismutase 3,
extracellular; 4.2 fold; Fig. 4a and e).

Next, UV-induced gene expression in murine skin was profiled, characterized by pronounced
changes at the mRNA level (greater than three-fold); upregulated expression: //19[encoding
interleukin 19; 109.3-fold], Duox1 [encoding dual oxidase 1; 6.2-fold], Pfgs2 (encoding
cyclooxygenase 2; 4.8-fold), and Prdx3 (encoding peroxiredoxin 3; 3.0-fold); downregulated
expression: FmoZ (encoding flavin containing monooxygenase 2; 38.1 fold), KrtZ (encoding
keratin 1; 15.4 fold), Sod3 (encoding superoxide dismutase 3, extracellular; 6.5 fold), 7xnip
(encoding thioredoxin interacting protein; 5.5 fold), Lpo (encoding lactoperoxidase; 4.7
fold), and Prdx5 (encoding peroxiredoxin 5; 3.0 fold; Fig. 4b and e).

Strikingly, if TCIC pretreatment was followed by UV-exposure (Fig. 4c and e), exacerbated
gene expression changes were observed as follows: UV exposure (following TCIC)
upregulated expression of //19, Duox1, and Ptgs2 (Figs. 3b and 4c&e). Likewise,
enhancement of UV-induced downregulation of gene expression by TCIC pretreatment
was observed with KrtZ and Sod3. Differential gene expression as a function of treatment
(TCIC/UV) is summarized by Venn diagram analysis revealing identity of genes exclusively
sensitive to single agent exposure (TCIC or UV) or combination treatment (Fig. 4d).
Remarkably, expression of Mb, an emerging molecular factor involved in progression of
epithelial tumors (including oxidative stress and hypoxia response), acting beyond its well-
established role in muscle cell oxygen- and iron-binding, was upregulated in response to
TCIC exposure (if applied as single agent) and downregulated upon single agent (UV only)
or co-exposure (TCIC/UV), an effect to be explored by follow up experimentation (47, 48).
In the future, additional investigations will comprehensively address the TCIC-associated
cutaneous impact resulting from topical exposure focusing on the importance of residence
time, concentration, pH, and pre-/ co-/ post-exposure regimens. It remains to be seen,

how effects of TCIC that differ from HOCI are related to its chloramine entity that might
dictate differential biological outcomes. Likewise, the specific mechanistic involvement of
AP-1 (and other UV-responsive stress response transcription factors as NFxB) underlying
TCIC-modulation of UV responses awaits further clarification. In this context it should

be mentioned that HOCI-induced posttranslational modification of redox-sensitive cysteine
residues is known to cause 1«B kinase (IKK) oxidation, thereby attenuating subsequent
NFxB-dependent inflammatory gene expression with downregulation of major mediators
including PTGS2 (2, 11, 14, 17). Likewise, numerous other redox sensitive signaling
pathways have been shown to be HOCI- and chloramine-responsive (including p53, p38
MAPK, and Keap1/NRF2 as reviewed recently), to be examined by future investigations
comparing HOCI versus TCIC effects (2).

Taken together, our observations, obtained for the first time in a relevant /n vivo exposure
model (SKH-1 mouse skin exposed to topical TCIC followed by UV radiation), indicate

that acute topical TCIC induces transcriptional changes in skin, potentiating UV-induced
oxidative stress- and inflammation-related gene expression if used as a combinatorial
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agent in SKH-1 mouse skin. These prototype data will expanded exploring (#) impact of
carrier (Vanicream ' as compared to other more relevant exposure vehicles), (77) TCIC dose
response, (/ii) specific impact of UV spectral coverage (UVA versus UVB versus combined
full spectrum solar simulated UV) and exposure regimen (e.g. topical treatment with TCIC
that occurs pre-, versus co-, versus post-UV delivery), and (/1) other factors that determine
translational relevance of these prototype findings.

RT-gPCR- and IHC-based tissue analyses confirm TCIC enhancement of molecular
changes observable in murine skin exposed to acute UV

Next, employing additional RT-gPCR probes [not contained on the expression array (Fig.
4)], we further characterized TCIC-modulation of transcriptional changes detectable at the
MRNA level in response to UV exposure (Fig. 5). TCIC-dependent transcriptional changes
(measured versus UV only) were observable with the following genes encoding established
inflammatory mediators including //16 (encoding interleukin 1 beta; 7.4 fold), //6 (encoding
interleukin 6; 4.0 fold), /10 (encoding interleukin 10; 3.0 fold), 7nf(encoding tumor
necrosis factor; 2.0 fold), while expression of other genes interrogated by our focused
inflammatory expression panel (Cxc/15, 1/17a, 1/33) did not display any responsiveness to
either UV, TCIC, or the combination thereof (data not shown). Using our independent single
RT-gPCR approach, we also confirmed the TCIC-dependent upregulation of UV-responsive
inflammatory genes already examined in array format [ Pfgs2 (5.0 fold), //19 (2.4 fold); Fig.
5, bottom panels].

Next, following our observation obtained at the transcriptional level (Figs. 4 and 5),

IHC skin analysis indicated enhanced detectability of IL-19 and COX-2 that occurred as

a function of TCIC/UV cotreatment (Fig. 6). Interestingly, COX-2 tissue staining was
responsive to TCIC or UV single agent treatment, an effect further enhanced by cotreatment.
Furthermore, 3-chloro-tyrosine epitopes were detectable in all samples exposed to TCIC,
a finding reminiscent of our observation in epidermal reconstructs (Fig. 2) and earlier
research on HOCI (11). Likewise, epidermal expression of the proliferation marker PCNA
was elevated in response to UV (but not TCIC used as a single agent), an effect enhanced
by TCIC co-exposure. Accordingly, hyperplastic changes characteristic of actinic insult
(as assessed by epidermal thickness) were enhanced by approximately 30% as a result of
TCIC/UV co-exposure as compared to treatment with UV only (Fig. 6; top panels).

CONCLUSION

Cellular chlorination stress as a result of environmental exposure is an important molecular
factor impacting public health, both with regard to recreational (i.e. swimming pool) and
drinking water use, representing a topic of essential importance to global freshwater use
and safety in the 215t century (2). In the context of ubiquitous epithelial (cutaneous,
pulmonary, gastrointestinal, etc.) exposure, insufficient experimental evidence exists that
examines toxicity (as a result of single agent exposure or in combination with solar UV)

of HOCI or HOCI-precursors such as isocyanuric acid-derived chloramines (e.g. TCIC etc.)
used globally for freshwater disinfection. Our data, obtained in relevant human epidermal
organotypic and murine reporter mouse models, indicate that the ubiquitous chloramine
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and HOCI precursor TCIC is a potent inducer of epithelial chlorination stress, enhancing
cutaneous UV-induced inflammatory gene expression /in vivo. Strikingly, TCIC-induced
modulation of UV-effects on skin is opposed to those observed with topical application of
HOCI applied in similar carrier and dose regimens, i.e. HOCI-dependent suppression versus
TCIC-dependent enhancement of UV-responses (11). Thus, the differential effects of topical
TCIC exposure (versus HOCI) on UV-induced cutaneous responses (likely attributable

to the chloramine nature and delayed HOCI-release by this chemical entity dictating
distinct chemical reactivity and cutaneous pharmacokinetics) deserve further mechanistic
exploration in relevant exposure models. Future translational examinations will address

the molecular basis, applicability to human exposure scenarios, and potential relevance to
public health as suggested by our TCIC-directed explorations examining cutaneous impact
in combination with UV exposure /n vivo for the first time.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Exposureto the freshwater disinfectant TCIC induces cell death with caspase 3
activation and oxidative stressin human HaCaT keratinocytes.

(a) Flow cytometric analysis of TCIC effects (0-500 pM; in culture medium, 24 h) on cell
viability. (b) Time course analysis (500 pM; in cell culture medium). (c) Flow cytometric
analysis of TCIC-induced (< 250 uM pM, 24 h) procaspase-3 cleavage (histogram: control
versus 250 pM). (d) Redox dysregulation elicited by TCIC exposure (< 250 uM; 1 h) as
assessed by 2°,7’-dihydrodichlorofluorescein-diacetate (DCFH-DA) oxidation (histogram:
control versus 250 uM).
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MB Myoglobin 144
BNIP3 BCL2 interacting protein 3 71
TXNRD1 Thioredoxin reductase 1 33
GCLM Glutamate-cysteine ligase, modifier subunit 33
SPINK1 Serine peptidase inhibitor, Kazal type 1 29
DUSP1 Dual specificity phosphatase 1 2.7
PTGR1  Prostaglandin reductase 1 a7
GPX2 Glutathione peroxidase 2 25
AKR1C2 Aldo-keto reductase family 1, member C2 24
DUOX2 Dual oxidase 2 23
DUOX1 Dual oxidase 1 23
GPX3 Glutathione peroxidase 3 23
PTGS2 Prostaglandin-endoperoxide synthase 2 23
GPX5 Glutathione peroxidase 5 22
ALOX12 Arachidonate 12-lipoxygenase 21
GSTP1  Glutathione S-transferase pi 1 -2.1
NCOA7 Nuclear receptor coactivator 7 -2.2
TXNRD2 Thioredoxin reductase 2 2.7
GSR Glutathione reductase -3.5
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Figure 2. Redox gene expression analysis revealstranscriptional changesinduced by the
freshwater disinfectant TCIC in an organotypic model of human epidermis.

(a-c) EpiDerm™ was exposed topically to TCIC (100 uM, 6 h; chemical structure as
displayed) in PBS (w/v), followed by RT? Profiler™ PCR Array gene expression analysis;
panel a: scatter plot; panel b: volcano plot; panel c: quantitative summary; cut-off line: fold
change = 2; p <0.05]. (d) IHC analysis of representative EpiDerm™ specimens exposed to
control or TCIC treatment examining H&E staining (top) and 3-CI-Tyr (bottom); graphic

scale: 50 pm.
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Figure 3. Topical TCIC exacerbatestranscriptional activity in murine AP-1 reporter skin.
(a) Treatment scheme: Mice were pre-exposed using ‘TCIC (100 uM) in carrier’ or ‘carrier

only’ followed by UVB (275 mJ/cm?) and bioluminescence determination 24 h after; in
addition, control groups were included (“carrier’ versus ‘UV exposure’ only; ‘groups 1-4,
n = 3). Timeline of TCIC-treatment: Carrier (with or without TCIC) was administered twice
(dorsal skin; 24 h and 1 h pre-UV). (b) Quantitative determination of bioluminescent signal
in vivo.
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Figure 4. Gene expression array analysisidentifies changesin murine skin characteristic of
topical co-exposureto TCIC and UV.

Oxidative Stress RT?2 Profiler™" PCR gene expression: (a) TCIC versus untreated control; (b)
UV versus untreated control; (c) TCIC + UV versus untreated control; (d) Venn diagram
displaying ‘TCIC’ versus ‘UV’ versus ‘TCIC + UV’ (all relative to untreated control). ()
TCIC/UV-induced transcriptional response as a function of topical treatment regimen.

Photochem Photobiol. Author manuscript; available in PMC 2024 March 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Snell et al.
c P 50
-
@8 40
2 n
1
a” 30
*x QO
¢ 2
g g 20
2
x © "
EDT 10
=
0
55 2
Sk
2o
@ , 15
8 >
X O
o g’ 10
qd
= =
:é ; 5
=)
0
S 700
c s
° S 600
@ ° 500
44
&m 400
oo ..
( % 300
%5 200
€2 100
=,
0

| 111b d
| b
i c
a
2 N
control TCIC uv TCIC+UuvV
1110 ¢
E b
‘ a a I
1 _milm —
control TCIC uv TCIC+UV
[1119 .
| b
- a a '
control TCIC uv TCIC+UV

mRNA expression
[fold change vs. control]

mRNA expression
[fold change vs. control]

mRNA expression
[fold change vs. control]

J (2]

%

oo

Page 15

1116 c
b
: w B
1 mim -
control TCIC uv TCIC+UV
TNF o
b
a a
control TCIC uv TCIC+UV
" 1Ptgs2 ¢
b b
12 m N
control TCIC uv TCIC+UV

Figure5. RT-qPCR analysis confirmsthat topical TCIC enhances UV-induced inflammatory
transcriptional responses detectable at the mRNA level in mouse skin.

After mRNA preparation from dorsal mouse skin, single RT-gPCR assessment of
inflammatory gene expression (Ptgs2, Tnf, 111b, 116, 1110, 1/119) was performed (control:

untreated (“carrier only”).
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Figure 6. IHC analysis confirmsthat topical TCIC enhances expression of inflammatory stress
response genesin murine skin.

FFPE-skin sections (thickness: 5 pm) were analyzed by IHC (hematoxylin/eosin, 3-CI-Tyr,
COX-2, IL-19, PCNA,; scale bar: 100 pm).

Photochem Photobiol. Author manuscript; available in PMC 2024 March 01.



	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Statistical analysis:

	RESULTS AND DISCUSSION
	The freshwater disinfectant TCIC induces cytotoxicity in human HaCaT keratinocytes characterized by annexin V/PI-positivity, cleavage of procaspase 3, and induction of redox dysregulation
	Array analysis reveals induction of redox stress response gene expression in human reconstructed epidermis EpiDerm™ exposed to topical TCIC
	Topical TCIC enhances AP-1 transcriptional activity in response to acute UV exposure in a murine cutaneous exposure model
	Array analysis indicates TCIC-potentiation of UV-induced oxidative stress and inflammatory gene expression detectable in SKH-1 murine skin
	RT-qPCR- and IHC-based tissue analyses confirm TCIC enhancement of molecular changes observable in murine skin exposed to acute UV

	CONCLUSION
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Figure 4.
	Figure 5.
	Figure 6.

