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SUMMARY:

Here, we present a tool that can be used to study the posttranscriptional modulation of a
transcript in primary alveolar epithelial cells by using an inducible expression system coupled to
a pipette electroporation technique.

ABSTRACT:

Studying posttranscriptional regulation is fundamental to understanding the modulation of a
given messenger RNA (mRNA) and its impact on cell homeostasis and metabolism. Indeed,
fluctuations in transcript expression could modify the translation efficiency and ultimately the
cellular activity of a transcript. Several experimental approaches have been developed to
investigate the half-life of MRNA although some of these methods have limitations that prevent
the proper study of posttranscriptional modulation. A promoter induction system can express a
gene of interest under the control of a synthetic tetracycline-regulated promoter. This method
allows the half-life estimation of a given mRNA under any experimental condition without
disturbing cell homeostasis. One major drawback of this method is the necessity to transfect
cells, which limits the use of this technique in isolated primary cells that are highly resistant to
conventional transfection techniques. Alveolar epithelial cells in primary culture have been used
extensively to study the cellular and molecular biology of the alveolar epithelium. The unique
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characteristics and phenotype of primary alveolar cells make it essential to study the
posttranscriptional modulations of genes of interest in these cells. Therefore, our aim was to
develop a novel tool to investigate the posttranscriptional modulations of mRNAs of interest in
alveolar epithelial cells in primary culture. We designed a fast and efficient transient transfection
protocol to insert a transcriptionally controlled plasmid expression system into primary alveolar
epithelial cells. This cloning strategy, using a viral epitope to tag the construct, allows for the easy
discrimination of construct expression from that of endogenous mRNAs. Using a modified AA
guantification cycle (Cq) method, the expression of the transcript can then be quantified at
different time intervals to measure its half-life. Our data demonstrate the efficiency of this novel
approach in studying posttranscriptional regulation in various pathophysiological conditions in
primary alveolar epithelial cells.

INTRODUCTION:

Several techniques have been developed to determine the half-life of mRNAs. The pulse-chase
decay technique, which utilizes labeled mRNAs, allows for the simultaneous evaluation of a large
pool of mMRNAs with minimal cellular disturbance. However, this approach does not allow a direct
estimation of the half-life of a single gene transcript and cannot be implemented to study the
posttranscriptional modulation of an mRNA following stimulation with growth factors, ROS,
alarmins, or inflammation?.

The use of transcription inhibitors, such as actinomycin D and a-amanitin, is a relatively simple
method for measuring mRNA degradation kinetics over time. One main advantage of this
approach over that of previous techniques, (i.e., pulse-chase) relies on the ability to directly
estimate the half-life of a given transcript and compare how different treatments could affect its
degradation kinetics. However, the significant deleterious impact of transcription inhibitors on
cell physiology represents a major drawback of the approach?. Indeed, the inhibition of the whole
cell transcriptome with these drugs has the negative side effect of perturbing the synthesis of
key elements involved in mRNA stability, such as microRNAs (miRNAs), as well as the expression
and synthesis of RNA-binding proteins, which are important for mRNA degradation and stability.
The severe perturbation of gene transcription by these drugs could therefore artefactually
modify the degradation curves of transcripts.

The promoter induction system represents a third approach to measure the half-life of a specific
mMRNA. This method measures the degradation of a specific mRNA in a similar way as methods
that use transcription inhibitors. Two types of induction systems are frequently used: the serum-
induced c-fos promoter3 and the Tet-Off inducible system®. With the c-fos system, the use of
transcription inhibitors that can be toxic to the cell is not needed. However, this method requires
cell cycle synchronization, which prevents the evaluation of the actual stability of a transcript
during interphase. In contrast, the Tet-Off system allows the strong expression of the gene of
interest (GOI) under the control of a synthetic tetracycline-regulated promoter. This system
requires the presence of two elements that must be cotransfected into the cell to be functional.
The first plasmid (pTet-Off) expresses the regulatory protein tTA-Adv, a hybrid synthetic
transcription factor composed of the prokaryotic repressor TetR (from Escherichia coli) fused to
three transcription transactivation domains from the viral protein HSV VP16. The GOl is cloned
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into the pTRE-Tight plasmid under the control of a synthetic promoter (Pright), comprising the
minimal sequence of the cytomegalovirus (CMV) promoter fused to seven repeats of the tetO
operator sequence. The transcription of the gene downstream of Prignt is dependent on the
interaction of TetR with tetO. In the presence of tetracycline or its derivative, doxycycline, the
TetR repressor loses its affinity for the tetO operator, leading to a cessation of transcription®. The
characteristics of the Tet-Off system make it an ideal model for the study of specific mMRNA
expression in eukaryotic cells while avoiding potential pleiotropic effects that are secondary to
the absence of prokaryotic regulatory sequences in eukaryotic cell®. Usually, doubly stable Tet-
Off cell lines (HEK 293, Hela, and PC12) are used with this system to integrate copies of the
regulator and response plasmids for convenient access to controllable gene expression’=.

Several models of alveolar epithelial cells in culture have been used to study the cellular and
molecular biology of the alveolar epithelium. For years, researchers have extensively utilized
human or rodent primary cells%!! as well as immortalized cell lines such as human A549 or rat
RLE-6TN cells'>*3, Although they are generally less proliferative and more difficult to culture and
to transfect, alveolar epithelial cells in primary culture remain the gold standard for the study of
the function and dysfunction of the alveolar epithelium in physiological and pathological
conditions. Indeed, immortalized cell lines such as A549 cells do not exhibit the complex
characteristics and phenotypes of primary cells, whereas alveolar epithelial cells in primary
culture recapitulate the main properties of the alveolar epithelium, in particular the ability to
form a polarized and tight barrier'*#'>. Unfortunately, these cells are very resistant to
conventional transfection techniques, such as those utilizing liposomes, making the use of a
promoter-induced system such as Tet-Off very difficult.

The posttranscriptional modulation of mRNAs is one of the most effective methods for rapidly
modulating the gene expression of a transcript'®. The mRNA 3' untranslated region (3’ UTR) plays
an important role in this mechanism. It has been shown that, unlike the 5' UTR, there is an
exponential correlation between the length of the 3' UTR and the cellular and morphological
complexities of an organism. This correlation suggests that the 3' UTR, like the mRNA coding
regions, has been subjected to natural selection to allow for increasingly complex
posttranscriptional modulation throughout evolution?’. The 3' UTR contains several binding sites
for proteins and miRNAs that affect the stability and translation of the transcript.

In the present work, we developed a tool to investigate the role of highly conserved domains in
the 3' UTR of a GOI for the control of transcript stability. We focused on the epithelial sodium
channel, alpha subunit (aENaC), which plays a key role in alveolar epithelial physiology*®. Alveolar
epithelial cells in primary culture were successfully transiently transfected with the two
components of the Tet-Off system, which allows for the study of the role of the 3" UTR in mRNA
stability with a system that minimally affects cell physiology and metabolism in comparison to
the use of transcription inhibitors with other protocols. A cloning strategy was developed to
differentiate the expression of the GOl from that of the endogenous gene using a
nonendogenously expressed epitope (V5). The response and regulatory plasmids were then
transferred into alveolar epithelial cells using a pipette electroporation technique. Subsequently,
the expression of the transcript was measured by incubating the cells with doxycycline at
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different time intervals. The half-life of the transcript was evaluated by RT-qPCR with a modified
Cg method using the transfected tTA-Ad mRNA product for normalization. Through our protocol,
we offer a convenient way for studying the posttranscriptional modulation of a transcript under
different conditions and defining the involvement of the untranslated regions in more detail.

PROTOCOL:

All animal procedures were conducted according to the guidelines of the Canadian Council on
Animal Care and were approved by the Institutional Animal Care Committee of the Research
Center of Centre Hospitalier de I'Université de Montréal (CRCHUM).

1. Design and generation of the response plasmid expressing the gene of interest (GOI)
1.1. Use an inducible tetracycline-off vector, such as pTRE-Tight.

1.2. Analyze the sequence of the GOl and the multiple cloning site (MCS) of the vector to identify
the restriction sites in the MCS that are not present internally in the GOI.

1.3. Isolate primary alveolar epithelial cells from male Sprague-Dawley rat lungs as described
previously%20,

1.4. Purify the total RNA from the alveolar epithelial cells by RNA extraction using a standard
method, such as phenol/chloroform extraction or the use of silica-based RNA spin columns.

1.5. Reverse-transcribe the mRNA into complementary DNA (cDNA) using oligo(dT) and high-
fidelity reverse transcriptase.

1.6. Use high-fidelity Taq polymerase and standard overlap PCR techniques to flank the GOI with
two selected restriction enzyme recognition sites using designed primers.

1.6.1. Have the forward primer contain a Kozak consensus ribosome binding site?! to improve
expression levels to study protein expression in parallel with mRNA stability. A sequence
encoding the V5 epitope upstream of the GOl must be included to distinguish the expression of
the transfected GOI from endogenous expression (Table 1).

1.6.2. Have the reverse primer contain a polyadenylation signal after the stop codon.

1.7. Mutants can be generated by sequential deletion to study the effects of different 3' UTR
regions on the stability of the mRNA of the GOl using reverse primers encoding a polyadenylation
site that gradually deletes the 3’ end of the GOI 3’ UTR (Figure 6). Alternatively, PCR-directed
mutagenesis can be used to target a specific region of interest in the 3’ UTR%2.

1.8. Digest the inducible vector and the insert with the previously chosen restriction enzymes at
the appropriate incubation temperature for 1 h, followed by treatment with phosphatase during
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the vector reaction for 30 min to avoid self-ligation.

1.9. Separate the digested vector and insert segments by electrophoresis in a 1-1.5% agarose gel
(concentration depending on the size of the insert).

1.10. Using a blade and a UV light, collect the DNA fragments containing the desired insert and
vector to be ligated.

NOTE: The protocol can be paused here.

1.11. Purify the collected segments from the agarose gel using a silica-based PCR purification kit
and measure the concentration by spectrophotometry at 260 nm.

1.12. Ligate the GOl and the inducible vector with T4 DNA ligase using a vector:insert molar ratio
of 1:3 to increase the probability of ligation. Incubate the reaction at room temperature (RT) for
3 h.

1.13. Transform the ligation reaction into competent E. coli (DH5a).

1.13.1. Add 1-10 ng of vector and gene to a tube containing 100 uL of competent cells. Incubate
the cells on ice for 30 min and then heat-shock cells at 42 °C for 45 s. Place the tube on ice for 2
min and add 900 pL of RT LB medium. Incubate the cells for 1 h at 37 °C with shaking at 225 rpm.

1.13.2. Spread 100 pL of the reaction on an LB agar plate with a suitable antibiotic (e.g., 100
ug/mL ampicillin for the pTRE-Tight vector) to select the transformed bacteria. Incubate the plate
overnight at 37 °C.

1.13.3. Select individual colonies using an inoculation loop or a 20 uL tip and incubate overnight
in 5 mL LB medium containing the suitable antibiotic at 37 °C with shaking. The transformed
bacteria may be stored in glycerol stocks at -80 °C at a ratio of 400:600 of LB medium to glycerol.

1.14. Extract the plasmid DNA using silica-based plasmid columns and measure the concentration
by spectrophotometry at 260 nm. Confirm the insertion of the GOI by restriction analysis and its
orientation and the absence of mutations potentially introduced during RT-PCR by sequencing.

2. Transfection of the response plasmid expressing the gene of interest (GOI) into primary
alveolar epithelial cells

2.1. Isolate type Il alveolar epithelial cells from rat lungs.

2.2. Seed the cells at a density of 1 x 10° cells/cm? in 100 mm Petri dishes with complete minimum
essential medium (complete MEM). Complete MEM is MEM supplemented with 10% FBS, 0.08
mg/L tobramycin, Septra (3 ug/mL trimethoprim and 17 pg/mL sulfamethoxazole), 0.2% NaHCOs3,
0.01 M HEPES (pH = 7.3), and 2 mM L-glutamine. Culture the cells for 24 h at 37 °Cin 5% CO; in a
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humidified incubator.

2.3. On the next day, place 500 uL of complete MEM without antibiotic in each well of a new 12
well plate and prewarm the plate at 37 °C for 30 min. During this step, it is important to use fetal
bovine serum free of contaminating tetracyclines or with a level too low to interfere with
inducibility.

2.4. Prepare 1.5 mL tubes containing the plasmid with the inducible GOI (GOI plasmid) and the
regulatory vector (e.g., pTet-Off) by adding 1 pug of GOI plasmid and 1 ug of regulatory vector per
well at RT. For coexpression experiments with RNA-binding proteins (RBP), 1 ug of a constitutive
vector (e.g., pcDNA3) expressing the RPB of interest is added to the DNA mix (Figure 7).

2.5. Aspirate the medium and gently rinse the cells with PBS (without calcium and magnesium)
prewarmed at 37 °C.

2.6. Add 5 mL of 0.05% trypsin prewarmed at 37 °C and incubate the cells until the cells are
detached (2—4 min). Neutralize the trypsin by adding 10 mL of complete MEM without antibiotic.

2.7. Collect the cell suspension in a 50 mL tube, wash the Petri dish with 4 mL of medium to
collect as many remaining cells as possible, and then centrifuge the cell suspension at 300 x g for
5 min.

2.8. Gently aspirate and discard the supernatant and resuspend the pellet in 1 mL of PBS. Count
and calculate the number of cells using a hemocytometer.

2.9. Centrifuge the cells at 300 x g for 5 min. Gently aspirate the supernatant and resuspend the
pellet in resuspension buffer at a concentration of 4 x 107 cells/mL. Add the cells from the 1.5 mL
tube prepared in step 2.4 at a concentration of 400,000 cells per well and gently mix them by
pipetting up and down.

2.10. Place the tube in the electroporation device and fill it with 3.5 mL of electrolytic
buffer.

2.11. Insert a gold-plated electrode tip into a pipette by completely pressing the piston. Gently
mix the contents of the 1.5 mL tube and carefully aspirate the cells with the pipette. Be careful
to prevent air bubbles from entering the tip, as this will cause electric arcing during
electroporation and lead to decreased transfection efficiency.

2.12. Insert the pipette in the electroporation station until there is a clicking sound.
2.13. Select the appropriate electroporation protocol for alveolar epithelial cells, corresponding

to a pulse voltage of 1,450 V and 2 pulses with a width of 20 ms, and press Start on the
touchscreen.
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2.14. Immediately after transfection, remove the pipette and transfer the cells to a well
previously filled with complete MEM without antibiotic that has been prewarmed to 37 °C.

2.15. Repeat steps 2.11-2.14 for the remaining samples.

2.16. Gently shake the plate to spread the cells evenly over the well surface. Incubate the cells at
37 °Cin 5% COz in a humidified incubator. After 2 days, replace the medium with complete MEM
with antibiotics.

2.17. Confirm the success of the transfection by observing the expression of eGFP under a
fluorescence microscope or by flow cytometry using a control vector (Figure 1).

NOTE: This step is optional and requires an additional transfection step using a different plasmid
expressing eGFP, such as pcDNA3-EGFP.

3. Induction of the transcription inhibition of the GOI

NOTE: The cells can be pretreated with the desired treatments before doxycycline induction to
assess their impact on mRNA stability (Figure 5).

3.1. Prepare a doxycycline stock solution of 1 mg/mL in deionized water. Store the stock solution
at -20 °C protected from light. Doxycycline, a tetracycline derivative, is used instead of
tetracycline because it has a longer half-life (2x) than tetracycline. Moreover, a lower
concentration of doxycycline is required for the complete inactivation of the tet operon?3.

NOTE: Doxycycline could affect the mRNA expression of the endogenous GOI. To verify this, the
effect of a 24 h treatment with doxycycline on alveolar cells should be tested to confirm the
absence of any changes in GOI expression (Figure 2).

3.2. Prepare a fresh 1 pg/mL doxycycline solution in complete MEM 72 h posttransfection and
warm it to 37 °C.

3.3. Replace the medium with 1 mL of complete MEM containing 1 pg/mL doxycycline per well
to inhibit the transcription of the GOI.

3.4. Incubate multiple wells at 37 °C in 5% CO; for different amounts of time from 15 min—6 h to
assess the mRNA half-life of the GOI.

3.5. At the end of the treatment, wash the cells with ice-cold PBS and lyse them with a
commercially available phenol-chloroform RNA extraction kit by adding 500 pL of buffer per well
and shaking the plate to homogenize the cells.

3.6. Isolate the RNA according to the manufacturer’s protocol. Determine the RNA yield and
purity by spectrophotometry at 230, 260, and 280 nm. RNA samples with 260:230 and 260:280
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ratios of 1.8 and 2.0, respectively, are considered pure.
NOTE: The protocol can be paused here.
4. Determining the mRNA stability of the GOI

4.1. Treat 1 pg of total RNA with RNAse-free DNAse | (amplification grade) to remove any trace
of plasmid DNA that could interfere with subsequent DNA amplification.

4.1.1. In 2 0.2 mL PCR tube, combine 1 ug of total RNA, 1 uL of 10x DNase | reaction buffer, 1 uL
of DNAse | (1 U/uL), and RNAse-free water to obtain a total volume of 10 pL.

4.1.2. Incubate the reaction at RT for 20 min.

4.1.3. Deactivate DNAse | by adding 1 puL of 25 mM EDTA to the 10 plL reaction mix and incubating
the reaction at 70 °C for 10 min.

4.2. Reverse-transcribe the DNA-depleted total RNA into cDNA using a commercially available
cDNA synthesis kit with a blend of oligo(dT) and random hexamer primers to improve the reverse
transcription efficiency.

4.2.1. Briefly, add 4 uL of 5x reaction mix, 1 puL of reverse transcriptase, and 4 pL of RNAse-free
water to 11 pL of the DNA-depleted total RNA mix to obtain a total reaction volume of 20 pL. Mix
the reaction well by pipetting it up and down.

4.2.2. Incubate the reaction for 5 min at 25 °C, followed by 20 min at 46 °C, and then inactivate
the reaction by incubating it at 95 °C for 1 min. Each reaction will yield 50 ng/uL of cDNA product.

4.2.3. Dilute the cDNA reaction to a concentration of 5 ng/uL by adding 180 uL of molecular
biology-grade water to the 20 puL reaction mix. Store the cDNA products at -80 °C or proceed
immediately to performing real-time quantitative PCR (qPCR).

NOTE: The protocol can be paused here.
4.3. Design forward and reverse gPCR primers specific to the GOI.

4.3.1. Due to the endogenous expression of the GOl in the cells, the primers must be designed to
amplify a 100—150 bp amplicon of the V5 epitope coupled to the GOI (Table 1).

4.3.2. Internal reference gene primers must also be used as normalization controls. Usually,
housekeeping genes, such as the beta-actin and hypoxanthine phosphoribosyltransferase 1
genes, are used as reference genes. However, these cannot be used with this induction system
due to the variation of the transfection efficiency. Instead, the expression of the tTA-Ad transcript
is assessed for the purposes of normalization, because its expression is constitutive in cells due
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to the activity of the cytomegalovirus promoter. Any variation in its expression measured by gPCR
will be representative of the transfection efficiency (primers: forward 5’-GCC TGA CGA CAA GGA
AAC TC-3’ and reverse 5'-AGT GGG TAT GAT GCC TGT CC-3; 129 bp amplicon) and will allow the
normalization of the expression of the transfected clones (Figure 3).

4.4. Prepare each qPCR reaction in triplicate using a SYBR Green dye master mix.

4.4.1. Dilute the 5 ng/uL cDNA mix to a concentration of 1.25 ng/uL using molecular biology-
grade water.

4.4.2. Combine 5 puL of SYBR Green dye master mix (2x), 0.1 pL of molecular biology-grade water,
0.45 pL of 7.5 uM forward primer, 0.45 uL of 7.5 uM reverse primer, and 4 pL of 1.25 ng/uL cDNA
to obtain a total reaction volume of 10 pL. Mix well by pipetting up and down in a 96 well PCR
plate. Use optical adhesive film to ensure that the plate cover is sealed and to prevent
contamination and evaporation.

4.4.3. Spin down the reaction mix briefly by centrifugation and place the plate in a qPCR
thermocycler.

4.5. Amplify the V5-tagged GOI and tTA-Ad amplicons by using the following qPCR conditions: 95
°C for 10 min as a denaturation step, followed by 40 cycles of 95 °C for 10 s, 58 °C for 15 s, and
72 °C for 20 s. A high-resolution melting curve must be generated after the amplification cycles
are performed to assess the specific melting temperatures of the desired amplicons and to
ensure the absence of noise amplicon peaks.

4.5.1. Include negative controls for the qRT-PCR by performing qPCR with RNA as a template
without reverse transcriptase to serve as a control for potential plasmid DNA contamination and
gPCR with no cDNA added to the gPCR mix to ensure the lack of primer dimers or contaminants.

4.5.2. The optimal cDNA concentration, primer efficiency, and concentration must be optimized
according to the GOI by a standard curve assay. To do so, perform a serial dilution using cDNA
from untreated cells (cultured without doxycycline). The standard curve is generated by plotting
the Cq values against the log of the cDNA dilution factor, and the amplification efficiency (E) is
calculated according to the slope of the standard curve using the following formula:

E= 10—l/s|0pe

NOTE: The amplification efficiency should be approximately 0.9 to 1.05. Otherwise, the primers
must be redesigned.

4.6. Analyze the qPCR data using the comparative Cq method by normalizing the expression
values of the GOI to the expression of tTA-Ad to obtain the relative expression levels of the GOI
and to report its expression as a percentage of the mRNA expression of the GOI in cells from the
same animal at the starting point (t = 0) (Figure 4).
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4.7. The half-life is determined from the rate constant (K) of the GOl mRNA degradation curve
using the following equation:
t12=1n2/K.

REPRESENTATIVE RESULTS:

This protocol was successfully used to generate a Tet-Off transcriptionally controlled plasmid
expression system to evaluate the importance of different portions of the aENaC 3’ UTR in the
modulation of transcript stability in primary alveolar epithelial cells.

The first step in the implementation of this system was to establish a fast, easy, and efficient
transfection technique for alveolar epithelial cells in primary culture, which are difficult to
transfect. As shown in Figure 1, the pipette electroporation technique allowed for a 25-30%
transfection efficiency rate, as shown by the ratios of eGFP cells detected by fluorescence
microscopy and flow cytometry.

Before applying this induction system, which is controlled by tetracycline and its derivatives, the
impact of this drug on the expression of our GOl was verified. The alveolar epithelial cells were
treated with 1.0 ug/mL doxycycline to assess its impact on endogenous aENaC mRNA expression.
Treatments carried out over a period of 1-24 h had no significant impact on the expression of
the endogenous transcript, as shown in Figure 2.

Our transcriptionally controlled plasmid expression system uses a qPCR normalization technique
that differs from the standard technique that uses housekeeping genes. In the case of the
expression of V5-aENaC, the signal was normalized according to the tTA-Adv signal to determine
the efficiency of transfection using the Cq method. Figure 3 shows the use of the tTA-Adv
transcript to normalize mRNA expression.

Previously published results suggest that the use of actinomycin D is inappropriate for the
estimation of aENaC transcript stability, as it indicated an abnormally high mRNA half-life
(approximately 12 h)?4. The half-life of dENaC mRNA in the presence of the Tet-Off system (99
min) was up to 7x shorter than that found in the presence of actinomycin D, as shown in Figure
4. This confirms that actinomycin D leads to an artifactual aENaC mRNA stabilization.

This Tet-Off system was also used successfully to test whether different cell stressors known to
affect aENaC gene expression could modulate aENaC mRNA stability. As shown in Figure 5,
cycloheximide treatment significantly decreased the stability (36 min) of the transcript, while
lipopolysaccharides (LPS, used to mimic an infectious stimuli) did not. Finally, the pro-
inflammatory cytokine TNF-a caused a drastic drop in V5-aENaC mRNA stability (with a half-life
of 16 min).

In the present work, the cloning strategy was intended to elucidate the contribution of the 3' UTR
to the modulation of aENaC transcript. Several sequential deletion mutants were generated and
tested to map the contribution of different domains of the aENaC 3' UTR to transcript stability.
Figure 6 shows the significant changes in the modulation of the stability of V5-aENaC mRNA
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depending on the deleted and included regions of the 3’ UTR.

Finally, the modulation of the stability of adENaC mRNA by RNA-binding proteins (RBP) was
studied with this model. The transcription of dENaC mRNA with the V5 epitope from the pTRE-
Tight vector is under the exclusive control of tTA-Adv. Dhx36, Tiall, and hnRNPK are three RBPs
that are linked to the 3' UTR of aENaC?*. Therefore, any modulation of the expression of V5-
aENaC following cotransfection with Dhx36, Tiall, or hnRNPK, would be the consequence of the
modulation of the mRNA stability and not of transcription modulation. Figure 7 shows that the
overexpression of Dhx36 or Tiall, unlike that of hnRNPK, decreased the stability of V5-aENaC
MRNA compared to transfection with the empty pcDNA3 plasmid, which shows the specific
modulation of some RBPs.

Collectively, these results confirmed that the Tet-Off transcriptionally controlled plasmid
expression system that we developed represents an appropriate tool for evaluating the actual
half-life of a transcript and the mechanisms involved in its modulation. This tool will be useful in
acquiring novel insights into the posttranscriptional regulation of key GOls involved in the
function of the alveolar epithelium in physiological and pathological conditions.

FIGURE AND TABLE LEGENDS:

Figure 1: Efficiency of the transfection of alveolar epithelial cells in primary culture by pipette
electroporation. Primary alveolar epithelial cells were transiently transfected with 2 pg of a
pcDNA3 plasmid (empty, clones #1 and #2) that expressed or did not express GFP protein.
Transfection efficiency was assessed 48 h following transfection by (A) fluorescence microscopy
or (B) flow cytometry. One-way ANOVA and Bonferroni post hoc test; *: p <0.001 vs. empty. Cells
from at least four different rats (n > 4) were used for each experimental condition. Scale bar =
200 pm.

Figure 2: Modulation of endogenous aENaC mRNA by doxycycline in alveolar epithelial cells.
Alveolar epithelial cells were treated with 1.0 pg/mL doxycycline for a period of 1-24 h. The
expression of aENaC mRNA was quantified by quantitative RT-PCR and presented as the
expression of aENaC mRNA + SEM compared to that in untreated cells (Ctrl; t = 0) after
normalization according to B-actin expression (one-way ANOVA, n = 4). Doxycycline did not
modulate endogenous aENaC mRNA over time. Previously published as Figure S4 in Migneault
et al.?*,

Figure 3: Normalization of GOl mRNA expression with a modified Cq method according to the
expression of the regulatory mRNA tTA-Ad. Alveolar epithelial cells were transiently
cotransfected with the pTet-Off plasmid and the pTRE-Tight plasmid encoding aENaC cDNA
bearing a V5 epitope upstream of its open reading frame and a complete 3° UTR sequence. The
expression of V5-aENaC and tTA-Ad mRNAs was measured by quantitative RT-PCR in untreated
cells. (A) The delta-normalized SYBR Green fluorescent signals (ARn) of V5-aENaC and tTA-Ad
from two separate transfections (R1 and R2) are depicted. (B) Left graph: mRNA expression of
V5-aENaC and tTA-Ad in each experiment (R1 and R2) are expressed as the cycle quantification
value (Cq). The difference between V5-aENaC and tTA-Ad mRNA expression (ACq) is presented.
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Right graph: Using tTA-Ad mRNA in place of the housekeeping gene allows the efficient
normalization of the expression of the GOI, which showed a relative expression of 0.98 in R1
compared to that in R2.

Figure 4: Degradation kinetics of V5-aENaC mRNA when using the transcriptionally controlled
plasmid expression system in the presence and absence of actinomycin D. Primary alveolar
epithelial cells were transiently cotransfected with the pTet-Off plasmid and the pTRE-tight
plasmid encoding aENaC cDNA bearing a V5 epitope upstream of its open reading frame and
complete 3’ UTR sequences. Cells pretreated or untreated with actinomycin D (5.0 ug/mL) for 30
min were incubated thereafter with doxycycline (1.0 pg/mL) for 15 min—6 h. Expression of V5-
aENaC mRNA was measured by quantitative RT-PCR and presented as the percentage + SEM of
V5-aENaC mRNA expression in untreated cells (t = 0) after normalization according to the
expression of tTA-Ad. The V5-aENaC mRNA half-life was estimated by one-phase decay nonlinear
regression for each cell preparation. Multiple regression analysis revealed a statistically
significant difference in V5-aENaC mRNA stability in cells treated with actinomycin D compared
with that in untreated cells (p < 0.0001). Cells from at least four different rats (n > 4) were used
for each experimental condition. Previously published as Figure 1 in Migneault et al.?.

Figure 5: Modulation of V5-aENaC mRNA stability by different cellular and inflammatory
stresses. Primary alveolar epithelial cells were transiently cotransfected with the pTet-Off
plasmid and the pTRE-tight plasmid encoding aENaC cDNA bearing a V5 epitope upstream of its
open reading frame and complete 3’ UTR sequences. The cells were pretreated for 30 min with
1.0 uM cycloheximide (CHX) (A) or 15 pug/mL LPS (B) or for 5 h with 100 ng/mL TNF-a (C), followed
by treatment with 1.0 pg/mL doxycycline for a period of 15—-120 min. Expression of V5-aENaC
mRNA was measured by quantitative RT-PCR and presented as the percentage + SEM of V5-
aENaC mRNA expression in untreated cells (t = 0) after normalization according to the expression
of tTA-Ad. Cells from at least three different rats (n > 3) were used for each experimental
condition. (D) The half-life (t1/2) of V5-aENaC mRNA in treated cells was compared to the half-life
of mRNA in cells (Ctrl). The half-lives were measured according to the rate constant (K) of the V5-
aENaC mRNA degradation curve using the equation t12=In 2/K and then expressed as min = SEM
(one-way ANOVA test and Bonferroni post hoc test; *p < 0.01 vs. control; n > 3). Adapted from
Figure 36 previously published in Migneault, F.?>.

Figure 6: Use of the sequential deletion cloning strategy to reveal the role of different regions
of the aENaC 3’ UTR in the modulation of mRNA stability. (A) Schematic map of the V5-aENaC
transcript with the complete 3" UTR inserted in the pTRE-tight expression vector. The open
reading frame is depicted as a gray box, while the 3’ UTR is shown as a white box. The 3° UTR
portion of aENaC mRNA is depicted for the clone bearing a complete 3’ UTR and for the different
deletion mutants (Del 1 to Del 4). (B) Primary alveolar epithelial cells were transiently
cotransfected with pTRE-tight plasmids encoding different aENaC 3’ UTR deletion mutants along
with the pTet-Off plasmid, which expresses tTA-Ad, to allow the specific expression of the
construct and its inhibition by doxycycline. Seventy-two h after transfection, cells were treated
with doxycycline (1.0 pg/mL) for 15 min to 6 h. Expression of V5-aENaC mRNA was measured by
guantitative RT-PCR and presented as the percentage + SEM of V5-aENaC mRNA expression in
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untreated cells (t = 0) after normalization according to the expression of tTA-Ad. The V5-aENaC
MRNA half-life for each construct was estimated from the rate constant (K) of the V5-aENaC
mRNA degradation curve using the following equation: t1/2= In 2/K. The V5-aENaC mRNA decay
is shown for the clone with the complete 3’ UTR (Comp) and for the Del 1 to Del 4 3’ UTR deletion
mutants. The half-life (t12) of mRNA decay is given for each clone. In the lower right quadrant,
the graph shows a comparison of the different t1 £ SEM values estimated for each clone. p <
0.05 between the different groups according to the Kruskal-Wallis test. *p < 0.05 according to
Dunn’s post hoc test compared to the complete 3" UTR. ®p<0.05 according to Dunn’s post hoc
test compared to Del 3. Cells from at least five different animals (n > 5) were used for each
experimental condition. Adapted from Figures 2 and 3 previously published in Migneault et al.?*.

Figure 7: Posttranscriptional modulation of V5-aENaC mRNA by the RNA-binding proteins
hnRNPK, Dhx36, and Tiall. (A) Primary alveolar epithelial cells were cotransfected with the pTRE-
tight plasmid encoding V5-aENaC mRNA along with an expression vector for the Dhx36, hnRNPK,
or Tiall RBPs and the pTet-Off plasmid. V5-aENaC mRNA expression was quantified by RT-qPCR
72 h posttransfection and expressed as the percentage + SEM of V5-aENaC mRNA expression
compared to that in cells transfected with an empty vector (pcDNA3) after normalization
according to the expression tTA-Ad. Overexpression of Dhx36 and Tiall significantly inhibited V5-
aENaC mRNA expression, whereas overexpression of hnRNPK had no effect. *p <0.05 according
to the Kruskal-Wallis test and Dunn’s post hoc test compared to empty vector; n > 3 samples
from different animals were tested in duplicate for each experimental condition. (B) The proximal
portion of the aENaC 3’ UTR was deleted by cloning the distal region of the 3" UTR next to the
aENaC stop codon in the pTRE-tight plasmid (V5-aENaC-Del5). (C) Primary alveolar epithelial cells
were cotransfected with V5-aENaC or V5-aENaC-Del5 in the pTRE-tight vector along with the
pTet-Off plasmid and the expression vector for Dhx36 or Tiall RBP overexpression. V5-aENaC
MRNA expression was quantified by RT-gPCR 72 h posttransfection and expressed as the
percentage + SEM of V5-aENaC mRNA expression compared with that in cells transfected with
an empty vector (pcDNA3) after normalization according to the expression of tTA-Ad.
Overexpression of Dhx36 and Tiall had no effect on V5-aENaC-Del5 mRNA expression. *p < 0.05
according to the Kruskal-Wallis test and Dunn’s post hoc tests upon comparison of the
experimental vectors to the empty vector; #p < 0.05 according to the Mann-Whitney U-test upon
comparison of the experimental vectors to the complete 3° UTR mutant; n > 6 for each
experimental condition. Adapted from Figures 5 and 7 previously published in Migneault et al.?4.

Table 1: Primers used in this study. (A) Primers used for cloning and generation of the V5-aENaC
mutants in the inducible pTRE-tight vector. (B) Primers used for the measurement of mRNA
expression by quantitative RT-PCR

DISCUSSION:

The low transfection rate of alveolar epithelial cells in primary culture has been a serious
limitation for the use of the Tet-Off system to assess mMRNA stability in these cells. However, this
limitation was overcome by pipette electroporation, allowing a 25-30% transfection efficiency
(Figure 1 and Figure 3)%°.
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The measurement of transcript stability is fundamental to understanding the modulation of a
given mRNA and its impact on cell homeostasis and metabolism. Variation in the bioavailability
of a GOl may change the translation efficiency and have a direct impact on expression of the GOI
in the cell. For these reasons, several techniques have been developed to determine the half-life
of mRNAs. As discussed above, each of these techniques has limitations and constraints that
prevent the proper study of a transcript of interest. Compared to other techniques, the TET-off
model developed here has the advantage of allowing the half-life estimation of a given mRNA
under any experimental condition. However, it does not allow us to directly study the stability of
an endogenous transcript. To overcome this limitation as much as possible, it is suggested to
include the 5’ UTR and 3’ UTR sequences of the transcript in the plasmid so that the construct is
as similar as possible to the endogenous transcripts. The addition of the V5 epitope allows the
specific amplification of the target mRNA by RT-qPCR versus that of the endogenous transcript.
Regarding the cloning strategy, the choice of the sequence inserted upstream of the gene of
interest is crucial to prevent the amplification of nonspecific signals. The addition of the V5
epitope sequence 5’ of the ORF is necessary for the specific gPCR amplification of the construct
due to its short length and the lack of its expression in alveolar epithelial cells. This strategy also
provides the opportunity to study the modulation of protein translation using the same inducible
system. Despite the small size of the V5 epitope (42 nt), it is still possible that this may affect the
stability of transcription. For this reason, it is suggested to also test other epitopes, such as
human influenza hemagglutinin (HA) or any other sequence not found in the transcriptome of
alveolar epithelial cells.

One limitation of the system is the use of doxycycline to inhibit the transcription of a GOI. Several
reports show that doxycycline could have a significant impact on cell metabolism. The use of this
antibiotic in 16HBE14 bronchial cells reduces proliferation and increases mortality due to
apoptosis?’. In addition, doxycycline has already been shown to be involved in the modulation of
the LPS inflammatory response?®. Therefore, this antibiotic could have off-target effects that may
affect the mRNA stability of a given GOI. For these reasons, we assessed the impact of 1 ug/mL
doxycycline over a 24 h period on nontransfected cells and found that it did not induce any
change in endogenous aENaC mRNA expression (Figure 2). This concentration was chosen
because it is widely used to completely inhibit the transcription of the Tet-Off system and is
recommended to minimize cytotoxic effects?®®. We suggest using this concentration in alveolar
epithelial cells and recommend validating the optimal concentration for the study of other genes
or the use of other cell types with the Tet-Off system.

Our system utilizes the constitutive expression of the GOI until its transcription is inhibited by
doxycycline. It has been suggested that excessive mRNA concentrations may be toxic to the cell
and affect its metabolism. This could lead to a change in the stability of the GOI transcript, causing
its rapid degradation because of nonphysiological overexpression3. In the case of our Tet-Off
model, such toxicity was not observed, because the transfected cells showed a morphology
similar to those of healthy nontransfected cells (data not shown). In accordance with Tani et al.3?,
who demonstrated the validity of the Tet-Off system in determining the half-life of a mRNA, our
results showed that the Tet-Off system is not toxic in alveolar epithelial cells and yields a half-life
for aENaC mRNA that does not reflect the overstabilization that was reported in the presence of
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transcriptional inhibitors such as actinomycin D (Figure 4).

The development of this system to measure the half-life of mRNA challenges the results observed
when the stability of transcripts were measured in the presence of transcription inhibitors such
as actinomycin D. This method shows that a transcript half-life may be much shorter than
previously measured.

Our model is highly appropriate for studying the posttranscriptional modulation of a specific
transcript under different conditions, including pro-inflammatory conditions or RBP
overexpression, as well as after treatment with silencing RNA. In addition, it allows the
characterization of untranslated regions essential to the posttranscriptional modulation of
mMRNAs in pathophysiological conditions that affect alveolar epithelial cells.
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Figure 4. Degradation kinetics of V5-aENaC mRNA with the transcriptionally-controlled Click here to access/download;Figure;Migneault et al, Figure 4.eps %
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Figure 5. Modulation of the V5-aENaC mRNA stability by different cellular and Click here to access/download;Figure;Migneault et al, Figure 5.eps %
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Figye 6. Use of the sequential deletion cloning strategy to reveal the role of different
of the aENaC 3' UTR in the modulation of mMRNA stability.
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Figure 7. Posttranscriptional modulation of V5-aENaC mRNA by the RNA-binding Click here to access/download;Figure;Migneault et al, Figure 7_revised.eps 2
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Table 1 Click here to access/download;Table;Migneault et al, Table 1.xlsx %

A
Template 3'UTR Sense Sequence
Complete F 5’-ATCGCAGCTAGCACCATGGGTGGTAAGCCTATCCCTAACCCTCTC-3’
R 5-GCACTAATCGATTTTATTGAGTACCTGCCTACCCGTC-3’
Del 1 R 5’- GCACTAATCGATTTTATTTGTTCTGAGGGACAGTGAAAG-3’
aENaC cDNA Del 2 R 5’- GCACTAATCGATTTTATTAACTAACAAGGGGGCTTTTGGG-3’
Del 3 R 5’-GCACTAATCGATTTTATTGTGTCCCTGAAGGCAGTGAGGC-3’
Del 4 R 5’-GCACTAATCGATTTTATTTCAGAGCGCCGCCAGGGCACAG-3’
Del 5 R 5’-ATCGCAGAATTCTCAGAGCGCCGCCAGGGCACAG-3’
F 5-ATCGCAGAATTCTGATGTCTGCTCCTCTCCTTG-3’
B
Target Sense Sequence
V5- GENaC F 5’-CCTAACCCTCTCCTCGGTCT-3’
R 5-TTGAATTGGTTGCCCTTCAT-3’
TA-Adv F 5-GCCTGACGACAAGGAAACTC-3’
R 5-AGTGGGTATGATGCCTGTCC-3’
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Table of Materials

Name of Material/ Equipment
Actinomycin D
Ampicillin
Bright-Line Hemacytometer
Chloroform - Molecular biology grade
Clal
Cycloheximide
DM IL LED Inverted Microscope with Phase Contrast
DNase I, Amplification Grade
Doxycycline hyclate

Dulbecco’s Phosphate-buffered Saline (D-PBS), without calcium

and magnesium

Ethanol - Molecular biology grade

Excella E25 Console Incubator Shaker

Glycerol

HEPES pH 7.3

Heracell 240i

iScript cDNA Synthesis Kit

Isopropanol - Molecular biology grade

LB Broth (Lennox)

LB Broth with agar (Lennox)

L-glutamine

Lipopolysaccharides from Pseudomonas aeruginosa 10
MEM, powder

MicroAmp Optical 96-Well Reaction Plate
MicroAmp Optical Adhesive Film

MSC-Advantage Class Il Biological Safety Cabinets
Mupid-exU electrophoresis system

NanoDrop 2000c

Neon Transfection System 10 pL Kit

Neon Transfection System Starter Pack

Nhel

One Shot OmniMAX 2 T1R Chemically Competent E. coli

Click here to access/download;Table of Materials;Migneault et al, Table of

materials_revised.xls

Company
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich

New England Biolabs
Sigma-Aldrich
Leica

Invitrogen

Sigma-Aldrich

Wisent Bioproducts

Fisher Scientific
Eppendorf
Sigma-Aldrich
Sigma-Aldrich
ThermoFisher Scientific
Bio-Rad Laboratories
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Gibco
Applied Biosystems
Applied Biosystems
ThermoFisher Scientific
Takara Bio
ThermoFisher Scientific
Invitrogen
Invitrogen
New England Biolabs
Invitrogen

Catalog Number

A9415
A1593
7359629
C2432
R0197S
C7698
18068015
D9891-1G

311-425-CL

BP2818100
1220G76
G5516
H3784
51026420
1708890
19516
L3022
L2897
G7513
L9143
61100103
N8010560
4360954
51025413
AD140
ND-2000
MPK1025
MPK5000S
RO131S
C854003

L]
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pcDNAS3 vector

pcDNA3-EGFP plasmid

Platinum Taq DNA Polymerase High Fidelity
pTet-Off Advanced vector

pTRE-Tight vector

Purified alveolar epithelial cells

QIAEX Il Gel Extraction Kit

QIAGEN Plasmid Maxi Kit

QlAprep Spin Miniprep Kit

QuantStudio 6 and 7 Flex Real-Time PCR System Software
QuantStudio 6 Flex Real-Time PCR System, 96-well Fast
Recombinant Rat TNF-alpha Protein

Septra

Shrimp Alkaline Phosphatase (rSAP)

Sodium bicarbonate

SsoAdvanced Universal SYBR Green Supermix
SuperScript IV Reverse Transcriptase

T4 DNA Ligase

Tet System Approved FBS

Tobramycin

TRIzol Reagent

Trypsin-EDTA (0.05%), phenol red

UltraPure Agarose

Water, Molecular biology Grade

ThermoFisher Scientific
Addgene
Invitrogen
Takara Bio
Takara Bio
n.a.
QIAGEN
QIAGEN
QIAGEN
Applied Biosystems
Applied Biosystems
R&D Systems
Sigma-Aldrich
New England Biolabs
Sigma-Aldrich
Bio-Rad Laboratories
Invitrogen
ThermoFisher Scientific
Takara Bio
Sigma-Aldrich
Invitrogen
Gibco
Invitrogen
Wisent Bioproducts

V790-20
13031
11304011
631070
631059
n.a.
20021
12162
27104
n.a.
4485697
510-RT-010
A2487
MO0371S
S5761
1725270
18090010
ELOO11
631367
T4014
15596018
25300054
16500500
809-115-EL
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Author(s):

FRANGOS MIGNEROULT , FREDERIC GAGNON, BMMANUELLE RRCCH(ERD,
YVES BERIHMANME , ANDRE DAGENAS

Iltem 1: The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:

[ZStandard Access

Iltem 2: Please select one of the following items:

DOpen Access

ELThe Author is NOT a United States government employee.

DThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

|:|The Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JoVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

of the Article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JOVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in ltem 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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4. Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Iltem 1 above. In consideration of JOVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JOVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b} to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
_rights granted hereunder shall be fimited to the maximum

ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. . Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author {or, if more than one author islisted at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JoVE may, in its sole

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.



discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JOVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. " Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE’s attorney’s fees and costs related to said
losses or damages. Such indemnification and hoiding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.
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Rebuttal Letter Click here to access/download;Rebuttal Letter;Response to
reviewers.docx

We thank the reviewers for their useful and constructive comments. Based on these comments,
we revised the manuscript according to their recommendations. You will find below a detailed
response to your comments that includes a description of the corrections that were made to the
manuscript.

Editorial comments:
General:

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are
no spelling or grammar issues.

All necessary typographical/grammatical corrections were made.

2. JoVE cannot publish manuscripts containing commercial language. This includes trademark
symbols (™), registered symbols (®), and company names before an instrument or reagent.
Please limit the use of commercial language from your manuscript and use generic terms
instead. All commercial products should be sufficiently referenced in the Table of Materials and
Reagents.

For example: Neon Transfection System

All commercial terms, including “NEON Transfection System”, have been removed from the
manuscript and replaced by generic terms.

Protocol:

1. For each protocol step/substep, please ensure you answer the “how” question, i.e., how is
the step performed? Alternatively, add references to published material specifying how to
perform the protocol action. If revisions cause a step to have more than 2-3 actions and 4
sentences per step, please split into separate steps or substeps.

The protocol has been reviewed to answer the “how” question. A reference that well describes
the cell isolation process has been added (line 154).

Specific Protocol steps:

1.1, 4.3, 4.6: The highlighted portion in these sections are mainly vague design and analysis
steps, which we likely cannot film.

The highlighted portion in section 1.1 has been removed. The highlighted portion in section 4.3
has been removed and replaced by a modification in section 4.5. The highlighted portion in
section 4.6 has also been removed.

Figures:
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1. Please obtain explicit copyright permission to reuse any figures from a previous publication.
Explicit permission can be expressed in the form of a letter from the editor or a link to the
editorial policy that allows re-prints. Please upload this information as a .doc or .docx file to your
Editorial Manager account.

A copy of the Open Access Policy for Cellular Physiology & Biochemistry, from which the figures
were obtained, has been added to the Editorial Manager account.

2. Figure 2: Please use ‘1 h’ instead of ‘1h’, etc. (i.e., with a space).
This correction has been made.

References:

1. Please do not abbreviate journal titles.

All the references have been corrected accordingly.

Table of Materials:

1. Please ensure the Table of Materials has information on all materials and equipment used,
especially those mentioned in the Protocol.

The Table of Materials has been verified and presents all information on all materials and
equipment used.

Reviewers' comments:
Reviewer #1:
Major Concerns:

1. The emphasis initially seems to be specifically on 3'UTR by making this the first paragraph of
the introduction, which is somewhat distracting. Although the authors describe an detailed
analysis of 3'UTR role in representative results, | think this should be placed later in the
introduction. The key element here is the approach which overcomes actinomycin D and
amanitin drawbacks should be the focus of the introduction.

We agree with the reviewer that the transcriptionally controlled plasmid expression system
should be the focus of the introduction. Thus, we placed the first paragraph later in the
introduction as suggested.

2. In protocol section 1.2, authors indicate to analyze the sequence of the GOl in order to
identify useful restriction sites present on either side of the gene. This seems to conflict with
section 1.6 below, in which restriction sites are added by PCR. Do the authors mean that they
analyze the GOl sequence to be sure the restriction site from the MCS you plan to use is not



present internally in the GOI? Or to indicate alternative approaches to the cloning strategy? This
needs to be clarified.

Section 1.2 has been clarified to indicate that the GOI does not contain the restriction sites used
for the cloning strategy.

3. Step 2.17 - There needs to be an indication that this step is dependent on an additional
(optional) transfection with a different plasmid, specify an example plasmid here.

A clarification has been added below step 2.17.
Minor Concerns:

1. In step 1.4 and 1.5, the authors direct to purify the GOI by standard RNA extraction and
transcribe the GOI by reverse transcriptase. There is no specificity for the GOI at these steps
(occurs in step 1.6 via specific primers). It will be more accurate to say purify and transcribe total
RNA (or mRNA if using oligodT approaches)

Steps 1.4 and 1.5 have been modified accordingly.

2. Step 1.12, "using a molar ratio of 1:3 vector to increase the probability" - do you mean 1:3
vector to insert?

This sentence has been corrected to reflect a vector:insert molar ratio of 1:3.

3. Step 1.14, sequence analysis is needed not just to confirm the presence and orientation of the
insert, but also that RT-PCR has not introduced any mutations.

This step has been corrected.
4. Step 2.2, indicate the pH of the HEPES supplementing the MEM.
The HEPES pH (7.3) is now indicated in the text.

5. The protocol sometimes uses the terminology "response vector" and other times "inducible
vector" - | think in both cases to refer to pTREtight construct. Please keep 1 consistent
terminology.

“Inducible vector” is now used consistently in the manuscript.

6. Step 3.1 NOTE: - please indicate in the text that this is the endogenous GOI here, not the
exogenous construct. Please explain rationale for examining effects on endogenous GOl mRNA
since your assay is specific to the V5-epitope tagged exogenous GOl mRNA.

A distinction has been made between the endogenous GOI and the exogenous GOl in the text.

The reviewer raises a good point about the usefulness of examining the effects of doxycycline on
the endogenous mRNA expression of the GOI . Doxycycline has been reported to have an impact



on cell metabolism and the modulation of the inflammatory response. Therefore, the use of this
drug could have an unspecific effect on mRNA stability for either the endogenous or exogenous
GOl mRNA. To rule out this possibility, cells were treated with doxycycline, and the endogenous
mRNA expression of the GOl was assessed, since the exogenous GOl mRNA is directly under the
control of doxycycline. This issue was previously discussed in the fourth paragraph of the
discussion and has been clarified.

7. Step 4.1.1. The activity of the DNAse should be specified, in addition to or instead of the
volume.

The number of units has been added to the protocol.
Reviewer #2:
Major Concerns:

The results in Fig. 6 do not show increasing instability as the 3' region is truncated. In fact, the
removal of all of the 3' region resulted in a very stable transcript. This unexpected result is not
addressed but should be. There is no Discussion section, probably because this work has been
published. Here, the goal is to present the method in a manner that could be easily reproduced.
The authors appear to have succeeded completely in that goal.

The reviewer raised an interesting question concerning the increasing stability of the truncated
3’ UTR region. Indeed, the half-life of aENaC mRNA with 3’ UTR deletion 1, 2, or 4 was increased
significantly compared that of the mRNA with the complete 3" UTR, suggesting that cis-elements
that destabilize the aENaC transcript were removed from the mutants. Conversely, the deletion
3 mutant showed a drastic drop in the mRNA half-life, suggesting that the interaction of the
different portions of the 3’ UTR could also confer stability to the transcript. Overall, the main
role of the 3’ UTR sequences is to destabilize the aENaC transcript, since removal of the
complete 3’ UTR sequences in Del 4 led to the stabilization of the transcript. These questions
were already addressed in our previous publication (Migneault et al. 2019, Cell. Physiol.
Biochem.) and we chose to focus on the technical aspects of our method in the present
manuscript, since JoVE is a methods-based journal.

Minor Concerns:

The use of "epitope" to describe the nucleic acid sequence added to the test mRNA so as to
distinguish it from its normal mRNA counterpart produced in the same cell does not seem
correct. It is a distinguishing nucleic acid sequence, but it could be any sequence not found in a
mRNA normally produced in these alveolar cells.

We agree with the reviewer that any nucleic acid sequence not found in alveolar epithelial cells
would be sufficient to distinguish the exogenous GOI from the endogenous GOI. However, we
decided to specify the use of a viral epitope tag such as V5 or HA over other sequences to



provide the opportunity to study the modulation of protein translation using this inducible
system. The discussion has been modified accordingly (lines 516-523).

Reviewer #3:
Major Concerns:

Would recommend clarification that the authors used primary rat alveolar type Il cells, as
distinct from primary alveolar cells. Would also recommend adding a reference describing the
cell isolation process.

We agree with the reviewer that primary alveolar epithelial cells are principally type Il cells at
the time of isolation. However, it has been reported (Wang et al. Am J Respir Cell Mol Biol. 2007
Jun; 36(6): 661-668.) that the differentiation of type Il cells is complex, and such cells tend to
differentiate into a type I-like phenotype. Thus, we did not specify the phenotype of the
alveolar epithelial cells.

A reference that well describes the cell isolation process has been added (line 154).
Minor Concerns:
line 183: "under agitation" -> if agitation speed is unavailable, would specify fast or slow.

line 195: would indicate that the primary alveolar cells being used are isolated type Il alveolar
epithelial cells

line 218: gently aspirate *and discard* the supernatant
line 219: please define the resuspension buffer

Unfortunately, the composition of the buffers used with the NEON Transfection system are
proprietary, and we did not use buffers made in the lab.

line 220: what is exactly meant by "mix up and down"?
The sentence has been modified to “and gently mix by pipetting up and down”.
line 222: please define Electrolytic Buffer E

Unfortunately, the composition of the buffers used with the NEON Transfection system are
proprietary, and we did not use buffers made in the lab.

line 231: is the MEM at 37C?

All minor concerns have been addressed accordingly.
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