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ABSTRACT

The assay presented here was designed to assess the immediate effects of ethanol (EtOH) exposure on
intracellular signaling activated by BMPs (Bone Morphogenetic Proteins). Previous reports of the relationship
between EtOH exposure and BMP-dependent signaling have primarily assessed the expression of individual BMPs,
changes in BMP target genes or effects on the phosphorylation level of key downstream mediators after days or
weeks of in vivo EtOH exposure. What happens to BMP-stimulated signaling immediately following exposure to
EtOH remains largely unexplored. Here, the early events of BMP-evoked intracellular signaling were examined in
an in vitro model of acute EtOH toxicity. The BMP/Ethanol Stimulation Assay involved first stimulating cultured
cells with recombinant BMPs. BMP-evoked intracellular signaling was then allowed to develop for 30 minutes.
Next, the cells were exposed to a range of EtOH concentrations for an additional 30 minutes. Finally, the cultures
were processed for Western blot analysis or immunofluorescent labeling.
This short-term assay:
e Permits investigation of EtOH exposure during the initial signaling events downstream of BMP receptor
activation
¢ Enables assessment of how the presence of BMPs might protect against cellular injury caused by toxic EtOH
levels
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Specifications Table

Subject Area; Pharmacology, Toxicology and Pharmaceutical Science

More specific subject area; Acute Ethanol Toxicity

Method name; BMP/Ethanol Stimulation Assay

Name and reference of original Phosphorylation Assays: Perron JC, Rodrigues AA, Surubholta N, Dodd J.

method; Chemotropic signaling by BMP7 requires selective interaction at a key residue
in ActRIIA. Biol Open. 2019 Jul 16;8(7):bio042283. doi: 10.1242/bi0.042283

Resource availability; Recombinant BMP7 (R&D Systems - catalog #5666-BP carrier free)
Phospho-Smad1/5/8 (D5B10) Rabbit mAb (Cell Signaling Technology - catalog
#13820)
Phospho-Akt (Ser473) (D9E) Rabbit mAb (Cell Signaling Technology - catalog
#4060)

The following protocol describes the BMP/EtOH stimulation assay (Fig. 1) performed with the
multipotent BMP-responsive C2C12 myoblast cell line. The C2C12 cells were maintained in T75 flasks
in Complete Growth Medium (CGM) containing Dulbecco’s Modified Eagle’s Medium (DMEM), 1X
Penicillin/Streptomycin/Glutamine solution (PSG), and 10% Fetal bovine serum (FBS). The same steps
were followed after culturing primary DRG neurons dissected from embryonic day 16 (E16) mouse
embryos. DRGs were dissociated and cultured in 24-well plates on poly-D-lysine/laminin-coated glass
coverslips at a density of 2.5 x 10 cells/well in Neurobasal medium, 1X B-27 supplement, 35 mM
glucose and PSG. All cultures were incubated at 37°C in 5% CO,.

BMP/ethanol stimulation assay

1. Seed C2C12 cells in 35 mm tissue culture dishes for Western analysis at a density of 1 x 10°
cells/mL (3 mL/dish) and in 24-well plates for immunofluorescence (IF) labeling at a density of
1 x 10° cells/mL (0.5 mL/well) on 12 mm glass coverslips coated with 0.1 mg/mL poly-D-Lysine
in CGM and incubate for approximately 24 hours.

2. Cultures should be ~90% confluent for preparing whole cell lysates and ~70-80% confluent for
IF labeling.

3. On the day of the assay, prepare Serum Starvation Medium (SSM) using low glucose DMEM
supplemented with 1X Penicillin/Streptomycin solution (PS).

4, Aspirate CGM and wash the cultures once with 2 mL fresh SSM by slowly pipetting the medium
down the side of the dish or well.

Incubate
Culture C2C12 overnight Wash cultures with Serum starve

Serum-starvation cultures to attain
media (SSM) baseline activity

Incubate
2 hours

Replace medium
with 50 ng/mL
BMP7 or SSM only

ws IF Incubate
30 minutes
Process cultures for
Western Blot (WB)

cells or DRG
neurons

Ly

Incubate
Wash cultures 1X 30 minutes
with ice-cold PBS

Add absolute EtOH

or
Immunofluorescent
(IF) labeling

to cultures with &
without BMP7

Fig. 1. Scheme for BMP/EtOH Stimulation Assay.
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5. To ensure efficient washing of the cultures, move the dish or plate in a figure eight motion to
evenly distribute the medium across the culture.
6. Aspirate the SSM from the washing step and add 2 mL fresh SSM to each culture dish or well.
7. Incubate the cultures in SSM for 2 hours to ensure adequate serum-starvation. Longer
incubation times were determined not necessary for ensuring low, baseline levels of either
Smad or Akt phosphorylation in either C2C12 or DRG cultures.
8. Recombinant BMP7 (R&D Systems) was reconstituted in 4 mM HCl and prepared as a stock
solution at a concentration of 100 ng/mL.
a Stock solutions of BMP7 were kept in 5 pL aliquots at -20°C.
b BMP7 aliquots were thawed on ice just prior to use.
9. Aspirate the SSM and replace with freshly prepared treatment media by adding 2 mL to 35 mm
dishes and 0.5 mL to 24-well plates.
a For the negative control, add SSM only.
b For BMP7 treatment, add 50 ng/mL BMP7 in SSM.
c Carefully pipet the treatment media down the sides of the culture vessel to minimize
dislodging the cells.
d In order to ensure media is thoroughly dispersed, move the vessel gently in a figure eight
motion.
10. Incubate the cultures for 30 minutes at 37°C in 5% CO,.
11. The necessary volumes of absolute EtOH were then added directly to the cultures containing
the SSM or BMP7/SSM solutions to achieve final concentrations of 2.5%, 5%, 7.5% and 10% EtOH.
a Work quickly and keep the culture vessel covered as much as possible to minimize
evaporation of EtOH.
b Pipet EtOH down the sides of the vessel to minimize dislodging the cells.
c Move the vessel gently in a figure eight motion to ensure media is thoroughly dispersed.
12. Incubate for 30 minutes at 37°C in 5% CO,.
13. Following the final incubation, place the cultures on ice. Carefully replace the medium with
ice-cold PBS and proceed to preparation of whole cell lysates for Western blot analysis or
paraformaldehyde-fixation for IF labeling.

Method validation

If a pregnant mother consumes excessive quantities of alcohol, BMP-mediated intracellular
signaling would be actively influencing cellular differentiation, tissue patterning and many other
aspects of embryonic development [1,2]. Thus, in the BMP/EtOH Stimulation Assay, EtOH exposure
occurs after the cells are stimulated with BMP7. The BMP signaling pathway has divergent signaling
arms: one responsible for cytoskeletal rearrangement through the PI3K/Akt and LIMK signaling
pathways and others for gene transcription through primarily Smad- and p38-dependent pathways
[3,4]). Using the protocol described here, phosphorylation levels of Smad and Akt (pSmad and pAkt,
respectively) were monitored by both Western blot analysis (Fig. 2) and Immunofluorescent (IF)
labeling (Fig. 3). A list of the primary and secondary antibodies used in the experiments are provided
in Table 1.

The Western blot analyses were carried out by simultaneously probing for both Smad and
PI3K/Akt pathway activation in whole cell lysates derived from BMP7/EtOH-treated C2C12 cell cultures
(Fig. 2). Two gels were loaded with identical samples, separated by electrophoresis and transferred to
nitrocellulose membranes. The membranes were first probed with anti-pSmad and anti-pAkt primary
antibodies followed by incubation with HRP-conjugated goat anti-rabbit secondary antibodies. After
visualization of the phospho-specific signals by enhanced chemiluminescence, the membranes were
stripped and re-probed with antibodies that recognize total Smad and total Akt protein in the lysates.
This approach allows simultaneous monitoring of distinct arms of BMP-stimulated signaling pathways
in the same whole cell lysate sample for each replicate. Fig. 2 demonstrates that while pSmad
levels are not affected by treatment with increasing concentrations of EtOH, the levels of pAkt are
significantly impacted by exposure to EtOH. Including the blots probed for total Smad or total Akt
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Fig. 2. Representative Western blot data. Whole cell lysates of C2C12 cultures treated with or without 50 ng/mL BMP7 followed
by exposure to the indicated percentages of EtOH were separated on SDS-PAGE and transferred to nitrocellulose membranes as
described [3]. The membranes were probed with phospho-specific antibodies for Akt (top, left) and Smad1/5/8 (bottom, left).
Next, the membranes were stripped in mild stripping solution (200 mM glycine/0.1% SDS/1% Tween 20 pH 2.2) and re-probed
with antibodies against total Akt (top, right) and total Smad (bottom, right). The blots were developed using GeneTex HRP
substrate solutions and analyzed by capturing the chemiluminescent signal using the Omega Lum™ G Imaging System.
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Fig. 3. Representative images of Immunofluorescent labeling. C2C12 cultures treated with or without 50 ng/mL BMP7 followed
by exposure to the indicated percentages of EtOH were fixed in 4% paraformaldehyde/PBS and labeled with anti-phospho-
Smad antibodies as described [5]. Alexa Fluor 488 Phalloidin (Invitrogen) was included in the secondary antibody step to label
actin filaments. DAPI was used to stain the nucleus and was present in the mounting medium (Vectashield Antifade Mounting
Medium with DAPI). Images were captured using a Zeiss Axioplan 200M upright fluorescent microscope, AxioCam HRm digital
camera and AxioVision 4.8.2.0 software.
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Table 1
Antibodies and respective dilutions for Western blots and IF labeling.

Western Blotting

Primary Antibody Dilution
Phospho-Smad1/5/8 (D5B10) Rabbit mAb (Cell Signaling Technology - catalog #13820) 1:4000
Phospho-Akt (Ser473) (D9E) Rabbit mAb (Cell Signaling Technology - catalog #4060) 1:8000
Smad1 (D59D7) Rabbit mAb (Cell Signaling Technology - catalog #6944) 1:4000
Akt (pan) (C67E7) Rabbit mAb (Cell Signaling Technology - catalog #4691) 1:50000
Secondary Antibody

HRP-conjugated mouse anti-rabbit IgG (Santa Cruz Biotechnology - catalog #sc-2004) 1:10000
Immunolabeling

Primary Antibody

Phospho-Smad1/5/8 (D5B10) Rabbit mAb (Cell Signaling Technology - catalog #13820) 1:400
Phospho-Akt (Ser473) (D9E) Rabbit mAb (Cell Signaling Technology - catalog #4060) 1:400
Secondary Antibody

Cy3 goat anti-rabbit IgG (Jackson ImmunoResearch Laboratories - catalog #111-165-144) 1:500
Cell Staining

Alexa Fluor 488 Phalloidin (Invitrogen - catalog #A12379) 1:500
Vectashield Antifade Mounting Medium with DAPI (Vector Laboratories - catalog #H1200)

protein ensures that the changes observed for the phosphorylated proteins are not the result of
uneven protein loading or changes to the cellular proteins by the various treatments.

Upon activation of the Smad pathway, Smad proteins are not only phosphorylated by BMP
receptors, but these proteins are also required to translocate to the nucleus in order to transcribe BMP
target genes. IF labeling of BMP7/EtOH-treated C2C12 cultures with anti-pSmad antibodies validates
the Western blot data, which showed no change in pSmad after exposure to EtOH (Fig. 3). Moreover,
nuclear translocation of pSmad was assessed by staining the cultures with DAPI. Furthermore, co-
staining actin filaments with Phalloidin allowed for assessment of the subcellular architecture of
BMP7-stimulated cells exposed to high concentrations of EtOH. The combination of Western blot and
IF data permits analysis of the divergent BMP signaling pathways following the BMP/EtOH Stimulation
Assay.
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Additional information

One of the leading causes of mental disabilities in the Western world is due to prenatal exposure
to alcohol. Many theories have been proposed to account for the teratogenic effects of prenatal alcohol
exposure (PAE). An increase in oxidative stress, modified glucose, protein and lipid metabolism,
impaired neurogenesis and increased cellular apoptosis, especially of neural crest cells, endocrine
effects as well as effects on gene expression are some of the many mechanisms that have been
proposed to explain the consequences of alcohol exposure on the developing embryo [6]. Indeed,
a significant body of work has been reported in the area of alcohol consumption and its effects.
However, much of this research has focused on chronic effects of alcohol consumption [7,8].
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The need for a tightly regulated system for controlling cellular migration, division, differentiation
and harmonization with other cells within the body is critical for proper development. One family of
proteins that controls these types of functions are known as the Bone Morphogenetic Proteins (BMPs),
a subfamily in the TGF-8 superfamily of growth factors [4]. BMPs are critical for early differentiation
and patterning of neural tissue during all developmental phases [9].

In light of the developmental defects observed following PAE and the critical role of BMPs during
embryonic development, the disruption of BMP signaling pathways may play a role in the progression
of alcohol-induced deficits. Thus, well-designed studies focused on understanding the characteristics
of BMP-dependent signaling in the presence of alcohol are needed. Indeed, there is great potential
for the modification of BMP signaling pathways to become an effective therapeutic strategy for
diminishing the developmental deficiencies observed in cases of PAE. Typically, in vitro experiments
employ a range of 10-500 mmol/L, where the legal Blood Alcohol Level is represented by 25 mmol/L
or 0.115% [10]. Although 2.5% EtOH is a considerably higher concentration than 0.115%, the lack of
toxic effects in C2C12 cells in the presence of 2.5% EtOH was documented in multiple cell viability
assays [11], and, thus, 2.5% EtOH was considered to be a subtoxic concentration in C2C12 cells. This
paper describes an in vitro method used to observe the effects of acute EtOH exposure on BMP
stimulated cells. In particular, this approach facilitates examination of the initial signaling events
following stimulation of BMP receptors in the presence of subtoxic and toxic concentrations of EtOH.
Moreover, by first stimulating the cells with BMP and then exposing the cells to EtOH, questions
pertaining to the protective effects of active BMP signaling can be addressed.
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