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Membrane-Wrapped Nanoparticles for

Photoacoustic Imaging and Photothermal Therapy

of Triple-Negative Breast Cancer

NIR Light

Application Nanoparticle-Enhanced 

Photoacoustic
Tumor Imaging

TNBC tumor

Nanoparticle Heating 

Leading to
Tumor Cell Death
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Day Lab: Advancing Health with 

Precision Nanomedicines

sites.udel.edu/daygroup

@TheDayLab
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Triple-Negative Breast Cancer

Requires New Treatment Strategies

Accounts for 15-20%
of diagnosed breast cancers

Unsusceptible to existing
targeted or hormonal therapies

Nanoparticle-based therapies have 

substantial potential to

improve patient outcomes

High risk of metastasis 
to vital organs

2X higher risk of death than 
other types of breast cancer
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Nanoparticle-Mediated Photothermal Therapy 

Enables High Precision Tumor Ablation

NP delivery 
Laser application to

induce NP heating  
Cancer cell 

death

Tumor

capillary

Cancer

cells

Light-responsive 

nanoparticles

NIR light
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Nanoshells as Phototherapeutic Agents

NS structure dictates plasmon resonance

Reflected

Light

Transmitted

Light

20 nm Oldenburg et al. Chem Phys Lett. 1998.
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Nanoshells Have Proven Clinical Safety and Efficacy

Stern et al. Int J Toxicology. 2015.

Rastinehad et al. PNAS. 2019.
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Membrane-Wrapped Nanoshells (MWNS) for

Enhanced Tumor Delivery
Traditional NS Exhibit Off-Target Delivery MWNS Improve Tumor Delivery Efficiency

Dr. Sara Aboeleneen
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Synthesis of Membrane-Wrapped Nanoshells

Nanoshell

(NS)

Culture 4T1 

TNBC cells

Co-extrude MVs with NS

(4:1 ratio)

Lysis, homogenization, 

differential centrifugation, 

extrusion 

Membrane-wrapped NS

(MWNS)

Membrane 

vesicles (MVs)

Seed-mediated 

growth method

Combine with  

gold colloid to 

form seed

Aminated 

Silica 

Sphere
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100 nm

Bare NS
Cell Membrane 

Vesicle (Cell MV)
MWNS
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MWNS Closely Mimic the Proteomic Landscape

of their Source Cell Plasma Membrane
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Understanding the Protein Composition of MWNS

Protein Description Category

Epithelial cell adhesion molecule (EpCAM) Cell Adhesion Molecule

Cadherin-1 (E-Cadherin) Cell Adhesion Molecule

Vascular cell adhesion protein 1 (VCAM-1) Cell Adhesion Molecule

CD44 antigen Cell Adhesion Molecule

Galectin-3 Cell Adhesion Molecule

Leukocyte surface antigen CD47 Immune-Associated Marker

5.5%

3.8%

1.3%

89.3%

Cell Adhesion Molecules

Immune-Associated Markers

Tumor-Associated Antigens

Other

~600 cell membrane proteins

39%

30%

13%

6%

7%

3%

2%

1%

Cytoplasm

Nucleus

Cell membrane

Endoplasmic

Mitochondrion

Golgi

Lysosome

Endosome

~4707 proteins
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MWNS Maintain NIR Absorbance and Heating Ability

0.0

0.5

1.0

1.5

2.0

2.5

400 600 800 1000

E
x

ti
n

c
ti

o
n

 (
a
.u

.)

Wavelength (nm)

32

36

40

44

48

0 2 4 6 8 10

T
e
m

p
e

ra
tu

re
 (

˚C
)

Time (min)

PEG-NSMWNSBare NS

Laser setting:

808 nm

1.5 W/cm2

13



MWNS Preferentially Bind Targeted 4T1 TNBC Cells 

versus Non-Targeted Breast Epithelial Cells
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TNBC Cells Internalize More MWNS than PEG-NS

25 µm
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MWNS Enhance Photothermal Therapy In Vitro
Saline MWNS

-Laser

+Laser 

PEG-NS

Live cells (Calcein AM) Dead cells (EthD-1)
Irradiation: 60 W/cm2, 2 min

Nanoparticle OD: 1.5
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Combining Imaging with Therapy 

to Maximize Treatment Success
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Energy Absorbers

Pulsed NIR Laser Excitation

Localized NP heating leading to 

thermoelastic tissue expansions
Pressure Waves            

Ultrasonic Detection

Tissue

Image Construction

Signals processed in
dual PA/US images

PA signal (NS)  Ultrasound (US)

Mechanism of Photoacoustic (PA) Imaging:

From Light Application to Image Construction
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MWNS Enhance Photoacoustic Imaging

of TNBC Cells In Vitro

TNBC Cells labeled with

MWNS or PEG-NS
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Evaluation of MWNS Biodistribution In Vivo

Wait 18 hr       

Euthanize & harvest 
major organs and tumor

ICP-MS to measure
gold in tissues

Section & stain 
tumors for NS

Administer MWNS, 
PEG-NS, or saline

(100 µL, OD 60, ~1010 NS)

Inject 4T1 cells
in mammary fat pad

Wait 6 hr

Perform post-injection
PA imaging

Monitor tumor 
growth

~3 weeks

Perform baseline
PA imaging
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MWNS Exhibit Greater Tumor Accumulation than 

PEG-NS Based on Photoacoustic Imaging Contrast
Post InjectionBaseline

MWNS

PEG-NS
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Silver Staining Confirms Increased Presence of

MWNS Inside Tumors

Silver stain=NS

Hematoxylin=nucleus

Saline MWNSPEG-NS

Scale bars=75 µm
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Wait 

12 days

(100µL, OD 60, ~1010 NS)

Administer MWNS, 

PEG-NS, or saline

Irradiate tumor

(2 W/cm2, 5 min)

Wait 

24 hours

Inject 4T1 cells

in mammary fat pad

Euthanize & harvest 

major organs & tumor

Section & stain

Tumor: apoptosis & proliferation
Liver & Spleen: biocompatibility

Monitor weight & 

tumor growth
biweekly

Administer MWNS, 

PEG-NS, or saline

Monitor

tumor growth
~3 weeks

(100µL, OD 60, ~1010 NS)

Irradiate tumor

(2 W/cm2, 5 min)

Wait 

24 hours

Evaluating the Phototherapeutic Effect of MWNS

In Vivo
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n=4-5                               

#p<0.1         

*p<0.05     

**p<0.001        

***p<0.0001

MWNS-Mediated PTT Slows Tumor Growth
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MWNS-Mediated PTT Increases Tumor Cell Apoptosis 

and Decreases Tumor Cell Proliferation
Saline + Light PEG-NS+ Light MWNS + Light

Hematoxylin=blue/purple

aCasp-3=maroon/brown

Scale bars=150 µm
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Scale bars=150 µm
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MWNS are Well Tolerated In Vivo

Liver

Spleen

Saline PEG-NS MWNS Saline + Light PEG-NS + Light MWNS + Light 

Scale bars=275 µm
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Summary: MWNS Can Enhance Photoacoustic Imaging 

and Photothermal Therapy of TNBC

✓ Coating NS with cell membranes does not alter their optical properties

✓ MWNS enter cancer cells and tumors more efficiently than PEG-NS

✓ MWNS enhance tumor imaging and PTT as compared to PEG-NS

NIR Laser

Pulse

Photoacoustic 

Signal

Homotypic Targeting

Intravenous 

Injection

TNBC Tumor

Photothermal 

Therapy

NIR Laser 

Irradiation
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