& HamaMed-Repository

RMERASRIHSEURT MY EMERIAS

Harmamatau University School of Medcine

TSR VB D 72 8 D 72 72 DDSAIZE

EE&: Japanese
HARE:

~EFEH: 2022-01-11
*F—7—FK (Ja):
*—7— K (En):
ERXE: BK, LT
X=)LT7 KL R:
FlE:

http://hdl.handle.net/10271/00003933




TR IR O 72D O 7= 72 DDS Al

EMER KRS SRBEFHENIE Y X — T4 b= AEFEE S TRiEA
A=V v THFRE

1EIKIEAT

New targeting DDS for the treatment of immune diseases
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Photonics Education & Research Center, Hamamatsu University School of Medicine

Kosuke Shimizu

Summary

As drug delivery system (DDS) is a powerful tool to improve pharmaceutical properties and
further therapeutic effect of ingredients, application of the DDS technology to functionalized drug
development is recommended. Immune diseases develop due to abnormal immune response to
immune antigens in the body and chemotherapeutic treatments suppressing whole-body immune
response by using such steroids and immunosuppressive drugs are applied to them, however they
often show side effects including infectious disease onset because of their non-specific immune
suppressive effect. In this review, I introduce a new targeting DDS enables the delivery of a drug
to antigen-recognizing immune cells with antigen-modified liposomes for the treatment of
immune diseases and recent research data of their therapeutic effects on allergy and multiple

sclerosis.
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Figure legends

Fig. 1. Targeting drug delivery to antigen-recognizing immune cells with antigen-modified

liposome

Fig. 2. Induction of antibody production in antigen-sensitized mice by injection of antigen-
modified liposomes

(A) Experimental schedule until the measurement of blood concentration of antibodies. (B)
[ustration of OVA-Lip and HSA-Lip. (C) Blood concentrations of anti-OVA and anti-HSA
antibodies after the injection of OVA-Lip or HSA-Lip. Significant differences are shown (*, P <
0.01; ** P < 0.01). OVA: Ovalbumin; HSA: Human serum albumin; Alum: Aluminium

hydroxide.

Fig. 3. Targetability of OVA-Lip to splenic B cells

DilCs-labeled Cont-Lip or OVA-Lip (red) was intravenously injected into naive or OVA-
sensitized mice via a tail vein, and 12 h later, the splenic sections were prepared and probed with
Alexa488-labeled anti-mouse IgG antibody (green) for B cell staining. Distribution of

fluorescence was observed under a confocal laser-scanning microscope.

Fig. 4. Suppression of anti-OVA antibody production by the treatment with OVA-LipDOX

OVA-sensitized mice were intravenously injected with 0.3 M glucose (Vehicle), unmodified
liposome encapsulating DOX (Cont-LipDOX), OVA-modified liposome (OVA-Lip), or OVA-
LipDOX on day &, 10 and 12 after OVA immunization, and then booster injections of OVA were
given at day 15 and 29. Blood samples were collected at day 22 and 36; and ELISA was performed
to measure the blood concentration of anti-OVA IgE antibody. Significant differences are shown

(*, P<0.01; **, P<0.01; *** P <0.001)

Fig. 5. Preparation of MOG-LipDOX for the treatment of EAE.

(A) Preparation method of MOG-LipDOX. Autoantigenic MOGss.ss peptide was reacted with
DSPE-PEG-NHS to produce DSPE-PEG-MOG lipid derivative. On the other hand, DOX was
encapsulated into plain liposome composed of dipalmitoylphosphatidylcholine (DPPC) and
cholesterol by a pH-gradient method to prepare liposomal DOX (Cont-LipDOX). Then, DSPE-
PEG-MOG was mixed with Cont-LipDOX to prepare MOG-LipDOX. (B) Transmission electrol



microscope (TEM) image of MOG-LipDOX. (C) Stability of MOG-LipDOX in the presence of
serum. MOG-LipDOX was incubated with fetal bovine serum for 6 h, and then particle size and
DOX encapsulation was evaluated. (D) Binding ability of MOG-LipDOX to control antibody or
anti-MOGss.ss antibody analyzed by Biacore system.

Fig. 6. Targetability of MOG-LipDOX to splenic T cells

(A) Intrasplenic distribution of MOG-Lip. DiO-labeled Cont-Lip or MOG-Lip (green) was
intravenously injected into EAE mice via a tail vein on day 10 after MOG immunization and
allowed to circulate for 3 h. Then, the splenic sections were prepared and probed with anti-CD3
antibody-PE (red) for T cell staining and DAPI (blue) for nuclear staining. Fluorescence was
observed under a confocal laser-scanning microscope. Magnified images in each region are
shown (a, b). (B) Cell damage of MOG-recognizing T cells after the treatment with MOG-
LipDOX. EAE mice were treated twice with PBS, DOX, Cont-LipDOX, MOG-Lip or MOG-
LipDOX at a dosage of 0.1 mg/kg/day as DOX on days 10 and 14. On day 16, the collected
splenocytes were probed with anti-CD4 antibody-FITC and I-Ab MOGss.ss Tetramer-PE. Then,

FACS analysis was carried out.

Fig. 7. Therapeutic effect of MOG-LipDOX on EAE

(A) Therapeutic effect of MOG-LipDOX on EAE symptoms. EAE mice were intravenously
injected with PBS, DOX, Cont-LipDOX, MOG-Lip, or MOG-LipDOX via a tail vein at the DOX
dosage of 0.1 mg/kg/day on days 10, 14, and 22. The clinical symptoms were monitored and
scored based on the 13 grades. Significant difference was shown (***, P < 0.001). The clinical
symptom grades of each mouse on day 101 were also shown. (B) Suppression of EAE-induced
immune cell invasion at spinal cord by the treatment with MOG-LipDOX. Spinal cords of naive
or EAE mice treated with PBS, DOX, Cont-LipDOX, MOG-Lip, or MOG-LipDOX were
collected at day 24; and HE staining of their sections were carried out. Circle area shows the

region of interest.
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