SCIENTIFIC REPLIRTS

Reduced aldehyde dehydrogenase
expression in preeclamptic decidual
“mesenchymal stem/stromal
e cells is restored by aldehyde
s dehydrogenase agonists
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High resistance to oxidative stress is a common feature of mesenchymal stem/stromal cells (MSC)
and is associated with higher cell survival and ability to respond to oxidative damage. Aldehyde

: dehydrogenase (ALDH) activity is a candidate “universal” marker for stem cells. ALDH expression

. was significantly lower in decidual MSC (DMSC) isolated from preeclamptic (PE) patients. ALDH gene

. knockdown by siRNA transfection was performed to create a cell culture model of the reduced ALDH

. expression detected in PE-DMSC. We showed that ALDH activity in DMSC is associated with resistance

. to hydrogen peroxide (H,0,)-induced toxicity. Our data provide evidence that ALDH expression in

. DMSC is required for cellular resistance to oxidative stress. Furthermore, candidate ALDH activators

. were screened and two of the compounds were effective in upregulating ALDH expression. This study
provides a proof-of-principle that the restoration of ALDH activity in diseased MSC is a rational basis for
a therapeutic strategy to improve MSC resistance to cytotoxic damage.

© A wide variety of important diseases and disorders are associated with oxidative stress, which include Alzheimer’s
disease, angina, atherosclerosis, neurodevelopmental disorders, Parkinson’s disease, thrombosis and hyperten-
sion'>. Mesenchymal stem/stromal cells (MSC), introduced topically by intralesional injection, local vascular
injection or intravenously, are successful in reducing oxidative stress*. Indeed, these data have laid the founda-
: tions for many MSC-based human clinical trials®”’. However, the use of exogenous MSC is limited by practical
. problems such as their rarity in tissues and bodily fluids, the need to expand MSC in culture to clinically useful
. numbers (5 x 10°per kg) as well as uncertainties in the timing and dosage of MSC, their poor viability in damaged
© tissues and possible immune reaction®. At the root of these problems is our limited understanding of the MSC
° microenvironment from which MSC are derived, and the mechanism of exogenous MSC repair. Accumulating
. data show a predominantly paracrine mechanism of action rather than one of MSC engraftment and differ-
entiation’. The consistent evidence of a paracrine effect of MSC suggests that exogenous MSC provide soluble
factors (e.g. growth factors, cytokines) and biological factors (e.g. exosomes, microvesicles) that allow oxidatively
stressed endogenous MSC to avoid apoptosis, resist oxidative stress, proliferate and carry out the necessary repair
. of diseased tissue!®. Thus, an alternative MSC therapeutic strategy is to use biological and pharmaceutical agents
. that improve endogenous MSC survival and other important stem cell functions. Examples of the success of such
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a strategy was demonstrated when pitavastatin was employed to enhance heme oxygenase-1 expression in MSC,
which may protect cells from oxidative stress'’.

The challenge in devising strategies for reducing oxidative-stresses in endogenous MSC is that obtaining
MSC from oxidatively-stressed tissues in sufficient numbers from diseased patients is particularly difficult. This
severely limits our understanding of the defective pathways in oxidatively stressed endogenous MSCs and hinders
the testing of strategies to improve their function.

Here, we investigate the role of MSC in the hypertensive disorder called preeclampsia (PE). PE is a serious
medical disorder of human pregnancy characterised by pregnancy-induced hypertension and proteinuria. If
untreated, PE can lead to eclampsia, a convulsive life-threatening disorder. PE results from a series of biologi-
cal stresses, which lead to abnormal placentation and subsequently affect the mother, fetus and placenta!? In
PE, the decidua basalis is also a major source of reactive oxygen species that cause systemic damage to vascular
endothelia'®. The presence of H,0, and superoxide radicals in the placenta and decidua basalis leads to lipid per-
oxidation and results in the production of toxic by-products e.g. lipid hydroperoxides, thiobarbituric acid reactive
substances, reactive aldehydes, and malondialdehyde'*'>. Levels of H,O, are higher in serum of PE patients and
correlate with a state of higher oxidative stress!®!”.

We showed that placental and decidual MSC can be readily isolated following delivery of the baby'®!°. In this
study we focus on the decidua basalis MSC (DMSC). The decidua basalis is essential for the development of the
conceptus and for the continuation of normal pregnancy?. PE-affected DMSC represent a unique cell model to
assess the effects of oxidative stress on MSC, and to test strategies designed to alleviate oxidative stress.

Aldehyde dehydrogenases (ALDH) are a family of enzymes that detoxify aldehydes produced by oxidative
stress. Our recent study investigated the immunohistochemical localisation of ALDH in the maternal decidua
basalis and as expected, ALDH expression was co-localised with the MSC marker, FZD-9, within a vascular
niche’®. Thus, DMSC are proximal to the maternal blood circulation and are directly or indirectly exposed to
circulating reactive oxygen species and by-products of oxidative stress. The detoxification capacity of ALDH has
the potential to protect stem cells against oxidative damage and is one of the important factors governing their
longevity?"?2. Levels of lipid peroxides and malondialdehyde (MDA) are higher in PE-affected decidua basalis*
and both these products of oxidative stress are implicated in the pathogenesis of PE. To date, the use of antiox-
idant therapies to target oxidative stress (e.g. vitamin C, vitamin E, coenzyme Q10, carotenoids, and selenium)
for women at risk of PE have only showed marginal or little benefits in preventing PE*. Thus, other strategies are
needed to delay or prevent the onset of PE. The first aim of this study was to determine the level of ALDH enzyme
activity between normotensive DMSC and PE-DMSC, and whether ALDHI1A1 expression is critical in cellular
protection of DMSC against oxidative stress. The other aim of this study was to determine whether ALDH activity
could be restored, partially or completely, by treatment with ALDH activators.

Results

ALDH expression in DMSC and PE-DMSC. ALDHI1A1 mRNA levels between isolated primary DMSC
and PE-DMSC were analysed, with 18S rRNA used as the housekeeping control gene. The fold change or relative
quantitation (RQ) value was calculated with reference to the primary DMSC samples. Figure 1a shows signif-
icantly lower ALDH1A1 mRNA levels in primary PE-DMSC compared to DMSC (PE-DMSC: 0.11 £ 0.05 vs.
DMSC: 1.07 £0.27, p-value =0.0016, n = 6, unpaired t-test).

To verify the differences in ALDHIA1 mRNA levels that were observed from real-time RT-PCR analysis,
the Aldefluor assay was employed to quantify ALDH activity in primary DMSC and PE-DMSC. There was a
significantly lower proportion of ALDH cells in primary PE-DMSC compared to DMSC (p-value =0.0013,
n= 10, unpaired t-test) (Fig. 1b). The primary DMSC cell population contained 24.17 +4.67% of ALDH" cells
whilst PE-DMSC cell population contained 6.104-0.95% of ALDH"* cells. Furthermore, we observed qualitatively
lower ALDHI protein expression in PE-DMSC compared with DMSC using immunofluorescence as described
in Supplementary Fig. 1.

To determine the relative mRNA levels of ALDH isozymes in primary DMSC and PE-DMSC, Fig. 1c shows
log, (RQ) values against the target genes. Primary PE-DMSC were used as the calibrator sample for RQ cal-
culation. ALDH1A1 isozyme showed the greatest fold increase of 1.02 relative to PE-DMSC mRNA level
while ALDH8AL1 isozyme showed the greatest fold decrease of —1.52 relative to PE-DMSC mRNA level. The
Cr values are presented in Table 1. C; values < 30 are associated with an abundance of mRNA transcript in
the sample, whereas higher C; values (>30) are associated with low levels of mRNA transcript. DMSC and
PE-DMSC expressed similar levels of mRNA for the various ALDH isozymes. In primary DMSC, mRNA levels
of ALDH1A1 (26.46+0.01), ALDHI1BI (26.46 £ 0.03), and ALDH9A1 (26.51 0.09) isozymes were the high-
est. The ALDH3AI isozyme mRNA was only detected in primary DMSC. In primary PE-DMSC, ALDH1B1
(26.25+0.00), ALDH9AL1 (26.67 £0.06), and ALDH1A1 (27.74 £ 0.04) isozymes were the highest. Overall, taken
together with their C; values, mRNA levels of ALDH1A1 and ALDH8ALI isozyme were altered between DMSC
and PE-DMSC.

Generation and validation of the ALDH1A1 gene knockdown model.  To create a cell culture model
of ALDH1A1 knockdown, the siRNA transfection method was utilised on the transduced DMSC23 cell line.
DMSC and PE-DMSC are primary cells and they are inherently difficult to study because of their limited life span
in vitro and the potential for patient-to-patient variation between preparations of primary cells. The DMSC23 cell
line has extended lifespan and maintains the MSC characteristics of the primary cells and therefore was employed
for this knockdown model. Supplementary Fig. 2 shows the optimization of ALDH1A1 siRNA transfection per-
formed with various siRNA concentrations (5nM, 10nM, and 20nM). At 5nM siRNA concentration, none of the
siRNAs showed a significant reduction in the ALDH1A1 mRNA levels compared to the NC and mock controls.
However, at the 10nM siRNA concentration, all but si2 showed a significant reduction in the ALDHIA1 mRNA
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Figure 1. ALDH1A1 mRNA levels and the percentage of ALDH cells in primary DMSC and PE-DMSC.
(a) RQ value of ALDH1A1 mRNA levels in primary DMSC and PE-DMSC. Quantitative real-time RT-PCR
was performed to determine ALDH1A1 mRNA levels relative to the housekeeping gene 18S rRNA. mRNA
levels were then normalised to the reference sample, which was the primary DMSC. Unpaired t-test, n =6 each
group, **p-value =0.0016. (b) The Aldefluor assay results on isolated primary DMSC and PE-DMSC show
the percentage of cells with high levels of ALDH enzyme expression (percentage of ALDH™ cells). Results

are presented as box plots showing the lower quartile, median, upper quartile, and whiskers to depict range.
Unpaired t-test, n =10 each group, **p-value =0.0013. (c) The log,(RQ) plot of ALDH isozymes in primary
DMSC and PE-DMSC. For each individual gene, the mRNA level was calculated relative to an endogenous
control (18S rRNA is the chosen housekeeping gene). Gene expression was then normalised to the calibrator
sample, which was the value in the primary PE-DMSC. The Y-axis shows the log, (RQ) values of the particular
ALDH isozyme mRNA level. The X-axis shows the ALDH isozymes used in this screening. Genes that are up-
regulated have log, (RQ) values > 2 (green line) and down-regulated genes have log, (RQ) values > —2 (blue
line). Data are presented as mean & SEM in duplicate samples.

levels. At 20 nM all siRNAs significantly reduced ALDH1A1 mRNA levels compared with the NC and mock con-
trols (NC: 1.01 £0.12, mock: 1.23 £0.21, vs. si2: 0.24 £ 0.05, si5: 0.41 4-0.14, si6: 0.26 £ 0.08, and si7 0.16 £ 0.01).
The conditions used for consistent and efficient ALDH1A1 gene knockdown were a 72-hour incubation period
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Gene DMSC PE-DMSC log,(RQ)

ALDH1A1 26.46+0.01% 27.74£0.04 1.02+£0.01

ALDHI1A2 28.76 +0.01 28.6940.03 —0.154+0.01
ALDHI1A3 32.97£0.07 33.22£0.18 —0.014+0.07
ALDHI1BI1 26.46+0.03 26.2540.00 —0.474+0.03
ALDH2 28.74+0.01 28.96£0.01 —0.054+0.01
ALDH3A1 36.90+0.12 40.0040.00 0.0040.00
ALDH3A2 27.39£0.03 27.5540.05 —0.1040.03
ALDH3B1 28.18£0.02 28.06 £0.07 —0.3840.02
ALDH3B2 35.67£1.22 36.84+£0.32 0.92£1.22
ALDH4A1 28.86+0.08 28.77 £0.07 —0.3540.08
ALDH5A1 30.524+0.02 29.9340.02 —0.854+0.03
ALDH6A1 28.30£0.02 28.58 £0.06 0.0240.02
ALDH7A1 28.05+0.10 28.8040.16 0.5840.10
ALDHS8A1 35.11£0.23 33.85+£0.04 —1.524+0.23
ALDH9A1 26.51£0.09 26.67 +0.06 —0.104+0.09

Table 1. C; values from primary DMSC and PE-DMSC. “C; values reflect the fractional cycle number at
which the fluorescence intensity exceeds the threshold intensity. Data are presented as mean & SEM.

and a concentration of 20 nM siRNA. Two siRNAs, si6 and si7, were selected for subsequent experiments due to
their consistency in reducing ALDH1A1 mRNA levels.

The efficiency of the siRNA transfection was evaluated by transfecting the DMSC23 cells with nonsilencing
(NC) siRNA which is directly conjugated to AF488 (FITC fluorescence). Figure 2a shows transfection of siRNAs
in DMSC23 cells, as evidenced from the FITC fluorescence around the cell nuclei due to the siRNAs being taken
up by the cells. More than 90% of the cells were transfected by qualitative assessment of at least three fields of view.
The negative control, where Allstars NC-AF488 siRNA was omitted, showed no significant FITC fluorescence
surrounding the cell nuclei, which were counterstained with DAPI (Fig. 2b).

Following ALDH1A1-siRNA transfection, Annexin V apoptosis assays were carried out to determine whether
ALDHI1AL1 siRNA knockdown affected cell apoptosis. A representative flow cytometry plot to demonstrate
the gating settings for Annexin V assay is shown in Fig. 2¢,d. Figure 2e shows the percentage of ALDH1A1
siRNA-transfected DMSC23 cells undergoing both early and late apoptosis and this was not significantly different
between the NC, mock, si6- and si7-transfected DMSC23 cells (p > 0.05, n =3, One-way ANOVA test).

The xCELLigence system was employed to carry out real-time proliferation assays to measure changes in
cell proliferation at the end of the 72 hrs siRNA transfection period. Figure 2f presents the CI values of DMSC23
cells treated with siRNAs compared with mock or NC controls. At 72 hrs post-siRNA transfection, the prolifera-
tion rates of ALDH1A1 siRNA-transfected DMSC23 cells were not significantly different to either controls (NC:
6.76 £0.14, mock: 7.14 £ 0.16, vs. si6: 6.66 = 0.20, si7: 6.66 & 0.09, p > 0.05, n =3, One-way ANOVA test). Thus,
the DMSC23 cell proliferation rate was not affected by the ALDH1A1 siRNA transfection.

ALDH isozyme screening was carried out to determine the specificity of the effect of ALDH1A1-siRNA
knockdown in DMSC23 cells. The NC samples were used as the calibrator sample to calculate the fold change.
To illustrate any positive (i.e. up-regulation) or negative (i.e. down-regulation) effects of ALDH1A1-siRNA on
ALDH isozyme mRNA levels, log,(RQ) values or fold change were calculated and plotted on the Y-axis against the
target ALDH isozyme genes on the X-axis (Supplementary Fig. 3). The screening array identified the ALDH1A1
isozyme with a fold decrease of 2.17 (si6) and 2.26 (si7) in mRNA levels. Other ALDH isozymes did not show
changes greater or less than 2-fold. Overall, this finding shows that only the ALDHI1ALI isozyme was significantly
down-regulated, and therefore the siRNAs were specific for the ALDH1AL1 isozyme.

Molecular characterisation of the ALDH1A1 siRNA transfection. Changesin ALDH1A1 protein
expression was assessed by immunofluorescence detection. The DMSC23 cells were transfected with NC, mock,
si6, and si7 and after a 72-hour transfection period, the cells were fixed on chamber slides. ALDH1 antibody
showed a strong FITC fluorescence staining in the cell cytoplasm in the NC and mock controls (Fig. 3a,b). In
contrast, ALDH1A1-siRNA treated cells showed relatively low FITC fluorescence (Fig. 3¢c,d). The negative control
was the omission of the primary antibody (inset in Fig. 3d). The result suggested that ALDHI protein expression
was lower in ALDH1A1-siRNAs treated DMSC23 cells compared with the NC and mock controls.

The mRNA levels of ALDH1A1 were further assessed using an independent, validated ALDH1A1 Tagman
gene probe. Figure 3e shows RQ values derived from real-time RT-PCR analysis with the NC control used as
the calibrator sample. Significant down-regulation of ALDH1A1 mRNA levels was confirmed following treat-
ment with ALDHI1AL si6 or si7 compared to the NC and mock controls (NC: 1.08 £ 0.12, Mock: 1.47 £0.24 vs.
si6: 0.18 +0.04, si7: 0.17 £ 0.03, p < 0.001, n =5, One-way ANOVA test). This was equivalent to 82% and 83%
down-regulation by si6 and si7, respectively.

The Aldefluor assay was used to examine the effect of ALDH1A1-siRNA knockdown on the percentage
of ALDH® DMSC23 cells, which reflects ALDH enzyme activity. Figure 3f demonstrates that siRNA treated
DMSC23 cells had a significantly lower percentage of ALDH" cells compared with the NC and mock controls
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Figure 2. Validation of ALDH1A1-siRNA transfection in DMSC23 cells. (a) Validation of siRNA uptake
with fluorescent Allstars NC-AF488 siRNA. DMSC23 cells were transfected with a fluorescent (FITC) siRNA,
Allstars NC-AF488, to visualise siRNA uptake. DMSC23 cells showing uptake of Allstars NC-AF488 (FITC).

(b) Control with the omission of Allstars NC-AF488. Reactions were carried out in three independent
experiments. Cell nuclei were counter-stained with DAPI (blue). Magnification is 200X and scalebar is 100 pm.
(c) Example of gating parameters for Annexin V apoptosis assay. FSC versus SSC dot plot showing the gate used
for this analysis. Dots in the lower left portion of the plot represent cellular debris. FSC: forward scatter, SSC:
side scatter. (d). Dual-staining plot for apoptosis detection with Propidium Iodide/PI on the Y-axis and Annexin
V/FITC on the X-axis. Events in Q2: PI positive and FITC positive show cells undergoing late apoptosis. Events
in Q3: PI negative and FITC negative show viable cells. Events in Q4: PI negative and FITC positive show cells
undergoing early apoptosis. (e) Quantification of early and late apoptosis using Annexin V staining following
ALDHI1A1-siRNA transfection of DMSC23 cells. The Y-axis shows the percentage of cells undergoing apoptosis
and the X-axis the different sample groups. Data are presented as mean &= SEM from three independent
experiments. One-way ANOVA test, p-value =0.5219 (late apoptosis group), p-value = 0.6396 (early apoptosis
group). (f) xCELLigence system proliferation assay following 72-hour ALDH1A1-siRNA transfection of
DMSC23 cells. The Y-axis represents the cell index at the 72 hrs timepoint and X-axis represents the different
sample groups. Data are presented as mean + SEM from triplicates of three independent experiments. NC (non-
specific siRNA control) and mock (non-siRNA control). One-way ANOVA test, p-value = 0.1496.

SCIENTIFICREPORTS | 7:42397 | DOI: 10.1038/srep42397 5



Mock

si6

R
*
-4
*
-
B
*
*
L

- —
-

2.0- . kkk 1 *k 1
v IT3 L 254 '
c |_| L i 3
[] i kkk l b
® 1.54 T 204
8 L
3 g
E: | T O 15
g g 1.04 'ng
gg = 104
>~ <
T 05 &
E - ]
0.0 T T T T 0 T T T T
NC Mock si6 si7 NC Mock si6 si7

Figure 3. Molecular characterisation of ALDH1A1-siRNA transfected cells. ALDHI antibody
immunocytochemistry on DMSC23 cells following a 72-hour ALDH1A1-siRNA transfection. Cells were
incubated with ALDH1-specific antibody (FITC) and then the cell nuclei were counter-stained with DAPI
(blue). (a) NC-transfected DMSC23 cells, (b) Mock control DMSC23 cells, (c) si6-transfected DMSC23 cells,
and (d) si7-transfected DMSC23 cells. Inset shows negative control with the omission of the primary antibody.
NC (non-specific siRNA control) and Mock (no added siRNA control). Reactions were carried out in at least
three independent experiments. Magnification is 200X and scalebar is 100 pm. (e) Quantitative real-time RT-
PCR detecting ALDH1A1 mRNA levels relative to the 18S rRNA housekeeping gene. ALDH1A1 transfection
was performed with 20 nM siRNA for a 72-hour period. The Y-axis shows the RQ value of ALDHIA1 mRNA
levels calculated relative to the NC group as the calibrator. The X-axis shows samples analysed; si6, si7 and mock
mRNA levels relative to the NC control. Data are presented as mean &= SEM from duplicates. One-way ANOVA
test, n =15, significant differences are denoted by ***p-value < 0.001, **p-value < 0.01. (f) Aldefluor assay
following ALDH1A1-siRNA transfection of DMSC23 cells. The Y-axis shows flow cytometric analysis of the
percentage of cells expressing high levels of ALDH (ALDH cells) while the X-axis shows the different siRNAs
used for the ALDH1A1 knockdown, NC, and Mock groups. Results are presented as box plots showing the
lower quartile, median, upper quartile, and whiskers to depict range. Data are presented as mean = SEM. One-
way ANOVA test, n =5, significant differences are denoted by ***p-value < 0.001, **p-value < 0.01.
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(NC: 15.18 £1.27%, mock: 14.32 £ 1.42% vs. si6: 5.84 4= 1.49%, si7: 6.30 - 1.07%, p-value < 0.001, n =5, One-way
ANOVA test). Therefore, the ALDH1A1 gene knockdown resulted in a significantly lower ALDH activity in the
siRNAs treated DMSC23 cells.

ALDH1A1 enzyme in cellular protection against oxidative stress.  Utilising the xCELLigence-based
cytotoxity assay, DMSC23 cells were seeded into each well of a 96-well E-Plate and transfected with different
ALDHI1A1-siRNAs. During the first 4-6 hrs, cells started to adhere to the bottom of the wells, causing an initial
rise in the CI. After 72 hrs transfection, a medium change was performed and H,0, was added to induce oxidative
stress. From this timepoint, CI was measured hourly for at least 24 hrs. Increasing CI represented actively growing
cells whilst decreasing CI represented cell senescence or cell death. The H,O, concentrations tested ranged from
100 to 500 uM and a concentration of 250 pM H,O, was chosen, because most of the control cells remained viable
after this treatment. Normalisation of the cell index (NCI) was performed at the 72-hour timepoint and NCI
values for all wells were set to 1.0 at this time point.

The effect of H,O, treatment after 72 hrs siRNA treatment was determined using the xCELLigence system.
At 72 hrs post-siRNA transfection, the control group that did not receive any H,0, treatment showed a steady
increase in the NCI values (Fig. 4a). Addition of 100pM H,O, treatment resulted in a lower NCI values (see
Fig. 4b). Figure 4c shows the NCI values for the experimental group which received 250 uM H,0O, treatment
started to decrease over a period of 24 hrs. On the other hand, the 500 pM H,0, treatment showed a cytotoxic
effect by killing most of the cells (Fig. 4d).

Figure 4e shows the NCI values at the 6-hour timepoint after various concentrations of H,0, treatment
between NC and ALDH1A1-siRNA treated DMSC23 cells. The NCI values after 250 pM H,0, treatment were
plotted in Fig. 4f. The NCI values for NC were significantly higher than those of siRNA treated DMSC23 cells after
250 M H,0, treatment (NC: 0.79 £ 0.09 vs. si6: 0.35 £ 0.07, si7: 0.38 £ 0.18, p-value < 0.001, n = 3, Two-way
ANOVA test). Thus, DMSC23 cell proliferation was significantly reduced following 250 puM H,0, treatment com-
pared with the NC control.

Effect of ALDH activator compounds on DMSC23 cells. Changes in ALDH activity reflected the
effect of ALDH1AL activator compounds in the siRNA treated DMSC23 cells. Following treatment with 10 uM
Alda-1, 1pM Compound 1, and 10 uM Compound 2, the Aldefluor assay was carried out. Figure 5a shows
that the addition of Alda-1 resulted in a significantly higher percentage of ALDH cells in si7-transfected cells
(NC: 91.15£7.86%, si7: 134.10 £ 3.24%, p-value = 0.0023, n =4, unpaired t-test). Figure 5b shows Compound
1 to have an inhibitory effect as indicated by the lower percentage of ALDH" cells following treatment (NC:
9.65£1.57%, si7: 7.10 £ 1.12%, p-value = 0.2342, n =4, unpaired t-test). Figure 5c shows addition of Compound
2 resulted in a significantly higher percentage of ALDH cells in si7-transfected cells (NC: 86.05 % 2.16%, si7:
138.8 +24.31%, p-value =0.0369, n =4, unpaired t-test).

Effect of ALDH activator compounds on primary DMSC. Following treatment with 10 M Alda-
1, 1 uM Compound 1, and 10 pM Compound 2, the Aldefluor assay was carried out on primary DMSC and
PE-DMSC. The control for this experiment was the untreated group without any added compound and the data
were presented as the percentage change compared to the control. Figure 5d shows Alda-1 treatment did not
result in any significant difference in the percentage of ALDH"" cells between primary DMSC and PE-DMSC
(DMSC: 96.85 £ 4.41%, PE-DMSC: 110.30 = 14.75%, p-value = 0.4075, n = 5, unpaired t-test). Figure 5e shows
Compound 1 did not show any significant difference in the percentage of ALDH"" cells between primary
DMSC and PE-DMSC (DMSC: 43.50 + 9.75%, PE-DMSC: 43.30 & 5.60% p-value =0.9862, n =5, unpaired
t-test). Figure 5f shows addition of Compound 2 did not result in a significant difference in the percentage of
ALDH?" cells between primary DMSC and PE-DMSC (DMSC: 92.19 £ 11.37%, PE-DMSC: 128.80 £ 22.54%,
p-value =0.1852, n =5, unpaired t-test). Thus, in contrast to the previous results with the siRNA treated DMSC23
cells, Alda-1 and Compound 2 did not produce significant differences in the percentage of ALDH cells in pri-
mary PE-DMSC.

Subsequently, ALDH1A1 mRNA levels between the control and treated groups were analysed relative to the
housekeeping gene 18S rRNA. The fold change, or RQ value, was calculated with reference to the control (no
added compound) samples. Figure 6a—c show that in primary DMSC, treatment with Alda-1, Compound 1, and
Compound 2 did not result in significant differences in RQ values (Control: 1.024+0.17, Alda-1: 1.194+0.13,
Compound 1: 0.61 £0.06, and Compound 2: 1.30 £ 0.08). Figure 6d shows that in primary PE-DMSC, treatment
with Alda-1 did not result in significant differences in RQ values (Control: 1.01 4-0.10 vs. Alda-1: 0.83 £0.14,
p-value =0.4260, n = 5, unpaired t-test). Compound 1 treatment also did not show any effect on the ALDH1A1
mRNA level in primary PE-DMSC as indicated in Fig. 6e (Control: 1.01 £ 0.10 vs. Compound 1: 1.28 +0.11,
p-value =0.1859, n =5, unpaired t-test). Figure 6f shows that Compound 2 treatment resulted in a significantly
higher ALDH1A1 mRNA level in PE-DMSC (Control: 1.01 4-0.10 vs. Compound 2: 2.05 %+ 0.23, p-value =0.0410,
n=>5, unpaired t-test).

Discussion

Isolated primary DMSC and PE-DMSC obtained from gestation-matched normotensive and PE patients were
analysed for their ALDH expression. Real-time RT-PCR analysis with the ALDH1A1 gene specific probe showed
that ALDH1A1 mRNA levels were reduced in primary PE-DMSC. The Aldefluor assay results were consistent in
that ALDH enzyme activity was significantly reduced in primary PE-DMSC compared to DMSC. This is the first
evidence that PE-DMSC have a reduced capacity to respond to oxidative stress in PE. Defective repair mecha-
nisms in oxidative stress environments are therefore likely to make PE-DMSC more susceptible to apoptosis and
reduce their ability to support endothelial cell survival.
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Figure 4. Effect of varying H,0, concentration on cell proliferation following ALDH1A1-siRNA
transfection of DMSC23 cells. DMSC23 cells transfected with ALDH1A1-siRNAs (si6 and si7) were subjected
to (a) 0pM H,O0, treatment, (b) 100 pM H,O, treatment, (c) 250 pM H, O, treatment, and (d) 500 pM H,0O,
treatment. The Y-axis shows the normalised cell index (NCI) values and the X-axis shows the time after

the initial 72-hour transfection period. (e) H,0,-induced cytotoxicity assay following ALDH1A1-siRNA
transfection of DMSC23 cells. The Y-axis shows NCI values and the X-axis the various H,O, concentrations
added to the cells. (f) The NCI values after 250 pM H,0, treatment were plotted. The Y-axis shows NCI values
and the X-axis the 6-hour timepoint after the addition of 250 uM H,0,. Data are presented as mean & SEM from
triplicate samples of three independent experiments. Two-way ANOVA test, n =3, ***p-value < 0.001.

In women with PE, levels of oxidative stress are further elevated above those in women with normotensive
pregnancies. The decidua basalis is a major site of circulating oxidative stress products' and in the case of PE,
DMSC in the vascular niche are exposed to these products that cause local and systemic damage to endothelial
cells. Chronically lower ALDH enzyme activity, following exposure to circulating oxidative stress products in the
decidua basalis, could play an important role in the pathophysiology of PE. To model reduced ALDH enzyme
activity in PE-DMSC in vitro, we measured resistance to oxidative stress after specifically inactivating ALDH1A1
by siRNA inactivation.
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Figure 5. Flow cytometry analysis of ALDH1A1-siRNA transfected DMSC23, primary DMSC and PE-DMSC
with the addition of ALDH compounds using Aldefluor assay. Top panel: The Y-axis shows the percentage
change of ALDH"" cells compared with the control (untreated). The X-axis shows the test groups, NC-transfected
and ALDH1A1-siRNA (si7) transfected DMSC23 cells. Bottom panel: The X-axis shows the test groups, primary
DMSC and PE-DMSC. Results are presented as box plots showing the lower quartile, median, upper quartile,
and whiskers to depict range. (a & d) The effect of 10pM Alda-1 on the percentage of ALDH" cells. (a) Unpaired
t-test, n=4, **p-value =0.0023. (d) Unpaired t-test, n =5, p-value = 0.4075. (b & e) Effect of 1 uM Compound

1 on the percentage of ALDH cells. (b) Unpaired t-test, n =4, p-value =0.2342. () Unpaired t-test, n =5,
p-value =0.9862. (c & f) Effect of 10uM Compound 2 on the percentage of ALDH cells. (c) Unpaired t-test,
n=4, *p-value=0.0369. (f) Unpaired t-test, n=>5, p-value =0.1852. Data are presented as mean = SEM from
duplicates.

The ALDHI1ALI enzyme has been studied extensively for its roles in drug resistance and oxidative stress
response?"?>2%, The present study demonstrated that the ALDH1A1-siRNA transfection method was an effec-
tive and specific method to achieve inactivation of ALDHI1A1 gene expression in DMSC23 cells. The siRNA
effect was seen 72 hrs post-siRNA transfection and the use of ALDH1A1 si6 and si7 at 20 nM resulted in con-
sistent, significantly lower ALDH1A1 mRNA levels. The siRNA treatment did not have any direct effect on
DMSC23 cell proliferation and apoptosis as shown by the xCELLigence proliferation assay and Annexin V assay.
Therefore, the findings presented here correspond to changes in ALDH1AL1 gene expression. We demonstrated
that siRNA-treated DMSC23 cells showed significant knockdown of ALDH1A1 mRNA and protein levels, and
enzymatic activity. Real-time RT-PCR, immunocytochemistry, and Aldefluor assay were employed to investigate
the reduction in ALDH1A1 mRNA, protein, and activity, respectively. The NC and mock controls exhibited sim-
ilar results, without any significant effect due to ALDH1A1-siRNA knockdown. Subsequently, NC was used as
the control further siRNA transfection experiments. The ALDH1A1-siRNA knockdown in DMSC23 cells repro-
duced the lower ALDH enzyme activity observed in PE-DMSC.

Our ALDH1A1-siRNA knockdown cell model data are consistent with several studies that utilise this gene
knockdown method, which show that ALDH1AL1 expression is an important factor in the response to oxidative
stress. In one study, ALDH1A1-specific siRNA transfection was performed in rat and human lens epithelial cells
and the knockdown was associated with higher susceptibility of the cells to oxidative stress associated damage,
including apoptosis®. In a study of mouse liver, ALDH1A1 enzyme contributed substantially to the oxidation of
aldehydes formed by lipid peroxidation®. These results suggest that the ALDH1A1 enzyme plays an important
physiological role in protecting cells from reactive aldehyde-induced cell death.
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Figure 6. Differences in ALDH1A1 relative mRNA levels following addition of ALDH compounds in
primary DMSC and PE-DMSC. (a) Untreated (no added compound) primary DMSC were used as the
calibrator sample (set to 1.0). The effect of 10 uM Alda-1 on ALDH1AL relative mRNA level. Unpaired t-test,
n=>5, p-value =0.4683. (b) The effect of 1 uM Compound 1 on ALDH1A1 relative mRNA level. Unpaired t-test,
n=>5, p-value =0.0701. (c) The effect of 10 pM Compound 2 on ALDH1A1 relative mRNA level. Unpaired
t-test, n=>5, p-value =0.1796. (d) Untreated (no added compound) primary PE-DMSC were used as the
calibrator sample (set to 1.0). The effect of 10 uM Alda-1 on ALDH1A1 relative mRNA level. Unpaired t-test,
n=>5, p-value =0.4260. (e) The effect of 1 LM Compound 1 on ALDH1A1 relative mRNA level. Unpaired t-test,
n=>5, p-value = 0.1859. (f) Effect of 10 pM Compound 2 on ALDH1ALI relative mRNA level. Unpaired t-test,
n=>5, *p-value=0.0410. The Y-axis shows the RQ value of ALDH1A1 mRNA level relative to the 185 rRNA
housekeeping gene. The X-axis shows untreated, 10 M Alda-1, 1 puM Compound 1, and 10 pM Compound 2
groups. Data are presented as mean £ SEM from duplicates.

We demonstrated for the first time that ALDH1A1-siRNA gene knockdown in DMSC23 cells resulted in a sig-
nificant reduction in cell viability upon exposure to H,0,-induced oxidative stress. The ALDH1A1-siRNA treated
DMSC23 cells were subjected to cytotoxicity assays to test their resistance to the oxidative stress inducer H,0,,
and the xCELLigence system was used to quantify cell proliferation in real-time. A reduction in NCI values was
observed in the ALDH1A1-siRNA treated DMSC23 cells following 250 uM H,0O, treatment, which corresponds
to reduced cell viability. This suggests that ALDH1A1-siRNA DMSC23 cells were oxidatively stressed by the
addition of H,0,; a potent inducer of oxidative stress. This study showed by in vitro knockdown experiments in
DMSC23 cells, that the ALDH1A1 enzyme plays an important role in the cellular defence against H,O,-induced
toxicity. These findings support those of other studies, which demonstrate that the ALDH1A1 enzyme plays a role
in cellular resistance to damage associated with oxidative stress, such as in human neuroblastoma cell lines and
human myoblasts?*-3!. Therefore, targeting up-regulation or overexpression of the ALDH1A1 enzyme could be a
novel therapeutic strategy to protect against toxic events triggered by oxidative stress.

We showed that ALDH levels were low in PE-DMSC. In an in vitro cell model, we showed that lowering
ALDH levels reduced the ability of cells to resist oxidative stress. Thus, mechanisms to activate or up-regulate
ALDHI1AL1 gene expression may provide a rationale for therapeutic protection against PE. To test this strategy, in
the final aim of the work we used a novel approach to restore resistance to oxidative stress in ALDH1A1-siRNA
transfected DMSC23 cells by employing ALDH activators.

Three candidate ALDHI1AL activators (i.e. Alda-1, Compound 1, and Compound 2) were selected based on a
published study where ALDH1A1 modulators were identified by a high-throughput screen and their ALDH1A1
activator activity was verified by the DOPAL enzyme assay*2. These ALDH1A1 activator compounds were used in
the ALDH1A1-siRNA transfected DMSC23 to test the ability of these compounds to up-regulate the ALDH1A1
enzyme activity. The Aldefluor assay showed that Alda-1 and Compound 2 significantly increased the percentage
of ALDH"" cells in the ALDH1A1-siRNA transfected DMSC23 cells. On the other hand, Compound 1 showed
no significant activator effect and indeed the percentage of ALDH®" cells in both the NC and ALDH1A1-siRNA
transfected DMSC23 cells was reduced after treatment. Compound 1 is an ALDH1A1 activator in the DOPAL
inactivation assay, which measures the ability of the compound to inactivate ALDH1A1 in vitro. This study
showed Compound 1 did not produce the same activator effect on ALDH1A1 enzyme expression in the DMSC23
cell culture model. Our findings reflect the complexity of a cell culture model that resulted in a different outcome
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Patient Characteristics” ‘ Normotensive (n = 10) PE (n=10) p-value
Maternal age (years) 30.40+1.19 31.00+1.93 0.79
Maternal BMI 2547+1.19 31.09+2.46 0.06
Gestational age (weeks) 39.00+0.33 38.40+0.40 0.26
Mode of delivery Vaginal 1 3

Caesarean 9 7
Infant sex Male 7 7

Female 3 3

Birth weight (g) 3627+185.2 3236+132.2 0.10
Placental weight (g) 693 +32.32 679.6 £41.06 0.80
Mean systolic bp (mmHg) 109.2+£1.78 156.7+£1.93 <0.0001
Mean diastolic bp (mmHg) 66.68 +1.70 98.35+1.49 <0.0001
Proteinuria (g/24 hrs) 0 0.59+0.14 <0.001

Table 2. Normotensive and PE patient characteristics. "All parameters of the gestation-matched
normotensive and PE pregnancies were described as mean 4= SEM.

from the DOPAL assay. This study provides the first evidence that Alda-1 and Compound 2 can up-regulate
ALDHI1AL1 enzyme expression in our cell culture model.

ALDH activator compounds were added to primary DMSC and PE-DMSC, to establish whether the
ALDHI1AL1 activators had a similar effect in primary DMSC and PE-DMSG, to that seen in the ALDHIA1-siRNA
transfected DMSC23 cell culture model. The Aldefluor assay data (Fig. 5d-f) showed Alda-1 and Compound
2 did not result in a higher percentage of ALDH®" cells in PE-DMSC following addition of these compounds.
Compound 1 had an inhibitory effect with a significant reduction in the percentage of ALDH cells in both
primary DMSC and PE-DMSC following treatment. However, real-time RT-PCR data analysis provided evi-
dence that Compound 2 significantly increased ALDH1A1 relative mRNA levels in primary PE-DMSC. Alda-1
and Compound 1 treatment did not show any significant changes in ALDH1A1 mRNA levels in either primary
DMSC or PE-DMSC. In summary, these findings provide evidence that ALDH activator compounds can increase
ALDH enzyme activity and/or mRNA levels in both the DMSC23 cells and primary PE-DMSC.

Alda-1 is the most extensively studied of the three compounds, since it is also an activator of the ALDH2
enzyme®. Alda-1 treatment reduces infarct size in rodent models of ischemic heart damage, most likely through
its inhibitory effect on the formation of cytotoxic aldehydes®*. In another animal study of myocardial infarct
injury, the heart pathology was inhibited when the drug nitroglycerin was administered with Alda-1%°. In another
study, ALDH2 activation by Alda-1 ameliorated ischemia or reperfusion injury in vivo, suggesting that ALDH2
activator compounds may be useful to patients with acute myocardial infarction, cardiac bypass surgery or heart
transplantation®. Therefore, the application of ALDH1A1 activator compounds represents a feasible approach to
the treatment of other oxidative stress-related pathologies such as PE.

The results of testing ALDH activators in this study were consistent with results of recent studies in Parkinson’s
disease. The ALDH1A1 enzyme was reported to be down-regulated in brain tissues affected by Parkinson’s dis-
ease and researchers investigated the role of ALDH1A1 in mediating HNE toxicity’’. Another study showed
that addition of 6-methyl-2-(phenylazo)-3-pyridinol, an ALDH1A1 activator, protected neuronal cell lines
against HNE-mediated toxicity, demonstrating the protective effect of ALDHI1AL1 against oxidative stress. These
observations are consistent with the notion that higher ALDH1A1 enzyme activity results in higher HNE clear-
ance?. Further work needs to be carried out to establish whether 6-methyl-2-(phenylazo)-3-pyridinol could also
up-regulate ALDH1A1 enzyme activity in PE-DMSC.

In summary, this study explores a novel strategy whereby upregulating ALDH1AL1 expression with ALDH1A1
activators may restore the ability of DMSC to respond to oxidative stress. Such activator compounds may ulti-
mately have therapeutic potential in the treatment of PE. Restoring resistance to oxidative stress in PE-DMSC
could allow these stem cells to resume important functions, including repair of metabolic pathways, vascular
support and differentiation. ROS and by-products of oxidative stress manifest via multiple pathways and conse-
quently, there are multiple means through which protection can be conferred. There are several therapeutic estab-
lished interventions for reducing oxidative stress. For example, the use of aldehyde scavengers aminoguanidine
and tenilsetam to reduce the reactive aldehydes and protect neuroblastoma cells against methylglyoxal toxicity?.
The results of this study should encourage the identification of more potent ALDH1A1 activators and subsequent
testing in cell culture models and preclinical animal models of PE.

Methods

Collection of normotensive and preeclamptic placenta tissues. Placentae from pregnancies com-
plicated by PE (n = 10) and gestation-matched normotensive pregnancies (n = 10) were collected. Informed
and written consent was obtained from all patients and the study was approved by the Royal Women’s Hospital
Human Research Ethics Committee. All clinical procedures were carried out in accordance with the National
Health and Medical Research Council guidelines. The placentae were collected after Caesarean section or vaginal
delivery. PE was diagnosed when new onset hypertension (blood pressure greater than 140/90 mm Hg occurred
after 20 weeks’ gestation and was accompanied by new onset proteinuria of greater than 0.3 g/24 hour®. All
PE samples collected for these experiments were gestation-matched to healthy, normotensive patients and the
detailed patient characteristics are shown in Table 2.
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Cell culture. DMSC were isolated from the decidua basalis that remained attached to the placenta using pre-
viously published methods!®2°. DMSC were cultured in «-MEM medium (Sigma-Aldrich) with 10% FBS, 100 U/
ml penicillin, 100 mg/ml streptomycin and 2 mM L-Glutamine (Sigma Aldrich).

DMSC23 cell lines were created by human telomerase reverse transcriptase (hWTERT) transduction of the
primary DMSC*. DMSC23 cells were maintained in culture using Mesencult Proliferation Kit (Stem Cell
Technologies) which consists of Mesencult basal medium, 10% Mesencult supplement, 100 U/ml penicillin,
and 100 mg/ml streptomycin. All cell cultures were maintained at 37 °C with 5% CO, in a humidified incubator.
DMSC and DMSC23 cells were characterised by flow cytometry for expression of CD90, CD146, CD166, CD44,
CD73, CD105 and were negative for CD45, CD19, and HLA-DR. The cells displayed multi-lineage differentiation
potential along the osteogenic, adipogenic, and chondrogenic lineages as shown previously'®*4%. Primary cell
and cell lines were passaged after reaching 80% confluency. At each passage, cells were harvested using TrypLE
Express solution (Life Technologies) and cultured on uncoated tissue culture flasks. All cultured primary cells
were used for experiments up to P5 and DMSC23 cell lines up to P30.

Real-time RT-PCR. To quantify ALDH1A1 mRNA levels, cell pellets were collected and stored for RNA
extraction, followed by cDNA synthesis and real-time RT-PCR. RNA was isolated using the Purelink RNA mini
kit (Life Technologies) according to the manufacturer’s instructions. The total RNA concentration and integrity
was determined using the Nanodrop 2000c (Thermo Scientific). Following RNA extraction, a two-step reverse
transcriptase (RT) PCR method was performed to synthesise cDNA from 2 ug RNA with 500 ng random primers
and 0.5 mM of dNTP mix followed by incubation for 5mins at 65 °C. Subsequently, 1 ul DTT, 40U RNasin Plus
RNase inhibitor, 200U of Superscript III reverse transcriptase and 4 pl of 5X First Strand buffer was added. The
samples were placed in the GeneAmp PCR system 9700 using the following cycling conditions: 25 °C for 5mins,
50°C for 60 mins and 70 °C for 15 mins. PCR reaction was performed with ALDH1A1 Tagman gene (FAM probe,
Hs00946916_m1) primers in a duplex reaction with 18S rRNA housekeeping gene (VIC probe, Hs99999901_s1).
The reaction was carried out in the ABI 7500 (Applied Biosystems) using the following cycling conditions:
10 mins at 95°C, 95°C for 15 secs and 60 °C for 1 min, repeated for 40 cycles. Changes in gene expression were
calculated by the comparative C method and fold differences were calculated using 222 method*!.

Real-time RT-PCR ALDH isozymes screening. Pooled cDNA samples (n=>5) were used in a custom
made Tagman array (Applied Biosystems) containing primers of known ALDH isozymes, and 18S rRNA as an
endogenous control gene. Details of individual Tagman probes are provided in Supplementary Table 1. PCR
reaction was carried out as described in previous section.

Aldefluor assay. The flow cytometry-based Aldefluor assay (Stem Cell Technologies) was employed to quan-
tify cells with high level expression of ALDH (i.e. ALDH"" cells) in PE-DMSC and DMSC. Cells were suspended
in Aldefluor assay buffer and incubated for 30 mins according to manufacturer’s instructions. In each experiment,
cells incubated with the ALDH inhibitor, diethylaminobenzaldehyde (DEAB), served as a negative control. The
amount of intracellular fluorescence was measured by flow cytometry using BD LSRII and analysed using FACS
Diva software (BD Biosciences).

ALDH1A1 siRNA transfection. ALDH1A1 gene was inactivated by siRNA transfection in the DMSC23
cell line. 24 hrs prior to transfection, 1 x 10° DMSC23 cells were seeded in each well of a 6-well plate in Mesencult
medium. Cells were transfected with 20nM ALDH1A1-specific siRNA in HiPerfect transfection reagent for
72 hrs. Details of the siRNAs are presented in Supplementary Table 2. As controls, Allstars NC siRNA (Qiagen)
and mock control (HiPerfect reagent only) were used in each experiment. Initially, transfection efficiency was
determined by seeding cells overnight and then transfecting them with fluorescently labelled Allstars NC-AF488
(Qiagen). Uptake of siRNA by DMSC23 cells was detected by FITC fluorescence microscopy and was present
around cell nuclei.

Determination of siRNA effects on cell apoptosis and proliferation. To determine whether siRNA
treatment had any effects on cell apoptosis and proliferation, the following assays were used. Early and late cell
apoptosis in ALDH1A1-siRNA transfected DMSC23 cells was measured by Annexin V staining (BD Biosciences).
Cells were selected for flow cytometric analysis based on their forward (FSC) versus side scatter (SSC) profile.
The Annexin V assay kit (Annexin V/Propidium Iodide staining) allows the detection of early and late stages of
apoptotic cells. Viable cells with intact membranes will exclude propidium iodide (PI) but apoptotic/dead cells
will take up PI. Early apoptotic cells (Annexin V positive, PI negative) are undergoing apoptosis but they maintain
membrane integrity. Late apoptosis, or end stage apoptotic cells (Annexin V positive, PI positive) are considered
to have undergone apoptotic death. Measurement of the effect of ALDH1A1-siRNA transfection on the DMSC23
cell proliferation was carried out using the xCELLigence system. Cells were plated at a density of 1 x 10* cells into
an E-Plate 96 in the xCELLigence MP system (ACEA Biosciences). The impedance in each well was monitored
every 15 mins during initial attachment for the first 4hrs and thereafter was measured every hour, for 72 hrs. The
cell index (CI) values were obtained from the RTCA 2.0 software (ACEA Biosciences).

Molecular characterisation of the ALDH1A1 siRNA transfection. Verification of the ALDH1A1
gene knockdown was conducted at the mRNA, protein, and functional levels. mRNA levels were determined
by real-time RT-PCR with ALDH1A1 Tagman gene probe as described earlier. Immunocytochemistry with the
ALDHI1-specific antibody was performed to examine changes in ALDH1 protein expression after siRNA trans-
fection in cultured cells. Cells were fixed with 70% ethanol and blocked with 5% skim milk powder for 1 hr at
RT and then washed with PBS. ALDH expression was determined by staining with mouse anti-human ALDH1
(BD Biosciences) followed by donkey anti-mouse Alexa Fluor 488 (Life Technologies) secondary antibody. The
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negative control was omission of the primary antibodies. Nuclear counterstaining was carried out by the addition
of Vectashield mounting medium with DAPI (Vector Laboratories). Fluorescence microscopy was visualised
on an Olympus IX81 microscope and the resulting images were compiled by Cell R software (Olympus). At the
functional level, the Aldefluor assay was used to measure changes in ALDH activity following ALDH1A1-siRNA
transfection.

ALDH1A1 enzyme in cellular protection against oxidative stress.  The cytotoxicity assay was carried
out using the xCELLigence system to determine if ALDH1A1-transfected DMSC23 cells were more susceptible to
oxidative stress damage. Using the E-Plate 96, 1 x 10* cells were seeded in each well containing 200 pl Mesencult
medium. Cells were transfected with 20 nM siRNAs together with the HiPerfect transfection reagent. At the end
of the 72-hour transfection period, H,0, was added to the wells, initially at different concentrations ranging from
100 uM-500 1M to establish the cytotoxicity effect. The impedance in each well was monitored using the xCEL-
Ligence system and the CI was measured every hour for at least 48 hrs. Assays were performed in triplicate and
culture medium-only controls were used for the background reading. Normalised cell index (NCI) values were
calculated at the 72-hour timepoint, which was the endpoint of the ALDH1A1-siRNA transfection period. For
each well, the NCI was calculated as the CI at a given timepoint divided by the CI at the normalisation timepoint,
as described in eq. (1). Therefore, the NCI for all wells must equal one at the normalisation timepoint.

NCl;e = Clije/CI

time time normalisation time ( 1 )

Compound selection.  The first high-throughput compound screening for ALDH1A1 activators was carried
out by the DOPAL (3,4-dihydroxyphenylacetaldehyde) inactivation assay®”*2. The screen produced three candi-
date ALDH compounds; Alda-1, Compound 1, and Compound 2, which were selected for this study based on
their activity, potency, and commercial availability. Alda-1 was purchased from Sigma-Aldrich; Compound 1 and
Compound 2 were purchased from Molport (Riga, Latvia). Compound stock solutions were prepared as follows:
Alda-1 stock solution as 10 mM dissolved in DMSO, Compound 1 and Compound 2 stock solutions as 50 mM
dissolved in DMSO. The IUPAC name of each compound is described below:

Alda-1: N-(1,3-Benzodioxol-5-ylmethyl)-2,6-dichlorobenzamide.
Compound 1: 2-(2H-1,3-benzodioxol-5-y1)-N-(4H,5H,6H-cyclopenta[c] [1,2] oxazol-3-yl)acetamide.
Compound 2: 2-[((8-methylimidazo[1,2-a]pyridin-2-yl)methyl)sulfanyl]-1H-1,3-benzodiazole.

Aldefluor assay with compounds treatment. The ALDH1A1-siRNA transfection was performed in a
6-well plate and after a 72-hour incubation period, the media was changed and the following treatments, 10 uM
Alda-1, 1 pM Compound 1, and 10 pM Compound 2 were added to the cells. The compound concentrations
were chosen following preliminary experiments to generate a concentration curve (data not shown). Following a
24-hour incubation period with these compounds, cells were trypsinised and analysed by the Aldefluor assay to
determine the level of ALDH activity. A control group was included, which contained siRNA treated DMSC23
cells without any added compound. The data was presented as the percentage change compared with the no added
compound control. The data were calculated as described on egs (2-7):

C— NC[10uM Alda — 1] si7 [10uM Alda — 1]

x 100% si7 = x 100%
NC [0puM Alda — 1] si7 [0uM Alda — 1] (2)
C— NC [1uM Com 1]x100% Si7Zs:7[1,uMCom 1] < 100%
NC[ouM Com 1] si7 [0puM Com 1] 3)
_ NC[10uM Com 2]x 100% §i7 = si7 [10 uM Com 2]  100%
NC[0uM Com 2] si7 [0uM Com 2] (4)

DMSC — DMSCI10pM Alda —1]

DMSC [0pM Alda — 1]

vk pymsc  PE— DMSC10uM Alda — 1) -

PE — DMSC [0pM Alda — 1] (5)

DMSC — DMSC [1uM Com 1] x 100%

DMSC [0puM Com 1]

PE — DMSC — PE — DMSC [1 uM Com 1] < 100%

PE — DMSC [0 uM Com 1] (6)
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_ DMSC [10 uM Com 2]

DMSC = x 100%
DMSC [0uM Com 2 ]
PE — DMSC — PE — DMSC [10uM Com 2] x 100%
PE — DMSC [0 uM Com 2] (7)

Statistical analysis. All data were described as mean + SEM. All experiments were carried out in tripli-
cate, unless otherwise stated. An unpaired student t-test was used to assess the difference in clinical features, the
difference in percentage of ALDH"" cells, and real-time RT-PCR results between different groups. The one-way
ANOVA test was used to determine statistical significance between si6-, si7-, NC-transfected, and the mock con-
trol groups. A two-way ANOVA test was used in the cytotoxicity test as there were two factors being tested, i.e. the
different transfection groups and H,0O, concentrations. A p-value of <0.05 was considered significant. Statistical
calculations were performed using the GraphPad Prism software.
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