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ABSTRACT Objective: This study aimed to prepare a novel targeted nano-magnetic resonance (MR)
contrast agent targeting «,3; integrin on the neovascular endothelium of tumors and to explore its imaging
characteristics in depth using high-field MR in vitro. Methods: Through the carbodiimide method, the
small molecule cyclic peptide arginine-glycine-aspartic acid (RGD)-phenylalanine-glutamic acid (cRGD{E)
was successfully coupled with ultra-small superparamagnetic iron oxide nanoparticles (USPIO) to prepare
the RGD-USPIO nanocomposite contrast agent. Subsequently, we used transmission electron microscopy
(TEM) to examine the physical properties of RGD-USPIO in detail. To verify its targeting and specificity,
we selected human umbilical vein endothelial cells (HUVECSs) with high expression of «,3; integrin as
the research object, and detected the targeting and specificity of RGD-USPIO to «,8; by iron staining
technique. Additionally, we observed the intracellular distribution of RGD-USPIO using TEM. Finally, we
examined the changes in MR T2 values at different time intervals after HUVECS uptake of USPIO and
RGD-USPIO using 4.7T MR technology. Results: Experimental results showed that RGD-USPIO had a
small particle size and good dispersibility, could specifically bind to «,; integrin, and demonstrated excel-
lent targeting. In HUVECSs, RGD-USPIO was mainly distributed on the cell membrane surface and in the
cytoplasm. Compared with the USPIO group, the RGD-USPIO group showed a significant decrease in T2
signal intensity (SI) in MR, and the difference was statistically significant (P<0.05). Conclusion: This
study successfully prepared a targeted and specific MR nano-contrast agent, RGD-USPIO, which can
specifically bind to the highly expressed integrin o,8; on HUVECSs and significantly reduce the T2 value
of 4.7T MR. This study provides a strong experimental basis for subsequent in vivo experiments and is
expected to provide new technical means for precise diagnosis of tumor neovascularization.
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Fig.1 Electron microscope images of USPIO and RGD-USPIO
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Fig.2 HUVECS uptake on groups A, B and C (Fe staining, x 200)

Note: A: USPIO; B: RGD-USPIO; C: Add RGD first and then RGD-USPIO; D: Blank control.
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Fig.3 Ultrastructural localization of RGD-USPIO in HUVECS cells was detected by TEM
Note: A: TEM detection images of USPIO incubated with HUVECS for 30 minutes; B: TEM detection images of USPIO
incubated with HUVECS for 120 minutes; C: TEM detection images of RGD-USPIO incubated with HUVECS
for 30 minutes; D: TEM detection images of RGD-USPIO incubated with HUVECS for 120 minutes.
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Fig.4 Effect of RGD-USPIO nano-contrast agent on T2 values of 4.7T MR in vitro
Note: A: USPIO; B: RGD-USPIO; C: Blank control.

% 1 HUVECS 5 RGD-USPIO,USPIO fk5h 3 AIEFH AR A EfE MR 38 T2 FSEA BRI LB (ms)
Table 1 Comparison of T2 signal value among groups after HUVECs were cultured with RGD-USPIO and USPIO in vitro

for different durations, respectively, and then scanned by MR (ms)

T2 value/ms

Groups F value P value
0 min 30 min 60 min 120 min

A group 201.7+ 2.727 184.2% 4.58 162.4+ 3.30 121.2% 6.29 0.108 0.808

B group 201.7+ 2.727 108.2%+ 16.92* 88.58% 5.633* 64.48% 4.866" 5.090 0.041°

t value - 10.621 27.723 17.490

P value - < 0.0001 < 0.0001 < 0.0001

Note: A group: USPIO; B group: RGD-USPIO. Compared with group A at each time point, *P <<0.05. Comparison of

each time point in group B, °P<<0.05.0 min was the blank control.
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