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Nano-orchestrated magnetotactic like navigation for electromagnetic
theranostics and immune enhancement via photoautotrophic oxygenation, mild

hyperthermia, and ferroptosis
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Glycol chitosan - iron oxide Nanoparticles
(GCS-10 NPs)

+ Size: 230 nm + 50 nm
« Zetapotential :

* 10:-27.0 +-1.06 mV

* GCS-0:16.4 +-0.76mV
+ Spherical structure

Primary results

Primary results

Glycol chitosan - iron oxide Nanoparticles (D; i
(GCS10 NPs) g
+ FTIR spectra of GCS, 10 NPs, and GCS- f B
10 NP : the presence of Fe-O bond T, » ape
+ XRD patterns of GCS, 10 NPs, and L T
GCS-10 NPs :crystalline structure of 10 1 ¢ A
in GCS-I0O NPs ] ,,,,,,,,,
* SQUID : GCS-10 NPs exhibited suitable o —
for ic targeting icati - - - 2 -

-iron oxide P
(GCS-10 NPs)
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NIR 0 min

NIR 10 min
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Materials analysis
Chlorella-Glycol chitosan - iron oxide

Hanoparticles

(CHL-GCS40 NPs)
* atime- and concentration-dependent
increase in oxygen production, with
high reactive oxygen species (ROS)
generation tendency at higher NP
concentrations and longer irradiation
times
CHL-GCS10 NPs exhibited higher
fluorescence intensities, indicating
enhanced oxygen generation
+ 10 mV for CHL-GCS-10 NPs suggests
successful conjugation of GCS-10 NPs
and improved colloidal stability
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Chlorella-Glycol chitosan - iron oxide
HNanoparticles
{CHL-GCS10 NPs)

The merged image confirms successful
conjugation, with distinct fluorescent
signals for FITC and chlorophyll.
CHL-GCS-10 NPs demonstrated slightly
increased chlorophyll activity compared to
untreated CHL

RDPP data of CHL and CHL-GCS-0 NPs
evaluated at 0 min and 10 min light
irradiation
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Chlorella-Glycol chitosan - iron oxide

Nanoparticles

(CHL-GCSH0 NPs)
SEM of shows CHL-GCS-IO NPs exhibit
surface roughness,
EDS demonstrates a significant increase in
iron (Fe), confirming NP attachment
FTIR shows characteristic peaks of C=0
stretching (~ 1700 cm™), C-N stretching (~
1400 cm™), and Fe-O (~ 600 cm™),
confirming successful conjugation and
preservation of bioactivity.
XRD showed CHL-GCS-10 NPs, confirming
the incorporation of magnetic NPs into the
Chiorella system
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Chilorella-Glycol chitosan - iron oxide
Nanoparticles
(CHL-GCS-IO NPs)

1.CHL-GCS-10 highlighting their potential
for PTT
2. SQUID showed CHL-GCS-10 NPs

with

]

significantly higher saturation
magnetization

3. T2-weighted magnetic resonance
imaging (MRI) analysis: CHL-GCS-10 NPs
demonstrated strong T2 contrast,
enhancing their potential as MRI contrast
agents for precise tumor imaging in
theranostic icati
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Chlorella-Glycol chitosan - iron oxide Nanoparticles (CHL-GCS-I0 NPs)

CHL-GCS-10 NPs exhibit significantly

oxygen to

CHL, indi P!
efficiency

Chlorella-Glycol chitosan - iron oxide Nanoparticles (CHL-GCS-10 NPs)

Electromagnetic wave responses of
Chiorella (CHL) and CHL-GCS-IO NPs

under light irradiation. The electromagnetic

field (E-field) measurements

demonstrate a negligible change in CHL
samples under light exposure, while CHL-
GCS-10 NPs exhibit a substantial increase
in electromagnetic activity,

likely attributed to the conductive and
electromagnetic-responsive properties of
the glycol iron oxide nanoparticle
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(LR LR BUENTI  Chlorella-Glycol chitosan - iron oxide Nanoparticles (CHL-GCS-10 NPs)

Both CHL and CHL-GCS-I0 NPs exhibited moderate

cytotoxicity, with cell viability remain
ing above 60% (0-100 pg/mL).

CHL-GCS-O NPs, when irradiated with 660- and 808
nm-light, resulted in a significant decrease in

cell viability (~ 70% cell death).
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LR LD R L Rl Chiorella-Glycol chitosan - iron oxide Nanoparticles (CHL-GCS-10 NPs)

DCFH-DA assay :The CHL-GCS-0 NPs group

higher ROS

CHL alone, and the addition of H,0, further
amplified ROS production.
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MB49 cel SO LN Chiorella-Glycol chitosan - iron oxide Nanoparticles (CHL-GCS-10 NPs)

o,
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DCFH DA assay :The CHL-GCS-0 NPs group

higher ROS than
CHL alone, and the addition of H,0, further
amplified ROS production.
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Polarmmon LR 7288  Chlorella-Glycol chil i
macrophsges MO-M1
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Quantitative analysis of the fluorescence i
mtenswy, usmg ImageJ sof(ware conhrmed g '

(CHL-GCS-10 NPs)

by CHL-GCS-I0O NPs under NIR irradiation

in CD86 exp i
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MB4S9 cell - Ferroptosis Chiorella-Glycol chitosan - iron oxide Nanoparticles (CHL-GCS0 NPs)

CHL-GCS-0 NPs si induce iron in MB49 cells, as evidenced by

Prussian blue staining, compared to control and CHL only trealmems This effective delivery of iron
oxide nanoparticles through Chlorella likely initiates P a form of pi cell death
linked to lipid peroxidation.

(D) c CHL-GCS-I0 NPs

Prussian Blue stain
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LS EA DGR el Chiorella-Glycol chitosan - iron oxide Nanoparticles (CHL-GCS-10 NPs)
macrophages : M2-M1 - x e N

(M2 to M1 re-polarization (CD206 to CD86 H
expression shift). IL-4 (an M2 polarization £
inducer) :Quantitative analysis using ImageJ

a
in CD86 and a decrease in CD206 expression
after NIR irradiation in the CHL-GCS-10 NP
group
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Chlorella-Glycol chitosan - iron oxide Nanoparticles (CHL-GCS-10 NPs)
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formulations administration, near
infrared (NIR) irradiation, and tumor
size monitoring.

This image was created and edited
using BioRender software

MB49 tumor cell injection, T

mcm i targeting. Obmarve tumor sizm once
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al experiments,

mﬁﬂun Tel-1-0

Chlorella-Glycol chitosan - iron oxide
Manoparticles
(CHL-GCS-10 NPs)

= After 1 hr : A quantitative analysis indicated a
significant increase in tumor accumulation by
CHL-GCS-10 NPs in the magnetic-targeted
group compared to the other groups
After 7 days:Fluorescence imaging

ated of the
with a residual signal observed in the tumor of
CHL-GCS-10 NPs of the magnetic-targeted
group . A quantitative analysis showed
significantly higher retention in the tumor by
* magnetically targeted CHL-GCS-0 NPs.
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Chlorella-Glycol chitosan - iron oxide
Nanoparticles =]
[CHL-GCS0 NPs)
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* Infrared thermal imaging of MB49 tumor- u

bearing mice subjected to 808-nm NIR

irradiation for 5 min. 3 /|
Images reveal a significant temperature rise in "'
the GCS-10 NPs and CHL-GCS-10 NPs groups,
with CHL-GCS-0 NPs (magnetic) reaching the
highest temperature (~ 50.8 °C), indicating a
strong photothermal conversion efficacy

Il experiments,

Chilorella-Glycol chitosan - iron oxide
MNanoparticles
(CHL-GCS-1O NPs)

MB49 tumor-bearing mice treated with control,
CHL, GCS-10 NPs, and CHL-GCS10 NPs over a
14-day period.
Tumor sizes were monitored and photographed
every 2 days following intravenous

ation of the i and
subsequent magnetic targeting, and NIR 660-
and 808-nm irradiation.
Quantitative tumor growth curves for each group,
normalized to the day 0 tumor size, are shown in
the bottom panel. Data are presented as mean +
SD (n=5).




Primary results
Chlorella-Glycol chitosan - iron oxide

Nanoparticles
(CHL-GCS-I0 NPs)

Ex vivo images of excised tumors from

all treatment groups after sacrifice on day 14.
The tumor size and appearance visibly
decreased in the GCS-10 NPs and CHL-GCS-10
NPs groups compared

=to the control and CHL groups, with the ©
smallest tumor masses observed in the CHL-

GCS-10 NPs group

Quantitative analysis of sizes of excised tumors

from all groups, normalized to control group's

tumor size.
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Chlorella-Glycol chitosan - iron oxide
Nanoparticles

(CHL-GCS-I0 NPs)
Transforming growth factor (TGF)-B staining
(green). a cytokine involved in immune

pp! and tumor
i s s
downregulation of TGF-B in the CHL-GCS-IO NPs
group

Amplex red staining (red). Detection of reactive

oxygen species (ROS) via Amplex red staining. A
i analysis fil igni

higher ROS production in the CHL-GCS-10

NPs group.

Primary results
Chlorella-Glycol chitosan - iron oxide
Nanoparticles

(CHL-GCS-I0 NPs)
CD49b expression (natural killer (NK) cells).
CD49b IF staining (green) revealed increased NK
cell recruitment and activation, particularly in
the CHL-GCS-10 NPs group, where the highest
expression of CD49b was observed

CDB8+ T-cell infiltration. CD8+ IF staining (green)
showed robust T-cell infiltration in the CHL-GCS-
10 NPs group, with significantly higher CD8+
levels compared to all other groups.

Primary results
Chlorella-Glycol chitosan - iron oxide
Nanoparticles
(CHL-GCS-I0 NPs)

Hypoxia-inducible factor (HIF)-1a staining
(yellow). a marker of hypoxia, Quantification of
the il ity ignifi
downregulation of HIF-1a in the CHL-GCS-10
NPs group

C-X-C Motif Chemokine Ligand 12 (CXCL12)
(purple). IF images showed CXCL12 expression,
a factor linked to tumor metastasis and

. bkl

significant downregulation in the CHL-GCS-0
NPs group

Primary results
Chlorella-Glycol chitosan - iron oxide
Nanoparticles

(CHL-GCS-I0 NPs)
Programmed death ligand 1 (PD-L1) expression.
PD-L1 IF staining (purple). A quantitative
analysis confirmed significantly lower PD-L1
levels in the CHL-GCS-10 NPs group compared
to all other groups

Cluster of differentiation 11c (CD11c) expression
(dendritic cells (DCs)). CD11c IF staining (red) in
tumor tissues indi h, DC acti

in the GCS-10 NPs group, with the highest
activation seen in the CHL-GCS-10 NPs group

Primary results

Chlorella-Glycol chitosan - iron oxide Nanoparticle (CHL-GCS-10 NPs)

Macrophage polarization. CD86 (M1 macrophages, red) and CD206 (M2 macrophages, green)
staining showed a marked shift toward proinflammatory M1 polarization in the CHL-GCS-IO NPs

group, with a significant increase in CD86 and a cor in CD206 exp:

Py
Conclusion

This study introduces a translational system of nano-orchestrated magnetotactic like system,
integrating photosynthetic oxygenation, remote hyperthermia, and fermoptosis fo achieve
comprehensive tumor eradication and immune activation. The CHL enhanced oxygen
production by continuously alleviating hypoxia, boosting both electromagnetic therapeutic
efficacies and ferroptosis-induced tumor cell death. Moreover, the multimodal CHL-GCSHO
NPs reprogrammed the TME, facilitating immune activation by promoting macrophage
polarization towards the proinflammatory M1 phenotype, engaging cytotoxic T cells and natural
killer cells, programmed death ligand 1 (PD-L1) downregulation, and driving dendritic cell

reprogramming towards improved anfigen presentation.

Thank you for
listening!




