
3D multi-modal photoacoustic and super-
resolution ultrasound localization imaging to 

probe the tumor microenvironment 

Department of Electrical and Computer Engineering,
Beckman Institute for Advanced Science and Technology,

University of Illinois Urbana-Champaign
 

Shensheng Zhao
Ph.D. candidate



Microscopy captures shallow details  

Notarangelo, Giulia, et al. 
Science 377.6614 (2022)
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Peering into the unknown: imaging gaps in the tumor microenvironment
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Tumor microenvironment
Not just tumor cells, but also their neighboring 
cells, all working together to support tumor 
growth, immune evasion, and metastasis. 

MRI/PET provides deep blurry

Mouse tumor

500 mm

Hu, Kuan, et al. ACS omega 7.1 (2021) 

Challenge: 
Tradeoff between image resolution and 
imaging depth while keeping multi-contrast. 



Peering into the unknown: imaging gaps in the tumor microenvironment
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Solution: 
Multi-parametric photoacoustic/ultrasound 

localization (PAUL) imaging 

PAUL

Microscopy captures shallow details  MRI/PET provides deep blurry
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Tradeoff between image resolution and 
imaging depth while keeping multi-contrast. 



Limitations of photoacoustic/ultrasound localization (PAUL) imaging for 3D tumor mapping 
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0.1 sec Acquisition time

Laser pulse 
• PA imaging: Molecular specific information visualization in deep 

tissue based on “light in/sound out”;

• UL imaging: Super-resolved vasculature and hemodynamic map in 
deep tissue by tracking injected FDA approved contrast agents 
(microbubbles) in the bloodstreams. 

Challenge: 
Slow acquisition make it infeasible for whole 
tumor microenvironment visualization 

Ultrasound 
transducer 

PA reveals tissue oxygenation UL reveals vasculature

> 4h !!!

Shensheng Zhao, et al. Nature Communications 14.1 (2023)



Deep Learning enables fast and accurate 3D PAUL Imaging
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4 min!!! (60X)

Deep learning enhanced fast imaging

Input: Sparse PAUL image 
(acquisition 1 sec)

Output: 
Complete PAUL image 

DL model

55 µm

30 µm

27 µm

1 sec/2D frame  1 sec/2D frame  

Laser pulse 
Ultrasound 
transducer 

Fast
PAUL

Regular
PAUL

Si
m

ila
rit

y 
in

de
x 

Ac
cu

ra
cy

1

0.5
1

0.5



Fast 3D PAUL imaging uncovers tumor molecular features
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Group 1: A431 tumor-targeting probe (AF790-labeled anti-EGFR antibody)

1 sec/fram
e scan,

 240 sec total  

Group 2: Non-tumor-targeting probe (AF790 labeled IgG antibody) 
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Shensheng Zhao, et al. Unpublished data 









Fast 3D PAUL imaging maps tumor growth through vessels and oxygenations
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A 4T1 breast mouse tumor model 
Take-home message: 

Fast PAUL imaging reveals key tumor 
microenvironment features, offering critical 

insights that may facilitate early detection of 
tumor progression and monitor tumor 

response to different treatment strategies. 

Shensheng Zhao, et al. Unpublished data 
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