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Two biotinylated derivatives of xanthohumol (1), the 
main hop chalcone, were prepared by one-step syn-
thesis via esterification using biotin and coupling rea-
gents: 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide 
hydrochloride (EDC×HCl) and 4-dimethylaminopyridine 
(DMAP). The products were characterized spectroscopi-
cally and their antiproliferative activity toward the MCF-7,  
MCF-10A, HepG2, MDA-MB-231, 4T1 and Balb/3T3 cell 
lines was assessed using the SRB assay. The highest an-
tiproliferative activity was observed in human (MCF-7) 
and murine (4T1) breast cancer cell lines (IC50 values<9 
μM) for all three tested compounds. The biotinylated 
derivatives showed slightly higher antiproliferative activ-
ity towards all types of tested breast cancer cells, than 
unmodified xanthohumol (1). The double biotinylated 
xanthohumol (3) proved to be the most effective in in-
hibiting cell growth, with IC50 values equal to 5.35±1.5 
μM for 4T1 and 8.03±0.53 µM for MCF-7 cell lines. It 
also had the biggest effect in liver cancer cells HepG2 
with IC50=17.37±5.1 μM, while the IC50 values for 1 and 2 
were 21.5 ± 2.7 and 22.1±3.9 µM, respectively. 4-O-biot- 
inylxanthohumol (2) was the second most efficient 
growth inhibitor, particularly in MCF-7 (IC50=6.19±1.7 
μM) and 4T1 (IC50=6.64±0.4 μM) cell lines. Our prelimi-
nary study on biotinylated xanthohumol (1) has shown 
that biotinylation can be an effective method for the 
production of active biomolecules and study in this 
area should be continued to extend their applications.
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INTRODUCTION

Compounds of natural origin, including plant polyphe-
nols and vitamins, are part of our daily diet. They are 
found in leaves, flowers, fruits, seeds, roots and bark of 
plants. Flavonoids have received a great deal of attention 

recently, due to their valuable medicinal properties (Perez-
Vizcaino et al., 2018). The vitamins, which are also present 
in plants, have been shown to play an important role in 
many processes involved in rapid cell division in a large 
number of highly aggressive tumors (Halabi et al., 2018; 
Ferrer-Mayorga et al., 2019). As a result, such tumors of-
ten upregulate the processes involved in the uptake of 
several of these vitamins, namely specifically folate, vita-
min B12, and biotin (vitamin H) (Russel-Jones et al., 2011). 
Therefore, these vitamins, and biotin in particular, have 
an immense potential to be used as imaging markers and 
targeting moieties for the delivery of cytotoxic agents to 
a wide variety of tumors (Maiti et al., 2018). There is also 
an enormous potential to use biotin in combination with 
folate for dual targeting for tumor cells (Luo et al., 2017). 
Because in some types of cancer cells biotin is found in 
higher concentrations than in normal cells, the addition of 
a biotin group to an anticancer agent may result in better 
delivery and selectivity for cancer cells (Kam et al., 1993; 
Wang et al., 2011; Tripodo et al., 2014; Soural et al., 2015; 
Hou et al., 2017).

Xanthohumol (1), one of the chalcone constituents of 
Humulus lupulus L., Sophora flavescens L., Medicago sativa L. 
and beer, has been reported to have a broad spectrum of 
biological activity, including anti-inflammatory, antioxidant, 
antibacterial and antidiabetic (Zhang et al., 2009; Legette et 
al., 2013; Fu et al., 2016; Stompor et al., 2016; Venturelli et 
al., 2016). Due to its strong antioxidant properties, xan-
thohumol is also a promising chemopreventive agent (Sun 
et al., 2018). Numerous in vitro studies have shown that 
this flavonoid inhibited cell proliferation and induced pro-
grammed cell death in many cancer cell lines, including 
breast, ovarian, lung, hepatic, oral, colon, cervical, prostate 
and leukemia ones (Guo et al., 2018; Jiang et al., 2018). Re-
cent studies revealed that 1 has also the ability to sensitize 
MCF-7/ADR cells to doxorubicin, which increases cyto-
toxic effect of this chemotherapy drug (Liu et al., 2017). 
The mechanism of anticancer activity of xanthohumol 
described most often involves its ability to suppress cell 
proliferation and induce programmed cell death in cancer-
ous cells (Min et al., 2017; Walden et al., 2017). Xantho-
humol (1) and its structural analogues are also inhibitors 
of many enzymes, such as cyclooxygenase and lipoxyge-
nase, which can be involved in formation of reactive oxy-
gen species. These polyphenols of multiple functionalities 
can act as inhibitors of many enzymes in a mechanism of 
chelation through their hydroxyl groups, where they tar-
get metal ions coordinated by the enzymes (Seliger et al., 
2018). Xanthohumol derivatives-enriched diet could ame-
liorate diabetic-associated metabolic disturbances by regu-
lating glucose and lipid pathways (Miranda et al., 2018). 
Both xanthohumol (1) and its derivative 8-prenylnarin-
genin treatments prevented body weight gain, decreased 
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triglyceride and cholesterol levels and improved insulin 
sensitivity (Miranda et al., 2018; Costa et al., 2017). Recent 
study demonstrated that daily intake of xanthohumol may 
significantly improve HDL function, leading to protection 
against atherosclerosis (Hirata et al., 2017).

However, some drawbacks such as low water-solubili-
ty of flavonoid aglycones, together with their short time 
of residence in the intestine and their poor absorption 
do not allow to experience full therapeutic effects of fla-
vonoids through their consumption. Therefore, many re-
searchers have devoted to modifying flavonoid structures 
to obtain novel derivatives with high efficiency, low tox-
icity and minimal side effects. Undoubtedly, there is a 
need for innovative, molecularly targeted therapeutic 
approaches for cancer treatment. Currently, there are 
only a few reports on the synthesis of xanthohumol 
(1) derivatives and their biological activity (Nuti et al., 
2017; Stompor et al., 2016; Vogel et al., 2010). There 
are also no examples of synthesis of biologically active 
derivatives of prenylflavonoids conjugated with biotin. 
To date, there are also no reports on chemical synthesis 
of biotinylated xanthohumol. The comparison of anti-
proliferative activity of xanthohumol and its biotinylated 
derivatives against cancer cell lines of various origin is 
also lacking. Considering the valuable properties of hop 
flavonoids, the aim of this study was to obtain the new 
biotinylated derivatives of xanthohumol and determine 
their antiproliferative activity.

MATERIALS AND METHODS

General procedures. Xanthohumol (1) (3′-(3,3-dime-
thyl allyl)-2′,4′,4-trihydroxy-6′-methoxychalcone) was iso-
lated from spent hops obtained from the New Chemical 
Syntheses Institute in Puławy, Poland. Specifically, the 
material used for xanthohumol isolation was the byprod-
uct of the hops industrial extraction with supercritical 
CO2. Gradient grade purity methanol was purchased 
from Merck (Darmstadt, Germany). All other reagents, 
unless otherwise specified, were purchased from Sigma 
Aldrich (St. Louis, MO, USA) and were of analytical 
grade. Analytical thin-layer chromatography was carried 
out using silica gel 60 F254 plates (Merck) with chloro-
form: methanol (96:4 v/v) as the developing solvent. A 
solution of 10 g Ce(SO4)2 and 20 g phosphomolybdic 
acid in 1 L of 10% H2SO4, was used for visualization 
of the compounds. Preparative column chromatography 
was performed using silica gel (Kieselgel 60, 230–400 
mesh; Merck). NMR spectra were recorded with a Bruk-
er 500 MHz Ultra Shield TM Plus instrument with DM-
SO-d6 as solvent and TMS as an internal standard. High-
resolution mass spectra (HR-ESI-MS) were measured in 
methanol with a Bruker apex ultra FT-ICR instrument 
(Bruker, Billerica, MA, USA).

The purity of synthesized products was monitored 
with HPLC using an Ultimate 3000 DIONEX chro-
matograph equipped with an LGP-3400 RS dual-pump 
fluid control module, a TCC-3100 thermostatted column 
compartment, a WPS-3000 autosampler, and Diode Ar-
ray Detector DAD-3000 RS (Sunnyvale, CA, USA). The 
system was controlled with and data acquisition was car-
ried out using the Chromeleon 6.80 software (Dionex 
Corporation). HPLC analysis was carried out using a 
reverse phase C18 column (ACE 5 C18, 5 µm, 100 Å, 
4.6×250 mm) connected to a guard column (ACE 5 
C18) (Advanced Chromatography Technologies LTD, 
Scotland). The mobile phase consisted of two compo-
nents: A – 1% HCOOH in H2O and B – 1% HCOOH 

in MeCN. The flow rate was set at 1 mL/min and the 
gradient elution was applied with the following set-
tings: 0–1 min, 50% B, 1–16 min 50–100% B, 16-21 
min 100% B, 21–23 min 100–50% B, 23–28 min 50% 
B. The total time of analysis was 28 min. The samples’ 
temperature was fixed at 12 °C, the column temperature 
was fixed at 28 °C, and the injection volume was 10 µL. 
The content of 1-3 was detected at 368 nm.

Chemistry. EDC×HCl (230 mg, 1.2 mmol) and 
DMAP (74 mg, 0.6 mmol) were added to a mixture of 
xanthohumol (1) (100 mg, 0.28 mmol) and biotin (276 
mg, 1.13 mmol) in DMF (10 ml). The reaction mixture 
was stirred at 58°C for 24 h. The crude products were 
directly purified by flash chromatography and character-
ized using spectroscopic methods.

4-O-biotinylxanthohumol (2). (22 mg, 13%) as a 
yellow solid; 1H NMR (500 MHz, DMSO_d6) δ (ppm): 
14.46 (1H, s, 6’-OH), 10.60 (1H, s, 4’-OH), 7.88 (1H, 
d, J=15.6 Hz, H-α), 7.77 (2H, d, J=8.4 Hz, H-2, H-6), 
7.69 (1H, d, J=15.6 Hz, H-β), 7.21 (2H, d, J=8.4 Hz, 
H-3, H-5), 6.46 (1H, s NH-18 or NH-17), 6.37 (1H, s, 
NH-17 or NH-18), 6.07 (1H, s, H-3’), 5.14 (1H, t, J=6.0 
Hz, H-2”), 4.33–4.31 (1H, m, H-15), 4.17-4.15 (1H, m, 
H-16), 3.86 (3H, s, -OCH3), 3.16-3.13 (3H, m, H-1” 
and H-12), 2.84 (1H, dd, J=12.4 Hz, J=5.0 Hz, H-14), 
2.63-2.58 (4H, m, H-8 and H-11), 1.77-1.65 (3H, m, 
H-9 and H-11), 1.70 (3H, s, H-5”), 1.61 (3H, s, H-4”), 
1.57–1.37 (3H, m, H-11’ and H-10). HRMS (ESI) m/z: 
calculated. for (C31H36N2O7S + H)+=581.2316; found 
(M+H)+=581.2321. UV (MeOH) λmax: 349.4 nm.

4,4’-di-O-biotinylxanthohumol (3). (67 mg, 29%) as 
a yellow solid; 1H NMR (500 MHz, DMSO_d6) δ (ppm): 
13.11 (1H, s, 6’-OH), 7.82 (2H, d, J=8.7 Hz, H-2, H-6), 
7.76 (1H, d, J=15.7 Hz, H-α), 7.72 (1H, d, J=15.7 Hz, 
H-β), 7.22 (2H, d, J=8.7 Hz, H-3, H-5), 6.46 (2H, s, 
2×NH-18 or 2×NH-17), 6.45 (1H, s, H-3’), 6.37 (2H, s, 
2×NH-17 or 2×NH-18), 5.03 (1H, t, J=6.0 Hz, H-2”), 
4.33–4.31 (2H, m, 2×H-15), 4.17–4.15 (2H, m, 2×H-
16), 3.87 (3H, s, -OCH3), 3.17-3.12 (4H, m, 2×H-12 and 
H-1”), 2.84 (2H, dd, J=12.5 Hz, J=4.8 Hz, 2×H-14), 
2.62 (4H, t, J=7.5 Hz, 2×H-8), 2.59 (2H, 2×d, J=12.5 
Hz, H-14’), 1.77–1.64 (6H, m, 2×H-9 and 2×H-11), 
1.69 (3H, s, H-5”), 1.62 (3H, s, H-4”), 1.57–1.37 (6H, 
m, 2×H-11’ and 2×H-10). 13C NMR (125 MHz, DM-
SO-d6) δ (ppm): 193.6, 171.6, 171.0, 162.7, 161.7, 159.0, 
154.3, 152.2, 142.1, 132.3, 131.1, 129.9, 127.4, 122.5, 
121.7, 114.4, 110.1, 97.9, 61.0, 59.2, 56.5, 55.3, 40.4, 
33.3, 33.2, 28.02, 27.98, 27.89, 25.4, 24.31, 24.29, 22.0, 
17.7. HRMS (ESI) m/z: calculated for (C41H50N4O9S2 + 
H)+=807.3091; found (M+H)+=807.3084. UV (MeOH) 
λmax: 335.1 nm.

Cell culture and sulphorhodamine (SRB) assay. 
The biological studies were performed in vitro using 
biotin receptor-positive human cancer cell lines: MCF-
7 (breast cancer), MDA-MB-231 (breast cancer), and 
HepG2 (liver cancer), in comparison to human normal 
breast cells (MCF-10A), murine biotin receptor-positive 
mammary gland cancer (4T1), and murine fibroblasts 
(BALB/3T3). The cell lines were obtained from the 
American Type Culture Collection (Rockville, Maryland, 
U.S.A.) or from the European Collection of Authenti-
cated Cell Cultures (MCF-7 cell line; ECACC, Salisbury, 
UK). The cell lines have been maintained in the Institute 
of Immunology and Experimental Therapy, Wroclaw, 
Poland.

MDA-MB-231 and 4T1 cells were cultured in 
RPMI1640 medium (IIET, Wroclaw, Poland), supple-
mented with 10% fetal bovine serum, 2 mM L-glutamine, 
1.0 mM sodium pyruvate (4T1), and 4.5 g/L glucose 
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(4T1) (all from Sigma-Aldrich, Germany). MCF-7 cells 
were cultured in Eagle’s medium (IIET, Wroclaw, Po-
land), supplemented with 10% fetal bovine serum, 1% 
MEM non-essential amino acid solution, 0.8 mg/L insu-
lin and 2 mM L-glutamine (all from Sigma-Aldrich, Ger-
many). MCF-10A cells were cultured in the F-12 nutrient 
mixture (Gibco, Scotland, UK), supplemented with 5% 
horse serum (Gibco, Scotland, UK), 10 µg/mL cholera 
toxin (Vibrio cholerae), 10 µg/mL hydrocortisone and 20 
ng/mL epidermal growth factor human (hEGF) (all from 
Sigma-Aldrich, Germany). HepG2 and BALB/3T3 cells 
were cultured in Dulbecco medium (Gibco, Scotland), 
supplemented with 10% fetal bovine serum, and 2 mM 
L-glutamine (all from Sigma-Aldrich Germany). All culture 
media were supplemented with penicillin (100 units/mL; 
Polfa Tarchomin S.A., Poland) and streptomycin (100 μg/
mL; Sigma-Aldrich, Germany). All cell lines were grown 
at 37°C in a 5% CO2 humidified atmosphere.

The tested compounds were dissolved in DMSO to 
achieve the concentration of 50 mM, and subsequently 
diluted in the culture medium to reach the required con-
centrations (ranging from 0.4 μM to 250 μM). 24 hours 
before adding the tested compounds, the cells were seed-
ed in 96-well plates (Sarstedt, Germany) at a density of 
1×104 cells per well (4T1 cells were placed at a density of 
0.7×103 cells per well) in 100 μL of culture medium. SRB 
assay was performed 72 hours after the cells exposure to 
varying concentrations of the tested agents for the MCF-7, 
MCF-10A, 4T1, BALB/3T3, HepG2 and MDA-MB-231 
cell lines. SRB cytotoxicity assay is based on the ability of 
sulphorhodamine B to bind electrostatically to proteins in 
living, but not dead, cells (the process is pH dependent). 
Therefore, it can be used to determine the density of liv-
ing cells based on their protein content. The test was car-
ried out as described before (Sidoryk et al., 2014).

The results were presented as IC50 (inhibitory concen-
tration 50), defined as the concentration of tested agent 
that inhibits cell proliferation by 50%. The IC50 values 
were calculated for each experiment separately; Table 
1 shows the IC50 mean values ± S.D. In a single experi-
ment, each concentration of each compound was tested 
in triplicate. The number of experiments varied from 3 to 
5 times.

Statistical analysis. The statistical analysis was per-
formed using Statsoft Statistica version 10. All datasets 
were analyzed using t-test. The p-values lower than 0.05 
were considered statistically significant.

RESULTS AND DISCUSION

Clinical use of anticancer drugs is limited by their 
dose-dependent side effects. A smart way to deliver 
bioactive compounds with high antioxidant activity, for 

a safe and effective way to treatment life-style diseases, 
including cancers, could be food intervention with the 
use of plants. Due to the synergistic action of food 
ingredients such as flavonoids and cytostatic agents, it 
may be possible to reduce the drug dose while provid-
ing the same therapeutic effect. It could be a way to 
reduce harmful side effects of chemotherapeutics with 
no loss of treatment efficiency, because plant antioxi-
dants can contribute to strengthening of the antioxidant 
barrier and stabilize DNA in the normal cells, which 
is highly beneficial to chemotherapy. The biological 
activity of flavonoids is determined by their chemical 
structures and their physicochemical properties, such as 
lipophilicity and water solubility. Our previous reports 
suggest that prenylation increases bioavailability and 
bioaccumulation of the hop flavonoid 8-prenylnarin-
genin and therefore may be a promising tool to apply 
the biological functions of hop compounds for medical 
use (Stompor et al., 2017). Chemical covalent modifica-
tion of flavonoids is a way to modify the hydrophobic 
nature of these compounds and improve their solu-
bility in water (Vogel et al., 2008; Zhang et al., 2015). 
Some publications indicate a higher bioavailability of 
flavonoid glucosides compared to the free aglycones, 
which may also be the way to improve their anticancer 
potential. However, xanthohumol glycosides obtained 
through microbial synthesis had lower cytotoxic activity 
than xanthohumol in breast (MCF-7) and prostate (PC-
3) cancer cell lines. A replacement of the chalcone with 
flavanone skeleton resulted in a significant decrease in 
anti-proliferative activity in breast (MCF-7), prostate 
(PC-3) and colon cancer (HT-29) cell lines (Tronina et 
al., 2013).

To answer the question whether the conjugation of 
two biologically important compounds would affect 
therapeutic activity of the obtained derivatives, possibly 
increasing the pro-health application of flavonoids to an 
industrial scale, we prepared two bifunctional molecules 
containing a covalently bound biotin as a vitamin frag-
ment, differently taking into account the change in its 
distribution positioned in the molecule. We introduced 
a vitamin fragment in C-4 position and simultaneously 
in positions C-4 and C-4’ in xanthohumol, a naturally 
occurring prenylated chalcone. Our aim was to obtain 
compounds with increased therapeutic activity resulting 
from the presence of isoprenyl substituent and to de-
termine the effect of the position of the vitamin moiety 
in the flavonoid molecule on in vitro antiproliferation ac-
tivity. The resulting xanthohumol derivatives containing 
either one or two ester coupled biotin molecules were 
further used to compare their anticancer and antioxidant 
activity in reference to unmodified xanthohumol.

Table 1. Antiproliferative activity of biotinylated xanthohumols.

Compounds
Cell line
IC50 (µM)

MCF-7 MDA-MB-231 HepG2 MCF-10A 4T1 Balb/3T3

1 8.8±1.16 18.9±4.6 21.5±2.7 21.1±4.3 8.7±1.3 12.6±8.8

2 6.19±1.7 18.6±1.2 22.1±3.9 19.5±3.1 6.64±0.4 12.3±9.0

3 8.03±0.53 16.9±1.6 17.37±5.1 16.8±2.5 5.35±1.5 16.6±4.0

biotin 14%* 0%* 0%* 6.2%* 0%* 0%*

cisplatin 26.7±1.7 16.3±2.3 5.7±1.0 10.7±4.0 1.0±0.17 14.0±3.7

IC50, compound concentration leading to 50% inhibition of cell proliferation. Data are presented as mean ± S.D. of 3-5 independent 
experiments.*Inhibition of cell proliferation (%) of compound at concentration of 250 µM
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The synthesis of biotinylated derivatives of xantho-
humol began with the isolation of xanthohumol from 
spent hops by acetone extraction. The crude xanthohu-
mol was purified using column chromatography followed 
by recrystallization from dichloromethane. Treatment of 
xanthohumol with biotin in DMF at room temperature 
produced new esters (from now on, referred to as 2 and 
3), which were purified by column chromatography, to 
obtain the pure products accounting for 13% and 29% 

of the yield, respectively. The synthesis of the bioti-
nylated molecules is shown in Scheme 1. The structures 
of the newly synthesized compounds were determined 
on the basis of 1H NMR (Fig. 1), 13C NMR, and mass 
spectrometry. To verify if biotin was indeed coupled to 
the hydroxyl at C-4 position in xanthohumol, and not 
to any other hydroxyl that could be produced by trans-
esterification, we characterized product 2 using 2D NMR 
spectra.

Scheme 1. Biotinylation of xanthohumol (1).

Figure 1. Fragment of 1H NMR spectra of compounds 2 (A) and 3 (B) (500 MHz, 25°C, dmso_d6).

https://www.beilstein-journals.org/bjoc/articles/9/60#S1
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In the 1H NMR spectrum of 2, the presence of two 
hydroxyl groups was indicated by the two one-proton 
singlets at 14.46 and 10.60 ppm, ascribed to the OH 
groups in the A ring at the positions C-6’ and C-4’, re-
spectively. In case of 3, a signal at 13.11 ppm, attributed 
to a hydroxyl moiety in the C-6’ position, was observed. 
The signals of the NH groups at 6.37 ppm and 6.46 
ppm were also observed.

Chemical derivatization with esters reactive to endog-
enous esterases is an established and effective strategy 
for delivering compounds to cells (Stompor et al., 2018; 
Tian et al., 2012). Nevertheless, esters and esterases pre-
sent challenges for cell-specific small molecule delivery. 
Many esters show appreciable rates of enzyme-inde-
pendent hydrolysis, and cellular esterases show broad 
substrate reactivity. In this study we found that both 
biotinylated xanthohumols (2 and 3) exhibited slightly 
better antiproliferative effect than the parent chalcone 1 
toward all the tested breast cancer cell lines. None of the 
obtained compounds was significantly more active than 
parental xanthohumol (1) against other investigated cell 
lines. Therefore, it may be hypothesized that the ester 
group may be quickly degraded by endogenous esterase 
enzymes, or by another enzyme-independent pathway in-
side living cells.

Furthermore, the influence of flavonoids on cell func-
tion can also depend on the expression of specific recep-
tors inside cell (Benkherouf et al., 2019), for example, 
estrogen receptors (Sak et al., 2014). It has been shown 
that hop flavonoids can increase the anti-cancer activity 
of other estrogen metabolites (Hessenberger et al., 2017). 
However, no major difference was observed in MCF-7 
cells treated with xanthohumol (1) alone or co-incubat-
ed with zearalenone, a non-steroidal mycoestrogene, A 
trend towards an increase in the zearalenone-induced 
breast cancer cell proliferation (up to 72%) was observed 
only for 8-prenylnaringenin, the most active natural phy-
toestrogen derived from hop, when added to zearale-
none in amounts of 14.7 and 29.4 μM. (Hessenberger et 
al., 2017).

Up to date, the effective therapeutics for triple-neg-
ative breast cancers (TNBCs) have not been found (Ji-
tariu et al., 2017). To better understand the influence of 
flavonoid compounds on the aggressive triple-negative 
breast cancer (TNBC), we used 4T1 and MDA-MB-231 
cells that do not express the estrogen receptor (ER), 
progesterone receptor (PgR) or the gene for human 
epidermal growth factor receptor 2 (HER-2). The non-
TNBC MCF-7 cell line and non-tumorigenic human 
mammary MCF-10A (TNBC) epithelial cell line were 
used as a control. The cytotoxicity of biotin-flavonoid 
compounds in comparison with their non biotinylated 
forms was also evaluated in human liver cancer cell line 
HepG2. The murine cell line (Balb/3T3) was used as 
a non-cancer control. The human breast cancer MCF-
7 cell line expresses both types of estrogen receptors 
with a predominance of ERα. The possible mechanism 
by which tumor cells proliferation can be inhibited by 
chemical compounds is related to their interaction with 
the estrogen receptor. In this research we studied the 
effect of xanthohumol and its biotinylated analogs also 
on the ERα-negative MDA-MB 231 cell line, which is 
derived from a more aggressive cancer type than the 
ERα-positive MCF 7 cell line. Our results showed that 
all compounds were more active in MCF-7 cells. Ac-
cording to the last studies, xanthohumol inhibits cel-
lular proliferation in MDA-MB-231 cells through an 
intrinsic mitochondrial-dependent pathway (Yoo et al., 
2014).

The effect of xanthohumol on MCF-7 cells was de-
scribed earlier by Yoshimaru and others (Yoshimaru 
et al., 2014). The authors reported xanthohumol IC50 
value=8.7 µM, which is in accordance with our obser-
vations. They also found that the oncoprotein brefel-
din A inhibited guanine nucleotide-exchange protein 3 
(BIG3) and suggest that the tumor suppressor prohibi-
tin 2 (PHB2) complex plays a pivotal role in E2 sign-
aling modulation in this ERα-positive breast cancer. 
XN treatment effectively prevented the BIG3-PHB2 
interaction, thereby releasing PHB2 to directly bind 
to both nuclear- and cytoplasmic ERα. Guerreiro and 
others (Guerreiro et al., 2007) suggested that xanthohu-
mol may modulate alkaline phosphatase isoenzymes in 
MCF-7 breast cancer cells, and that alkaline phosphatase 
loss was associated with increased cell proliferation. Ac-
cording to our results, the differences in the activity of 
tested compounds may be also due to the presence of 
C=O, –NH– and –S– groups in biotin molecule, which 
have a certain degree of hydrophilicity. The N, H, and S 
atoms can also form hydrogen bonds with the compo-
nents of the cell membrane, enhancing the effect of the 
biotinylated compounds.

Our results showed that xanthohumols esterified by 
biotin were also active toward normal mice fibroblasts, 
with the IC50 between 12.3 and 16.6 µM. The last mo-
lecular studies using BALB/c-4T1 breast cancer mouse 
model showed that xanthohumol significantly slowed 
down tumor growth and inhibited expression of an-
titumor proliferation protein Ki-67, as well as breast 
cancer-specific marker – cancer antigen 15-3 (CA15-3). 
The analysis revealed that XN enhanced the secretion 
of perforin, granzyme B, increased the ratio of CD8+/
CD25+ and deregulated selected cytokines (Th1 and 
Th2) (Zhang et al., 2018). In hepatocellular carcinomas 
HepG2 and Huh7, the inhibitory effect of xanthohumol 
on cell proliferation was attributed to the induction of 
apoptosis by decreasing cell migration and interleukin-8 
expression together with the activation of NF-κB/p53-
apoptosis signaling pathway (Dorn et al., 2010; Zhao et 
al., 2016). According to our results, compound 3 was 
slightly more active against HepG2 liver cancer cells 
(IC50=17.4 µM) than 1 and 2, for which the IC50 doses 
were comparable (~ 22 µM). However, in the triple-neg-
ative breast cancer cell lines the IC50 values varied from 
18.9 to 16.9 µM and from 8.7 to 5.35 µM, for MDA-
MB-231 and 4T1, respectively (Table 1). These suggest 
that the antiproliferative activity of tested flavonoids 
against various cancer cell lines may be determined by 
their chemical structures and by their physicochemi-
cal properties, such as size of the molecules. However, 
molecular weights of the biotinylated compounds 2 and 
3 are much higher than of the unsubstituted substrate 
1. Thus, with the increased molecular weight it became 
more difficult for the biotinylated chalcones to get 
through the cell membrane, and therefore the number 
of biotinylated derivative molecules entering the cell may 
be too low. Nevertheless, the best antiproliferative activ-
ity was noted for the two biotins containing and hav-
ing the highest molecular weight (about 806.98 g/mol) 
compound 3. The second most active compound was 2, 
having one biotin and M=580.69 g/mol. The molecu-
lar weight increase in modified xanthohumols (by about 
226-452 g/mol) not only did not diminish the antiprolif-
erative activity but seemingly enhanced it, compared to 
the parental xanthohumol (1).

It may be hypothesized that biotin-containing com-
pounds would enter the biotin-positive cancer cells 
more efficiently than the non-tumorigenic fibroblasts 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/mcf-7
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/hep-g2
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/cell-migration


564           2019M. Stompor and others

(Balb/3T3) and pre-neoplastic mammary epithelial cells 
(MCF-10A), leading to oxygen reduction by flavonoid 
moiety and an increased ROS generation and ultimate-
ly, cell death. It can also be hypothesized that the vi-
tamin moiety binds to biotin receptors on cancer cells 
with greater frequency than to noncancer cells, resulting 
in the preferable conjugate uptake and leading to high-
er inhibition of proliferation. In this context, the non-
TNBC MCF-7 cells, characterized by biotin over folate 
receptors predominance, were more sensitive to tested 
compounds than the more aggressive TNBC metastatic 
human breast cancer cell lines, that over-express biotin 
receptors, but are deprived of ER and HER-2 receptors 
(e.g. MDA-MB-231).

The last studies suggested that xanthohumol’s antitu-
mor activity may arise from its ability to inhibit multiple 
target proteins in cancer cells and that it could be used 
in anticancer therapy (Jiang et al., 2018). Based on their 
diverse biological activity, hop flavonoids, e.g. isoxan-
thohumol, may also be the potential adjuvant agents in 
cancer treatment (Krajnović et al., 2016). Also, other pre-
nylated chalcones (e.g. O-prenyl derivative of 2′-hydroxy-
3,4,4′,5,6′-pentamethoxychalcone) in combination with 
common anticancer drug, such as paclitaxel, have been 
shown to further inhibit cell growth, as determined 
with cell viability and proliferation assays (Fonseca et al., 
2016).

In summary, the results obtained in this study support 
the advisability of combining two groups with therapeu-
tic activity in one molecule. This type of strategy can be 
a pattern for designing biologically active agents, also 
due to much lower probability of resistance to such con-
structs. The future availability of new derivatives will al-
low to extend this research to their biochemical mecha-
nism of activity and the relationship between their bio-
logical activity and structure.

CONCLUSION

In summary, we have synthesized two novel low-mo-
lecular-weight compounds (2 and 3) using a simple ester 
coupling of biotin and xanthohumol (4-O-biotinylxan-
thohumol and 4,4’-di-O-biotinylxanthohumol, respec-
tively), the main flavonoid of hop (Humulus lupulus). The 
antiproliferative activity of biotinylated derivatives of 
xanthohumol (compounds 2 and 3) was examined in se-
lected cancer cell lines and compared to the effect of un-
modified xanthohumol. Our results clearly showed that 
incorporation of biotin moiety into the main hop prenyl 
chalcone may modify its selective cytotoxic activity. The 
obtained results are promising, and, in our opinion, qual-
ify the two newly synthesized compounds for further in 
vivo study as anticancer agents. The derivatives described 
here can be obtained in short, one-step synthesis and 
could be a useful tool to study tumor biology in living 
cells using a range of methods, like affinity capture, flow 
cytometry, confocal microscopy, spectroscopic and lu-
minescence methods and other imaging techniques used 
in medicine. To our knowledge, 2 and 3 constitute the 
only reported biotinylated chalcone probe to have such 
combined characteristics. In addition, this study shows a 
potential benefit of utilization of the by-products of su-
percritical carbon dioxide extraction of hop cones, that 
is common in the brewing industry (spent hops). This 
waste material is rich in 1, which we used as a substrate 
for the synthesis of 2 and its derivatives. These studies 
are in progress. The aim of further work is to elucidate 

the mechanism of cytotoxicity of the biotin-modified fla-
vonoids.
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