
Abstract. Background/Aim: Itraconazole shows anticancer
activity in various types of cancer but its underlying
mechanism is unclear. We investigated the effect of itraconazole
on membrane-associated lipids. Materials and Methods: To
investigate the influences of itraconazole on cholesterol
trafficking, cervical cancer CaSki cells were cultured with
itraconazole and analyzed by Filipin staining followed by
confocal microscopy. Effect on the glycerophospholipid profiles
was analyzed by liquid chromatography/mass spectrometry
(LC/MS). Results: After itraconazole treatment, Filipin staining
revealed cholesterol accumulation in the intracellular
compartments, which was similar to the distribution after
treatment of U18666A (cholesterol transport inhibitor). LC/MS
analysis showed a significant decrease in phosphatidylserine
levels and an increase in lysophosphatidylcholine levels in
CaSki cells. Conclusion: Itraconazole inhibited cholesterol
trafficking and altered the phospholipid composition.
Alterations in the cell membrane can potentiate the anticancer
activity of itraconazole.

Itraconazole is used as an antifungal agent and inhibits
ergosterol synthesis in the fungal cell membrane by blocking
the enzyme lanosterol 14a-demethylase. Since its ability to
reverse chemoresistance was reported in 1999 (1),
experimental studies have revealed the underlying anticancer
mechanisms and that itraconazole down-regulates different
signaling pathways in cancer cells and surrounding stromal
cells (2). Twelve clinical studies of various types of cancer
reported promising results for repurposing itraconazole as an

anticancer agent (3-6). Interim analysis of our ongoing WOO
trial (jRCTs051190006) revealed a rapid clinical response to
itraconazole among enrolled patients with vaginal melanoma
and cervical cancer; however, the specific target of
itraconazole was not identified in transcriptome analysis (7). 

In the 1970s, antifungal drugs were found to exhibit
synergistic effects with certain chemotherapeutic drugs by
altering the membrane lipid composition of cancer cells (8).
Cholesterol and phospholipids are major components of the cell
membrane. Previous studies demonstrated that itraconazole
inhibited intracellular cholesterol transport in human umbilical
vein endothelial cells, glioblastoma cells, and endometrial
cancer cells (2). There has been no report on phospholipids
associated with itraconazole. In this study, we investigated
itraconazole-induced inhibition of cholesterol trafficking and
alterations in the membrane lipid composition in CaSki cervical
cancer cells. 

Materials and Methods

Cell culture. The human cervical squamous cell carcinoma cell line,
CaSki, was purchased from the RIKEN BioResource Center
(Tsukuba, Japan). The cells were cultured according to the
manufacturer’s instructions.

Filipin staining. Filipin staining was performed as described by Xu
et al. (9). Briefly, CaSki cells were cultured with 1 μM itraconazole
or 1.25 μM U18666A (Sigma-Aldrich, St. Louis, MO, USA) for 24
h, fixed with 4% (wt/vol) paraformaldehyde in phosphate-buffered
saline (PBS) for 30 min, and stained with 50 μg/ml filipin (Sigma-
Aldrich) in PBS at room temperature for 2 h. The cells were then
washed with PBS three times and mounted for microscopic
examination. Images were captured using a Zeiss confocal
microscope (Jena, Germany).

Liquid chromatography/mass spectrometry analysis. CaSki cells were
cultured with or without 10 μM itraconazole for 48 h, placed on ice,
washed with ice-cold PBS, and then detached using a cell scraper. After
cell counting, the collected cells were homogenized in 150 μl of
methanol containing lysophospha tidylcholine (LPC) (17:0),
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phosphatidylcholine (37:4), lysophosphatidylethanolamine (17:1),
phosphatidylethanolamine (37:4), lysophosphatidylglycerol (17:1),
phosphatidylglycerol (37:4), lysophosphatidylserine (17:1),
phosphatidylserine (PS) (37:4), lysophosphatidylinositol (17:1), and
phosphatidylinositol (37:4) (Cambridge Isotope Laboratories, Inc.,
Tewksbury, MA, USA) as internal standards. The mixture was then
incubated on ice for 10 min. The homogenates were centrifuged at
20,600 × g for 5 min at 4˚C, and the supernatants were collected for
liquid chromatography/mass spectrometry (LC/MS) analysis. LC/MS
analysis was performed using LCMS-8060 (Shimadzu Co., Kyoto,
Japan) accompanied by LC/MS/MS multiple reaction monitoring
(MRM) library for phospholipid profiling (Shimadzu Co.), which
contains method information on the LC analytical conditions and MRM
parameters used for phospholipid analysis. MRM parameters for some
lipids and the LC analytical conditions, including the column, which
were designed in the LC/MS/MS MRM library for Phospholipid
Profiling, were changed by adding information on sn-1 and sn-2 lyso-
types of glycerophospholipids. Additionally, rather than the column
designated in the LC/MS/MS MRM library for phospholipid profiling,
L-column2 ODS (2.0×150 mm, 3 μm, metal free: CERI, Tokyo, Japan)
was used. The mobile phases were changed into water/acetonitrile=1:2
with 0.1% ammonium formate and methanol/isopropanol=1:19 with
0.1% ammonium formate. The peak area values for each lipid were
normalized to the corresponding internal standards, and the relative
values were calculated based on the number of collected cells.

Statistical analysis. Statistical comparisons were performed using
the Mann–Whitney U-test or Wilcoxon signed-rank test. In all cases,
a p-value of <0.05 was considered as statistically significant.
Statistical analysis was performed using the default conditions of
JMP9 (SAS Institute, Inc., Cary, NC, USA).

Results 
Filipin staining revealed the cholesterol distribution in cells
treated with itraconazole, U18666A, and vehicle. Cholesterol
was visible on the plasma membrane and nuclear membrane
of the control (Figure 1A). In cells treated with U18666A or
itraconazole, cholesterol accumulated in the intracellular
compartment (Figure 1B and C). 

To investigate the influences of itraconazole on the
glycerophospholipid profiles, CaSki cells were treated with
10 μM itraconazole for 48 h. Next, glycerophospholipids in
the cells were analyzed, and a volcano plot [X-axis: fold-
change with vs. without itraconazole treatment; Y-axis: -log10
(p-values)] was drawn based on the results of lipid analysis.
As a result, lipid analysis of the cell membrane showed that
itraconazole significantly decreased PS (blue-colored cross)
levels, whereas LPC (orange-colored circle) levels were
increased (Figure 2). 

Discussion

We found that itraconazole altered the lipid composition of
cell membranes, decreased PS levels, and inhibited
cholesterol trafficking in cervical cancer cells. Previous
reports showed that inhibition of cholesterol transportation by

itraconazole was mediated by Niemann-Pick C1 (NPC1)
protein in human umbilical vein endothelial cells and by
sterol carrier protein 2 (SCP2) in glioblastoma cells,
respectively (10, 11). Cholesterol depletion appeared to be
recovered by downregulation of ATP-binding cassette
transporter B1 in endometrial cancer cells (12). In cervical
cancer CaSki cells, neither transcriptome nor
phosphoproteome analysis revealed the itraconazole-mediated
cholesterol redistribution (data not shown).

PS is the major component of the plasma membrane,
accounting for up to 15% of the total lipids (13). Under
physiological conditions, healthy cells contain low levels of PS.
In apoptotic cells, PS is translocated from the inner surface of
the plasma membrane to the outer external surface. Exposed
PS is recognized by phagocytes, and the removal of
immunogenic debris prevents autoimmunity. Thus, externalized
PS functions in local and systemic immunosuppression. In
cancer cells, PS is expressed at high levels on the outer leaflet
of the plasma membrane, and the immunosuppressive function
of PS protects cancer cells from immune detection (14). The
high level of apoptosis in tumor tissue and difference in PS
expression on the cell surface between cancer cells and healthy
cells presents a selective therapeutic target and may be useful
for overcoming the immunosuppressive microenvironment.
Recently, a series of PS-targeting monoclonal antibodies and
PS-targeting biomolecules were developed. Bavituximab, a PS-
targeting monoclonal antibody, repolarizes myeloid-derived
suppressor cells and M2 macrophages to M1, as well as
activates antitumor immunity (15). PS-targeting monoclonal
antibodies can activate T cell-mediated immunity, and
combining these antibodies with immune checkpoint inhibitors
is a potential therapeutic strategy. In post-hoc analysis of a
phase III lung cancer study (16), bavituximab improved the
overall survival of patients administered immune checkpoint
inhibitor therapy after study therapy (hazard ratio=0.46,
p=0.006) (17). Interim analysis of bavituximab plus
pembrolizumab in patients with gastric cancer also showed
promising results (ESMO, 2020, #1446P).

The study findings will be helpful for potentiating the
existing anticancer activity of itraconazole against cancer
cells or for studying the synergistic effect of itraconazole
with other anticancer drugs.
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Figure 1. Confocal microscopy images of CaSki cells treated with vehicle (A), 1.25 μM U18666A (B), and 1 μM itraconazole (C) for 24 h followed
by Filipin staining.

Figure 2. Volcano plot showing changes in lipid levels after 10 μM itraconazole treatment for 48 h. The phosphatidylserine levels decreased, whereas
lysophosphatidylcholine levels increased. X-axis: with vs. without itraconazole treatment. Y-axis: -log10 (p-values). PC: Phosphatidylcholine; LPC:
lysophosphatidylcholine; PE: phosphatidylethanolamine; LPE: lysophosphatidylethanolamine; PG: phosphatidylglycerol; LPG: lysophosphatidylglycerol;
PI: phosphatidylinositol; LPI: lysophosphatidylinositol; PS: phosphatidylserine; LPS: lysophosphatidylserine; SM: sphingomyelin.
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