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Abstract: Erianin is a natural product extracted from Dendrobiumchrysotoxum. To investigate the antitumor activity
of Erianin in estrogen receptor (ER) positive breast cancer, we treated T47D cells with Erianin and evaluated the
effects of Erianin treatment on multiple cancer-associated pathways. Erianin inhibited the proliferation of T47D
cells effectively. Erianin induced apoptosis in T47D cells through reducing Bcl-2 expression and activating caspase
signaling. Furthermore, it also suppressed the expression of CDKs and caused cell cycle arrest. In addition, Erianin
treatment suppressed the migration of T47D cells, most likely through regulating the homeostatic expression of
MPP and TIMP. Meanwhile, Erianin did not affect the proliferation of normal breast epithelial cell line MCF10A.
Together, these results demonstrated that Erianin might have the potential to be an effective drug to treat the ER

positive breast cancer.
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Introduction

Erianin (2-methoxy-5-[2-(3,4,5-trimethoxy-phe-
nyl)-ethyl]-phenol; Figure 1A) is a natural prod-
uct extracted from Dendrobiumchrysotoxum
and has been used as an antipyretic and an
analgesic in traditional Chinese herbal medi-
cine [1]. Erianin shows therapeutic potential to
inhibit multiple cancers in vivo and in vitro.
ltdemonstrates potent inhibitory activity on the
proliferation of acute promyelocytic leukemia
HL-60 cells, which is related to the apoptosis
and the altered expression of bcl-2 and bax
genes induced by erianin [2]. In addition, Erianin
causes extensive tumor necrosis, growth delay
and rapid vascular shutdown in xenografted
human hepatoma Bel7402 and melanoma
A375 tumors. It inhibits angiogenesis in vivo
and in vitro and induces endothelial cytoskele-
tal disorganization [3]. Furthermore, Erianin
inhibits metabolism in human umbilical vein
endothelial cells in a JNK/SAPK-dependent
manner, which is a potential mechanism in-
volved in the anti-tumor and anti-angiogenic
actions of Erianin [4].

Breast cancer is the most prevalent cancer
among women worldwide, with more than
1,300,000 new cases diagnosed and 450,000
deaths each year [5]. Breast cancer is a very
heterogeneous disease, which is commonly
categorized into three basic therapeutic groups,
e.g. the estrogen receptor (ER) positive group,
the HER 2 amplified group and triple-negative
group [6]. The ER positive group is the most
numerous and diverse, and approximately 80%
of breast cancer cases is ER positive. The HER2
amplified group is characterized by a DNA copy
number aberration of HER2. The triple-negative
group lacks the expression of ER, progesterone
receptor (PR) and HER2. The treatments for
breast cancer include surgery, radiation thera-
py, chemotherapy, endocrine (hormone) thera-
py and targeted therapy [7]. For the ER positive
breast cancer, endocrine therapy has repre-
sented the standard adjuvant treatment com-
plementary to surgery, and has been an effec-
tive therapy to the majority of patients. However,
a portion of patients relapse with incurable
metastatic disease, likely due to the develop-
ment of resistance to endocrine therapy, which
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Figure 1. Erianin inhibits T47D cells proliferation in a does- and time-dependent. (A) Chemical structure of erianin.
Inhibition effects of Erianin on T47D cells proliferation at 24 h (B), 48 h (C) and 72 h (D). Cells were treated with
graded concentrations of Erianin (0, 10, 20, 40, 80, 160 nM) at different time points. Cell proliferation potential was
evaluated by MTT assay. The viability of untreated control cells is represented as 100%. Data represent the means
+ SD (n=5), *P<0.05, **P<0.01, ***P<0.001 versus control cells. (E) Erianin inhibits T47D cells proliferation in
a dose- and time-dependent manner. Experimental data of MTT assay were integrated and means + SD (n=5),
“P<0.05, ""P<0.01, "P<0.001 compared to control cells at 24 h time points.

underlines the clinical need to develop alterna-
tive treatments [8].

In the present study, we evaluated the anti-
tumor effects of Erianin on an ER positive
breast cancer cell line T47D, and investigated
the key pathways crucial for the tumor growth,
including cell cycling, apoptosis and migration,
were investigated in the Erianin-treated T47D
cells.

Materials and methods
Materials and chemicals

Erianin was purchased from Shanghai Yuanye
Bio-Technology. All the cell culture reagents
were from GIBCO. PVDF membranes were pur-
chased from Milipore. The necessary appara-
tus for SDS-PAGE and Western blot were bought
from Bio-Rad.

Cells culture

The human breast cancer cell lines T47D and
MDA-MB-231 and the human breast epithelial
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cell line MCF10A were generously donated by
Prof. Xin Hu (Jilin University, Jilin). T47D cells
were cultured in Roswell Park Memorial Ins-
titute-1640 medium with 10% fetal bovine
serum (FBS), 3.2 ug/mlinsulin (Sigma) and 100
IU/ml penicillin/streptomycin. MCF10A cells
were cultured in Ham's F12 medium and
Dulbecco’s modified Eagle’'s medium with 2.5
mM I-glutamine (DMEM: F12, 5% horse serum,
20 ng/ml EGF (Peprotech, Germany), 100 ng/
ml cholera toxin (Sigma, USA), 10 pg/ml insulin
(Sigma), 0.5 mg/ml hydrocortisone (Sigma)
and 100 IU/ml penicillin/streptomycin. MDA-
MB-231 cells were cultured in Dulbecco’s modi-
fied Eagle’s medium supplemented with 10%
FBS and 100 IU/ml penicillin/streptomycin.
Cells were maintained at 37°C and 5% CO, in a
humidified incubator.

MTT assay

Cells were seeded in a 96-well plate to a final
concentration of 5000 cells/well and incubat-
ed in growth media with varying concentrations
of Erianin for 24 h, 48 h and 72 h. Medium was
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Table 1. RT-PCR primer sequences (all sequences from 5’ to 3’)

E;r:gi Forward Reverse

B-actin GCCGCCAGCTCACCAT TCGATGGGGTACTTCAGGGT
CDK1 CTGGCTGATTTTGGCCTTGC CCACTTCTGGCCACACTTCA
CDK2 TTTGCTGAGATGGTGACTCG CTTCATCCAGGGGAGGTACA
CDK4 TGAGGGGGCCTCTCTAGCTT CAAGGGAGACCCTCACGCC
CDK5 CTCCGGGAGATCTGCCTACT AGCTCCCCATTCTTTACAATCTCA
CDK7 GGGACAGTTTGCCACCGTTT ATGTCCAAAAGCATCAAGGAGAC
CDK8 GGGATCTCTATGTCGGCATGTAG AAATGACGTTTGGATGCTTAAGC
CDK9 CAGTACGACTCGGTGGAGTG TGTAATGGGGAACCCCTCCT
CDK10 TGGACAAGGAGAAGGATG CTGCTCACAGTAACCCATC
MMP2 GAGTGCATGAACCAACCAGC GTGTTCAGGTATTGCATGTGCT
MMP9 CTTTGAGTCCGGTGGACGAT TCGCCAGTACTTCCCATCCT
CDH2 GGGAAATGGAAACTTGATGGCA CAGTTGCTAAACTTCACTGAAAGGA
Fibronectin GATAAATCAACAGTGGGAGCGG GTCTCTTCAGCTTCAGGTTTACTC
TIMP1 GCAATTCCGACCTCGTCATC TAGACGAACCGGATGTCAGC
TIMP2 CTGCGAGTGCAAGATCACG TGGTGCCCGTTGATGTTCTT
CDH1 TGAAAAGAGAGTGGAAGTGTCCGAG GATTAGGGCTGTGTACGTGCTGTTC
Bax CCCTTTTGCTTCAGGGTTTC CCCTTTTGCTTCAGGGTTTC
Bcl-2 GATAACGGAGGCTGGGATGC TCACTTGTGGCCCAGATAGG
p12 AAACATTCTCACCTCCTCTGGG CCCAGTTCCCTGGGTGTAGC
pl18 TCCCAGCAGCGGAGGAC TAGGGTCCCTTGTTCACGGT
p27 GGCAAGTACGAGTGGCAAGA AGAAGAATCGTCGGTTGCAGG
p53 CCTCAGCATCTTATCCGAGTGG TGGATGGTGGTACAGTCAGAGC
p21 GTGAGCGATGGAACTTCGACTT AGAGGTTTACAGTCTAGGTGGA

100 mM DTT; 2% SDS;
0.1% bromophenol blue;
10% glycerol). The pro-
teins were separated on
8~10% SDS polyacryl-
amide gel and electro-
transferred to polyviny-
lidene fluoride (PVDF)
membrane. After block-
ing with 3% BSA-TBST,
primary antibodies were
detected using HRP-con-
jugated anti-rabbit anti-
bodies and visualized
on Tanon-5200 Chemi-
luminescent Imaging Sy-
stem (Tanon Science &
Technology). B-actin (ZS-
GB-BIO TA-09) was also
tested to confirm equal
loading.

Quantitative RT-PCR

Cells were treated with
erianin (0 to 80 nM) for
48 h and 72 h. RNA
isolation and qRT-PCR
assays were performed

removed and fresh medium was added to each
well along with 10 ml of MTT solution (5 mg/
ml). After 4 h incubation at 37°C, the medium
was poured off and replaced by 150 ml of
DMSO. The plates were read at wavelength of
490 nm using a micro-plate reader (BioTek,
Winooski, VT, USA). Five reduplicate wells were
used for each treatment, and experiments were
repeated three times.

Western blot analysis

Cells were treated with Erianin (O to 80 nM) for
48 h and 72 h. Western blot was performed as
described previously [9]. The cells were collect-
ed in ice-cold PBS, and lysed in ice-cold whole
cell extraction buffer (WCEB) containing 25 mM
B-glycerophosphate (pH 7.3), 5 mM EDTA, 2
mM EGTA, 5 mM B-mercaptoethanol, 1% Triton
X-100, 0.1 M NaCl, and a protease inhibitor
mixture (Roche Applied Science). The protein
concentrations the cell lysates were deter-
mined by use of Bradford methods and boil-
ed in SDS sample buffer (50 mMTris [pH 6.8];

3079

as described previously

[10, 11]. Total RNA from
cells was extracted with TRIzol reagent (In-
vitrogen) following the manufacturer’s instruc-
tion, and complementary DNA was synthesized
using moloneymurine leukemia virus (M-MLV)
reverse transcriptase with random primers.
cDNA was generated with BioTeke super RT kit
(Bioteke) according to the manufacture’s proto-
col. gRT-PCR was performed using SYBR Premix
Ex Tag™ (TaKaRa). Primers are listed in Table 1.

Cell cycle analysis

Cells were treated with graded concentrations
of erianin (O to 80 nM) for 48 h and 72 h. Cell
cycle distribution was evaluated using Cell
cycle detection kit (BestBio, China) following
the manufacturer’s instruction. Briefly, the cells
were harvested, washed twice with PBS, and
fixed at 4°C for 1 h with 70% ethanol, and then
stained with a propidium iodide (Pl) solution
(containing RNase) at 4°C for 30 min. At least
20,000 cells were analyzed by Becton Dic-
kinson FACScan cytoflurometer (Mansfield, MA,
USA). Cell cycle distribution was calculated

Am J Transl Res 2016;8(7):3077-3086



Erianin inhibits proliferation of T47D

>

o

: ?._ .;(;'..;'.__

s
2
£

B &'l

T T47D =1 Control
g 3 10nM
2 . 200M
:

_E 24 ™ iy poes

- e

2 4 A

&

&

Erianin

C ¥

Relative mRNA level

Sy

48 h +ee [ Control

Erianin

72h

"
*‘\g“ é,& e“ﬁ ‘\@ ‘\,,g“ é,e
Q\'O
Erianin

Figure 2. Erianin suppresses T47D cells migration. A. Cells were treated with various doses of erianin (O to 20 nM)
for 24, 48 or 72 h, and the migratory behavior was analyzed using wound healing assays. After the indicated treat-
ment, migrating cells in the denuded zone were photographed. B. Effect of erianin on T47D migration at 24 h, 48 h
and 72 h. C. gPCR analysis for MMP2, MMP9, CDH1, CDH2, TIMP1, TIMP2 and Fibronectin in erianin-treated cells.
Data represent the mean * SD (n=3), *P<0.05, **P<0.01, ***P<0.001 compared to control cells.

using ModFIT cell cycle analysis software
(Version 2.01.2; Becton Dickinson).

Apoptosis staining

To visualize the development of apoptosis, cells
were treated with graded concentrations of eri-
anin (0 to 160 nM) for 48 h and 72 h and than
stained with Annexin V-FITC Apoptosis Detec-
tion Kit (BestBio, China) according to the manu-
facture’s instruction. Briefly, cells were washed
twice with PBS, resuspended in 400 ul of
Annexin-V binding buffer, and then incubated
with 5 yl of FITC conjugated Annexin-V for 15
min 4°C in the dark, followed by incubating with
10 ul of PI for 15 min 4°C in the dark. Mic-
roscopic analysis was performed using Olympus
Fluorescence microscope. Viable cells do not
take up either dye (FITC-/Pl-), whereas cells
undergoing early apoptosis reveal green fluo-
rescence (FITC+/PI-), and cells in the late apop-
totic phase take up both FITC and PI exhibiting
both green and red fluorescence (FITC+/PI+).
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Apoptosis assay

The apoptotic percentages status was deter-
mined by a flow cytometry analysis. Apoptosis
assay was performed with Annexin V-FITC Apo-
ptosis Detection Kit (BestBio, China) according
to the manufacture’s instruction and than per-
formed using Becton Dickinson FACScan cyto-
flurometer (Mansfield, MA, USA).

Migration determination

Migration was determined by wound healing
assays. The cells were seeded at a density of
5x10° cells/well in a 12-well plate. After the cell
monolayer was formed, a micropipette tip was
used to scratch the attached cells to generate
a wound space. The cells were then washed
with PBS and replaced by serum-free RPMI-
1640 medium containing various concentra-
tions of erianin (O to 20 nM). The cell migration
progress into the wound was photographed
using an inverted microscope at 0 h, 24 h, 48 h

Am J Transl Res 2016;8(7):3077-3086
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Figure 3. Erianin induces T47D cells
cycle arrest at G2/M phase. A. Erianin
induces T47D cells cycle arrest. Cells
were treated with graded concentra-
tions of erianin (0 to 160 nM) for 48
and 72 hours. Propidium iodide stain-
ing was done to determine the DNA
content. B. The percentage of cells
in different phases of cell cycle was
analyzed by flow cytometry. C. qPCR
analysis for CDK family expression in
erianin-treated cells. Data represent the
mean + SD (n=3), *P<0.05, **P<0.01,
***P<0.001 compared to control cells.
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and 72 h. The average wound size represented
the relative cell migration.

Statistical analysis

Data were presented as mean * SD of at lea-
st three independent experiments. Statistical
analysis of data was performed by Student’s t
test and one-way ANOVA using Graph Pad Prism
5 software for two groups and multiple group
comparison. P<0.05 represents the statistical-
ly significant difference.

Results
Erianin decreases the viability of T47D cells

To investigate the anti-proliferation effects of
Erianin, MTT assays were used to evaluate the
viability of the T47D cells treated with different
dosages of Erianin. The MTT assay results
showed that Erianin could inhibit the prolifera-
tion of T47D in a dosage-dependent manner.
Erianin significantly decrease the viability of
TA7D cells at 40, 80 and 160 nM after 24 and
48 hours of treatment (Figure 1B, 1C). In addi-
tion, Erianin significantly decreased the viability
of T47D cells at 20 nM after 72 hours of treat-
ment, demonstrating that the treatment with
low dosage but long time could also inhibit the
viability of TA7D cells (Figure 1D). Interestingly,
integration of the dosage and time course of
the MTT assays results demonstrated that only
the treatment of Erianin at high dosage (80 and
160 nM) could inhibit the proliferation of the
TA7D cells completely (Figure 1E). Treatment
with low dosages of Erianin could not inhibit the
proliferation of the T47D cells completely (com-
paring 20 and 40 nM treatment at 72 h with
control at 24 h).

Erianin suppresses the mobility of T47D cells

To investigate whether Erianin affects the
mobility of T47D cells, wound healing assays
were used to evaluate the migration of T47D
cells that were treated with different dosages
of Erianin. The results showed that the T47D
cells treated with 10 and 20 nM Erianin showed
significantly reduced migration compared with
the control cells, demonstrating that even low
dosages of Erianin could suppress migration
of TA7D cells effectively (Figure 2A, 2B). Im-
portantly, the same low dosages of Erianin
could not inhibit the viability of T47D cells sig-
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nificantly (Figure 1B, 1C). Therefore, the re-
duced migration of Erianin-treated T47D cells
was not caused by the decreased cell prolifera-
tion. In addition, the T47D cells treated with
Erianin for 48 and 72 hours showed greater
reduced migration thanthose cells treated for
24 hours, indicating that longer treatment had
greater inhibitory effects on cell migration than
shorter treatment. Furthermore, we analyzed
the effects of Erianin treatment on the expres-
sion of genes involved in the cell migration. The
expressions of genes that promote migration,
e.g. matrix metalloproteinase 2 (MPP2), MPP9,
CDH2 and Fibronectin, were decreased in the
Erianin-treated T47D cells. On the contrary, the
expressions of genes that suppress migration,
e.g. tissue inhibitor of MMPs 1 (TIMP1), TIMP2
and CDH1, were increased in the Erianin-
treated T47D cells (Figure 2C).

Erianin causes cell cycle arrests of T47D cells
at G2/M phase

Since Erianin treatment caused decreased pro-
liferation of T47D cells, we further investigat-
ed whether it inhibited the cell proliferation
through inducing cell cycle arrests. Indeed, the
Erianin-treated T47D cells showed significantly
increased amounts of cells at G2/M phase,
especially at 40 and 80 nM (Figure 3A). In addi-
tion, the percentages of cells at G2/M phase is
also significantly increased in the Erianin-
treated T47D cells (Figure 3B). Meanwhile, the
Erianin-treated T47D cells showed greatly re-
duced percentage of cells at GO/G1 phase
(Figure 3B). Furthermore, the transcription of
cell cycle-related CDK genes were examined
by quantitative PCR, and the transcription of
CDK1, 2, 4, 7, 8, 9 and 10 were significantly
reduced in Erianin-treated T47D cells, indicat-
ing that the cell cycle arrests in Erianin-treated
T47D cells could be caused by reduced expres-
sion of these CDKs (Figure 3C).

Erianin induces apoptosis of T47D cells

We also investigated whether Erianin treatment
could induce apoptosis of T47D cells. The
Annexin V/PI staining assays showed many
Erianin-treated T47D cells were in the process
of early apoptosis and late apoptosis (Figure
4A). Furthermore, the flow cytometry analysis
demonstrated that the Erianin-treated T47D
cells had significantly increased percentages of
cells that were in the process of early and late

Am J Transl Res 2016;8(7):3077-3086
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Figure 4. Erianin induced T47D cells apoptosis. A. Visualization of apoptotic cells by Annexin V/PI staining assay on
T47D cells. White arrows indicate early apoptotic cells and red arrows indicate late apoptotic cells. B. The apoptotic
status was determined by flow cytometry analysis. C. Percentages of negative (viable) cells, annexin V-positive
(early apoptotic) cells, Pl-positive (necrotic) cells, or annexin V and Pl double-positive (late apoptotic) cells were
shown. Data represent the mean + SD (n=3), *P<0.05, **P<0.01, ***P<0.001 compared to control cells. D. gPCR
analysis for Bax, Bcl-2, p12, p18, p27, p53 and p21 in erianin-treated cells. Data represent the mean + SD (n=3),
*P<0.05, **P<0.01, ***P<0.001 compared to control cells. E. Effects of erianin on protein levels of Bcl-2, Bax and
caspases in T47D cells.
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Figure 5. Erianin promotes MCF10A cell growth. (A) Effects of erianin on MCF10A cells proliferation at 24 h (A), 48
h (B)and 72 h (C). Cells were treated with graded concentrations of Erianin (0O, 10, 20, 40, 80, 160 nM) at different
time points. Cell proliferation potential was evaluated by MTT assay. The viability of untreated control cells is repre-
sented as 100%. Data represent the means + SD (n=5), *P<0.05, **P<0.01, ***P<0.001 versus control cells. (D)
Erianin promotes MCF10A cell growth in a dose- and time-dependent manner. Experimental data of MTT assay were
integrated and means + SD (n=5), *P<0.05, **P<0.01, ***P<0.001 compared to control cells at 24 h time points.

apoptosis (Figure 4B, 4C). The potential mech-
anism underlying the Erianin-induced apopto-
sis was investigated by quantitative PCR. The
expression of Bcl-2, a gene involved in the sup-
pression of apoptosis, was decreased in the
Erianin-treated T47D cells, while the expression
of genes that were involved in the promotion of
apoptosis, e.g., Bax, pl12, pl18, p27, p53 and
p21 were increased in the Erianin-treated T47D
cells (Figure 4D). The decreased expression of
Bcl-2 and increased expression of Bax were
confirmed at protein levels (Figure 4E). In addi-
tion, multiple caspases were cleaved in the
Erianin-treated cells, demonstrating the activa-
tion of the caspase signaling pathway (Figure
4E).
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Erianin does not affect survival of normal
breast epithelial cell line MCF10A

To investigate whether Erianin treatment
affects the viability of normal breast epithelial
cells, we treated MCF10A cells with multiple
dosages of Erianin. Erianin treatment did not
have significant effects on growth of MCF10A
cells at all at 24 hours (Figure 5A). At 48 hours
of treatment, while high dosage of Erianin did
not have significant effects on growth of
MCF210A cells, low dosages of Erianin promoted
the growth of MCF10A (Figure 5B). At 72 hours
of treatment, while low dosage of Erianin still
promoted the growth of MCF10A cells, extreme-
ly high dosage of Erianin, e.g. 160 nM, inhibited

Am J Transl Res 2016;8(7):3077-3086
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the growth of MCF10A (Figure 5C). Overall, in
contrast to the inhibitory effects of Erianin on
the viability of T47D cells, Erianin treatment did
not show great inhibitory effects on the viability
of MCF10A cells (Figure 5D). These results
demonstrated that the inhibitory effects on pro-
liferation of Erianin could be specific to tumor
cells, which indicate that Erianin might be an
ideal drug to treat ER-positive breast cancers.

Discussion

Our previous study reported that Dendrobium.
candidum could inhibit the proliferation of
MCF-7 cells proliferation [9]. However, the
Dendrobium.candidum is a mixture which con-
tains multiple chemical constituents that might
have potential anti-cancer effects [1]. In the
present study, we evaluated the anti-cancer
effects of one important component of the
Dendrobium. Candidum, e.g. Erianin, on ER
positive breast cancer cell line T47D.

The results demonstrated that the treatment of
Erianin could significantly decrease the cell
viability at different concentrations compared
to the control group at 24 h, 48 h, and 72 h,
respectively. More importantly, the treatment
of Erianin induced apoptosis effectively in the
TA7D cells, and the expression of Bcl-2, an
important anti-apoptotic protein, was signifi-
cantly reduced in the Erianin-treated cells.
Bcl-2 can bind to the pro-apoptotic proteins,
such as Bax, and neutralize their pro-apoptotic
functions [12]. Therefore, reduced expression
of Bcl-2 could potentially make cells more sus-
ceptible to the stimulation of apoptosis signal-
ing. Bcl-2 has been a target for therapeutic
intervention to enhance the vulnerability to
therapy in ER positive breast cancer [13, 14].
Further investigation is required to elucidate
how Erianin treatment could suppress the
expression of Bcl-2.

In this study, we demonstrated that Erianinin-
hibits the viability of T47D cells by enhancing
the cell cycle arrest in the G2/M phase. CDKs
play a key role in the controlling of cell prolifera-
tion through maintaining of cell cycling, and
CDK inhibition has been an attractive thera-
peutic intervention to treat cancers, including
ER positive breast cancer [15]. Our results
demonstrated that the treatment of Erianin sig-
nificantly suppresses the expression of multi-
ple CDKs, indicating that Erianin could target
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multiple CDKs, which might be an effective way
to suppress cell cycling completely.

We found that the migration of T47D cells was
greatly inhibited by the treatment of Erianin.
The migration ability is essential for metasta-
sis, which is the main factor responsible for
death in breast patients. The homeostatic
expression of MPP and their inhibitors TIMP is
essential for the migration, and involved in the
process of metastasis of breast cancer cells
[16]. Our results demonstrated that Erianin
could suppress the expression of genes that
promote migration and promote the expression
of genes that suppress migration, which re-
vealed an interesting mechanism on how
Erianin could inhibit cell migration.

In conclusion, Erianin could inhibit several can-
cer-associated pathways in the ER positive
breast cancer cells simultaneously, which indi-
cates that Erianin has the potential to be an
effective drug to treat ER positive the breast
cancer. In addition, Erianin treatment does not
affect the growth of normal breast epithelial
cells (MCF10A), suggesting it might not have
strong side effects in vivo.
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