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Suppression of the interleukin-
113-induced inflammatory
response of human Chang liver
cells by acute and subacute
exposure to alcohol: an in vitro
study

Aim To evaluate protective immunosuppressive dose and
time-dependent effects of ethanol in an in vitro model of
acute inflammation in human Chang liver cells.

Method The study was performed in 2016 and 2017 in the
research laboratory of the Department of Trauma, Hand
and Reconstructive Surgery, the University Hospital of the
Goethe-University Frankfurt. Chang liver cells were stimu-
lated with either interleukin (IL)-1( or IL.-6 and subsequent-
ly treated with low-dose ethanol (85 mmol/L) or high-dose
ethanol (170 mmol/L) for one hour (acute exposure) or 72
hours (subacute exposure). IL-6 and IL-1(3 release were de-
termined by enzyme-linked immunosorbent assay. Neu-
trophil adhesion to Chang liver monolayers, production
of reactive oxygen species, and apoptosis or necrosis were
analyzed.

Results Contrary to high-dose ethanol, acute low-dose
ethanol exposure significantly reduced IL-1B-induced IL-6
and IL-6-induced IL-1B release (P<0.05). Subacute etha-
nol exposure did not change proinflammatory cytokine
release. Acute low-dose ethanol exposure significantly
decreased inflammation-induced formation of reactive
oxygen species (P<0.05) and significantly improved cell
survival (P<0.05). Neither acute nor subacute high-dose
ethanol exposure significantly changed inflammation-
induced changes in reactive oxygen species or survival.
Acute and subacute ethanol exposure, independently of
the dose, significantly decreased neutrophil adhesion to
inflamed Chang liver cells (P<0.05).

Conclusion Acute treatment of inflamed Chang liver cells
with ethanol showed its immunosuppressive potential.
However, the observed effects were limited to low-dose
setting, indicating the relevance of ethanol dose in the
modulation of inflammatory cell response.
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Chronic or excessive alcohol misuse is associated with
several pathogenic mechanisms that structurally alter he-
patic epithelial cells, leading to alcoholic steatohepato-
sis or alcoholic liver disease, with tissue remodeling and
damage (1-3). Alcohol misuse history induces and aggra-
vates the inflammatory cascade, with massive generation
and release of proinflammatory cytokines, activation of
resident macrophages, and oxidative stress, thereby pro-
moting cellular damage (4-8). Alcoholic hepatitis was as-
sociated with elevated systemic levels of proinflammatory
interleukin (IL)-8, which are closely linked to neutrophil
chemotaxis and hepatic neutrophil infiltration, and cor-
relate with the severity of alcoholic liver disease (9-12).
Similarly, chronic alcohol exposure increased the hepat-
ic and systemic levels of proinflammatory IL-6 and tumor
necrosis factor (TNF) a (13), and the levels of reactive oxy-
gen species (ROS) (6,14,15). Additionally, rats fed chroni-
cally with an alcohol-containing diet had lower hepato-
cyte viability and increased apoptosis rates (16,17). These
processes end up in serious pathologies apart from alco-
holic liver disease, such as hypertension, diabetes, or can-
cer (18), but are also associated with the development of
clinical infections (19).

In contrast, critically ill non-trauma patients had signifi-
cantly decreased values of circulating neutrophils after
acute alcohol misuse in comparison with chronic misuse
(20). In vitro studies showed that acute alcohol exposure
diminished the release of proinflammatory cytokines, eg,
IL.-8 and interaction of neutrophils with endothelial and
epithelial cells (21,22). These effects were confirmed in vivo,
showing lowered local hepatic and systemic IL-6 levels and
neutrophil infiltration in the liver upon acute exposure to
alcohol (23). Also, acute alcohol exposure was shown in vit-
ro to impair neutrophilic capability for ROS production (24).
Taken together, experimental and epidemiological data
confirm “positive” effects of moderate alcohol exposure to
be associated with a reduced risk of cardiovascular disease
events, diabetes, or coagulopathy (25,26).

In summary, while chronic alcohol misuse was associat-
ed with negative clinical outcomes, acute alcohol misuse
had no deleterious influence on post-injury outcome, or
even exerted “positive” effects on the clinical course (27-
30). However, it is not evident which dose or duration of al-
cohol exposure exerts “positive” anti-inflammatory effects.
Interestingly, a short-term exposure of isolated neutrophils
to different alcohol doses has shown a dose-dependent
inhibitory effect on oxidative stress and cytokine produc-
tion (IL-8 and TNFa) (31).
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Therefore, we postulated a dose- and time-dependent
immune-suppressive potential of alcohol. We also postu-
lated that exposing Chang liver cells to low-dose of alco-
hol would reduce the release of proinflammatory cytok-
ines IL-6 and IL-13, adhesion capability of neutrophils, and
ROS formation, and increase viability in this in vitro model
of epithelial inflammation.

MATERIAL AND METHODS

This experimental in vitro study was performed in 2016
and 2017 in the research laboratory of the Department of
Trauma, Hand and Reconstructive Surgery, the University
Hospital of the Goethe-University Frankfurt, with commer-
cially available human Chang liver cells (Cell Line Services,
Heidelberg, Germany), which is why no ethical approval
was required.

Cell culture

Chang liver cell line with epithelial morphology and a sub-
line of Hel a cells were cultured at 37°C under 5% carbon di-
oxide (CO,) in Roswell Park Memorial Institute (RPMI)-1640
medium (Seromed, Berlin, Germany) supplemented with
10% heat-inactivated fetal calf serum, 100 IU/mL penicil-
lin, 100 pg/mL streptomycin (Gibco, Karlsruhe, Germany),
and 20 mmol/L 4-(2-hydroxyethyl)-1-piperazineethane-
sulfonic acid buffer (Sigma, Steinheim, Germany). Culture
media were replaced every second or third day. Peripher-
al blood polymorphonuclear neutrophils (PMN) were iso-
lated by density-gradient centrifugation (Polymorphprep,
Nycomed, Oslo, Norway) according to the manufacturer’s
instructions. After isolation, PMN were cultured in RPMI-
1640 medium, and their number and viability were deter-
mined with trypan blue exclusion assay. Only cell cultures
with a purity of >95% were used.

Cell stimulation

To analyze the time- and dose-dependent release of proin-
flammatory cytokines by Chang liver cells, IL-13 and IL-6
release after acute or subacute exposure to ethanol was
determined. The concentrations of IL-1f3, IL-6, and etha-
nol were chosen on the basis of previous studies to allow
for better data comparison (22,28,31-33). Chang liver cells
were stimulated with either recombinant human IL-1(3 or
IL-6 (1 ng/mL and 10 ng/mL, respectively, R&D Systems,
Wiesbaden, Germany) for 24 hours. Afterwards, with-
out replacing the medium, ethanol was added, and
the effects of acute and subacute ethanol exposure
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were evaluated after one hour and 72 hours, respectively.
To evaluate the dose-dependent responses, ethanol was
used at the low-dose of 85 mmol/L or high-dose of 170
mmol/L, as described previously (28,32,34). A total of 16 ex-
perimental runs was performed.

Apoptosis and cell viability measurement

Chang liver cells were treated as described above and in-
cubated with propidium iodide (Pl) and annexin V-con-
jugated fluorescein isothiocyanate (FITC) from the an-
nexin V-FITC Apoptosis Detection Kit 1 (Becton Dickinson,
Heidelberg, Germany) according to the manufacturer’s
instructions. Annexin V-FITC/PI binding was evaluated by
flow cytometry, using a BD FACS Canto 2 and FACD DIVA™
software (Becton Dickinson). The population of Pl-nega-
tive/annexin V-negative cells constituted vital cells, and
data were expressed as percentage of vital cells referred to
all measured cells.

The viability of neutrophils was assessed by trypan blue ex-
clusion assay. Isolated neutrophils were stained with 0.4%
trypan blue, and about 100 cells were counted after each
isolation. The mean percentage of viability was >99%. This
experiment was repeated four times.

Quantification of cytokine production

To determine the effects of ethanol on the cytokine pro-
duction, Chang liver cells were pre-incubated with low-
dose or high-dose ethanol for one or 72 hours after stimu-
lation with IL-13 or IL-6. Then, IL-6 and IL-13 were measured
in culture supernatants using IL-6/IL-13 enzyme-linked
immunosorbent assay (ELISA) sets (Diaclone, Besancon,
France) according to the manufacturer’s instructions. ELI-
SA was performed using Infinite M200 microplate reader
(Tecan, Mannedorf, Switzerland). This experiment was re-
peated three times.

Monolayer adhesion assay

To analyze PMN adhesion to pre-treated cells, Chang liv-
er cells were transferred into 24-well multiplates (Sarsted,
NUmbrecht, Germany) in a complete RPMI-1640 medium.
When a confluence of ~80% was reached, the cells were
stimulated with IL-1 for 24 hours and treated with low-
dose or high-dose ethanol for one hour (acute exposure)
or 72 hours (subacute exposure). Freshly isolated PMNs
were counted and adjusted to 5x 10* vital cells/well
and then carefully added to the Chang liver mono-
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layers. After incubation for 15 minutes at 37°C under 5%
CO,, non-adherent PMNs were washed off three times us-
ing pre-warmed (37°C) complete RPMI-1640 medium. The
remaining PMNs were fixed using 1% glutaraldehyde. Ad-
herent PMN were counted in five different fields of defined
size (5x0.25 mm?) using a phase contrast microscope (x10
objective), and the mean cellular adhesion rate was calcu-
lated as the ratio to unstimulated controls (%). The assay
was performed as described previously (22). This experi-
ment was repeated five times.

Oxidative burst analysis

Chang liver cells were cultured at 37°C under 5% CO, and
treated as described above. The cells were detached from
multiplate-wells by using accutase, transferred into poly-
styrene FACS tubes (BD Pharmingen, Heidelberg, Germa-
ny), and washed with RPMI-1640 medium at 400 g for five
minutes. Thereafter, the cells were resuspended in a 100-
uL culture medium with supplements, and 20 ul of CM-
H2DCFDA (General Oxidative Stress Indicator Kit, Invitro-
gen, Darmstadt, Germany) was added to each sample, as
suggested by the manufacturer. The samples were then in-
cubated for 30 minutes at 37°C under 5% CO, and the su-
pernatant was discarded. Then, 400 pL of cell culture me-
dium with supplements was added to each sample. After
60 minutes at 37°C under 5% CO,, the cells were washed
with 4 mL phosphate buffered saline supplemented with
0.5% bovine serum albumin (FACS buffer) and centrifuged
at 400 g for 5 minutes. The supernatant was removed, and
the cells were diluted in 200-uL FACS buffer and subject-
ed to flow cytometry using BD FACS Canto 2 and FACD
DIVA™ software. The Chang liver cells were gated by the
corresponding forward- and side-scatter scan. From each
sample, a minimum of 20000 cells was measured. The per-
centage of cells positive for oxidative stress was calculated
relative to the whole cell population of unstained cells. This
experiment was repeated four times.

Statistical analysis

The normality of data distribution was tested using Kolm-
ogorov-Smirnov test. Since data were not normally distrib-
uted, Kruskal-Wallis with Dunn’s multiple corrections test
was applied to test the differences between the groups.
Data were presented as median and interquartile range.
Statistical analysis was performed using GraphPad Prism 6
(GraphPad Software Inc, San Diego, CA, USA; the license
holder is the corresponding author). P<0.05 was consid-
ered significant.
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RESULTS

Cytokine release after proinflammatory stimulation and
subsequent ethanol exposure of Chang liver cells

Stimulation with IL-6 significantly increased the IL-13 re-
lease (P<0.05, Figure 1). Both low-dose and high-dose
acute ethanol exposure further significantly decreased
the IL-10 release (P<0.05, Figure TA) in comparison with
stimulated controls. The decreasing effect was more pro-
nounced in low-dose than in high-dose setting, but the
difference was not significant. Subacute ethanol exposure
significantly increased IL-1(3 release after IL.-6 stimulation
in comparison with unstimulated controls (P <0.05, Figure
1B). After both low-dose and high-dose ethanol subacute
exposure, IL-1 release showed an increasing trend; but
the increase was not significant (Figure 1B).

Stimulation with IL-1B significantly increased IL-6 release
(P<0.05, Figure 2). Subsequent low-dose acute ethanol
exposure significantly decreased the IL-6 release in com-
parison with stimulated controls (P < 0.05, Figure 2A). High-
dose acute ethanol exposure had no significant effect on
IL-6 release (Figure 2A). Either low-dose or high-dose sub-
acute ethanol exposure did not change the significantly
increased IL-6 release after IL-1(3 stimulation (Figure 2B).
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Adherence of polymorphonuclear leukocytes after
ethanol exposure and interleukin-1f stimulation

Stimulation with IL-13 significantly increased the adhesion
capacity of PMNs to Chang liver monolayers in compari-
son with unstimulated controls (P<0.05, Figure 3). After
IL-1B3 stimulation and low-dose acute ethanol exposure
and further high-dose acute ethanol exposure, adhesion
capacity of PMNs was significantly decreased in compari-
son with controls (P<0.05, Figure 3A). Both low-dose and
high-dose subacute ethanol exposure significantly de-
creased adhesion capacity of PMNs, but there was no sig-
nificant difference between the ethanol concentrations
(P<0.05, Figure 3B).

ROS production upon acute and subacute exposure to
ethanol after interleukin-1@ stimulation

Stimulation with IL-13 significantly increased ROS pro-
duction compared with unstimulated controls (P<0.05,
Figure 4). Low-dose acute ethanol exposure, significantly
decreased IL-1B-induced ROS production (P<0.05), while
high-dose acute ethanol exposure did not change it (Fig-
ure 4A). Subacute ethanol exposure did not significantly
change IL-1B induced-ROS production (Figure 4B).

IL-18 [pg/mil]

y I
- + + + IL-6
LoD HiD

EtOH

FIGURE 1. Effects of acute and subacute exposure to low-dose and high-dose ethanol (EtOH) on interleukin-1f release after interleu-
kin-6 stimulation. After the stimulation with interleukin (IL)-6 (10 ng/mL) for 24 hours, Chang liver cells were exposed to EtOH (low-
dose, LoD =85 mmol/L, high-dose, HiD=170 mmol/L) for one hour (acute, A) or 72 hours (subacute, B). After the incubation periods,
supernatants were analyzed for IL-1B concentrations. The data are presented as median and interquartile range. Black bar: control
cells; checkered bar: cells stimulated with IL-6; empty bar: cells stimulated with IL-6 and exposed to EtOH. *P <0.05 vs not pretreated
and not stimulated cells; *P < 0.05 vs not pretreated but stimulated control.
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Apoptose rates after acute and subacute exposure to
ethanol after interleukin-1p stimulation

With higher concentration and higher duration of exposure,
ethanol caused a certain loss of the pre-formed confluent

Croat Med J. 2018;59:46-55

monolayer and partly of its normal shape. Stimulation with
IL-1B significantly decreased the survival rate of Chang liv-
er cells in comparison with unstimulated controls (P<0.05,
Figure 5). Low-dose acute ethanol exposure significantly
increased IL-1(3-reduced cell survival (P<0.05), while high-
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FIGURE 2. Effects of acute and subacute exposure to low-dose and high-dose ethanol (EtOH) on interleukin-6 release after
interleukin-1p stimulation. After the stimulation with interleukin (IL)-1 (10 ng/mL) for 24 hours, Chang liver cells were exposed to
EtOH (low-dose, LoD =85 mmol/L, high-dose, HiD =170 mmol/L) for one hour (acute, A) or 72 hours (subacute, B). After the incuba-
tion periods, supernatants were analyzed for IL-6 concentrations. The data are presented as median and interquartile range. Black
bar: control cells; checkered bar: cells stimulated with IL-15; empty bar: cells stimulated with IL-18 and exposed to EtOH. *P < 0.05 vs
not pretreated and not stimulated cells; ¥P < 0.05 vs not pretreated but stimulated control.
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FIGURE 3. Effects of acute and subacute exposure to low-dose and high-dose ethanol (EtOH) on the adhesiveness of neutrophils to
Chang liver cells after interleukin-1p stimulation. After the stimulation with IL-1B (1 ng/mL) for 24 hours, Chang liver cells were exposed
to EtOH (low-dose, LoD =85 mmol/L, high-dose, HiD =170 mmol/L) for one hour (acute, A) or 72 hours (subacute, B). After the incuba-
tion periods, isolated human neutrophils were added and the adhesion capacity was determined. The mean adhesion rates are pre-
sented as median and interquartile range. Black bar: control cells; checkered bar: cells stimulated with IL-13; empty bar: cells stimulated
with IL-18 and exposed to EtOH. *P < 0.05 vs not pretreated and not stimulated cells; #P < 0.05 vs not pretreated but stimulated control.
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dose acute ethanol exposure did not change it in compari- survival (Figure 5B). High-dose subacute ethanol exposure
son with stimulated controls (Figure 5A). Subacute ethanol suppressed the cell survival compared to IL-3 stimulated
exposure did not significantly change the IL-13-reduced cell controls; however, this difference was not significant.
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FIGURE 4. Effects of acute and subacute exposure to low-dose and high-dose ethanol (EtOH) on production of reactive oxygen spe-
cies (ROS) in Chang liver cells after interleukin-1p stimulation. After the stimulation with interleukin-1 (1 ng/mL) for 24 hours, Chang
liver cells were exposed to EtOH (low-dose, LoD =85 mmol/L, high-dose, HiD =170 mmol/L) for one hour (acute, A) or 72 hours
(subacute, B). After the incubation periods, the production of ROS was determined. The percentages of ROS-positive cells from total
measured population are presented as median and interquartile range. Black bar: control cells; checkered bar: cells stimulated with

IL-1p; empty bar: cells stimulated with IL-1p and exposed to EtOH. *P <0.05 vs not pretreated and not stimulated cells; “P < 0.05 vs not
pretreated but stimulated control.
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FIGURE 5. Effects of acute and subacute exposure to low-dose and high-dose ethanol (EtOH) on cell viability/apoptosis of Chang

liver cells after interleukin-1p stimulation. After the stimulation with IL-1f (1 ng/mL) for 24 hours, Chang liver cells were exposed to
EtOH (low-dose, LoD =85 mmol/L, high-dose, HiD =170 mmol/L) for one hour (acute, A) or 72 hours (subacute, B). After the incuba-
tion periods, the percentage of vital cells (propidium iodide [PI], Pl-negative, and annexin V-negative cells) referred to all measured
cells was determined. Data are presented as median and interquartile range. Black bar: control cells; checkered bar: cells stimulated

with IL-1B; empty bar: cells stimulated with IL-13 and exposed to EtOH. *P < 0.05 vs not pretreated and not stimulated cells; *P < 0.05
vs not pretreated but stimulated control, ctrl.
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DISCUSSION

We showed that immunosuppressive properties of etha-
nol in the setting of acute cellular inflammation were dose
and time dependent. The observed anti-inflammatory ef-
fects of alcohol on inflamed human Chang liver cells in vit-
ro were mainly limited to low-dose acute ethanol admin-
istration.

Low-dose acute ethanol exposure of Chang liver cells sig-
nificantly decreased the proinflammatory cytokine release
after stimulation with either IL-13 or IL-6. Moreover, this
immunosuppressive effect was reflected by alcohol-re-
duced adherence rates of isolated neutrophils to stimulat-
ed Chang liver cells. While subacute ethanol exposure did
not alter the secretory capacity, both low- and high-dose
subacute ethanol exposure suppressed neutrophil adhe-
sion. Acute ethanol exposure decreased ROS formation in
a dose-dependent manner, which was not observed un-
der subacute exposure conditions. In parallel, the ROS for-
mation reduced by acute low-dose ethanol exposure was
associated with increased cellular viability and less inflam-
mation-induced apoptosis or necrosis. Contrary to this,
high-dose acute ethanol exposure did not induce these
effects. In contrast to subacute ethanol exposure, acute ex-
posure indicated the immunosuppressive potential of eth-
anol. Nonetheless, the observed anti-inflammatory effects
of ethanol were mainly observed in the low-dose setting,
indicating the relevance of ethanol dose rather than the
duration of exposure.

The observed immunosuppressive effects are in line with
previous studies reporting anti-inflammatory potential of
acute or moderate alcohol exposure in several models of
inflammation (21,22,24,33). Nevertheless, there are serious
inconsistencies regarding alcohol’s effects on the inflam-
matory response. While numerous findings indicate delete-
rious effects of chronic or excessive alcohol consumption,
its use in moderate dose or acute settings has been linked
to “positive” effects (23,25,27,28,35,36). Harmful effects of
chronic misuse, ie, increased production and release of
proinflammatory cytokines and increased tissue infiltration
with neutrophils have been well-described as important
factors in the pathogenesis of organ injury (37,38). In con-
trast, a decreased IL-6 production of murine macrophages
was observed early after a single dose of alcohol (39). Simi-
larly, IL-6 release was reduced in a time and dose depen-
dent manner after acute alcohol exposure of macrophag-
es and their stimulation with lipopolysaccharide (LPS)
(7). Similar data were shown in an animal model of
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hemorrhagic shock, where acute alcohol exposure before
hemorrhage significantly suppressed liver and systemic in-
flammatory responses, including IL-6 levels, and improved
survival rates in the intoxicated group after hemorrhage
(23). Furthermore, comparable to our data, MacGregor et
al (40) have shown that short-term alcohol exposure de-
creased the proinflammatory cytokine levels and the neu-
trophil adhesion to endothelial and epithelial cells. The de-
creased neutrophil adhesion to Chang liver cells observed
in our study after acute and subacute alcohol exposure is
in line with Jonsson and Palmblad's study (41), who found
alcohol-diminished LPS-induced neutrophil adhesion to
human umbilical vein endothelial cells, which they linked
to the reduced activation of NF-kappaB. Our group previ-
ously found similar effects of acute alcohol exposure on
inflammation-induced neutrophil adhesion capacity to
lung epithelial cells (22). These and other data clearly indi-
cate possible "positive” effects of acute alcohol-induced im-
mune-suppression in models of acute inflammation.

However, in several burn-models, additional alcohol ad-
ministration has shown adverse effects. As such, increased
neutrophil infiltration, edema formation in lung tissue,
and potentiated LPS-induced activation of Kupffer cells
was observed upon oral alcohol gavage and burn injury
(42,43). Systemic and adipose tissue IL-6 levels were ele-
vated in mice undergoing single binge alcohol exposure
followed by burn, while even more pronounced cytokine
response was induced by episodic alcohol exposure fol-
lowed by burn (44). These findings are contradictory to our
data. However, they underline the influence of differing
regimes and models on alcohol effects, which clearly de-
pend on the exposure timeline and alcohol dosage.

ROS are required for microbicidal killing but may also am-
plify the local inflammation and subsequent cellular dam-
age (45). This is also reflected by fewer ROS and higher
rates of vital cells after acute low-dose alcohol exposure in
our study. In line with these findings, reduced ROS forma-
tion and the associated reduced cell death/apoptosis were
reported after acute alcohol exposure in an in vivo model
of acute inflammation (36). However, there are also contra-
dictory results, showing increased ROS in hepatocytes after
acute alcohol-treatment (16). The differences may be ex-
plained by the applied dose, which was considerably lower
(1 and 10 mmol/L ethanol) than in our study. Regarding
cell death, there are both, conflictive and supporting, stud-
ies to our data (46-49). Therefore, acute alcohol use may re-
duce apoptosis/cell death in models of acute cell stress, eg,
ischemia, while it may have negative effects on cell viabil-
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ity in models without acute stress (46-49). In our study, the
observed effects of acute alcohol exposure may be consid-
ered "positive,” since it reduced inflammation-induced cell
death and ROS formation. On the other hand, alcohol's
high dose but also subacute exposure did not influence
inflammation-induced ROS formation and cell death. Con-
sidering these and other data, there seems to be a narrow
range of alcohol doses and exposure durations that exert
beneficial effects in experimental models.

One of the limitations of our study is that the used cell line
with the epithelial morphology is actually a subline of Hel.a
cells, which was isolated from the liver. Another limitation
is that only two doses of ethanol and only two time points
of exposure were used. Further studies should investigate
prolonged exposure to alcohol with different incubation
periods in order to understand mechanistically the dose-
and time-dependent development of pathologies, such
as chronic organ diseases or even cancer in different cell
entities. The small sample size certainly limits the statisti-
cal power of the study. The study design and the sample
size are based on previous in vitro studies from our group
(22,50), and the observed significant results upon stimula-
tion with cytokines as compared to unstimulated controls
in the present study. Additionally, other relevant pro- and
anti-inflammatory cytokines should be included in further
analyses. In spite of these limitations, this study provides
important insights into the dose- and time-dependency of
ethanol’s mode of action in acute inflammatory setting.
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