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Cinnamomum bejolghota Extract Inhibits Colorectal Cancer Cell
Metastasis and TGF-β1-Induced Epithelial-Mesenchymal
Transition via Smad and Non-Smad Signaling Pathway
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Abstract: Cinnamomum bejolghota, used in Thai traditional medicine remedies, has several biological activities including antimicrobial, antifungal, and anticancer. In colorectal cancer, epithelialmesenchymal transition (EMT) is an initial step of cancer metastasis. Thus, this study investigated
the effects of C. bejolghota bark extract (CBE) on colorectal cancer cell metastasis and transforming
growth factor-β1 (TGF-β1) induced EMT in LoVo cells. The results showed that CBE could reduce
cell migration, invasion, and adhesion of LoVo cells in a dose-dependent manner. In addition,
our studies also showed that CBE could reverse TGF-β1-induced morphological changes as well
as increase an epithelial marker, E-cadherin, while the expression of the mesenchymal marker, Ncadherin, was decreased in TGF-β1-treated LoVo cells. MMP-2 expression was effectively decreased
but TIMP-1 and TIMP-2 expression was increased by the CBE treatment in LoVo cells. CBE also
inhibited Smad2/3 phosphorylation and nuclear translocation as well as decreased the expression
of Snail, Slug, and TCF8/ZEB1 transcription factors in LoVo cells. Moreover, CBE could inhibit
TGF-β1-induced Smad-independent signaling pathway by decreased phosphorylation of ERK1/2,
p38, and Akt. These findings suggest that CBE inhibited TGF-β1-induced EMT in LoVo cells via both
Smad-dependent and Smad-independent pathways. Therefore, CBE may function as an alternative
therapeutic treatment for colorectal cancer metastasis.
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1. Introduction
Colorectal cancer (CRC) is the second cause of cancer death worldwide, accounting
for nearly 70% of the mortality occur in low- and middle-income countries. There were
an estimated 1.14 million new cases and 576,785 CRC deaths worldwide in 2020 [1]. CRC
is a malignant tumor developed from the colorectal epithelium abnormal proliferation to
an adenoma formation [2]. Surgery and chemotherapy are always the important choice
of treatment for patients with CRC in an early stage. However, patients are usually
diagnosed at late stage and occasionally with distant metastasis. Effective treatments of
CRC metastasis are limited [3]. Therefore, the identification of effective therapeutic agents
with fewer side effect plays a crucial role for CRC treatment.
Epithelial-mesenchymal transition (EMT) is one of an essential initiating processes of
cancer metastasis. During EMT, tumor cells lose the properties of epithelial cell including
apical-basal polarity and cell–cell contacts. Tumor cells then change the morphology
from round to spindle-shaped mesenchymal characteristics and enhancing the migratory
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capacity [4]. It has been well known that downregulation of an epithelial marker, Ecadherin, causing disruption of cell–cell adhesion junctions, whereas the upregulation of
mesenchymal marker such as vimentin and N-cadherin promoting cellular motility and
invasion in cancer progression [5]. Matrix metalloproteinases (MMPs), such as MMP-2 and
MMP-9, play a major role in tumor metastasis by degradation of the extracellular matrix
(ECM) and stimulation of the EMT process. In addition, they are also regulated by tissue
inhibitors of metalloproteinases (TIMPs) such as TIMP-1 and TIMP-2. Previous studies
reported that enhancing TIMP-1 and reducing MMP-2 and -9 led to EMT inhibition [6].
Transforming growth factor β (TGF-β1), the main inducers of EMT process by stimulating epithelial cells through the binding to serine/threonine kinase receptor, known
as TGF-β1 receptor type I and II (TGFβR-I, TGFβR-II) [7]. In general, TGF-β1 also has
other functions that not only induce EMT but also regulate cell differentiation, proliferation,
and survival in various cell types [8]. During tumor progression, EMT is induced by
TGF-β1 through both canonical Smad-dependent and non-canonical Smad-independent
pathways. For the Smad-dependent pathway, when TGF-β1 ligand binds to TGFβR-II,
recruits TGFβRI to form an active receptor complex leading to Smad2/3-dependent signaling induction. Then TGFβRI kinase phosphorylates Smad2 and Smad3, followed by the
binding to Smad4 forming complexes, which then translocate to the nucleus to regulate
transcription of target genes [9]. While the non-canonical Smad pathway, TGF-β1 stimulates various downstream signaling including mitogen activated protein kinases (MAPK)
such as ERK1/2, p38 MAPK, and JNK and protein kinase B (Akt) [10].
Cinnamon is one of the herbal spices obtained from inner bark that is commonly used
in food flavoring, pharmaceuticals, and various industries. The Cinnamomum genus belongs to the Lauraceae family, consisting of over 250 species worldwide [11]. Cinnamomum
bejolghota (Buch.-Ham.) Sweet has long been used in Thai traditional medicine, known as a
Thai cinnamon or Sa-Mul-La-Wang in Thai local name. The plant is distributed in India,
Bhutan, Bangladesh, Nepal, Madagascar, Myanmar, Laos, Vietnam, and Thailand [12]. The
bark of Thai cinnamon has various essential oils including terpineol, linalool, pcymene,
cinnamaldehyde, and cinnamic acid derivatives. On the other hand, the bark has been
used as local medicine for treatment of toothache, cough, cold, and diabetes [13]. Various
biological activities have been reported that the bark extract of C. bejolghota possessrd
anti-diabetic, antioxidant, antibacterial, and antifungal activity [13,14]. Rao et al. reported
anti-cancer activity of leaves and twig extract [15]. However, there are no reports on the
effect of C. bejolghota extract (CBE) on TGF-β1-induced EMT in human colorectal cancer.
In this work, we investigated the effect of CBE on metastasis and TGF-β1-induced EMT
and underlying mechanisms including the Smad-dependent and the Smad-independent
pathway in human colorectal cancer LoVo cells.
2. Results
2.1. Cytotoxic Effect of CBE on the Growth of LoVo Cells
To test the cytotoxic effect of CBE on LoVo cells, cell viability was determined by
MTT assay. LoVo cells were treated with varying concentrations of CBE (0, 12.5, 25, 50,
100, 200, and 400 µg/mL) for 24 and 48 h. The results showed that high concentrations of
CBE reduced LoVo cell viability at 24 and 48 h (Figure 1). The sub-toxic and non-cytotoxic
concentrations at 10, 30, and 100 µg/mL were chosen for further studies.
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Figure 1. Effect of CBE on cell viability in LoVo cells. Cells were treated with CBE for 24 and 48 h
and cell viability was determined using MTT assay. Results are presented as mean values ± SD (n =
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Figure 3. Effect of CBE on reversion of TGF-β1-induced morphological changes in LoVo cells. Cells
were pre-treated with CBE and SB431542. After incubation, cells were treated with TGF-β1 for 24
and 48 h. Cell morphology was observed under a microscope. CBE, Cinnamomum bejolghota extract.

2.4. Effect of CBE on TGF-β-Induced EMT-Related Biomarker Protein Expression
It is well known that E-cadherin and N-cadherin are EMT marker proteins. Our results showed that the expression of epithelial marker E-cadherin was downregulated
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cells were upregulated, which indicated that CBE could downregulate the expression levels of these transcription factors in TGF-β1-treated LoVo cells both at 24 and 48 h (Figure
5A). Similarly, qPCR analysis revealed that CBE also decreased the Snail and Slug mRNA
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analysis of transcription factors Snail, Slug, and TCF8/ZEB1 were detected. β-actin was used as an
internal control. (B) qPCR analysis of Snail and Slug mRNA expression were detected after TGF-β1
stimulation for 24 h, the amount of Snail, Slug, and RPL37A mRNA were quantified and normalized
Sci. Pharm. 2022, 90, x FOR PEER REVIEW
18
using RPL37A mRNA as a reference. Results are presented as mean values ± SD (n = 3). # p8 <of0.05
versus the control group. * p < 0.05 versus the TGF-β1-treated group. CBE, Cinnamomum bejolghota
extract; SD, standard deviation.
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2.9. Effect of Cinnamaldehyde on TGF-β1-Induced Smad2/3 Phosphorylation and EMT Markers
Expression
Cinnamaldehyde is one of the major constituents of the Cinnamomum genus. To
demonstrate the effect of cinnamaldehyde-reduced TGF-β1-induced EMT, MTT assay,
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compared with the TGF-β1 and SB431542 treatment. Lin et al. showed that the extract
of Cinnamomum cassia suppressed TGF-β1-induced EMT in H1299 and A549 human lung
cancer cells [20]. It is well known that E-cadherin and N-cadherin are major EMT marker
proteins. Many studies of herbal medicine have reported that upregulation of E-cadherin
and downregulation of N-cadherin are important goals on EMT inhibition [21,22]. In
this study, CBE upregulated E-cadherin and N-cadherin protein levels in TGF-β1-treated
LoVo cells. Many studies have reported that TGF-β1 also induced EMT through MMP
regulation, which is regulated by TIMPs [23,24]. Previous studies have reported that TIMP1 upregulation may be responsible for the regulation of MMP-2 activity [25]. A recent study
demonstrated that TGF-β1 upregulated MMP-2 transcription and suppressed TIMP-2
expression through Smad3 to promote the MMP-2 activity. Moreover, they also reported
that treatment with naringenin (Smad3 inhibitor) inhibited Smad3, which subsequently
suppressed MMP-2 while increasing TIMP-2 transcription in lung carcinoma cells [26].
Consistent with previous studies, we identified that TGF-β1 induced MMP-2 expression
and suppressed TIMP-1 and TIMP-2 expression. Our results also showed CBE could
decrease the expression of MMP-2 whereas TIMP-1 and TIMP-2 levels were increased in
LoVo cells. Our findings demonstrated that CBE had an inhibitory effect on EMT protein
biomarkers. Therefore, we further examined the inhibitory effect of TGF-β1-mediated EMT
on colorectal cancer LoVo cells.
EMT activation by various transcription factors including Slug, Snail, and TCF8/ZEB1
protein play an important role in cancer progression and metastasis [27]. Upon TGF-β1
treatment, our results found that Snail, Slug, and TCF8/ZEB1 were increased, whereas
pre-treatment with CBE could decrease the expression of these EMT transcription factors in
LoVo cells. Consistent with the previous study, natural compound inhibited the TGF-β1induced expression of Snail and Slug in colorectal cancer HT-29 and SW480 cells [28]. These
studies indicated that CBE inhibited EMT via downregulation of EMT transcription factors.
Moreover, SMAD2 and KRAS mutations in LoVo cells lead to the activation of EMT and
cancer metastasis [29]. Therefore, we also investigated both the Smad and the non-Smad
signaling pathway. TGF-β1-stimulated EMT through Smad-dependent signaling pathway
in colon cancer [30]. Notably, natural products such as resveratrol and silibinin inhibited
EMT by suppressing the TGF-β1/Smad pathway in colorectal cancer cells [31,32]. Our
results showed that the expression of TGFβR-I and p-Smad2/3 were upregulated by the
TGF-β1 treatment, which implied that TGF-β1-stimulated EMT was related to TGFβR-I and
Smad2/3 activation. CBE could suppress TGF-β1-stimulated EMT by decreasing protein
levels of TGFβR-I and p-Smad2/3. Furthermore, phosphorylation of Smad proteins resulted in Smad complex translocation into the nucleus [33]. In this study, the results showed
that Smad2/3 were translocated into the nucleus when treated with TGF-β1. However,
pre-treatment with CBE attenuated TGF-β1-stimulated Smad2/3 nuclear translocation,
which is consistent with previous study [34]. To confirm the accumulation of Smad2/3 in
the nucleus, a cytoplasmic/nuclear fractionation assay was used to indicate the nuclear
localization of Smad2/3. Upon TGF-β1 treatment, our results revealed that Smad2/3 levels
were upregulated in the nucleus while CBE could reduce Smad2/3 levels in the nuclear
fractions when compared to the cytoplasmic fractions, suggesting that inhibition of EMT
by CBE was associated with the suppression of Smad2/3 nuclear translocation.
Moreover, several studies reported that TGF-β1-induced EMT was also mediated via
aSmad-independent signaling pathway, including a MAPK and an Akt pathway. Wendt
et al. reported the activation of ERK1/2, p38, and Akt mediated the EMT process in cancer
cells [35]. We also demonstrated that treatment with CBE significantly decreased p-ERK,
p-p38, and p-Akt (Ser473) expression in TGF-β1-treated cells. Overall, our study indicated
that CBE could inhibit TGF-β1-induced EMT by inhibiting the activation of ERK1/2, p38,
and Akt phosphorylation.
In addition, we found that CBE had antioxidant activity through DPPH scavenging
in a dose-dependent manner (Figure S1). Moreover, cinnamaldehyde is one of the major
constituents of the Cinnamomum genus. Likewise, Choudhury and Ahmed have reported
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that the bark of CBE contained cinnamaldehyde as a major composition [36]. We have
investigated that a major active component of CBE may be rich in cinnamaldehyde content
by using TLC. TLC results showed that the major compounds in CBE were mainly composed of cinnamaldehyde (Figure S2). Importantly, our results found that cinnamaldehyde
could reduce phosphorylation of Smad2/3 and affect EMT marker expression including
E-cadherin and N-cadherin. Thus, our results indicated that the inhibitory effect of CBE on
TGF-β1-induced EMT may be due to the cinnamaldehyde composition in CBE.
4. Materials and Methods
4.1. Preparation of C. bejolghota Ethanolic Bark Extract
C. bejolghota bark powder was derived from Thai-Lanna Herbal Industry Company
Limited, Chiangmai, Thailand. The extraction method was followed in our previous
study [37]. Briefly, 100 g of C. bejolghota bark powder was mixed to maceration in 500 mL
of ethanol in a conical flask. The mixture was swirled to mix entirely and was kept at
room temperature (RT) for 1 day. The ethanolic extract was then filtered using filter paper
Whatman No.1. Then, the filtrated CBE solution was dried using a rotary evaporator in a
vacuum at 40 ◦ C. The CBE was stored at 4 ◦ C for further experiments. The indication of a
major active component of CBE was further identified using thin-layer chromatography
(TLC). Sample (CBE) and standard (cinnamaldehyde) solutions were spotted on TLC
Silica gel 60 F254 plate (Merck, Darmstadt, Germany). The TLC plates were developed in
toluene and ethyl acetate (93:7) as the solvent system [38]. The migrated compounds were
visualized under the UV light (254 and 366 nm). The TLC plates were repeated 3 times. The
antioxidant capacity of CBE was determined using 2,2-Diphenyl-1-picrylhydrazyl (DPPH)
radical scavenging assay, according to the procedure described by Sadeghi et al. [39]
L-ascorbic acid was utilized as a positive control.
4.2. Chemicals and Reagents
TGF-β1 was purchased from R&D Systems (Minneapolis, MN, USA). SB431542 (TGFβ1 receptor inhibitor), 3-(4, 5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide
(MTT), dimethylsulfoxide (DMSO), phenylmethylsulphonyl fluoride (PMSF), penicillin
G, kanamycin, and cinnamaldehyde were purchased from Sigma-Aldrich (St. Louis, MO,
USA). Roswell Park Memorial Institute (RPMI) 1640 Medium was purchased from Nissui
pharmaceutical (Tokyo, Japan). Fetal bovine serum (FBS) was purchased from Equitech-Bio
(Kerrville, TX, USA). Matrigel was purchased from BD Biosciences (Dallas, TX, USA) The
antibodies were obtained as follows: anti-N-cadherin, anti-E-cadherin from BD Biosciences
(San Jose, CA, USA), anti-Smad2/3, anti-p-Smad2/3 from Santa Cruz Biotechnology (Dallas,
TX, USA), anti-TIMP-1, anti-TIMP-2, anti-MMP-2, anti-TGFβR-I, anti-Snail, anti-Slug, antiZEB1, anti-ERK1/2, anti-p-ERK1/2, anti-p38, anti-p-p38, anti-Akt, anti-p-Akt (Ser473),
and β-actin from Cell Signaling Technology (Danvers, MA, USA). TRIzol reagent was
purchased from Invitrogen Life Technologies (Carlsbad, CA, USA).
4.3. Cell Culture
Human colorectal adenocarcinoma cell line, LoVo, was obtained from the American
Type Culture Collection (ATCC, Manassas, VA, USA). Cells were maintained in RPMI1640 medium supplemented with 10% FBS, 100 units/mL penicillin G, and 0.1 mg/mL
kanamycin at 37 ◦ C under a humidified 5% CO2 .
4.4. Cytotoxicity Assay
MTT assay was used for determination the effect of CBE on cell viability. LoVo cell
suspension were seeded at 5 × 103 cells/well overnight. Cells were then incubated with
CBE at 12.5, 25, 50, 100, 200, and 400 µg/mL for 24 h, whereas 0.5% DMSO was used
as a control group. After treatment, 0.5 mg/mL MTT solution was added in each well
for 4 h at 37 ◦ C. Then DMSO was added to dissolve the formazan crystals. Absorbance
was measured at 570 nm by Multiskan™ FC microplate reader (Thermo Fisher Scientific,
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Waltham, MA, USA) and was analyzed by the software GraphPad Prism 3.03 software
(San Diego, CA, USA).
4.5. Scratch Assay
LoVo cells (6 × 104 cells/well) were gently scratched and washed with phosphatebuffered saline (PBS) to remove cell debris. The cells were treated with or without CBE for
24 h and photographed by using an inverted microscope (Olympus, Tokyo, Japan). The
area of migration was analyzed as described earlier [37].
4.6. Transwell Assay
Transwell Boyden chamber (8 µm pore size, Merck Millipore, Darmstadt, Germany)
was used to assess cell migration and cell invasion assay. The method for both assays were
the same, but for cell invasion assay the plate was pre-coated with 30 µg Matrigel. LoVo
cells suspension in 1% FBS medium (1.5 × 104 cells/well) were added to the transwell
chamber. After 2 h incubation, cells were treated with or without CBE, while complete
medium was added to the lower chambers for 24 h. The assay was performed as described
earlier [37].
4.7. Cell Adhesion Assay
LoVo cells (8 × 104 cells/well) were pre-treated with or without CBE. After 24 h
incubation, cells were harvested and seeded to Matrigel-coated 96-well plate and incubated
for 15 min. The non-adherent cells were washed gently with PBS. Cell adhesion was
determined using MTT assay. Images were obtained under a microscope.
4.8. Morphological Assessment
LoVo cells were pre-treated in 1% FBS medium with 10, 30 and 100 µg/mL CBE and
1 µM SB431542 for 30 min. After incubation, cells were incubated with 1 ng/mL TGF-β1.
The morphology was monitored and photographed at 24 and 48 h using a microscope.
4.9. Western Blot Analysis
After treatment, protein samples in cell lysates were collected, lysed with RIPA buffer
(50 mM Tris-HCl, pH 7.5, 5 mM EDTA, 250 mM NaCl, 0.5% Triton X-100) supplemented
with PMSF and a complete mini protease inhibitor cocktail (Roche Diagnostics GmbH,
Mannheim, Germany), and then separated using SDS-PAGE and electrophoretically transferred onto polyvinylidene fluoride (PVDF) membranes (Merck Millipore, Darmstadt,
Germany). Membranes were blocked with blocking buffer for 1 h, then incubated overnight
at 4 ◦ C with the primary antibody as follows: anti-N-cadherin (1:1000), anti-E-cadherin
(1:1000), anti-Smad2/3 (1:1000), an-ti-p-Smad2/3 (1:1000), anti-TIMP-1 (1:1000), anti-TIMP2 (1:1000), anti-MMP-2 (1:1000), anti-TGFβR-I (1:500), anti-Snail (1:500), anti-Slug (1:500),
anti-ZEB1 (1:500), anti-ERK1/2 (1:1000), anti-p-ERK1/2 (1:500), anti-p38 (1:1000), anti-pp38 (1:1000), an-ti-Akt (1:1000), anti-p-Akt (Ser473) (1:500), and β-actin (1:10,000), and
then followed by appropriate secondary antibodies at RT for 1 h. The chemiluminescence signal was detected by the Immobilon Western Chemiluminescent HRP Substrate
(Merck Millipore, Darmstadt, Germany) and Chemi-Doc XRS+ System (BioRad, Hercules,
CA, USA).
4.10. RNA Extraction, RT-PCR, and Quantitative Real-Time PCR (qPCR)
After 24 h incubation, total RNA was extracted with TRIzol reagent and reverse
transcribed to complementary DNA (cDNA) by M-MLV reverse transcriptase (Promega,
Madison, WI, USA) following the manufacturer’s instruction. qPCR was carried out
using TB Green Premix Ex Taq II and detected on a Thermal Cycler Dice (Takara, Japan).
The sequences of the primers used for qPCR analysis were as follows: N-cadherin 50 GACAATGCCCCTCAAGTGTT-30 (forward) and 50 -CCATTAAGCCGAGTGATGGT-30
(reverse); Snail 50 -GCCTTCAACYGCAAATACTGC-30 (forward) and 50 -CTTCTTGACA-
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TCTGAGTGGGTC-30 (reverse); Slug 50 -GGGGAGAAGCCTTTTTCTTG-30 (forward) and
50 -TCCTCATGTTGTGCAGGAG-30 (reverse); RPL37A 50 -GCAGGAACCACAGTGCCAG
ATCC-30 (antisense) and 50 ATTGAAATCAGCCAGCACGC-30 (sense). The relative mRNA
expression was normalized to RPL37A mRNA housekeeping gene.
4.11. Immunofluorescence Analysis
LoVo cells at 10 × 104 cells/well were cultured on glass coverslips. The cells were
pre-treated with or without CBE and 1 µM SB431542 for 30 min, then stimulated with TGFβ1 for an additional 1 h. After treatment, cells were fixed with 3% paraformaldehyde and
permeabilized with 0.5% Triton X-100 in phosphate-buffered saline with 3 % bovine serum
albumin (BSA) in PBS. Subsequently, incubation with the primary antibody of Smad2/3
(1:1000), at RT for 1 h then incubated with the Alexa Fluor 488-conjugated goat anti-rabbit
IgG, a secondary antibody (Invitrogen, Carlsbad, CA, USA) and Hoechst 33258. Cells on
coverslips were mounting with 50% glycerol/PBS on glass slides and photographed using
a confocal laser scanning microscope (FV1000, Olympus, Tokyo, Japan).
4.12. Cytoplasmic/Nuclear Fractionation Assay
After 1 h incubation, pellets were gently mixed with buffer A (250 mM sucrose, 10 mM
HEPES-KOH, 10 mM KCl, 1.5 mM MgCl2 , 1 mM EDTA, 1 mM EGTA, 1 mM DTT; pH 7.5)
supplemented with a protease inhibitor cocktail tablet. Cells were then fractionated by
centrifugation at 600× g, 4 ◦ C. The pellet contains nucleus while the supernatant contains
cytoplasm and mitochondria. The nuclear pellets were washed and centrifuged to eliminate
cytoplasmic material. The nuclei were lysed completely in lysis buffer and centrifuged to
collect the supernatant as the nuclear fraction. The supernatant containing cytoplasm and
mitochondria were subsequently centrifuged for 60 min to obtain the cytoplasmic fraction.
Smad2/3 level in cytoplasmic and nuclear fraction were determined using Western blot.
The loading control was used to assay for contamination between the fractions, β-Tubulin
(1:1000) and PARP (1:1000) (Cell Signaling Technology, Danvers, MA, USA) were used as a
control for the cytoplasmic and nuclear fraction, respectively.
4.13. Statistical Analysis
Data were analyzed using one-way analysis of variance (ANOVA) to evaluate significant differences between groups (p < 0.05). Statistical analysis was presented as
mean ± standard deviation (SD).
5. Conclusions
Our findings indicated that CBE had an inhibitory effect on TGF-β1-mediated EMT
of human colorectal cancer cells by reversion of cell morphology. CBE also remarkably
increased E-cadherin, TIMP-1 and TIMP-2, and decreased N-cadherin, MMP-2, Snail, Slug,
and TCF8/ZEB1 expression by downregulation of TGF-β1 receptor through inhibition of
Smad-dependent and Smad-independent signaling in LoVo cells. Hence, this study is the
first to report that Cinnamomum bejolghota extract could reduce TGF-β1-induced EMT in
cancer and may be valuable as a therapeutic agent in patients with CRC in the future.
Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/scipharm90020030/s1, Figure S1: DPPH-free radical scavenging (%)
of L-ascorbic acid and the CBE. Figure S2: TLC chromatogram of CBE (lane A) and cinnamaldehyde
(lane B). Figure S3: Original images of Western blot band intensities in Figure 4A. Figure S4: Original
images of Western blot band intensities in Figure 4C. Figure S5: Original images of Western blot
band intensities in Figure 5A. Figure S6: Original images of Western blot band intensities in Figure 6.
Figure S7: Original images of Western blot band intensities in Figure 7. Figure S8: Original images of
Western blot band intensities in Figure 8. Figure S9: Original images of Western blot band intensities
in Figure 9.
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