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Abstract

1,2-Dichloropropane (1,2-DCP) has been used as an industrial solvent and a chemical intermediate, as well as in

soil fumigants. Human exposure may occur during its production and industrial use. The target organs of 1,2-DCP

are the eyes, respiratory system, liver, kidneys, central nervous system, and skin. Repeated or prolonged contact

may cause skin sensitization. In this study, 1,2-DCP was dissolved in corn oil at 0, 2.73, 5.75, and 8.75 mL/kg.

The skin of mice treated with 1,2-DCP was investigated using western blotting, hematoxylin and eosin staining,

and immunohistochemistry. 1,2-DCP was applied to the dorsal skin and both ears of C57BL/6J mice. The thick-

ness of ears and the epidermis increased significantly following treatment, and the appearance of blood vessels

was observed in the dorsal skin. Additionally, the expression of vascular endothelial growth factor, which is

tightly associated with neovascularization, increased significantly. The levels of protein kinase-B (PKB), phos-

phorylated PKB, mammalian target of rapamycin (mTOR), and phosphorylated mTOR, all of which are key com-

ponents of the phosphoinositide 3-kinase/PKB/mTOR signaling pathway, were also enhanced. Taken together,

1,2-DCP induced angiogenesis in dermatitis through the PI3K/PKB/mTOR pathway in the skin.
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INTRODUCTION

1,2-Dichloropropane (1,2-DCP) is an organic compound

classified as a chlorocarbon (1). It is also referred to as

chloromethyl chloride, propylene chloride, propylene bi-

chloride, propylene dichloride, and dichloro-1,2 propane

(2). 1,2-DCP is a volatile organic chemical consisting of

one hydrocarbon with two chlorines (1). It is obtained as a

byproduct of the synthesis of propylene oxide by the chlo-

rohydrin reaction (3). 1,2-DCP was originally used as a

fumigant to control root parasitic nematodes in agricul-

ture (4-6). Due to its carcinogenicity and environmental
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persistence, 1,2-DCP and other types of halogenated pro-

panes have been replaced and are no longer applied to

crops (7).

1,2-DCP has also been widely used as an industrial sol-

vent or chemical intermediate during the production of

chlorinated organic chemicals (8,9). 1,2-DCP is still used

as a textile stain remover, solvent, lead scavenger in anti-

knock fluids, oil and paraffin extractant, paint and furni-

ture finish remover, and metal-degreasing agent. Sub-

lethal contact can lead to inhibition of the central nervous

system (10,11). In rats, short-term exposure of 1,2-DCP

by inhalation has been shown to cause liver injury (12).

Most known cases of human 1,2-DCP poisoning involve

accidental intake of substances contained in cleansers and

solvents (13,14). Symptoms following the ingestion of

1,2-DCP include liver and kidney disorders (high levels of

asparagine and alanine transaminase, bilirubin, and creati-

nine and reduced levels of prothrombin), hemolytic ane-

mia, metabolic acidosis, heart muscle weakness, and shock.

However, there is no direct data regarding the effects of

skin absorption. Systemic effects, such as death, have been

shown to occur following the application of 1,2-DCP to

rabbit skin. It is known that 1,2-DCP is absorbed through

the skin (15).

The carcinogenicity of 1,2-DCP was evaluated in ani-

mal studies of rats and mice. Inhalation studies showed

that exposure to 1,2-DCP increased the incidence of nasal

tumors in male and female rats, lung tumors in female

rats, and Harderian gland tumors in male mice (16,17).

However, it was recently shown that inhalation of 1,2-

DCP through the respiratory tract may lead to cholangio-

carcinoma. In 2012, several workers in Japan working in

an offset printing company suffered from cholangiocarci-

noma. During the process of ink removal, they were exposed

to a high concentration of 1,2-DCP for a long period of

time (18). In 2014, the International Agency for Research

on Cancer (IARC) reclassified 1,2-DCP from Group 3 to

Group 1 (carcinogenic to humans) (19).

Angiogenesis is the physiological process by which new

blood vessels are formed from previously existing ves-

sels. Although angiogenesis is required during growth and

development, abnormal angiogenesis has been linked to a

number of human diseases, including cancer, cardiovascu-

lar disease, diabetes, age-related macular degeneration, and

diabetic retinopathy (19-22). Vascular endothelial growth

factor (VEGF), originally known as vascular permeability

factor, has the potential to induce the accumulation of

ascites fluid due to the activity of tumor cells (23). The

VEGF pathway accelerates angiogenesis (24). When VEGF

interacts with its receptors in normal endothelial cells, the

phosphoinositide 3-kinase (PI3K) and RAS pathways are

activated. The mammalian target of rapamycin (mTOR) is

downstream of the VEGF receptor (VEGFR)/PI3K/pro-

tein kinase B (PKB) pathway (25).

Cholangiocarcinoma was found among the workers who

inhaled 1,2-DCP at work in a printing company, Japan.

1,2-DCP can also be absorbed through the skin into the

blood circulation, causing internal damage. However, few

studies have determined the effects of 1,2-DCP applied to

the skin. Therefore, we conducted this study to investi-

gate the effect of 1,2-DCP on the skin, by applying the

agent to the dorsal skin and both ears of C57BL/6J mice.

Dermatitis and vascular proliferation were both observed.

To clarify the mechanisms of 1,2-DCP-induced dermatitis

and angiogenesis, we performed immunohistochemistry

(IHC) and western blotting, to assess protein expression of

the pro-inflammatory cytokines interleukin (IL)-6 and

tumor necrosis factor (TNF)-α and the angiogenesis fac-

tor VEGF.

MATERIALS AND METHODS

Reagents and antibodies. 1,2-DCP (99%) and corn

oil were obtained from Sigma-Aldrich Co (St. Louis, MO,

USA). The following antibodies were used: anti-VEGF

(Santa Cruz Biotechnology Inc., Dallas, TX, USA), anti-

phosphorylated PKB (p-PKB; Cell Signaling, Danvers,

MA, USA), anti-PKB (Cell Signaling), anti-phosphory-

lated mTOR (p-mTOR; Cell Signaling), anti-mTOR (Cell

Signaling), anti-TNF-α (Abcam, Cambridge, UK), anti-

IL-6 (Invitrogen, Carlsbad, CA, USA), anti-actin (Sigma-

Aldrich Co.), and anti-mouse or anti-rabbit secondary

antibodies (Koma Biotech, Seoul, Korea).

Animals. C57BL/6J mice (6-week-old) were purchased

from Jungang Animal Company (Seoul, Korea). Mice

were observed for 1 day during acclimation and divided

into four groups (n = 5 per group): (1) negative control -

0 mL/kg 1,2-DCP, (2) 2.73 mL/kg 1,2-DCP, (3) 5.75 mL/

kg 1,2-DCP, and (4) 8.75 mL/kg 1,2-DCP. All groups were

maintained under standard temperature (22.5 ± 0.5oC) and

humidity (42.6 ± 1.7%) conditions. The experimental pro-

tocol used in this study has been approved by the Animal

Care and Ethics Committee of Chungnam National Uni-

versity. All animal-handling procedures were performed

according to the Guide of the Care and Use of Laboratory

Animals of the Korea National Institutes of Health, and

followed the guidelines of the Animal Welfare Act.

Cell lines. Normal human dermal fibroblast (NHDF)

cells were maintained in Dulbecco’s modified Eagle’s

medium (1:1) containing 10% fetal bovine serum and 1%

antibiotic. NHDF cells were grown at 37oC in humidified

5% CO2.

Drug treatment. When 1,2-DCP is applied to the

skin, the LD50 is 8.75 mL/kg, but the effects at 2.73 mL/kg

are unknown. In this experiment, we tested the following
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concentrations: 0, 2.73, 5.75, and 8.75 mL/kg (26). 1,2-

DCP was dissolved in corn oil. After 1 day of acclima-

tion, the dorsal hair of mice was completely removed, fol-

lowed by treatment with the various concentrations of 1,2-

DCP (0, 2.73, 5.75, and 8.75 mL/kg) on the dorsal skin

and both ears of mice, once a day for 7 days, while the

control group was treated with coin oil without 1,2-DCP.

After 7 days, the mice were sacrificed and dorsal skin was

collected for subsequent experiments.

Euthanasia in mice. Avertin used in anesthetics dis-

solve 2.5 grams in 5 mL amylene hydrate. And adding

distilled water, up to a final volume of 200 mL. Next, this

material was filtered through a 0.22 μm size filter. The

material is given by Intraperitoneal injection at a dose of

250 mg/kg.

Ear thickness measurements. Ear thickness were

measured as an indirect method of determining skin

inflammation caused by DCP. For each mouse, ear thick-

ness was measured and recorded with a micrometer (Mitu-

toyo, Kawasaki, Japan). To minimize variation, a single

investigator performed all measurements.

Histopathological analysis. At the end of the study

period, the dorsal skin lesions of each mouse were removed,

fixed with 10% neutral-buffered formalin, and embedded

in paraffin. Sections of 4-μm thickness were stained with

hematoxylin and eosin (H&E) to measure epidermal thick-

ness. Histopathological evaluation of all skin sections was

performed in a blind fashion. All samples were observed

using an inverted microscope and data are representative of

five observations (Nikon Eclipse Ti; Nikon, Tokyo, Japan).

IHC staining procedure. All specimens were fixed in

10% formalin and 4-6 μm sections were cut on glass

slides for routine H&E staining. Sections were deparaffin-

ized and rehydrated with graded alcohol to water. The avi-

din-biotin-peroxidase method and 3,3-diaminobenzidine

chromogen were applied for IHC analysis. Endogenous

peroxidase activity was blocked with 0.6% hydrogen per-

oxide. After blocking, sections were incubated at 4oC for

12 hr with antibodies against VEGF (Santa Cruz Biotech-

nology Inc.), IL-6 (Flarebio Biotech Co., Ltd., Wuhan,

Hubei, China), and TNF-α (Abcam). The immunohisto-

chemical markers were examined with an Olympus Korea

Co (Seoul, Korea).

Western blot analysis. Western blot analysis was per-

formed as the described previously (27). Protein lysates

were prepared from the skin of mice and NHDF cells. Fol-

lowing treatment of NHDF cells with 1,2-DCP, cells were

placed on ice, washed twice in ice-cold phosphate-buff-

ered saline, and lysed at 4oC for 30 min in lysis buffer

containing 50 mmol/L Tris-HCl, pH 7.5, 1% (v/v) Noni-

det P-40 (NP-40), 250 mmol/L NaCl, 0.1 mmol/L phenyl

methyl sulfonyl fluoride (PMSF), 0.1 mmol/L sodium

vanadate, 20 mmol/L β-glycerol phosphate, 2 mmol/L

dithiothreitol (DTT), 1 mmol/L leupeptin, and 10 mmol/L

para-nitrophenylphosphate. The dorsal skin tissue from

mice (~200 mg) was homogenized in lysis buffer with

freshly added protease inhibitors using a mortar and pes-

tle or sonication, and lysates were centrifuged at 13,000 ×g

for 1 hr. Protein concentrations were determined accord-

ing to the BCA protein assay and the standard plot was

generated using bovine serum albumin. Protein samples

(60 μg) from the different concentrations of 1,2-DCP were

denatured by boiling at 100oC for 3 min in sample buffer

containing β-mercaptoethanol. Protein was separated by

10% sodium dodecyl sulfate polyacrylamide gel electro-

phoresis and transferred to nitrocellulose membranes.

After blocking with 5% skim milk in Tris-buffered saline

(TBS) containing 0.02% Tween-20 at room temperature

for 1 hr, the blots were incubated with primary antibody

(1:1,000) overnight at 4oC and β-actin (1:5,000) was used

as a loading control. Following incubation with primary

antibodies, blots were washed four times for 15 min in

TBS/Tween-20 before incubation for 1 hr at room tem-

perature with goat anti-mouse or anti-rabbit horse radish

peroxidase-conjugated antibody (1:2,000) in TBS/Tween-

20 containing 5% skim milk. Proteins were detected with

an enhanced chemiluminescence kit (Amersham Biosci-

ences, Buckinghamshire, UK).

Statistical analysis. Quantification of western blot anal-

ysis was carried out using ImageJ software (NIH, Bethesda,

MD, USA). An overall difference between more than two

groups was determined using a one-way ANOVA. If one-

way ANOVAs were significant, differenced between indi-

vidual groups were estimated using a Dunnett’s Multiple

comparison test. All calculations and data plotting were per-

formed using GraphPad Software (San Diego, CA, USA).

Data are presented as means ± standard deviation. A p-

value < 0.05 was considered significant, compared with cor-

responding control values.

RESULTS

Effects of 1,2-DCP on skin thickness in mice. To

investigate the effects of 1,2-DCP on normal mouse skin,

we applied 1,2-DCP to the dorsal skin and both ears for 7

days. The concentrations tested were 0, 2.73, 5.75, and

8.75 mL/kg (26), and the experimental scheme is summa-

rized in Fig. 1A. The top photograph in Fig. 1B reflects

the first day of the experiment, immediately after shaving,

and the photograph below shows the dorsal image of mice

after 7 days of daily treatment with 1,2-DCP. After 7 days

of treatment, ear thickness increased significantly in a
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Fig. 1. Effect of 1,2-dichloropropane (1,2-DCP) on skin thick-
ness in C57BL/6J mice. (A) Experimental schedule for drug
treatment. After 1 day of acclimation, the dorsal hair of mice
was completely removed, followed by treatment with the vari-
ous concentrations of 1,2-DCP (0, 2.73, 5.75, and 8.75 mL/kg)
on the dorsal skin and both ears of mice, once a day for 7
days (indicated as an black arrow), while the control group
was treated with corn oil without 1,2-DCP. After 7 days, the
mice were sacrificed and dorsal skin was collected for subse-
quent experiments. (B) Image of the first day of the experi-
ment, immediately after shaving (above), and dorsal image of
mice after 7 days of daily treatment with 1,2-DCP (below). (C)
Ear thickness was measured with a micrometer. Columns rep-
resent group means ± SD of ear fold thickness measurements
at day-7 (D) Skin histopathological findings following treat-
ment with 1,2-DCP. All sections were stained with hematoxy-
lin and eosin. Mice were treated with 0, 2.73, 5.75, and 8.75
mL/kg 1,2-DCP. Epidermal thickening was observed (20×, scale
bar = 10μm). The results are means ± standard deviation (SD)
of two independent experiments. *p < 0.05; **p < 0.01.

Fig. 2. Effects of 1,2-DCP on the expression of pro-inflamma-
tory cytokines in 1,2-DCP-treated mice. (A) Immunohistochem-
istry (IHC) of interleukin (IL)-6 in dorsal skin treated with 1,2-
DCP (brown staining considered positive; 400×, scale bar =
10 μm). (C) IHC of skin tumor necrosis factor (TNF)-α in dorsal
skin treated with 1,2-DCP (brown staining considered positive;
400×, scale bar = 10 μm). (B, D) Quantification of IHC-positive
areas in the skin is shown on the right. The data were ana-
lyzed by Image-Pro Plus software (Media Cybernetics, Silver
Spring, MD, USA). The results are means ± SD of two indepen-
dent experiments. **p < 0.01.
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dose-dependent manner (Fig. 1C). We also performed H&E

staining of the dorsal skin and observed the tissue under

an optical microscope. Dorsal histopathological results

showed thickening of the epidermis in a dose-dependent

manner in 1,2-DCP-treated mice (Fig. 1D). These results

suggest that inflammatory reactions may have occurred.

1,2-DCP increases pro-inflammatory cytokine expres-
sion. A previous study reported that 1,2-DCP induced

contact dermatitis (28). Moreover, pro-inflammatory cyto-

kines, such as IL-6 and TNF-α, were unregulated during

the contact reaction (29). In the present study, mice were

treated with 1,2-DCP for 7 days. After completion of treat-

ment, the dorsal skin was collected. To determine whether

1,2-DCP treatment induced dermatitis, the pro-inflamma-

tory cytokines IL-6 and TNF-α were detected by IHC

staining, which showed that their expression levels were

higher than in the control groups, and increased in a dose-

dependent manner (Fig. 2A, 2C). Quantification of IHC

staining-positive areas in the skin is shown in Fig. 2B, 2D.

Together, this finding suggests that 1,2-DCP induces der-

matitis, and an increased co ncentration of 1,2-DCP results

in increased expression of pro-inflammatory factors.

1,2-DCP induced angiogenesis through activation of
the PI3K signaling pathway. VEGF is a potent angio-

genic factor having effects on endothelial cells that are

mediated by the PI3K pathway (30). mTOR is a down-

stream target of the VEGFR/PI3K/PKB pathway (31). We

observed that blood vessels were enlarged in the dorsal

skin of mice treated with 1,2-DCP for 7 days (Fig. 3A).

VEGF also showed higher expression in 1,2-DCP-treated

sections compared with the control in a dose-dependent

manner (Fig. 3B, 3C). To further study the mechanisms

underlying VEGF-driven angiogenesis in 1,2-DCP-admin-

istered mice, we performed western blotting to assess p-

AKT and p-mTOR activity, which are both important in

the PI3K/AKT/mTOR signaling pathway. As shown in

Fig. 4, the protein levels of p-AKT and p-mTOR increased

significantly in a dose-dependent manner. 1,2-DCP increased

cell proliferation and angiogenesis by activating the PI3K

signaling pathway. These results suggested that the PI3K

signaling pathway was activated in 1,2-DCP-treated mice.

1,2-DCP induced angiogenesis through activation of
the PI3K signaling pathway in NHFD cells. NHDF

cells were treated with 1,2-DCP at doses of 2.73, 5.75, and

8.75 μL/mL for 24 hr and imaged. Cells treated with 5.75

and 8.75 μL/mL 1,2-DCP exhibited an increased rate of

cell death compared with untreated control cells (Fig. 5A).

As shown in Fig. 5A, treatment of cell with 8.75 μL/mL

1,2-DCP caused the cell-death. Therefore, it was not pos-

sible to recover the cell extracts from the treatment of cell

with 8.75 μL/mL 1,2-DCP. Protein extracts of untreated

and 1,2-DCP-treated cells were analyzed by western blot-

ting. Some studies have shown that pro-inflammatory

cytokines, such as IL-6 and TNF-α, are unregulated during

inflammation (29). VEGF induces angiogenesis through

the PI3K/PKB pathway (32) and mTOR is a downstream

target of the VEGFR/PI3K/PKB pathway (31). Our results

showed that protein levels of IL-6, TNF-α, VEGF, p-AKT,

and p-mTOR were increased in a dose-dependent manner

(Fig. 5B-5H). These data indicate that 1,2-DCP not only

induces inflammation, but also induces angiogenesis in

Fig. 3. 1,2-DCP enhanced angiogenic signaling. (A) In 1,2-DCP-
treated mice, the challenged dorsal skin remained vascular-
ized. (B) Immunofluorescence of vascular endothelial growth
factor (VEGF) following 1,2-DCP treatment in mice. (C) Quanti-
fication of IHC-positive areas in the skin is shown on the right.
The data were analyzed by Image-Pro Plus software. Mice
treated with 1,2-DCP at each indicated concentration (0, 2.73,
5.75, and 8.75 mL/kg) for 7 days (400×, scale bar = 10μm). The
results are means ± SD of two independent experiments. **p <
0.01.
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NHFD cells through the PI3K signaling pathway.

DISCUSSION

1,2-DCP is a chemical intermediate that is used as a sol-

vent in industry, and as an insecticide fumigant in agricul-

ture (33). Acute exposure to 1,2-DCP can cause damage to

the liver and kidneys in humans and animals (34). It is

also used as a cleaner in offset-printing processes in Japan.

In 2012, workers of an offset proof-printing company in

Japan suffered from cholangiocarcinoma following long-

term exposure to high levels of 1,2-DCP during ink removal

operations (35). In 2014, the IARC reclassified 1,2-DCP

from Group 3 to Group 1 (carcinogenic to humans) (18).

Several younger employees who were exposed to halohy-

drocarbon solvents mainly composed of 1,2-DCP for a

long period of time developed occupational cholangiocar-

cinoma (36). For workers involved in the production or

use of 1,2-DCP, there is a risk of chemical exposure by

inhalation or dermal contact. However, little attention has

been paid to the impact of 1,2-DCP on the skin.

In the present study, we applied 1,2-DCP to the dorsal

skin and both ears of mice for 7 days. We observed that

ear and dorsal skin thickness increased in a dose-depen-

dent manner (Fig. 1). Moreover, the expression levels of

the pro-inflammatory cytokines TNF-α and IL-6 were

upregulated in a dose-dependent manner (Fig. 2).

Dermatitis is known to result in dysfunction of the epi-

dermal barrier. The preformed IL-1β is released by disrup-

tion of the skin barrier, and is the first step in the in-

flammatory cascade of contact dermatitis (32). Activated

IL-1β stimulates further production of proinflammatory

cytokines and chemokines, such as IL-1β, TNF-α, and IL-

6, by surrounding epidermal and dermal cells (32,33). Our

results revealed that 1,2-DCP application on the skin of

mice induced dermatitis.

Following treatment with 1,2-DCP, vascular prolifera-

tion was observed in the dorsal skin in the group of mice

treated with the highest concentration of 1,2-DCP (Fig.

3A). Angiogenesis begins with vasodilation. The increased

vascular permeability in response to VEGF allows the

extravasation of plasma proteins, and the plasma protein

deposition is used as a provisional scaffold for migrating

endothelial cells (37). VEGF is an important signaling

protein involved in both vasculogenesis and angiogenesis

(38). It is secreted primarily by keratinocytes and is an

effective mediator of angiogenesis (39). TNF-α (40) and

IL-6 (41) can potentiate VEGF production. TNF-α has

also been shown to induce angiogenesis in a variety of

experimental models (19). In this study, vascular dilation

was observed in dorsal mice treated with 1,2-DCP and the

expression level of VEGF increased in a dose-dependent

manner, as assessed by western blotting and IHC. Thus,

we confirmed that 1,2-DCP induces angiogenesis.

VEGF is an effective angiogenic factor, and its effect on

endothelial cells is mediated by the PI3K pathway (30).

Fig. 4. Protein expression of VEGF, phosphorylated protein kinase B (p-PKB), and phosphorylated mammalian target of rapamycin
(p-mTOR) in the angiogenic sites. (A) Western blot analysis of VEGF, p-PKB, and p-mTOR following 1,2-DCP treatment in mice. Actin
was used as a loading control. (B, C) Graph shows densitometric quantification of bands. The results are means ± SD of two inde-
pendent experiments. *p < 0.05; **p < 0.01.
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Fig. 5. 1,2-DCP induces inflammation and activates angiogenic signals in NHFD cells. (A) NHFD cells (1 × 106) were grown in
3.5 mm diameter cell culture dishes and treated with 1,2-DCP at doses of 0, 2.73, 5.75, and 8.75μL/mL for 24 hr and imaged. (B, E)
Western blot analysis of IL-6, TNF-α, VEGF, p-PKB, and p-mTOR following 1,2-DCP treatment in NHFD cells. Actin was used as a load-
ing control. The graph shows densitometric quantification of bands. (C, D, F–H) The results are means ± SD of two independent
experiments. *p < 0.05; **p < 0.01.
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The phosphatase and tensin homolog (PTEN) gene encodes

a phosphatase that counteracts the effect of PI3K, thereby

reducing the level of activated PKB, which controls pro-

tein synthesis and cell growth by triggering the phosphor-

ylation of mTOR.

In this study, protein levels of AKT, p-AKT, mTOR, and

p-mTOR, all of which are key factors of the PI3K/AKT/

mTOR signaling pathway, were shown to be increased by

western blotting (Fig. 4). Thus, the PI3K/AKT/mTOR

pathway was activated in 1,2-DCP-treated mice. The same

experimental results were also obtained for 1,2-DCP-

treated NHFD cells (Fig. 5). Activation of the PI3K/PKB/

mTOR pathway can increase the secretion of VEGF. The

PI3K/PKB pathway also regulates other angiogenic fac-

tors, such as nitric oxide and angiopoietins (42). Together,

these findings reveal that 1,2-DCP induced angiogenesis

in dermatitis through the P13K/PKB/mTOR pathway in

the skin.

When 1,2-DCP is in contact with skin, it increases the

expression of inflammatory factors and angiogenesis fac-

tors, such as IL-6, TNF-α and VEGF, which induces der-

matitis and angiogenesis. Therefore, these results clearly

indicated and explained how 1,2-DCP can induced the

cholangiocarcinoma in workers who were exposed to

halohydrocarbon solvents mainly composed of 1,2-DCP

for a long period of time previously (43). The observation

of current report could be included as a mechanism of car-

cinogenesis for 1,2-DCP in the recent review about occu-

pational cholangiocarcinoma (44).
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