
Abstract. Background/Aim: Liver cancer is one of the
malignancies with the highest mortality-to-incidence ratio
worldwide. Therefore, novel therapeutic approaches are
urgently needed. Combination therapy and drug
repurposing can improve the response of the patients to
therapy in several cancers. The aim of the present study was
to merge these two strategies and evaluate whether the two-
drug- or three-drug- combination of sorafenib, raloxifene,
and loratadine improves the antineoplastic effect on human
liver cancer cells in comparison to the single-drug effect.
Materials and Methods: The human liver cancer cell lines
HepG2 and HuH7 were studied. The effect of sorafenib,
raloxifene, and loratadine on the metabolic activity was
determined using the MTT assay. The inhibitory
concentrations (IC20 and IC50) were calculated from these
results and used in the drug-combination experiments.
Apoptosis and cell survival were studied by flow cytometry
and using the colony formation assay, respectively. Results:
In both cell lines, sorafenib, raloxifene, and loratadine in
two-drug and three-drug combinations significantly reduced
metabolic activity and significantly increased the percentage
of apoptotic cells compared to the single-drug effect. In

addition, all the combinations significantly reduced the
colony-forming capacity in the HepG2 cell line.
Surprisingly, the effect of raloxifene on apoptosis was
similar to that observed using the combinations.
Conclusion: The triple combination sorafenib-raloxifene-
loratadine may be a novel promising approach in the
treatment of liver cancer patients.

Liver cancer is a poor prognosis malignancy that ranks
seventh in incidence and fourth in mortality worldwide,
reaching a mortality-to-incidence ratio up to 91.6% (1).
Unfortunately, it is diagnosed when the patient is at an
advanced stage, when the tumor already extends over a
large part of the organ (2). The recommended treatment
option is systemic drug therapy, which generally employs
multi-kinase inhibitors such as sorafenib or regorafenib (3,
4). However, these therapies are ineffective in most cases
due to late diagnosis, or the development of tumor
resistance, and recurrence rates are unfortunately estimated
to be 15% to 30% within one year and 70% over the next 5
years after treatment (5). Combination therapy is a strategy
that has resulted in better pharmacological treatments; it is
intended to improve the therapeutic effect and reduce
toxicity, as well as lowering the probability of resistance. In
addition, repurposing of approved drugs offer alternative
therapeutic options in a relatively fast and in some cases
less expensive manner. We demonstrated that the
combination of the antihistamine astemizole with gefitinib
had a superior antineoplastic effect on human lung cancer
cell lines in comparison to the single-drug treatment (6).
Additionally, Ellegaard et al. found that the use of
loratadine in patients diagnosed with lung cancer was
associated with a significant reduction in mortality (7).
Besides, some selective estrogen receptor-modulators
(SERMs) such as raloxifene have antineoplastic activity in
both in vitro and in vivo assays (8, 9). Here, we evaluated
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whether the two- or three- drug combination of sorafenib,
raloxifene, and loratadine possess significant antineoplastic
effect on human liver cancer cell lines.

Materials and Methods

Cell lines and reagents. The human liver cancer cell lines HepG2
and HuH7 were obtained from the American Type Culture
Collection (ATCC, Manassas, VA, USA) and cultured according to
the manufacturer’s instructions. Cells were seeded and cultured for
24 h and then exposed to the different drugs. Sorafenib, raloxifene,
and loratadine were purchased from Sigma Aldrich Co. (St Louis,
MO, USA). 

Metabolic activity. Metabolic activity was assessed using the 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
colorimetric method. Cells were seeded in 96-well plates (4,000
cells per well) and incubated for 72 h at 37˚C either in culture
medium-only, or in the presence of each drug or two- or three-drug
combination, or in the presence of the vehicle (DMSO). MTT was
added 4 h before the end of the incubation period. Subsequently,
acid-SDS was added and incubated overnight. The next day the
absorbances were read in a Thermo Fisher MultiskanSkyHigh
microplate spectrophotometer (Waltham, MA, USA) using two
filters (595 nm and 690 nm). The inhibitory concentration (IC)
decreasing cellular metabolic activity at 20% and 50% of the
maximum effect (IC20 and IC50, respectively) were obtained by
analyzing the concentration-response curves of each drug in this
MTT assays and used in the combination experiments.

Apoptosis. Apoptosis was determined using the Annexin V-FITC kit
(Thermo Fisher Scientific, Waltham, MA, USA). HepG2 and HuH7
cells were seeded in 60 mm Petri dishes (50,000 cells per plate) for
72 h at 37˚C either in culture medium alone, or in the presence of
the individual drugs or selected combinations, or DMSO.
Camptothecin (apoptosis inducer) and methanol (necrosis inducer)
were used as controls, which were added to the cells 24 h before
the end of the incubation period. The samples were then read on the
CYAN ADP flow cytometer (Dako, Glostrup, Denmark).
Percentages of viable (FITC-negative and PI-negative), early
apoptotic (FITC-positive and PI-negative), late apoptotic (FITC-
positive and PI-positive), and necrotic (FITC-negative and PI-
positive) cells were obtained by quadrant analysis using the Kaluza
version 2.1 software.

Colony formation assay. HepG2 cells were seeded in 60 mm Petri
dishes (400 cells per plate) to allow colony growth from single and
separated cells. Twenty four hours later, the cells were incubated for
72 h at 37˚C either in culture medium alone, or in the presence of
the individual drugs or selected combinations or DMSO.
Subsequently, the cells were allowed to grow in the absence of the
drugs for 7 days. Then, the cells were fixed with ethanol (absolute
grade) for 15 min and stained with crystal violet (1%) for 15 min,
washed with water, and counted.

Statistical analysis. Data statistical analysis was performed using
the GraphPad Prism software (La Jolla, CA, USA). One-way
ANOVA analysis, followed by Tukey’s test was performed. p-Values
<0.05 were considered as statistically significant. 

Results

Determination of the IC20 and IC50 of sorafenib, raloxifene,
and loratadine on the human liver cancer cell lines.
Concentration-response curves of the three drugs were
obtained using the MTT assay. Ten different concentrations
of each drug were evaluated and compared against the effect
of DMSO (data not shown). From these curves, the IC20 and
IC50 were calculated (Table I) and used in the subsequent
combination experiments. 

The drug combinations exhibit strong anti-metabolic activity
on both cell lines. Figure 1A shows the quantitative
determination of the effect of the single drugs on the
metabolic activity of HepG2 and HuH7 cells at their
corresponding ICs. Some of the two-drug combinations
(Figure 1B) resulted in significant higher inhibition of the
metabolic activity in both cell lines in comparison to the
single-drug effect. Two-drug combinations at their IC20
inhibited around 60% of the metabolic activity. In
accordance, three-drug combination at their IC20 inhibited
up to 75% of such activity. The higher the concentration
used, the stronger the inhibitory effect. In some cases,
almost total inhibition of the metabolic activity was
achieved when the cells were treated with three-drug
combinations (Figure 1C).

Apoptosis is substantially increased by the drug
combinations in both cell lines. Considering the metabolic
activity results, the effect on apoptosis of the single-drug and
selected drug combinations was studied. In most cases,
single-drug treatments significantly decreased the percentage
of viable cells and increased late apoptosis in HepG2 cells
(Figure 2A) or early apoptosis in HuH7 cells (Figure 2B) in
comparison to the corresponding DMSO-treated cells.
Noteworthy, raloxifene displayed the strongest single-drug
induction of apoptosis even at its IC20. The combination
loratadine-raloxifene also showed potent pro-apoptotic effect
on both cell lines, as well as the three-drug combinations.
Interestingly, the effect of the drug combinations tested was
alike to that produced by raloxifene alone at its IC50. 
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Table I. Inhibitory concentrations [IC (μM)] obtained for each drug and
cell line.

HepG2 HuH7

IC20 IC50 IC20 IC50

Sorafenib            4.5                      7.6                        4.04                      8.6
Raloxifene       19.6                    24.0                      21.2                      25.2
Loratadine        10.5                    23.0                      12.8                      30.0



The combinations tested abolished the colony-forming
capacity of HepG2 cells. Cell survival was assessed by the
colony formation assay. Single-drug treatment inhibited

colony formation in a very clear and potent manner in all
cases. The combinations tested fully suppressed colony
formation (Figure 3). Under our experimental conditions (see
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Figure 1. Three-drug combinations of sorafenib (S), raloxifene (R), and loratadine (L) abolish the metabolic activity of HepG2 and HUH7 cell
lines. A) Effect of single drugs; B) effect of two-drug combinations; C) effect of three-drug combinations. The combination of two or three drugs
significantly inhibited metabolic activity in both cell lines compared to the effect of individual drugs. Cells were cultured in the presence of the
drug combinations for 72 h and results are shown as the mean±S.D. of eight replicates for each group and from three different experiments.
Statistically significant differences in (A) vs. the DMSO group (*); in (B) vs. S IC20 (l), S IC50 (◆), L IC20 (n), L IC50 (▲), R IC20 (§), and R
IC50 (φ); in (C) vs. groups using S IC20 (▲) in the two-drug combination assay, and vs. groups using S IC50 (θ) also in the two-drug combination
assay. p<0.05 in all cases.



Materials and Methods) it was not possible to grow colonies
from  single cells in the case of the HuH7 cell line, probably
due to the low number of cultured cells necessary to
guarantee growth from individual separated cells. 

Discussion

Here, we demonstrate that both loratadine and raloxifene and
their combinations with sorafenib have significant activity
against human liver cancer cells. 

Several targets of raloxifene have been identified as being
involved in the development of HCC, either dependent or
independent of its action as a SERM. Raloxifene has affinity
for ER-α and ER-β, both of which promote liver
carcinogenesis when its expression is reduced (10, 11). One
of the target genes of ER-α is the protein tyrosine
phosphatase receptor type O (PTPRO), a membrane protein
that has tumor suppressor activity in various cancers

including HCC (12) via kinases like JAK2 and PI3K, leading
to inhibition of the transcription factor STAT3 which has
relevant activity in cancer cell growth and survival (13, 14).
ER-α interacts with NF-kB and inhibits the secretion of IL-
6, one of the most relevant interleukins in HCC
development; thus, raloxifene by its inhibitory action on IL-
6 secretion interferes in tumor progression via ER-α (9, 15).
In addition, raloxifene suppresses TGF-α-induced HCC cell
migration through ERβ-mediated inhibition of the AKT
signaling pathway (8), which is also involved in tumor
development including liver cancer (16).

Moreover, raloxifene activation of the transmembrane G-
protein-coupled estrogen receptor (GPER) has protective
effect against tumorigenesis in HCC through modulation of
the inflammatory response (17). Qui et al. showed that
GPER activation in human liver cancer cell lines led to
sustained activation of the ERK pathway, decreasing cell
viability and inducing apoptosis (18). Interestingly, Wang et
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Figure 2. Induction of apoptosis by sorafenib (S), raloxifene (R), and loratadine (L), and their combinations in the human liver cancer cell lines.
A) HepG2 and B) HuH7 cells. The combinations of the two and three drugs significantly increased the percentage of cells in apoptosis compared
to the activity of the individual drugs, except for raloxifene at its IC50. Cells were cultured in the presence of the combinations or individual drugs
for 72 h. Apoptosis was studied by flow cytometry using the annexin V-FITC kit and propidium iodide (PI) staining, and results are shown as the
mean±S.D. of three different experiments. Representative plots from the flow-cytometry data for each combination studied are shown. Statistically
significant difference vs. the DMSO group (*), S IC20 (l), S IC50 (◆), R IC20 (l), R IC50 (φ), and L IC50 (▲). p<0.05 in all cases.



al. proposed raloxifene use in HCC, demonstrating that it is
a potent inhibitor of the IL-6/GP130 signaling pathway,
which is involved in HCC oncogenesis (9). The aryl

hydrocarbon receptor (AhR) is another pharmacological
target of raloxifene independently of its effects on estrogen
receptors. O’Donnell et al. reported that raloxifene-AhR
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Figure 3. Drug combinations of sorafenib (S), raloxifene (R), and loratadine (L) suppress the colony-forming capability of HepG2 cells. The
combinations tested in this assay were able to completely inhibit the formation of colonies. Cells were cultured in the presence of the individual drugs
or their combinations or DMSO for 72 h and then allowed to grow for additional 7 days in the absence of the drugs. Results are shown as the mean±S.D.
from three different assays. A) Representative examples of colony formation in Petri dishes, cells were stained with crystal violet (1%), B) percentage
of colonies formed under each condition. Statistically significant difference vs. the DMSO group (*), and S IC20 (l). p<0.05 in all cases.

Figure 4. Potential molecular mechanisms improving the antiproliferative effect of the combination of sorafenib, loratadine, and raloxifene in
hepatocellular carcinoma. The scheme integrates common signaling pathways involved in cell proliferation, apoptosis, or resistance to sorafenib.
Solid lines represent a direct effect, while dashed lines denote the participation of intermediate components as described in the main text.



activation induces apoptosis in a triple-negative human
breast cancer cell line and in human hepatoma cells (19).

Some antihistamines have gained enormous interest as
potential anticancer drugs. In retrospective studies with
patients diagnosed with different types of cancer including
breast cancer and melanoma, Fritz et al. found that the use of
the antihistamine loratadine and its metabolite desloratadine,
was associated with improved overall survival (20, 21).
Noteworthy, Ellegaard et al. found that the use of loratadine
in patients diagnosed with lung cancer was associated with a
significant reduction in mortality, but desloratadine had no a
significant effect (7). They suggested that the strong
sensitization of the lysosomal membrane in cancer cells allows
the entry of cationic amphiphilic drugs (CADs), including
loratadine, to this organelle leading to cell death (7, 22).
Interestingly, the reduction in mortality was greater in patients
with a prior use of chemotherapy (7). Furthermore, Adly
evaluated the cytotoxic effect of the combination of loratadine
and cisplatin in HCC cell lines, finding that both drugs act
synergistically (23). Adly also observed that loratadine alone
was able to induce cell cycle arrest in the G2/M phase in
SNU449 cells, and that this effect remained when the cells
were co-incubated with cisplatin plus loratadine. Interestingly,
Kim et al. found a very similar effect on the vincristine-
resistant cell subline KBV20C. They reported that loratadine
sensitized KBV20C cells to the effect of vincristine and that
this combination also induced G2-arrest (24). The possible
G2-arrest induced by the combination studied in our work
deserves further investigation. 

Loratadine is an antagonist of the histamine type 1
receptor (H1HR), which is over-expressed in HCC tissues
and related to cancer progression. In accordance, Zhao et al.
reported that inhibiting this receptor significantly suppressed
tumor growth and metastasis in a mouse xenograft model of
HCC (25). The calcium channel TRPV2, seems to be
involved in the progression of HCC since its mRNA and
protein levels are increased in well-differentiated HCC
compared to undifferentiated tissue (26). TRPV2 is related
to endometrial cancer progression and loratadine, astemizole,
and clemizole were identified as TRPV2 blockers, with
loratadine being the most potent antagonist, leading to
inhibition of cell proliferation and migration of HEK293
cells (27). The potential effect of loratadine on TRPV2
channels in HCC cells deserves further investigation. 

The anti-inflammatory activity of loratadine by suppressing
NF-kB has also been shown (28) and involves the reduction
in proinflammatory component levels like IL-6 and TNF-α.
In addition, loratadine, by inhibiting TAK1 suppresses the
activator protein 1 (AP-1) signaling pathway, which enables
the transcription of inflammation-related enzymes including
MMPs (29), and has an important role in cell proliferation,
survival, differentiation, apoptosis, and migration (30). Very
recently, it was described that desloratadine possesses

potential antineoplastic activity through the blockade of N-
myristoyl transferase 1 (NMT1) activity, an enzyme that
contributes to HCC progression (31). In the same work, the
authors showed that the concomitant treatment of
desloratadine and sorafenib improved its anticancer effects in
comparison to the single-drug treatment. Whether loratadine
has a similar effect on NMT1 remains elusive. 

Here, we demonstrate that the three-drug combination
sorafenib-loratadine-raloxifene is a potential approach in
HCC therapy. The diverse possible mechanisms explaining
the strong effect observed are depicted in Figure 4. Shared
signaling pathways between two drugs may be potentiated:
for example the PI3K/Akt/mTOR pathway in the case of
sorafenib and raloxifene, or inhibition of IL-6 secretion in
the case of raloxifene and loratadine, or the Ras or
TAK1/MEK/ERK and AP-1 in the case of sorafenib and
loratadine (32). Notably, the shared pathways described have
been associated with the development of resistance to
sorafenib in liver cancer (33). Thus, the major clinical
problem of sorafenib resistance could be evaded using the
three-drug combination here studied, improving the clinical
response to sorafenib. Definitely, in vivo studies as well as
several “omic” approaches analyzing the effect of the three-
drug combination on gene and protein expression are needed
and may help to uncover new pathways associated with HCC
progression or sorafenib resistance.

The mortality-to-incidence ratio of HCC is worrying.
Increasing evidence suggests drug repurposing (alone or in
combinations) as potential treatment against different
diseases including cancer (34, 35). Definitely, these
approaches will lead to the development of more and
improved therapeutic options. Loratadine is the most
commonly prescribed antihistamine (7) and sorafenib and
raloxifene are FDA-approved anticancer drugs. Taken
together, the major antiproliferative effects of the three-drug
combination here shown, strongly warrant its study in
clinical settings.
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