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Hydroxypropyl (HP)-aCD is More Effective
than HPBCD Against Breast Cancer

Wittkowski et al. recently published their results on re-evaluation of three genome-wide
association studies using computational biostatistics approach [1]. The genetic results show
that dysfunction of endo-/exocytosis (EEC) is involved in cell migration and invasion causing
metastasis often in bone, lung, liver and brain and thus is responsible for breast cancer deaths.
Many genes involved in EEC in breast cancer have been identified. It was found that EEC in
breast cancer is controlled by the genes that translocate and metabolize phospholipids entering
into phosphatidylinositol cycle (PI-cycle). These findings suggest that scavenging phospholipids
can be a novel intervention to inhibit cancer metastasis via reducing the migration of tumor
cells.

The PI-cycle has a central role in cell signaling. It is the major pathway for the synthesis of
phosphatidylinositol and its phosphorylated forms. In addition, some lipid intermediates of the
PI-cycle, including diacylglycerol and phosphatidic acid, are also important lipid signaling
agents [2]. The structure of a typical phosphatidylinositol can be seen in Fig.1.
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Fig. 1 Chemical structure of phosphatidylinositol (the most common fatty acid substituents are
stearic acid at sn1 and arachidonic acid at sn2)

It was observed as early as in 1989 that various native CDs affect human erythrocytes in a different way
[3]: BCD but not ACD and GCD can solubilize cholesterol, while an order of ACD>BCD>>GCD was found
for solubilization of phospholipids including also PI.
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NMR studies showed that PI interacts with ACD forming 1:1 and 2:1 CD:PI complex [4]. When
extracting PI from a lipid bilayer, such as a cell membrane, first the 1:1 complex with the
inositol head group is formed (this interaction is strengthened by electrostatic forces between
the positively charged ACD hydroxyls as dipoles and the negatively charged inositol head
group) and then another ACD includes the terminal part of the sn2 chain forming 2:1 complex
[5]. The scheme of the 2:1 complex is shown in Fig. 2.

Fig. 2 Scheme of ACD/phosphatidylinositol complex based on NMR studies [4]

It is also known that lipid rafts of cellular membranes rich in cholesterol also contain PI and
disruption of lipid rafts by depletion of cholesterol by using methyl BCD leads to inhibition of PI
cycle [6]. Wittkowski et al. [1] suggest that BCD removes not only cholesterol but also
phospholipids from the lipid rafts and this can be the reason of the positive effect of BCD
derivatives against breast cancer attributed to cholesterol depletion in earlier studies (Table 1).
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Table 1 Some studies on efficacy of BCD derivatives in breast cancer

(CD [ Cells/Animals Result .. [Ref. |
(L N:Te I mice xenografted with MeBCD (800 mg/kg) was more active [7]
MCF7 cell lines than doxorubicin (2 mg/kg)

(=133 818038 doxorubicin-resistant Cholesterol depletion indirectly inhibits [8]
ClHpld:Tep B HsS578T breast cancer Pgp transport activity by increasing
cells membrane fluidity

(S R :Te D B8 A431 cells Breast cancer cell line contains elevated [9]
level of cholesterol and is more sensitive
to cholesterol depletion-induced
apoptosis
(=18 :{ep B8 MDA-MB-231 and ZR Breast cancer cell migration and [10]
751 cells invasion are reduced by cholesterol
depletion in lipid rafts

518 8o B MCF-7 and BT-549 The integrity of lipid rafts plays [11]
breast carcinoma cells  important role in regulation of NADPH
oxidase activity

P LT G B MDA-MB-468 and T47D  2-SeCD sensitizes cells to tumor [12]
bridged cells necrosis factor-related apoptosis-
BCD inducing ligand (TRAIL)

=18 :Tep B8 MDA-MB 231 breast Cholesterol depletion causes reduced [13]
tumor cells cell migration mediated by raft-
associated CD44 protein
HPBCD MDA-MB 231 breast Reduced cell migration due to [14]
- tumor cells cholesterol depletion
(=18 :1ep B8 mice, MDA-MB-231 Caveolae distraction by methyl BCD [15]
- breast carcinoma cells  reduces metastasis in lung

(=138 (e p 8 TNBC cell lines Disruption of lipid rafts via extraction of [16,17]
cholesterol results in induced apoptosis

Wittkowski et al. concluded that migration and invasion in breast cancer involve cholesterol-
unrelated processes [1]. They emphasize that BCD derivatives scavenge also phospholipids and
this might play more important role than cholesterol depletion. To clarify the mechanism they
suggest to use ACD derivatives (HPACD) which can deplete phospholipids without interacting
with cholesterol. In a wound model of cell migration they found higher inhibition by HPACD
than by HPBCD. HPACD as anticancer drug in the therapy of breast cancer would have also the
advantage of lower cytotoxicity, nephrotoxicity and ototoxicity [18-20].
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Cyclodextrin News Retrospective
We wrote 10, 20 and 30 years ago

10 years ago, CD News reported on the cyclodextrin-enhanced removal of chlorinated
xenobiotics from contaminated soil and aquifer. The editorial summarized the advances related
to the topic available dating back to 2008:

- Solubilization for enhancing the transport of contaminants

- Enhancing soil flushing and effect on decontamination of the resulting waste water

- Enhancing natural attenuation of contaminants

- Enhancement of chemical oxidation

- Effects on permeable reactive barriers

- Enhancement of electrokinetic remediation

This environmental use of CDs is based on mobilising the chlorinated organic contaminants.
CDs as solubilizers usually have beneficial effects on remediation of soils and aquifers.
Compared to synthetic surfactants CDs are biodegradable and non-toxic to soil biota. The
ultimate solution for the question of eliminating chlorinated xenobiotics is still sought. Even in
2018 many of such compounds are listed as priority pollutants by the Ministry of Environmental
Protection (MEP) of China, Environmental Protection Agency of the U.S. (U.S. EPA) and
European Commission (EC), and are under strict control.

20 years ago, the editorial of the July issue reported on the success of the 9th International
Cyclodextrin Symposium that just had been held in Santiago de Compostela. The August issue
reflected on several inquires concerning the literature survey on possible cyclodextrin
containing products as it was discussed at the Symposium. An extensive list of patents granted
since 1990 were compiled in the editorial entitled ,Possible future products containing
cyclodextrins”. Such rare compilation on the early technical data may trigger interest to those
making research in the history of the intellectual property rights related to cyclodextrins.

30 years ago, a short note was published at the front page of CD News July issue entitled
~Sweeteners and CDs”. Cyclodextrins are sweet in themselves, moreover may eliminate the
bitter aftertaste of other sweeteners making them ideal for improving palatability of foods and
drugs. The August issue reported on some stunning chemical and physical stability data of
volatile guest-CD complexes each prepared in the year of 1976 (!). It is notable that complexes
of caraway, bergamotte, garlic, mustard, dill, onion and thyme oils as well as menthol retained
their active contents with nearly 100% efficacy over the 10-year storage period.
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