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The C-X-C chemokine receptor type 4 (CXCR4) has been recognized as a
potential target in cancer drug discovery based on the high expression in cancer cells,
particularly invasive breast cancer. This study aims to construct CXCR4-overexpressed
cells to screen new anti-breast cancer agents targeting CXCR4 and identify the mediated
target for anticancer effect. Firstly, five genetic isotypes of CXCR4, namely A, B, C, D
and E, were amplified from Jurkat T cells. Amplicons of each CXCR4 isotype were ligated
into cloning vectors and subcloned into expression vectors. They were transformed into
competent Escherichia coli strain DH5-alpha cells. The presence of CXCR4 plasmids in
the selective transformed cells was determined by colony PCR and gel electrophoresis. The
recombinant plasmids of CXCR4-isotype B were selected for stable transfection in
HEK293T cells. CXCR4 expression was confirmed by flow cytometry and the population
of the highly CXCR4 expressing cells was isolated using the fluorescence-activated sorting
cells technique to obtain 99.8% of CXCR4-expressing cells. The CXCR4-overexpressed
HEK293T cells were verified by conducting the competitive binding assay of a known
CXCR4 inhibitor, AMD3100 (plerixafar), using monoclonal anti-human CD184 (CXCR4)
antibody tagged with fluorescence probe, phycoerythrin. The obtained ICsy of plerixafor
(305.5 nM) against the binding of the antibody to CXCR4 was in accordance with those
determined by conventional competitive radioligand binding assay. Moreover, the
developed CXCR4-overexpressed HEK293T cells were used in the competitive binding
assay to identify the mediated target of natural compounds showing high cytotoxicity
against the invasive breast cancer cell line MDA-MB-231. The tested compounds were
extracted from Stephania pierrei, which were methoxy-8-uvariopsine, crebanine and
dehydrocrebanine. However, the application of the fluorescence tagged antibody
competition binding assay to determine the binding affinity of these potential compounds
has been limited due to the poor solubility of natural compounds, which required additional
solvent and surfactant to improve the solubility leading to high fluorescence
guenching. Further development of low fluorescence quenching solvent and solubilizer is
needed to implement this assay in the screening platform.
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CHAPTER 1. INTRODUCTION

Chemokine receptors are the typical cell surface heterotrimeric guanine protein-
coupled receptors (GPCRs), which are implicated in inflammation of immune
diseases and the development of cancers. Among most concerned chemokine
receptors, C-X-C receptor type 4 (CXCR4), also called fusin or CD184, has been
early found to be the major co-receptor with CCR5 on CD4 positive (CD4™) T-cells
for binding of human immunodeficiency virus type 1 (HIV-1) strains and show the
impact on the efficiency of viral infection [1-2]. The overexpression of CXCR4 has
been found in more than 23 types of cancers, particularly breast cancer, especially in
metastasis tumors. The axis of CXCR4 and its cognate chemokine ligand CXCL12
(CXCR4/CXCL12 axis) regulates cancer cell proliferation, metastasis and
angiogenesis and plays a crucial role in tumor microenvironment cross-talk in several
solid tumors [3]. Therefore, CXCR4 antagonists including small modified peptides
and small molecules have been investigated in searching for anti-cancer drugs
targeting CXCR4 [4-6].

Chemotherapy is a type of cancer treatment that uses one or more anti-cancer
drugs. The conventional anti-cancer drugs commonly used are non-target drugs that
cause severe complications and side effects and relates to drug resistance phenomena.
This has led to an increase in studies on natural compounds as an alternative in recent
decades. Thus, screening for new potential anti-cancer agents derived from medicinal
plants targeting CXCR4 is needed. Most experimental screenings for anti-cancer
drugs nowadays use cytotoxicity assay to identify potential compounds in which the
mechanism-mediated cytotoxicity or drug target has not been assessed. The target-

based assay is necessary for providing an insight into the mechanism of action.

In this study, natural compounds showing cytotoxicity against invasive breast
cancer cell lines were investigated for target-mediated cytotoxicity. The selected
compounds were methoxy-8-uvariopsine, crebanine and dehydrocrebanine from
Stephania pierrei. Since highly expression of CXCR4 was found in breast cancer,
particularly in triple-negative breast cancer, the mechanism of CXCR4 mediated
cytotoxicity of these natural compounds has yet to be demonstrated.



For rapid evaluating the pharmacological properties of multiple receptors and
screening the interaction between receptors and their ligands, the production of
recombinant proteins is a crucial step [7]. Regarded as the first-choice vehicle for the
expression of many human recombinant proteins, HEK293 cell lines have been used
to analyze several chemokine receptors [7-9]. Therefore, molecular cloning and stable
transfection of the CXCR4 gene in eukaryotic cells, HEK293T cells were carried out.
The produced CXCR4-overexpressed HEK293T cells can be used as a tool in a
target-based assay for target identification and determination of binding affinity.
Moreover, they can be used for screening potential anti-cancer agents targeting

CXCRA4 receptor overexpression in solid tumors.

This research hypothesizes that the CXCR4-overexpressed HEK293T cells can
be valuable tools for evaluating molecular mechanisms via CXCR4 by binding assay
of potential anti-cancer agents to CXCR4-overexpressed cells. The natural
compounds such as methoxy-8-uvariopsine, crebanine and dehydrocrebanine showing
cytotoxic effects in breast cancer lines that highly express CXCR4 may mediate the
cytotoxic effects through CXCR4 in the binding assays using CXCR4-overexpressed
HEK293T cells.

The research work included the construction of recombinant CXCR4 plasmids
and transfected the constructed plasmids to the HEK293T cells. The verified CXCR4-
overexpressed HEK293T cells were used to determine the binding affinity of the
selected herbal compounds to the CXCRA4.



CHAPTER 2. LITERATURE REVIEWS
2.1. Chemokine receptor CXCR4

As a GPCR, C-X-C receptor type 4 (CXCR4) comprises an extracellular N-
terminus connected with seven transmembrane alpha (a)-helices and an intracellular
C-terminus in the structure [10]. The a-helices are linked by three intracellular loops
and three extracellular loops. Different isoforms of CXCR4 have been characterized
based on the encoding of alternate transcriptional splice variants. However, the
CXCR4-B isoform (352 amino acid residues) is considered as a canonical sequence
and expressed abundantly in nature. CXCR4 in humans has 89% similarity compared
to CXCR4 in mice (359 amino acid residues), and they both express in embryonic and
mature tissues [5, 11-12]. Mutation studies have considered that the N-terminus and
three extracellular hydrophilic loops of CXCR4 contribute to chemokine binding. In
contrast, the binding pocket composed of transmembrane a-helices helps to activate
the receptor and enhance the binding affinity of receptors and ligands [5, 13-14]. On
the other hand, mutations involved in C-terminus truncations have been found to
associate with warts, hypogammaglobulinemia, infections, and myelokathexis
(WHIM) syndrome [5, 15].

Cytoplasmic

. Critical residue

[C] Aipha helix

0% 352
SEOOPBEE-C

Figure 1. Representative CXCR4 protein sequences included the critical residues for
CXCR4 for CXCL12-mediated signaling. A total of 41 residues essential for the
CXCL12-dependent CXCR4 function are highlighted in red [16]



To date, C-X-C chemokine type 12 (CXCL12, or stromal cell-derived factor-1
(SDF-1), macrophage migration inhibitory factor (MIF) and ubiquitin have been
found as the endogenous ligands of CXCR4 [17-19]. The cognate interaction between
CXCR4 and CXCL12 is well-known in various cell types including cancer cells. As
shown in Figure 2, they activate multiple downstream signaling pathways such as
PI3K-AKT, PLC-Ca?*, Ras-MAPK, and Jak-STAT for chemotaxis, proliferation and
gene transcription of cancer cells. Other pathways relating to stem cells, such as
Wnt/B-catenin, SHH-GLI-NANOG, Notch, contributed to CXCR4 expression and led

to the proliferation and invasion of cancer cells [20].
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Figure 2. Signaling pathways mediating tumorigenicity of cancer cells via
CXCR4/CXCL12 (or CXCR4/SDF-1a) axis [20]

2.2. CXCR4/CXCL12 axis role in breast cancer cells

Breast cancer is the leading diagnosed heterogeneous disease in women
worldwide [21]. In recent years, the disease incidence rate in women has tended to
increase slightly, which is considered to come from the decline of fertility rate and the
increase of body weight [22]. After a long-term decline, the downward trend of death
rate by breast cancer has slowed [22]. Many risk factors generate the disease,
including non-modified and modified risk factors. Non-modified factors include



gender, age, heredity and family history of breast cancer [23]. Other factors such as
non-physical activity, obesity, reproductive history, using hormone replacement
therapy, drinking alcohol, smoking, exposure to chemicals or radiation are considered
as modified factors [23]. According to the US Centers for Disease Control and
Prevention (CDC), breast cancer is defined as the cluster of over-grow cells and begin
in any part of the breast. Common breast cancers are primarily found in lobules and
ducts, such as invasive lobular carcinoma, ductal carcinoma and ductal carcinoma in
situ (DCIS). In breast cancer, estrogen receptor (ER), progesterone receptor (PR),
human epidermal growth factor receptor 2 (HER2) are primary receptors that have
been determined. There are three main subtypes of breast cancer: luminal tumor,
HER-2 enriched tumor and basal-like tumor. Luminal tumors express ER and/or PR
positively, whereas basal-like tumors lack the hormone receptors and HER-2 [24]. In
addition, the majority of basal-like cancers are accounted for triple-negative breast
cancers (TNBC).

In the research of Muller et al. (2001) [25], the CXCR4 receptor was first
described as involved in solid cancer dissemination and highly expressed in malignant
breast tumors and metastases. At the transcription level, the binding of hypoxia-
inducible factor 1 alpha (HIF-1a) and HIF-2 to respond to the hypoxia in the tumor as
well as the binding of NF-kB in CXCR4 gene promoter that induce the transcription
of CXCR4 and subsequently activate the CXCR4/CXCL12 signaling pathways [20].
In addition, the stabilized HIF-1a in the hypoxia state leads to CXCR4 expression and
activates the expression of vascular endothelial growth factor (VEGF) genes. A high
VEGF level is considered that promotes metastasis and angiogenesis of breast cancer
by two action manners (i.e., paracrine and autocrine manners) [20]. At the
posttranscriptional and translational levels, like other solid tumors, CXCR4 and the
CXCR4/CXCL12 axis activate multiple signaling pathways that contribute to cancer
progression, cancer invasion and distant metastasis [6, 20, 26]. In the tumor
environment, stromal fibroblasts, endothelial cells and immune cells are non-
cancerous cells that are connected with connective tissue and extracellular matrix and
support tumor structure, angiogenesis and tumor growth [26]. CXCL12 has been

found highly expressed in cancer cells and stromal cells associated with tumors [20].



Therefore, it stimulates tumor proliferation and invasion by attracting inflammatory
factors, vascular and stromal cells into the tumor mass [26]. Subsequently, they
contribute to tumor growth by releasing pro-angiogenetic and tumor-growth factors,
cytokines and chemokines. In breast tumor tissues, they have shown some level of
CXCRA4 expression. It increases with the differentiation of tumor (or tumor grade) in
normal breast tissue (20%), ductal carcinoma in situ (43%) and invasive breast tissue
(67%) [27]. It is also upregulated in HER-2 negative breast tumors and is more likely
to increase aggressiveness and recurrence [28]. According to the research of Chu et al.
(2010), CXCR4 is highly expressed in nearly 75% of TNBC patients [29].

2.3. CXCR4 antagonists

Several CXCR4 antagonists have been developed as potential candidates for
cancer chemotherapy. The CXCR4 antagonists are categorized based on the structures

as follows.
2.3.1. Synthetic compounds

The design of the synthesis of the CXCR4 antagonist was started in 1990. The
first generation of CXCR4 antagonists is bicyclam analogs. Plerixafor (AMD3100) is
the first CXCR4 antagonist approved by the US-FDA and used as a mobilizer of
hematopoietic stem cells in cancer patients [30]. However, AMD3100 has limitations
in treating solid tumors because of toxic side effects and poor pharmacokinetics in
long-term use [31]. The 2" and 3™ generation analogs based on AMD3100 and
AMDO070, novel mono and bicyclic heterocycles ureas and guanidines, have been
investigated [30]. The synthetic compounds as the CXCR4 antagonists or inhibitors
are listed in Table 1.
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Table 1. List of synthetic CXCR4 inhibitors

Code name Structure Biological activities Study profile  Ref
AMD3100 + i Prevent the growth of  NCT01339039 -
bevacizumab glioblastoma cells (Phase 1)
HNAL ;q/i Inhibit the growth of
N NH Ewing sarcoma, NCT01288573 -
AMD3100 ﬁNH /\©\/"L neuroblastoma, brain (Phase 1, 2)
W ™ tumors
Nam Inhibit the growth
i NN refractory metastatic =~ NCT00591682 *
MSX-112 EN: “v@H or locally advanced (Phase 1)
N solid tumors
Q)j\”“rr Inhibit migration and
g metastasis in Preclinical (in
BPRCX807 ﬁ*«rf\ﬂ hepatocellular vitro, in vivo) [31]
BESN O carcinoma cells
- N\_/
AMDO70 L\W 8 Block HIV entry Phase | (32]

(Mavorixafor) @"\)—/ CXCR4 antagonist

(Note: [*] Based on the clinical trial number and study phase of drugs on

clinicaltrials.gov website)
2.3.2. Modified peptides

Peptide-based CXCR4 antagonists were designed based on the natural ligand
and polyphemusin | and Il discovered from horseradish extracts. The polyphemusin
was initially used in the treatment of HIV [33]. However, this peptide had toxicity and
low efficiency, and it was further developed to TN14003. TN14003 comprises 14
amino acids bound by peptide bonds and has the S-S bond between positions 4 and 13
(Figure 3) [34]. TN14003 has a high inhibitory effect on the CXCR4 receptor with
reasonable specificity and has low toxicity. However, it has poor pharmacokinetic
properties. They are also very stable in biological fluids and further developed into

cyclic peptides [35].
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Figure 3. The chemical structure of TN14003

The cyclic peptides were developed from TN14003 by studying the position of
essential amino acids and eliminating unnecessary parts. The critical amino acid
residues of TN14003 that interact with the CXCR4 receptor were four amino acids at
positions 2, 3, 5 and 14 (Figure 4) [36]. The design was then coiled by four amino
acids to form a new structure called a small cyclic peptide (Figure 5) [36-37]. In Table

2, several small peptides and cyclic peptides were developed as CXCR4 inhibitors.

1 2 3 4 5 6 7
Arg——Arg—Nal-—Cys—Tyr——Cit—Lys 8
I\s D-Lys
l Pro9

H,N——Arg——Cys—Cit—Arg—Tyr
14 13 12 11 10

Figure 4. Positions of essential amino acids for binding to CXCR4 receptors [36]
o) (o)

L aul o K O
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2 HZN’QNI_| 2

Pentixafor Pentixather

Figure 5. Chemical structures of small cyclic peptides [36-37]



Table 2. List of small and cyclic peptide-based CXCR4 inhibitors

Code name Structure Biological activities Stqu Ref
profile
:>_\N 0, |_Z_3_4_5_§_7 - -
CCIC16 [?"} o kYT y Y\T'L“ Block HIV entry g Eeﬁ.'ifécﬂ [33]
Son __r__ CXCR4 antagonist vivo)
ARt e AR ini
FBn- OA /s ores } Block HIV entry g;e\?.li?f?rl] [34]
TN14003 prou CXCR4 antagonist N
HNJ\( wm*g. pkr YQ Vivo)
s s Block HIV entr Preclinical
T22 H2N—RRW(IJYRKCYKGYCYRK(I:R—CONHz - A y (in vitro, in [38]
& Anti-RA activities .
Vivo)
Inhibit cancer
CTCE-9908 KGVSLSYRKRYSLSVGK growth and Phase Il [39]
metastases
FC131 t—% BIO(_:k HIV e_nt_ry I?rec_llnlcz_;ll [36,
(Pentixafor) Anti-RA activities  (in v_|tro, in 40]
\?4 CXCR4 antagonist Vivo)
HZN’£ NH’
Lé = Block HIV entry Preclinical [36-
Pentixather Anti-RA activities  (in vitro, in 37]
\\H\N CXCR4 antagonist vivo)

2.3.3. Natural compounds

Natural compounds have shown the safety and the potency to be alternatives for
chemically synthesized drugs when they possess many pharmacological activities,
especially anti-cancer activities and less system toxicity. Several natural compounds
have been investigated to downregulate the overexpression of CXCR4 in cancer cells

(Table 3). However, only a few CXCR4 antagonists have been evaluated under

clinical trials for treating CXCR4 implicated cancers.



Table 3. List of natural compound-based CXCR4 inhibitors
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Code name

Structure

Biological activities

Study
profile

Ref

Silibinin

Inhibit migration and
invasion of breast
cancer cells via AKT-
ERK pathways
induced by CXCL12

Preclinical
(in vitro)

[41]

Acetyl-11-
keto-f3-
boswellic
acid
(AKBA)

cH;

Suppress the
CXCL12-induced
invasion of pancreatic
cancer and breast
cancer cells

Preclinical
(in vitro)

[21]

Ginsenoside
Rg3

Inhibit CXCR4
expression in
metastatic breast
cancer cell lines at a
non-cytotoxic dosage
Decrease the cancer
migration and
invasion induced by
CXCL12 in wound
healing assay

Preclinical
(in vitro)

[42]

Baohuoside
I

Suppress the CXCR4
transcription in
prostate cancer,
myeloma,
osteosarcoma, and
skin cancer cells
Inhibited CXCL12-
induced invasion of
cervical cancer and
breast cancer cells

Preclinical
(in vitro)

[43]

2.4. Aporphine alkaloids

Aporphine alkaloids are tetracyclic compounds, grouping as a subset of the

tetrahydroisoquinoline (or benzylisoquinoline) alkaloids and contain a single chiral

center at position C6a (Figure 6) [44]. More than 500 compounds have been reported

and isolated from many plant families [45]. In natural aporphines, the C1 and C2

positions are always substituted by hydroxyl, methoxy or methylenedioxy groups.
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They also are present at positions C9, C10 and C11, less frequently at C3 and C8 and
C4 or C7 is oxygenated in a few cases [46].

Figure 6. The general structure of aporphine alkaloids

2.4.1. Boldine

Boldine is an aporphine alkaloid characterized by a high polyphenol content
and found in many parts of the Peumus boldus, such as leaves, bark and roots. It has
shown anti-oxidant, anti-inflammatory properties and anti-proliferative response in
cancer cells [47]. It was proved to induce apoptosis pathways in bladder cancer cells
[48] and possess protective effects against rat hepatocarcinoma in the in vivo study
[49]. According to the study of Paydar et al. [50], cytotoxic effects of boldine have
been investigated on human invasive breast cancer cells with the half-maximal
inhibitory concentration (ICso) of 46.5+3.1 pg/mL (MDA-MB-231) and 50.8+2.7
pg/mL (MDA-MB-468) after 48 hours (hrs), respectively. Moreover, boldine has
shown antitumor activity by reducing the tumor size of breast adenocarcinoma cells

on in vivo rat models [50].
2.4.2. Methoxy-8-uvariopsine

Methoxy-8-uvariopsine, an aporphine alkaloid, was first isolated from the bark
of Uvariopsis guineensis Keay and described in research of Leboeuf et al. in 1972
[51]. This compound has been found in Stephania pierrei Diels [52]. However, their

anti-cancer activity has yet investigated so far, except in this study.
2.4.3. Crebanine

Crebanine is an aporphine alkaloid commonly found in Stephania genus. In

the research of Wongsirisin, crebanine isolated in Stephania venosa significantly
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inhibited the proliferation of human cervix cancer cell lines and leukemia and
fibrosarcoma cells via the GO/G1 cell cycle arrest and apoptosis mediation [53]. It
also inhibits the proliferation of lung, breast and ovarian cancer cells via reducing NF-
kB activity and expression of proteins regulated by NF-«B [54]. Crebanine also
mediated the alpha-7 nicotinic acetylcholine receptor and enhance the memory and

cognition on mice [55].
2.4.4. Dehydrocrebanine

Dehydrocrebanine has been found in Stephania genus and demonstrated anti-
cancer activity on several cancer cells. Dehydrocrebanine isolated from Stephania
glabra (Roxb.) Miers was reported to have significant cytotoxic effects on cell lines
of human ovarian carcinoma (OVCAR-8) and breast adenocarcinoma (MDA-MB-
231) with 1Cso of 1.38+ 0.05 pg/mL and 5.00 £ 0.03 pg/mL, respectively [56]. It
showed the strong cytotoxicity effect to promyelocytic leukemia cells (HL-60),
cholangio carcinoma (HUCCA-1), acute lymphoblatic leukemia (MOLT-3) and breast
cancer (BC) cells [57].

2.5. Production of recombinant chemokine receptor
2.5.1. Molecular cloning

Molecular cloning of an interest protein or specifically chemokine receptor
allows rapid research about its structure, function, expression or regulation and
evolution. There are three common elements required for cloning a chemokine
receptor: a library of cloned DNA, transfection method and function assays to
examine the relevant clone. Two basic choices for constructing a DNA library: (1)
total genomic DNA extracted from cells in an organism of interest and (2)
complementary DNA from poly-A-tail tagging RNA of a cell type known to produce
a receptor of interest [58]. Plasmids or bacterial virus vectors and bacterial competent
cells such as E. coli are main components for cloning of gene coding receptor of

interest.
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2.5.2. Genetic transfection

Genetic transfection plays an essential role in linking genomics and proteomics
studies aiming to study the function of genes or gene products. It is useful for
analyzing the regulation of gene expression and production of recombinant proteins
by introducing foreign genetic materials into the eukaryotic cells or the animal models
[59]. The genetic materials can be DNA, RNA, messenger RNA, small interfering
RNA, microRNA and short hairpin RNA [60]. There are two types of gene
transfection, namely transient and stable transfection. Transient transfection is when
the introduced gene is not integrated into the host cell genome and is only expressed
quickly. In contrast, stable transfection is in which the introduced gene is either
integrated into the genome of the host cell or maintained in episomal form (also called
circular extrachromosomal DNA or plasmid) [59-60]. For stable transfection,
antibiotic resistance genes on the introduced genetic material can be used as markers
for selecting the cells that have genome integrated with the transfected gene or carry
the transfected gene to generate a cell line stably expressing the gene of interest [59-
60]. Therefore, the technique helps test interaction between the selective probes and

targeting proteins of interest.
2.6. Competitive binding assays

The competitive binding assay is a technique used to determine binding affinity
between a drug and its targets such as receptor and enzyme. The binding affinity is an
essential pharmacodynamic property to explain how the drug exerts pharmacological
action and potency. The common methods used in the competitive binding assays are

presented as follows.

In a competitive binding assay, the binding affinity (Ki) of a non-labeled ligand
to a receptor can be determined in the presence of a labeled ligand [61-62]. The K
value can be calculated via the Cheng-Prusoff transformation equation [61, 63].
Therefore, the increasing concentration series of potential compounds will be tested in
a fixed concentration of the labeled probe. The compounds that interfere with the

probe binding to the receptor will decrease the signal from the probe.



17

The Cheng-Prusoff transformation equation:

| (OF
Ki L]
1+

Kq

[L]: the free concentration of the labeled ligand

Ki: the equilibrium inhibitor constant (or binding affinity) of the non-labeled

compound

Kaq: the equilibrium dissociation constant (or affinity constant) of the labeled
ligand

ICso: the concentration of non-labeled compound which inhibits 50% specific
binding of the labeled ligand.

2.6.1. Radioligand binding assays

Radioligand binding assays have been developed to measure ligand binding
affinity to a target receptor for a long time. It has shown robustness and sensitivity.
Radioligand binding assays include three main types: competitive, saturation and
kinetic assays. For competitive binding assay, the relative affinities (Ki values) of test
compounds bind to receptor sites on cells is determined by radioactive signals from a
radioligand. Particularly, a range of concentrations of unlabeled compounds with a
fixed concentration of radioligand is performed, and ICso of tested compounds is

determined.
2.6.2. Fluorescence-based binding assays

In previous studies, most binding assays used radioactive-labeled ligands or
antibodies as competitive materials to evaluate their binding affinities to a receptor.
However, this is not user-friendly, with poor stability and high background signals
[64]. Thus, a fluorescent labeling approach is developed to reduce the harm of

radioactive materials.
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CHAPTER 3. RESEARCH METHODOLOGY

3.1. Materials
3.1.1. Chemicals and reagents

Table 4. List of chemicals and reagents

Chemicals and reagents

Origin

Agarose

Agar powder

AMD3100 (plerixafor)

Ampicillin (250 mg/mL)

Boldine

Bovine serum albumin

CloneJET PCR cloning kit

Clonidine hydrochloride (Clonidine.HCI)
Deionized water

Dimethyl sulfoxide

Dulbecco's modified Eagle's medium
Dulbecco's phosphate-buffered saline
Ethylenediaminetetraacetic acid (EDTA)
FACS buffer (2% FBS, 0.02% NaN3z in PBS)
FastDigest restriction enzymes kit
Favorprep kit

Fetal bovine serum

GenepHlow™ gel/PCR kit

GeneRuler™ 1kb DNA ladder
GeneRuler™ 100 bp DNA ladder
Glacial acetic acid

Glycerol (80%)

Hygromycin B Gold (100 mg/mL)
Isotype PE-conjugated anti-mouse IgG antibody
L-Glutamine

Omnipur- Merck KgaA, Germany
Himedia, India

Biotek Abadi SDN, Malaysia
Santa Cruz Biotechnology
Sigma-Merck KGaA, Germany
Thermo Fisher Scientific, USA
Tocris Bioscience, UK
Sigma-Merck KGaA, Germany
Thermo Fisher Scientific, USA
Thermo Fisher Scientific, USA
KEMAUS, Australia
Sigma-Merk KGaA, Germany
Thermo Fisher Scientific, USA
Favorgen, Taiwan

Thermo Fisher Scientific, USA
Geneaid, Taiwan

Thermo Fisher Scientific, USA
Thermo Fisher Scientific, USA
Qrec, New Zealand

KEMAUS, Australia
InvivoGen, USA

Biolegend, USA

Thermo Fisher Scientific, USA
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Chemicals and reagents

Origin

Lipofectamine 3000 reagents
Methylthiazolyldiphenyl-tetrazolium bromide
(MTT)

Nuclease-free water

Opti-MEM™ reduced serum medium
Paraformaldehyde (PFA)
Penicillin-streptomycin (10,000 U/mL)
PE-conjugated anti-human CD184 antibody (clone
12G5)

Poly-L-lysine solution (0.01%)

pTriEX 1.1 Hygro expression vector

Red safe nucleic acid staining solution (20,000 x)
RevertAid first-strand cDNA synthesis kit
Sodium azide (NaNs,

Sodium chloride (NaCl)

T4 DNA ligase (5 Weiss U/uL)
Tris(hydroxymethyl)aminomethane (Tris)
Trypsin-EDTA solution (0.25%)

Trypton

Yeast extract

1X Tris-acetate EDTA (TAE) buffer

InvivoGen, USA
Sigma-Merck KGaA, Germany

ITW reagents-AppliChem, Germany
Thermo Fisher Scientific, USA
Sigma-Merck KGaA, Germany
Thermo Fisher Scientific, USA

Biolegend, USA

InvivoGen, USA
Novagen-Merck KGaA Germany
iINtRON Biotechnology, Korea
Thermo Fisher Scientific, USA
Sigma-Merck KGaA, Germany
KEMAUS, Australia

Thermo Fisher Scientific, USA
OmniPur-Merck KGaA, Germany
InvivoGen, USA

Himedia, India

Himedia, India

Laboratory preparation

3.2. Methods

3.2.1. Tested compounds

Extracted compounds of Stephania pierrei (crebanine, dehydrocrebanine and

methoxy-8-uvariopsine) were obtained from our

laboratory. AMD3100 and

clonidine.HCI was diluted in water as stock solutions at 1 mM.
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3.2.2. Cell culture

Human embryonic kidney (HEK)-293T cell line and human breast
adenocarcinoma cell line (MDA-MB-231) (ATCC, VA, USA) were grown in
complete DMEM media (DMEM supplemented with 10% FBS, 1% penicillin-
streptomycin and 1% L-glutamine) at 37°C and 5% CO> atmosphere. Escherichia coli
(E. coli) strain DHS5a (DH5a E. coli) cells (New England Biolabs, MA, USA) were
grown in Lennox (or LB) media. LB media was prepared by Trypton 10 g/L, yeast
extracts 5 g/L and NaCl 5 g/L. For LB agar, agar powder was added at a final

concentration of 1.5%.
3.2.3. Construction of recombinant CXCR4 plasmids

The RNA extracted from the Jurkat cell (T cell line) was used as a template for
5 isotypes of CXCR4 (A, B, C, D and E) amplification. Complementary DNA
sequences (cDNAs) were synthesized using the RevertAid First Strand cDNA
Synthesis kit. Full-length CXCR4 coding sequences of 5 isotypes were amplified
according to the polymerase chain reaction (PCR) using specific primers as shown in
Table 5. The primers are designed specifically for each CXCR4 isotype which is
introduced EcoRI and Xhol restriction sites at the 5' ends of forward and reverse

primers, respectively.

Table 5. Sequences of designed CXCR4 primers

Primers Sequences

CXCR4-a Forward 5GAATTC TATGTC CATTCCTTT GCCTCT
CXCR4-b Forward 5 GAATTC TAT GGA GGG GAT CAG TAT ATA
CXCR4-c/d Forward 5 GAA TTC TAT GGA GGG GAT CAG TGA AAA
CXCR4-e Forward 5 GAATTC TAT GGG CTC AGG GGA CTATGA
CXCR4 Reverse 5 CTC GAG TTAGCT GGA GTG AAAACT TG

The CXCR4-A, -B, -C, -D, and -E amplicons were molecularly ligated into a
cloning vector, pJET1.2/blunt vector according to the manufacturer's instruction.
Then, they were subsequently subcloned into pTriEX™-1.1 Hygro expression vector.
The pTriEX™-1.1 Hygro plasmid and CXCR4-A, -B, -C, -D, and -E-pJET1.2/blunt



21

plasmids were digested by EcoRI and Xhol restriction enzymes. Gel electrophoresis is
performed to determine the efficiency of enzyme digestion. The agarose gels
containing the linear pTriEX™-1.1 Hygro plasmid and CXCR4-A, -B, -C, -D, and -E
coding sequences were excised and purified by GenHlow™ Gel/PCR kit. Finally, the
purified digested CXCR4-A, -B, -C, -D, and -E fragments were molecularly ligated to
the linear pTriEX™-1.1 Hygro plasmid using a T4 DNA ligation Kkit. The ligations
were transfected into competent DHS5a E. coli cells by the heat-shock method.
Transformed DH5a E. coli were spread on the LB agar supplemented with 100 pg/mL
of ampicillin (LB-A) agar plate and incubated at 37°C for 16-18 hrs. The DH5a E.
coli colonies on LB-A agar were randomly screened by colony PCR using universal
plasmid-specific primers (T7 promoter and IRES reverse primers). Table 6 displayed
colony PCR master mix preparation, and Table 7 presented the conditions set up for
colony PCR reaction. The PCR product was visualized on 1% aragose gel by gel

electrophoresis.

Table 6. Master mix preparation for colony PCR

PCR master mix component Volume (uL)
Taq buffer 1.25
2 mM MgCl; 0.75
dNTP 0.5
Primer forward 0.25
Primer reverse 0.25
Taq DNA polymerase 0.1
Nuclease-free water 9.4

Total volume 12.5
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Table 7. Conditions for the colony PCR reaction

PCR steps Temperature Time Cycle
Initial denaturation 95°C 10 min 1
Denaturation 95°C 30 sec
Annealing 55°C 30 sec 30
Extension 72°C 1:15 min
Final extension 72°C 10 min 1
End 10°C Pause

The recombinant CXCR4-A, -B, -C, -D, and -E-pTriEX™ 1.1 Hygro plasmids
were extracted by the Favorprep kit. Briefly, the DH5a E. coli transformants carrying
CXCR4-A, -B, -C, -D, and -E-pTriEX™ 1.1 Hygro plasmids were cultured
individually in LB media supplemented with 100 pug/mL of ampicillin at 37°C, 250
rpm-shaking for 16-18 hrs. After pelleting, the CXCR4-A, -B, -C, -D, and -E -
pTriEX™ 1.1 Hygro plasmids were extracted following the manufacturer's instruction
and quantified the concentration by Nanodrop 8000 UV-Vis spectrophotometer
(Thermo Scientific). The CXCR4-pTriEX™ 1.1 Hygro plasmids were sequenced and
analyzed by CLC Main Workbench 20 (Qiagen Digital Insights). The amino acid
sequences of all CXCR4 isotypes were deduced and aligned with CXCR4 sequences
in the databases by Basic Local Alignment Search Tool (BLAST) programs supported
by the National Center of Biotechnology Information (NCBI) website and Clustal
Omega program.

3.2.4. Generation of stable CXCR4-overexpressed cell line
3.2.4.1. Hygromycin B kill curve/titration

The HEK293T cells were transfected with CXCR4-pTriEX™ 1.1 Hygro
plasmids harboring the hygromycin resistance (hph) gene. Thus, the cells can be
selected with hygromycin B to obtain stable cell lines. Briefly, hygromycin B titration

was performed to determine the optimal antibiotic dose for selecting the stable cell
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colonies. The experiment was based on hygromycin B quick reference protocol
(MirusBio, US). In particular, normal HEK293T cells were seeded in a 96-well plate
(10 cells in 0.1 mL complete DMEM media per well) and incubated at 37°C and 5%
CO2 condition for 1 day. When the cell confluence reached > 80%, various
concentrations of hygromycin (0, 150, 200, 250, 500, 600, 700 and 800 pg/mL) were
added to the HEK293T cells and incubated for 7 days. The cell cultures were
examined every day under microscopy for visual toxicity, while the selective media
were replaced every 2-3 days up to a week. After 7 days of selection, the lowest
concentration of antibiotic at which all cells were dead was considered as the optimal
dose. Moreover, the high dose was the concentration of antibiotic at which cells were
killed within the first 2-3 days of selection. The low dose was the antibiotic

concentration at which minimal toxicity was observed after 7 days.

3.2.4.2. Stable transfection of CXCR4-pTriEX™ 1.1 Hygro plasmids in
HEK?293T

Normal HEK293T cells were seeded in a 24-well plate (1.5 x 10° cells in 0.5
mL complete DMEM media per well) for 1 day to reach confluency around 70-90%
before stable transfection. HEK293T cells were transfected respectively with 0.5 pg,
1 pg and 1.5 pg of CXCR4-pTriEX™-1.1 Hygro plasmids using lipofectamine 3000
reagents for 2 days. One well was used as a negative control. After 2 days of
incubation, both transfected and normal cells were treated with hygromycin B at the
optimal concentration as described in 3.2.4.1. The cell cultures were examined every
day under microscopy for the signs of visual toxicity. Distinct colonies of surviving
cells that appeared in the transfected cell cultures were considered as the colonies of
stably transfected cells with recombinant CXCR4 (or rCXCR4) plasmids. In contrast,
normal cells were killed entirely in the negative control. The fresh complete DMEM
supplemented with an optimal concentration of hygromycin B was replaced every 3-5
days to remove dead cells and debris. After transfected HEK293T cells reached 90-

100% confluence, the rCXCR4 expression was determined by flow cytometry.
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3.2.5. Isolation of CXCR4-overexpressed HEK293T

For stably highly CXCR4 expressed HEK293T cells isolation, the rCXCR4-
expressed HEK293T cells (2 x 10° cells) were collected and washed with the filtered
sorting buffer (2% FBS in PBS). The rCXCR4-expressed HEK293T cells were
blocked with 20% FBS in sorting buffer and incubated on ice for 30 minutes (min).
After washing, the rCXCR4-HEK?293T cells were stained with phycoerythrin (PE)-
conjugated anti-human CD184 (anti-hCD184) antibody for 30 min on ice. Then, the
transfected cells were washed and filtered using the sorting tubes with filter caps. The
rCXCR4 expressed HEK293T cells were detected and sorted by fluorescence-
activated cell sorting (FACS) flow cytometer. Finally, the sorting cells were washed
with complete DMEM and incubated at 37°C, 5% CO,.

3.2.6. Freezing cell stock and mycoplasma contamination test

After the stable CXCR4-transfected HEK293T and isolated CXCR4-
overexpressed HEK293T cells expanded in the T75 flask at the high confluence (90-
100% confluence), they were detached by 0.25% trypsin-EDTA and washed with
PBS, pH 7.4 (~10 mL) twice by centrifuging at speed 150 x g and 25°C for 5 min.
Cell pellets were re-suspended in the freezing media containing 90% FBS and 10%
DMSO and divided into each cryovial at concentration 1-1.5 x 10° cells/mL to freeze
as the cell stocks. The cryovials were kept in a freezer at temperature -80°C before

storing in a liquid nitrogen tank.

The contamination of mycoplasma (MP) bacteria in the cell cultures was tested
by PCR technique. Briefly, cell cultures of CXCR4-transfected HEK293T cells were
collected in microcentrifuge tubes (~500 pL) and boiled for 5 min. The air pressure in
the tubes should be released every 10-20 seconds [48]. Sample tubes were centrifuged
at 10,000 x g, and the sample supernatants were used for PCR. Table 8 and Table 9
displayed PCR master mix preparation and the conditions set up for mycoplasma
contamination test, respectively. The test is based on detecting the 16S rRNA gene of
Mycoplasma species commonly found in contaminated cell cultures [65]. It is an
essential step to keep our cells are homogenous and protect the DNA sequence of

cells from the changes caused by mycoplasma.
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Table 8. PCR master mix preparation for mycoplasma contamination test

PCR master mix component Volume (uL)
Taq buffer 1.25
2 mM MgCl; 0.75
dNTP 0.5
Primer forward (specific for MP) 0.25
Primer reverse (specific for MP) 0.25
Taq DNA polymerase 0.1
Nuclease-free water 7.4
Total volume 10.5

Table 9. PCR condition for mycoplasma contamination test

PCR steps Temperature Time Cycle
Initial denaturation 95°C 30 sec 1
Denaturation 95°C 10 sec

Annealing 55°C 30 sec 34
Extension 68°C 35 sec

Final extension 68°C 5 min 1

End 4°C Pause

3.2.7. Investigation of CXCR4 expression in HEK293T cells

The CXCRA4-transfected HEK293T cells, the CXCR4-overexpressed HEK293T
cells, and the isolated cells after cell sorting described in 3.2.4 were investigated for
expression level. The CXCRA4-transfected HEK293T cells were first detached by
0.25% trypsin-EDTA and washed with PBS, pH 7.4. They were prepared in
microcentrifuge tubes (1-2x 10° cells) and centrifuged at speed 10,000 x g for 1
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minute by microcentrifuge (Eppendorf-5417C). The supernatant was discarded, while
the cell pellet was washed with PBS (500 uL) and centrifuged at 10,000 x g for 1
minute. For blocking the binding of antibodies with the fragment crystallizable (Fc)
receptors on cells and reducing of fluorescent background, the cell pellet was then
incubated with 50 pL of 10% human AB serum in FACS buffer for 30 min and
stained with 2.5 uL of PE-conjugated anti-hCD184 antibody (1:200) on ice for 30 min
in dark. After washing, the transfected cells were fixed with 500 pL of 1%
paraformaldehyde (PFA) in FACS buffer in 5 mL-polystyrene ground-bottom tubes
and detected signal by FACSCalibur flow cytometer (Becton Dickinson Biosciences,

US). The HEK?293T cells were parallelly stained as the background control.
3.2.8. Verification of CXCR4-overexpressed HEK293T cells
3.2.8.1. Saturation binding assay of PE-conjugated anti-hCD184 antibody

To perform this experiment, 1x10° of CXCR4 highly expressing HEK293T cells
and normal HEK293T cells were seeded onto a poly-L-lysine pre-treated 96-well
black plate and incubated at 37°C, 5% CO. atmosphere 16-18 hrs. The monolayers of
both cells were washed with PBS, pH 7.4 and fixed with 4% paraformaldehyde in
PBS for 20 min at room temperature. Then, the cells were blocked with 5% BSA in
PBS at room temperature for 30 min. After washing, the cells were incubated with
various concentrations of PE-conjugated anti-CXCR4 antibody (1, 5, 10, 50, 100,
250, 500, 1000, 5000, 10000 and 20000 pM) at room temperature in dark for 1 hour.
The cells treated with only PBS were considered as negative controls. After washing,
the fluorescent signal was detected at excitation and emission wavelengths of 550 and
578 nm, respectively, using spectrophotometric microplate reader Synergy™ H1
(BioTek-Agilent, USA). The half-maximal effective concentration (ECso) of anti-
hCD184 antibody was calculated using GraphPad Prism 9 (GraphPad Software Inc.,
CA, USA).

3.2.8.2. Competitive binding assay of CXCR4 antagonist (AMD3100)

To perform a competitive binding assay, the CXCR4 highly expressing
HEK?293T cells and normal HEK293T cells (1x10° cells/well) were seeded separately
onto a poly-L-lysine pre-treated 96 well black plates and incubated at 37°C, 5% CO;
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atmosphere for 16-18 hrs. After washing with PBS, the monolayer cells were fixed
with 4% PFA in PBS at room temperature for 20 min, followed by blocking with 5%
BSA in PBS for 30 min at room temperature. Six serial concentrations of AMD3100
(0.5, 5, 50, 500, 5000 and 50000 nM) were added to the designed wells (Figure 7) and
incubated for 30 min at room temperature. The cells treated with only PBS were
considered as a negative control. After washing, the monolayer cells were incubated
with a fixed concentration of PE-conjugated anti-hCD184 antibody for 30 min in dark
at room temperature. The fixed concentration of antibodies was given from the
saturation binding assay. The fluorescent signal was determined as described above.
The half-maximal inhibitory concentration (ICso) of the AMD3100 was analyzed by
GraphPad Prism 9.
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Figure 7. The designed 96-well plate for competitive binding assay of AMD3100

3.2.9. Determination of binding affinity of natural compounds to CXCR4
3.2.9.1. Cytotoxicity assay of natural compounds in cancer cell lines

MDA-MB-231 cells were seeded into 96-well plates at a density of 20,000
cells/well in 200 pL of complete DMEM media cultured for 24 hrs at 37°C in a 5%
CO. atmosphere. Natural compounds (crebanine, dehydrocrebanine and methoxy-8-

uvariopsine) were dissolved in DMSO and diluted with serum-free media to obtain
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the final concentrations at 1, 10, 20, 50 and 100 uM. Complete media containing
0.5% DMSO served as the negative controls. Cells were then treated with natural
compounds at indicated concentrations. After 1 day of incubation, the media was
removed, and the cells were washed twice with phosphate-buffered saline (PBS, pH
7.4). Cell viability was evaluated using the MTT assay. MTT solution (1 mg/mL in
serum-free media) was added into cell culture (200 pL per well) and incubated in the
dark for 3 hrs. The MTT solution was removed, and 200 pL. DMSO was added to
each well to solubilize formazan crystals. The absorbance of the formazan solution
was measured at a wavelength of 570 nm using a microplate reader. The experiment
was performed with three replicates for each treatment. The half-maximal inhibitory
concentration (ICso) values of the natural compounds were determined based on the
percentage of cell viability.

3.2.9.2. Competitive binding assay of natural compounds

Similar to the competitive binding assay of AMD3100, the CXCR4 highly
expressing HEK293T cells and normal HEK293T cells (1x10° cells/well) were seeded
separately onto a poly-L-lysine pre-treated 96 well black plates and incubated at 37°C,
5% CO> atmosphere for 16-18 hrs. After washing with PBS, the monolayer cells were
fixed with 4% PFA in PBS at room temperature for 20 min, followed by blocking
with 5% BSA in PBS for 30 min at room temperature. Various concentrations of
natural compounds were added to the indicated wells (as designed in Table 10) and
incubated for 30 min at room temperature. The cells treated with only PBS were
considered as the first negative control. In addition, clonidine hydrochloride and
AMD3100 were used as the second negative control and positive control,
respectively. After washing, the monolayer cells were incubated with a fixed
concentration of PE-conjugated anti-hCD184 antibody for 30 min in dark at room
temperature. The fluorescent signal was determined at excitation and emission
wavelengths of 550 and 578 nm, respectively, using spectrophotometric microplate
reader Synergy™ H1 (BioTek-Agilent, USA). The half-maximal inhibitory

concentration (1Cso) of the natural compounds was analyzed by GraphPad Prism 9.
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Table 10. The concentrations of natural compounds in different trials

Trial Concentrations Vehicle
1 0.5 nM, 5 nM, 50 nM, 500 nM, 5 uM and 50 uM 0.5% DMSO/PBS
2 1pM, 10 pM, 50 pM, 100 pM, 200 uM and 400 UM 100% DMSO
3 1 uM, 10 uM, 50 uM, 100 puM and 200 uM 0.5% DMSO+0.5% Tween 20

3.2.10. Statistical analysis

The cytotoxicity assay and binding assays were performed in triplicates. Data
were analyzed in Microsoft Excel and presented as mean + SD. For the binding assay,
the binding curves were determined by a non-linear regression method using

GraphPad Prism 9 to obtain sigmoidal curves, ECsg and ICso values.
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CHAPTER 4. RESULTS AND DISCUSSION
4.1. Production of CXCR4-overexpressed HEK293T cells

The process of producing the transfected HEK293T cells stably overexpressing
CXCR4 for competitive binding assay of natural compounds targeting CXCR4 was
described as in Figure 8.

1. Construction of N 2. Stable transfection in 3. Investigation of CXCR4
CXCR4 plasmids HEK293T cells and selection expression by Flow cytometry
CXCR4 gene Hygromycin B kill
amplification curve/ titration
L - Blunt-end cloning i
Ligation - DNA insert ligation (sticky-end) Transfection
into vector DNA
Transformation |~ Heatshock method Fluorescence-activated 4. Verify the CXCR4-
- Positive Antibiotic selection cell sorting (FACS) — overexpressed cells for binding
3 ' assay (using CXCR4 antagonists)
Colony PCR Expansion and Freezing ;
the transfected cells
(]
g°
Plasmid extraction E \
: "
Lliﬁ &'.ﬂll:lrlmi!'im‘ﬂf.”&l:ul'millhﬂs
Sequence analysis

Figure 8. Production of transfected HEK293T cells stably expressing recombinant
CXCRA4 for binding assay

4.1.1. Recombinant CXCR4 plasmids construction

A total of five different full-length CXCR4-coding sequences, namely isotypes
A, B, C, D and E, were amplified by PCR. These blunt-end PCR products were
verified by 1% agarose gel electrophoresis. The sizes of CXCR4 coding sequences
were ~1000 base pairs (bp) (Figure 9). The PCR amplicons were ligated into
pJET1.2/blunt cloning vectors and subsequently sub-cloned into pTriEX™-1.1 Hygro
expression vectors (Figure 10). The recombinant CXCR4-A, -B, -C, -D, and -E
plasmids carrying E. coli were randomly screened by PCR (Figure 11 and 14).



31

CXCR4 isotype

M A B C D E

Figure 9. PCR amplicons of DNA sequences coding for 5 isotypes of CXCR4
(~1000 bp). Lane M: 1 kb DNA ladder marker; Lane A: CXCR4 isotype A amplicon;
Lane B: CXCR4 isotype B amplicon; Lane C: CXCR4 isotype C amplicon; Lane D:
CXCR4 isotype D amplicon; Lane E: CXCR4 isotype E amplicon. Numbers at the left
are DNA sizes in bp.
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CXCR4-pJET1.2/blunt plasmid pTriEX1.1 Hygro expression vector

Restriction sites

Xhol and Xhol and
ko) Restriction enzyme digestion EcoR

The digested products are
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CXCR4 Linear pTRIEX 1.1 Hygro vector
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w T ‘
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CXCR4-pTRIEX 1.1 Hygro plasmid

Figure 10. A flow diagram of the CXCR4 cloning procedure
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bp

Figure 11. Representatives of PCR amplicons of DNA sequences coding for CXCR4
(~1000 bp) from the CXCR4-pJET1.2/blunt plasmids. Lane M: 1 kb DNA ladder
marker; Lane 1: Negative control; Lane 2-16: CXCR4 amplicons from E. coli clone 1-
15, respectively. Numbers at the left are DNA sizes in bp

Table 11. Positive results of the transformation of CXCR4 isotypes with
pJET1.2/blunt vectors into E. coli DH5a cells using colony PCR technique

CXCR4 isotype Number of positive colonies Inoculated clones
A 5 A9, All
B 5 B6, B13
C 6 C1,C2
D 6 D1, D2
E 10 E11, E12

To subclone CXCR4 genes into expression vectors, pTriEX™-1.1 Hygro
vectors and CXCR4 fragments from extracted CXCR4-pJET1.2/blunt plasmids were
used and cut by restriction enzymes Xhol and EcoRI (Figure 12 and 13). Total 8
clones of the CXCR4 isotype were successfully digested by enzymes, including A9,
All, B6, C2, D1, D2, E11 and E12. However, only 5 clones (A9, B6, C2, D1, D2 and
E12) were applied for ligation with linear pTriEX™1.1 Hygro vector to construct
CXCR4-pTriEx™1.1 Hygro plasmids and transformation with E. coli DH5a cells.
Similar to the construction of CXCR4-pJET1.2/blunt plasmids, positive colonies
carrying CXCR4-pTriEX™1.1 Hygro plasmid were selected in LB/Amp agar plate
and detected by colony PCR technique.
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Figure 12. The agarose gel of pTriEX™ 1.1 Hygro vectors after enzyme digestion
reaction. Lane M: 1 kb DNA ladder marker; Lane 1: digested pTriEx™ 1.1 Hygro
vectors. Numbers at the left are DNA sizes in bp

Figure 13. The agarose gel of CXCR4-pJETL1.2/blunt plasmids after digestion
reaction with Xhol and EcoRI restriction enzymes. Lane M: 1 kb DNA ladder marker;
Lane 1: digested products of CXCR4-pJET1.2/blunt plasmids of isotypes (a) A9; (b)
B6; (c) C2 (d) D1 and (e) E12, respectively, which contain the band of CXCR4 (~
1000 bp)

M1 2 34567389 1M0MN1

Figure 14. Representatives of PCR amplicons of DNA sequences coding for CXCR4
(~1000 bp) from the CXCR4-pTriEX™ 1.1 Hygro plasmids. Lane M: 1 kb DNA
ladder marker; Lane 1: Negative control; Lane 2-11: CXCR4 amplicons from E. coli
clones 1-10, respectively. Numbers at the left are DNA sizes in bp.
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Concentrations of extracted CXCR4-pJET1.2/blunt and CXCR4-pTriEX™ 1.1
Hygro plasmids were determined by Nanodrop 8000 UV-Vis spectrophotometer and

presented in Table 12.

Table 12. The concentration of extracted recombinant CXCR4 plasmids

Concentration

Concentration

rCXCR4 plasmid rCXCR4 plasmid
(ng/uL) (ng/uL)
A9-pJETL.2/blunt 851.1 A9.1-pTHEX1.1™ Hygro 462.6
A11-pJET1.2/blunt 495.8 A9.2-pTHEX1.1™ Hygro 455.2
B6-pJET1.2/blunt 192.0 B6.1-pTriEX1.1™ Hygro 369.0
B13-pJET1.2/blunt 419.0 B6.2-pTriEX1.1™ Hygro 483.4
C1-pJET1.2/blunt 243.7 C2.1-pTriEX1.1™ Hygro 268.2
C2-pJETL.2/blunt 162.8 C2.2-pTHEXL.1™ Hygro 330.1
D1-pJETL.2/blunt 162.8 D1.1-pTHEXL.1™ Hygro 557.1
D2-pJETL.2/blunt 69.3 D1.2-pTHEXL.1™ Hygro 447.7
E11-pJETL.2/blunt 1255 D2.1-pTHEX1.1™ Hygro 523.9
E12-pJET1.2/blunt 65.8 D2.2-pTriEX1.1™ Hygro 597.6
- - E12.1-pTriEX1.1™ Hygro 827.2
- - E12.2-pTriEX1.1™ Hygro 1005.0

The CXCR4-A, -B, -C, -D, and -E-pTriEX™-1.1 Hygro plasmids were

sequenced, analyzed, deduced, and blasted with the database. The result showed that

CXCR4-coding sequences of isotype A, B and E were similar to the reference human

CXCR4-coding sequences on the NCBI database, except isotype C and D (Table 13,
Figure 15 and Figure A1-3). However, the DNA sequences of CXCR4-C and
CXCR4-D were similar to the sequence of CXCR4-isotype B based on the BLAST

results (Figure A4-5). According to the proteins sequence alignment results, the

sequences of CXCR4-C and CXCR4-D have also been found different from reference
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protein sequences of isotype C and D on the database. No mutation was found in all
CXCRA4 isotypes in the constructed CXCR4 plasmids (Table 14 and Figure 16).

Table 13. Information of reference CXCR4 DNA sequences

CXCR4 isotype Database

A Homo sapiens C-X-C motif chemokine receptor 4 (CXCR4),
transcript variant 1. NCBI_ID: NM_001008540.2

5 Homo sapiens C-X-C motif chemokine receptor 4 (CXCR4),

transcript variant 2. NCBI_ID: NM_003467.3

c Homo sapiens C-X-C motif chemokine receptor 4 (CXCR4),
transcript variant 3. NCBI_ID: NM_001348056.2

5 Homo sapiens C-X-C motif chemokine receptor 4 (CXCR4),
transcript variant 4. NCBI_ID: NM_001348059.2

. Homo sapiens C-X-C motif chemokine receptor 4 (CXCR4),

transcript variant 5. NCBI_I1D: NM_001348060.2
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Figure 15. The representative alignment results of constructed CXCR4-B DNA
sequence with reference DNA sequence (Homo sapiens CXCR4 transcript variant 2_
NM_003467.3) on NCBI database.

Table 14. Information of reference CXCR4 protein sequences

Reference protein sequence Length (aa) NCBI_ID
CXCR4-A 356 NP_001008540.1
CXCR4-B 352 NP_003458.1
CXCR4-C 423 NP_001334985.1
CXCR4-D 385 NP_001334988.1

CXCR4-E 337 NP_001334989.1
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T™7 C-terminal =segment
Ref.CHCR4-B LAFFHCCLNPILY AFLGAKFKTSACQHALTSVIERGESLEILSKGERGGHSSVSTESESSSFE 2439
CXCR4-B LAFFHCCLNPILY AFLGAKFETEAQHALTEVERGESLEILSKGERGGHESVETESESSSFE 2439
CHCR4-C LAFFHCCLNPILY AFLGAKFETEAQHALTEVERGESLEILSKGERGCGHESVETESESSSFE 2439
CHCR4-D LAFFHCCLNPILY AFLGAKFETEAQHALTEVERGESLEILSKGERGGHESVETESESSSFE 2439
Ref.CHCR4-D LAFFHCCLNPILY AFLGAKFKTSACQHALTSVIERGESSLEILSKGERGGHSSVSTESESSSFE 382
Ref.CHCR4-C LAFFHCCLNPILY AFLGAKFKTSACHALTSVIERGSSLEKILSKGERGGHSSVSTESESSSE 420
Ref.CHCR4-A LAFFHCCLNPILY AFLGAKFKTSACQHALTSVSRGSSLEILSKGERGGHSSVSTESESSSE 353
CHCR4-A LAFFHCCLNPILY AFLGAKFETSAQHALTEVSRGESLEILSKGERGGHEIVITESESSSFE 353
Ref.CHCR4-E LAFFHCCLNPILY AFLGAKFKTSACQHALTSVSRGSSLEILSKGERGGHSSVSTESESSSE 334
CHCR4-E LAFFHCCLNPILY AFLGAKFETSAQHALTEVSRGESLEILSKGERGGHEIVITESESSSFE 334
FEF I X T X TR K I R H A A A R A A A X A A A I A I T T I XTI XTI T I X T XTI T T X TR T T T TR T ®
C-terminal segment
Ref.CXCR4-B H33 352
CHCR4-B HSS8 352
CHCR4-C HS8S8 352
CHCR4-D HS8S8 352
Ref.CHCR4-D H33 385
Ref.CHCR4-C H33 423
Ref.CHCR4-A H33 356
CHCR4-A HSS 356
Ref.CXCR4-E HSS3 337
CHCR4-E HSS 337

*

Figure 16. The multiple sequence alignment results of translated CXCR4 DNA
sequences with reference protein sequences on the NCBI database. Note: conserved
sequence (*); conservative mutations (:) and non-conservative mutations ().

4.1.2. Stable CXCR4 expressing HEK293T cells construction

The CXCR4 isotype B is the most isotype expressed on human cells. The cDNA
of a spliced mRNA of CXCR4-B (or leukocyte-derived seven-transmembrane domain
receptor (LESTR)) encodes the protein sequence of CXCR4, which is comprised of
352 amino acid (aa) residues, and this receptor is expressed abundantly in human
blood monocytes [11, 66]. Although the human CXCR4 gene is expressed in two
functional forms: CXCR4-B and CXCR4-A variants, CXCR4-B is considered highly
expressed and more abundant than CXCR4-A (also called CXCR4-Lo), which hasa 9
aa extension N-segment [67]. Thus, CXCR4-B is considered as a canonical sequence
for studies on CXCRA4. In this study, the recombinant CXCR4-B-pTriEX™ 1.1 Hygro
plasmids were selected to be transfected in HEK293T cells for producing stably
CXCR4-overexpressed HEK293T cells.

4.1.3. The isolation of CXCR4-overexpressed cells

The CXCR4 expression on the surface of the CXCR4-B expressed HEK293T
cells was evaluated by flow cytometry using the PE-tagged anti-hCD184 antibody, the
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CXCR4 expression in the transfected cells showed high fluorescence intensity,
compared to the normal HEK293T cells which had low expression of CXCR4 or
fluorescent signals (Figure 17-b). The CXCR4 expression on the CXCR4-B expressed
HEK293T cell surface is divided into 2 sub-populations: high and low expression
populations of 63.6% and 35.1%, respectively (Figure 17-c). The highly expressing
cells were further isolated by fluorescence-activated cell sorting (FACS). The highly
CXCRA4-B expressed HEK293T cells were successfully isolated by FACS showing
99.8% of cells tagged PE-anti hCD184 antibody at high fluorescent intensity (Figure
17-d). It corresponds to the fluorescent intensity observed in the high expression
population of pre-sorting CXCR4-B expressed HEK293T as shown in Figure 17-c.
The CXCR4-overexpressed HEK293T cells from the sorting were maintained in
DMEM supplemented with 10% FBS, 1% penicillin/streptomycin, 1% glutamine and
hygromycin B 500 pug/mL for further binding assays.
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Figure 17. Flow cytometric analysis of (a) unstained CXCR4-B expressed HEK293T
cells; (b) normal HEK293T cells stained with PE-conjugated anti-hCD184 antibody;
(c) pre-sorting CXCR4-B expressed HEK293T cells stained with PE-conjugated anti-
hCD184 antibody and (d) CXCR4-overexpressed HEK293T cells sorted by FACS.

4.2. Verification of CXCR4-overexpressed HEK293T cells

The CXCR4 overexpressing HEK293T cells were assessed for binding assay by
(i) determining its binding affinity via the saturation binding assay using the PE-
conjugated anti-nCD184 antibody and (ii) determining the binding 1Cso of the CXCR4

antagonist via a competitive binding assay.
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4.2.1. Saturation binding assay using PE-conjugated anti-hCD184 antibody

The saturation binding assay to determine the binding affinity of CXCR4
receptors on the surface of the produced CXCR4-overexpressed HEKT3239T cells
was performed by using PE-conjugated anti-hCD184 antibody. The saturation binding
assay of the PE tagged antibody in CXCR4-overexpressing HEK293T cells showed a
high binding affinity at ECso of 967.8 pM (Figure 18). The binding results suggest
that the CXCR4 expressing HEK293T cells are efficient as a tool for the binding
study of CXCR4 ligands.

-
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Figure 18. Saturation binding assay of CXCR4 overexpressing HEK293T cells using
PE-conjugated anti-hCD184 antibody.

4.2.2. Competitive binding assay of CXCR4 antagonist

A CXCR4 antagonist, AMD3100, was used in the competitive binding assay to
determine the ICso. The result showed that AMD3100 could bind to the cell surface
CXCR4 as observed by its inhibition against PE-conjugated anti-hCD184 antibody
binding at the 1Cso of 305.5 nM (Figure 19).
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Figure 19. Competitive binding assay of AMD3100 against PE-conjugated anti-

hCD184 antibody.

When compared the obtained 1Csp of AMD3100 with those from other

competitive binding assays using different competitive ligands (Table 15), the ICso

value from the platform was in agreement with others, within the same order of

magnitude, particularly with the same class of competing ligand and the fluorescence

probe type. The differences appeared to be only modest, which may be contributed by

the variation of experimental conditions or cell types used in the competitive binding

assay to determine the binding affinity of CXCR4 ligand

Table 15. ICso values of AMD3100 from different competitive binding assays

Technique ICso Probe-Ligand CXCR4 " cells Ref

Radioligand binding

Radioligand competition 213 [1%°1]-SDF-1a HEK?293 [68]
651 [**°I]-SDF-1a CCRF-CEM [69]

Fluorescence ligand binding

High-affinity peptide competition 314 FITC-CVX15 CHO [64]
104 FITC-DV1 CHO [64]

Antibody-competition 324  FITC-anti hCD184 CHO [64]
578 APC-anti hCD184 SupT1 [4]
305  PE-anti hCD184 HEK293T this work
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4.3. Competitive binding assay of natural compounds to CXCR4

The competitive binding assay CXCR4-overexpressed HEK293T cells were
used to determine the binding affinity of potential compounds from the Stephania
pierrei plant, which were methoxy-8-uvariopsine, crebanine and dehydrocrebanine.
The cytotoxic ICso of three compounds in Table 16 showed the potential anticancer
activity on invasive breast cancer cell line, MDA-MB-231. Specifically, crebanine has
shown the lowest I1Cso at 0.29 uM to MDA-MB-231, While those from methoxy-8-
uvariopsine and dehydrocrebanine were 9.53 uM and 7.27 uM, respectively. As
MDA-MB-231 cells have been reported to have high CXCR4 expression [70] so the
target mediated cytotoxicity could be CXCR4. Therefore, the competitive binding

assay was carried out to determine the binding affinity of these three compounds.

Table 16. The natural compounds of investigation

ICs0 (MDA-MB 231)

Compound Structure Plant
(M)
Crebanine Stephania pierrei 0.29
Dehydrocrebanine Stephania pierrei 7.27
Methoxy-8-uvariopsine Stephania pierrei 9.53
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In the binding assays, the tested concentrations were initially in the range of 0.5
to 50 uM in PBS, and the results and AMD3100, a CXCR4 antagonist and clonidine

were used as reference compounds.

As presented in Figure 20, the decrease in the intensities of PE-tagged CXCR4
antibody bound CXCR4 was not observed, so these two compounds may not bind to
CXCR4. However, it was found that partial precipitation occurred when diluting the
stock solution (0.1 mg/mL in DMSO) with PBS leading to a minute concentration of
the test compound in the assay wells. Therefore, the diluted solvents were changed to
100% DMSO and/or 0.5% Tween 20 + 0.5% DMSO in the later trials to improve the
solubility. In addition, the concentrations of the 4 compounds tested were increased to
100, 200 and 400 uM, except for dehydrocrebanine, which was tested at 500 and 1000
UM. The competitive binding assays with modified vehicles to avoid precipitation
showed a much lower fluorescence intensity of bound PE-tagged antibodies than
those from PBS vehicles. The fluorescent quenching was possibly the cause of low
fluorescent intensities as fluorescent quenching of DMSO (greater than 1%), and
Tween 20 have been reported, particularly Tween has been used as fluorescent
quenching agent [71]. In addition, the high concentration of the test compound may

also interfere with the binding.
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Figure 20. Competitive binding assay of crebanine and methoxy-8-uvariopsine
diluted in PBS wusing PE-conjugated anti-hCD184 antibody and CXCR4-
overexpressed HEK293T cells. The concentration of reference CXCR4 antagonist
(AMD3100) and clonidine was 305.5 nM
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CHAPTER 5. CONCLUSION

In this study, the construction of recombinant CXCR4 plasmids and the
production of stably CXCR4 overexpressing HEK293T cells for binding assay have
been achieved with over 99% CXCR4 expression and high CXCR4 binding affinity at
a picomolar level. The CXCR4 overexpressing HEK293T cells were used in the
fluorescence tagged antibody competition binding assay to determine the binding
affinity of the CXCR4 antagonist, AMD3100, and the obtained binding ICso value of
AMD3100 was in agreement with the conventional radioligand binding assay. This
result verified the use of produced CXCR4 overexpressing HEK293T cells in the
binding assays. Thus, the developed CXCR4 overexpressing HEK293T cell line has
great potential as a platform for competitive binding assays of potential anti-cancer
agents targeting CXCR4. This platform was employed to determine the mechanism of
four potential compounds showing promising cytotoxicity against CXCR4 expressing
breast cancer cell line (MDA-MB-231). However, several attempts have been tried
without success due to poor solubility. In addition, the high fluorescence quenching
and the interferences from the solvent and high concentration of test compound are
the crucial factors limiting the application of the fluorescence tagged antibody

competition binding assay in binding affinity determination.

The prospective study will be the development of a fluorescence tagged
CXCR4-antagonist to reduce the assay cost and the exploration for the anti-quenching

vehicle for screening the poor soluble compounds from the plant.
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Figure A8. Flow cytometry analysis of HEK293T cells transient transfected with
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1st trial

CXCR4+HEK293T MFI MFI-BG HEK293T MFI MFI-BG
Background (PBS) 93.33 0.00 Background (PBS) 87.67 0.00
AMD3100 (305.5 nM) 1590.00 1496.67 AMD3100 (305.5 nM) 537.33 449.67
Clonidine.HCI (305.5nM)  3660.00 3566.67 Clonidine.HCl (305.5 nM) 518.00 430.33
Crebanine (DMSO+PBS) Crebanine (DMSO+PBS)

0nM 4067.00 3973.67 0nM 317.67 230.00
0.5nM 3843.33  3750.00 0.5nM 347.00 259.33
5nM 3685.00 3591.67 5nM 518.33 430.67
50 nM 4025.67 3932.33 50 nM 436.33 348.67
500 nM 3612.00 3518.67 500 nM 495.33 407.67
5 uM 4008.33  3915.00 5um 553.67 466.00
50 uM 3639.00 3545.67 50 uM 460.67 373.00
2nd trial

CXCR4+HEK293T MFI MFI-BG HEK293T MFI MFI-BG
Background (PBS) 71.33 0.00 Background (PBS) 61.33 0.00
AMD3100 (305.5 nM) 4707.00 4635.67 AMD3100 (305.5 nM) 338.33 277.00
Clonidine.HCl (305.5 nM)  4888.00 4816.67 Clonidine.HCl (305.5 nM) 420.67 359.33
BG (DMSO 63.00 0.00 BG (DMSO) 51.00 0.00
Crebanine (DMSO) Crebanine (DMSO)

0 pM 169.67 106.67 Fluoresent quenching [0 uM 168.67 117.67
1uM 159.00 96.00 Fluoresent quenching |1 uM 187.67 136.67
10 uM 233.67 170.67 Fluoresent quenching |10 uM 192.00 141.00
50 uM 243.00 180.00 Fluoresent quenching |50 uM 235.67 184.67
100 pM 226.00 163.00 Fluoresent quenching [100 pM 217.33 166.33
200 uM 325.33 262.33 Fluoresent quenching (200 uM 260.67 209.67
400 uM 349.33 286.33 Fluoresent quenching [400 pM 189.67 138.67
3rd trial

CXCR4+HEK293T MFI MFI-BG HEK293T MFI MFI-BG
Background (PBS) 68.67 0.00 Background (PBS) 70.33 0.00
AMD3100 (305.5 nM) 2664.33  2595.67 AMD3100 (305.5 nM) 199.67 129.33
Clonidine.HCI (305.5nM)  5698.33  5629.67 Clonidine.HCI (305.5 nM) 162.67 92.33
PE-antiCD184 (5 nM) 5542.33  5473.67 PE-antiCD184 (5 nM) 260.33 190.00
BG (DMSO+Tween 76.33 0.00 BG (DMSO+Tween 70.33 0.00
Crebanine (DMSO+Tween) Crebanine (DMSO+Tween)

0pM 289.00 212.67 Fluoresent quenching [0 uM 239.33 169.00
1uM 296.67 220.33 Fluoresent quenching |1 uM 176.67 106.33
10 uM 236.00 159.67 Fluoresent quenching |10 uM 224.00 153.67
50 uM 422.00 345.67 Fluoresent quenching |50 uM 216.00 145.67
100 pM 459.33 383.00 Fluoresent quenching |100 uM 218.33 148.00
200 pM 834.67 758.33 Fluoresent quenching |200 uM 228.67 158.33

Figure A9. Results of competitive binding assays of crebanine and PE-conjugated
anti-hCD184 antibody in CXCR4-overexpressed HEK293T cells.
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1st trial

CXCR4+HEK293T MFI MFI-BG HEK293T MFI MFI-BG
Background (PBS) 93.33 0.00 Background (PBS) 87.67 0.00
AMD3100 (305.5 nM) 1590.00 1496.67 AMD3100 (305.5 nM) 537.33 449.67
Clonidine.HCI (305.5 nM)  3660.00 3566.67 Clonidine.HCI (305.5 nM) 518.00 430.33
Methoxy-8-uvariopsine (DMSO+PBS) Methoxy-8-uvariopsine (DMSO+PBS)

0nM 4067.00 3973.67 0nM 317.67 230.00
0.5nM 4218.67 4125.33 0.5nM 758.67 671.00
5nM 4660.33  4567.00 5nM 664.67 577.00
50 nM 4328.33  4235.00 50 nM 503.00 415.33
500 nM 4776.00 4682.67 500 nM 868.33 780.67
5um 477033  4677.00 5um 813.67 726.00
50 uM 4589.00 4495.67 50 uM 525.33 437.67
2nd trial

CXCR4+HEK293T MFI MFI-BG HEK293T MFI MFI-BG
Background (PBS) 71.33 0.00 Background (PBS) 61.33 0.00
AMD3100 (305.5 nM) 4707.00 4635.67 AMD3100 (305.5 nM) 338.33 277.00
Clonidine.HCI (305.5 nM)  4888.00 4816.67 Clonidine.HCl (305.5 nM) 420.67 359.33
BG (DMSO) 63.00 0.00 BG(DMSO) 51.00 0.00
Methoxy-8-uvariopsine (DMSO) Methoxy-8-uvariopsine (DMSO)

0o uM 169.67 106.67 Fluoresent quenching |0 uM 168.67 117.67
1uM 165.00 102.00 Fluoresent quenching |1 pM 253.33 202.33
10 M 152.33 89.33 Fluoresent quenching |10 uM 214.67 163.67
50 uM 147.00 84.00 Fluoresent quenching |50 uM 272.00 221.00
100 pMm 170.67 107.67 Fluoresent quenching |100 pM 170.00 119.00
200 uM 188.67 125.67 Fluoresent quenching |200 uM 354.00 303.00
400 pM 230.00 167.00 Fluoresent quenching |400 pM 229.33 178.33
3rd trial

CXCR4+HEK293T MFI MFI-BG HEK293T MFI MFI-BG
Background (PBS) 68.67 0.00 Background (PBS) 70.33 0.00
AMD3100 (305.5 nM) 2664.33  2595.67 AMD3100 (305.5 nM) 199.67 129.33
Clonidine.HCl (305.5 nM)  5698.33  5629.67 Clonidine.HCl (305.5 nM) 162.67 92.33
PE-antiCD184 (5 nM) 5542.33  5473.67 PE-antiCD184 (5 nM) 260.33 190.00
BG (DMSO+Tween) 76.33 0.00 BG (DMSO+Tween) 70.33 0.00

Methoxy-8-uvariopsine (DMSO+Tween)

0 pMm 289.00 212.67
1uM 353.67 277.33
10 uM 288.00 211.67
50 uM 428.00 351.67
100 pm 420.00 343.67
200 uM 434.00 357.67

Fluoresent quenching
Fluoresent quenching
Fluoresent quenching
Fluoresent quenching
Fluoresent quenching
Fluoresent quenching

Methoxy-8-uvariopsine (DMSO+Tween)

0 puMm 239.33 169.00
1uM 251.00 180.67
10 uM 227.67 157.33
50 uM 222.67 152.33
100 pm 201.67 131.33
200 uM 246.33 176.00

Figure A10. Results of competitive binding assays of methoxy-8-uvariopsine and

PE-conjugated anti-nCD184 antibody in CXCR4-overexpressed HEK293T cells.
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2nd trial

CXCR4+HEK293T MFI MFI-BG HEK293T MFI MFI-BG
Background (PBS) 71.33 0.00 Background (PBS) 61.33 0.00
AMD3100 (305.5 nM) 4707.00 4635.67 AMD3100 (305.5 nM) 338.33 277.00
Clonidine.HCI (305.5nM)  4888.00 4816.67 Clonidine.HCl (305.5 nM) 420.67 359.33
BG (DMSO 63.00 0.00 BG (DMSO) 51.00 0.00
Deydrocrebanine (DMSO) Deydrocrebanine (DMSO)

0o pM 169.67 106.67 Fluoresent quenching |0 pM 168.67 117.67
500 pM 214.00 151.00 Fluoresent quenching [500 pM 204.67 153.67
1000 uM 264.00 201.00 Fluoresent quenching [1000 uM 232.33 181.33
3rd trial

CXCR4+HEK293T MFI MFI-BG HEK293T MFI MFI-BG
Background (PBS) 68.67 0.00 Background (PBS) 70.33 0.00
AMD3100 (305.5 nM) 2664.33  2595.67 AMD3100 (305.5 nM) 199.67 129.33
Clonidine.HCI (305.5 nM)  5698.33  5629.67 Clonidine.HCI (305.5 nM) 162.67 92.33
PE-antiCD184 (5 nM) 5542.33  5473.67 PE-antiCD184 (5 nM) 260.33 190.00
BG (DMSO+Tween) 76.33 0.00 BG (DMSO+Tween) 70.33 0.00
Deydrocrebanine (DMSO+Tween) Deydrocrebanine (DMSO+Tween)

0ouM 289.00 212.67 Fluoresent quenching [0 uM 239.33 169.00
1uM 320.33 244.00 Fluoresent quenching |1 uM 240.00 169.67
10 uM 350.00 273.67 Fluoresent quenching |10 pM 200.33 130.00
50 uM 384.33 308.00 Fluoresent quenching |50 uM 217.67 147.33
100 pM 359.67 283.33 Fluoresent quenching [100 pM 252.33 182.00
200 pM 406.00 329.67 Fluoresent quenching 200 uM 164.67 94.33

Figure All. Results of competitive binding assays of dehydrocrebanine and PE-

conjugated anti-hCD184 antibody in CXCR4-overexpressed HEK293T cells.
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