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Abstract: Although islet transplantation plays an effective and powerful role in the treat-
ment of diabetes, a large amount of islet grafts are lost at an early stage due to instant blood- 
mediated inflammatory reactions, immune rejection, and β-cell toxicity resulting from 
immunosuppressive agents. Timely intervention based on the viability and function of the 
transplanted islets at an early stage is crucial. Various islet transplantation imaging techni-
ques are available for monitoring the conditions of post-transplanted islets. Due to the 
development of various imaging modalities and the continuous study of contrast agents, non- 
invasive islet transplantation imaging in vivo has made great progress. The tracing and 
functional evaluation of transplanted islets in vivo have thus become possible. However, 
most studies on contrast agent and imaging modalities are limited to animal experiments, and 
long-term toxicity and stability need further evaluation. Accordingly, the clinical application 
of the current achievements still requires a large amount of effort. In this review, we discuss 
the contrast agents for MRI, SPECT/PET, BLI/FI, US, MPI, PAI, and multimodal imaging. 
We further summarize the advantages and limitations of various molecular imaging 
methods. 
Keywords: islet transplantation, imaging modality, non-invasive imaging, multimodal 
imaging, contrast agent

Introduction
Diabetes mellitus is a chronic disorder of blood glucose caused by a deficient 
insulin secretory response and insulin resistance in peripheral tissues or the pro-
gressive destruction of islet β-cells.1,2 β-cell replacement therapy including pan-
creas and islet transplantation offers the opportunity for ideal glucose control and 
minimal risks of hypoglycemic episodes. Furthermore, patients who have success-
fully undergone β-cell replacement therapy can be free from daily insulin injections. 
Because of less invasiveness and continuous success, islet transplantation is becom-
ing increasingly available in clinical practice and can help achieve insulin indepen-
dence by restoring normal β-cell function. However, graft rejection and 
deterioration of functional islet mass make the recipients return to an insulin 
dependence status, eventually leading to treatment failure. Thus, it is essential to 
conduct further timely interventions according to the status of the post-transplanted 
islets. Monitoring the viability and function of transplanted islets is vital for 
diabetes treatment.

Accurate assessment of β-cell mass (BCM) is considered necessary not only for 
understanding the pathogenesis and prognosis of diabetes3 but also for monitoring 
the status of islet grafts during the entire transplantation period. Molecular imaging 
can be used to evaluate the function of transplanted islets. Effective, non-invasive 
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and vividly visualized molecular imaging methods and 
novel contrast agent synthesis strategies have been devel-
oped for the following reasons: (1) for studying the patho-
genesis of diabetes and further optimizing treatment by 
monitoring the morphology and function of BCM4 and (2) 
for improving islet transplantation procedures and detect-
ing postoperative complications by monitoring the survival 
rate of transplanted islet cells. Here we report the recent 
progresses and challenges in the noninvasive imaging 
methods in the islet transplantation field.

Magnetic Resonance Imaging (MRI)
Magnetic resonance imaging (MRI) is an ideal non- 
invasive imaging method for transplanted islets given its 
high resolution, deep tissue penetration, tomographic cap-
ability, no ionizing radiation, and repeatability.

Superparamagnetic Iron Oxide (SPIO)
To enhance the local contrast, contrast agents are often 
used in MRI imaging. Superparamagnetic iron oxide 
(SPIO) has become a widely used MRI contrast agent 
because of its low toxicity and high sensitivity.5,6 SPIO 
labeling has been confirmed to have no effect on islet 
viability and function.7 After labeling and intrahepatic 
transplantation, the SPIO-labeled pancreatic islets can be 
easily detected as hypointense regions in the liver on T2- 
weighted magnetic resonance images.8 Toso et al proved 
for the first time that it is safe and feasible to use SPIO- 
labeled islets for monitoring via MRI in clinical practice.9 

The SPIO-labeled islets were transplanted into the liver of 
four patients with type 1 diabetes and these could be 
detected as hypointensive spots in three patients via 
MRI. Saudek et al also detected hypointensive spots in 
eight type 1 diabetes patients by labeling the transplanted 
islets with Resovist (a carboxydextran-coated SPIO agent) 
at 24 weeks after transplantation.10 Only a 50% signal was 
detected at 1 week after transplantation in this trial.

However, the clinical application of SPIO is limited for 
the following reasons. First, the large amount of iron content 
in the liver. Second, SPIO is highly sensitive but has low 
imaging specificity due to hypointense signal contents in the 
body; thus, it is difficult to quantify.11 Third, SPIO is biode-
gradable and is easily affected by the surrounding internal 
environments.12 The Küpffer cells in the liver decompose 
SPIO quickly, affecting the signal observation of the labeled 
islets. Fourth, many factors may cause loss of SPIO signal in 
transplanted islet cells, eg, immune rejection, ischemia and 
inflammation in the liver after islets transplantation.6,13,14 

SPIO-labeled islets are more suitable for real-time imaging 
of transplanted islets.15

Although Resovist is approved for clinical use as 
a liver-imaging agent16 and it has been proved that por-
cine islets can safely and efficiently be labeled with 
Resovist to monitor kidney capsules of diabetic mice 
(Figure 1A),17 it has not been applied further because 
of its instability in clinical trials.12 To solve this problem, 
SPIO has been further modified, with the conjugation of 
lipofectamine, poly-L-lysine, polyethyleneimine,18 prota-
mine sulfate,19 and dendron guanidine20 to improve its 
cell-penetrating ability. Jung et al labeled transplanted 
islets under the left kidney capsule of nude mice with 
stable heparin-SPIO to monitor transplanted islet mass by 
MRI in vivo for 30 days, while treating type 1 diabetes.21 

Yang et al reported on a novel β–cell lymphoma (Bcl)- 
2-functionalized polyethylene glycol (PEG)-ultrasmall 
superparamagnetic iron oxide (USPIO) as a molecular 
imaging agent, which is better internalized by islets, for 
labeling β-cells and visualized the rodent islet cells trans-
planted under the kidney capsule of mice by MRI for 21 
days.22

Fluorine-19 (19F)
Transplanted islets can be quantified using fluorine-19 (19F) 
under MRI due to lack of endogenous fluoride in the body13 

and the high specificity of 19F. It has been reported that 
19F has no effect on islet cell viability and function.23 

Barnett et al found that transplanted human cadaveric islets 
labeled with rhodamine-perfluorooctylbromide (PFOB) 
nanoparticles can be viewed by 19F MRI under the kidney 
capsules of mice and rabbits.24 Recently, Liang et al 
reported that 19F MRI is suitable for the high-resolution 
localization of transplanted cells and pancreatic islets 
(PIs).25 As a specific contrast agent for glucose 
transporter-2 (GLUT-2),19F mannoheptulose (MH) contri-
butes to the imaging and tracking of GLUT-2-expressing 
cells by MRI.26 However, the relatively low clearance of 
compounds and the relatively low sensitivity of 19F MRI 
limit its applications.27 Gálisová et al have successfully 
labeled the PIs with Poly(lactic-co-glycolic acid) nanopar-
ticles (PLGA-NPs) and tracked them by multimodal ima-
ging methods in vivo, addressing the issue of low 
clearance.11,23

Gadolinium (Gd)
The signal intensity of the MR-positive contrast agent 
gadolinium (Gd) is stronger than that of SPIO. Biancone 
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et al28 demonstrated that it is possible to image islets under 
renal capsules after intrahepatic transplantation by labeling 
with Gd-HP-DO3A in mice. Demine et al have validated 
peptide P88 targeting β-cells. They conjugated P88 with 

Gd-DOTA and successfully monitored the transplanted 
islets in vivo in mice.29 However, because of the side 
effects of nephrogenic systemic fibrosis, the development 
of Gd and its derivatives is limited. Reports on the long- 

Figure 1 Islets transplantation imaging of MRI, SPECT and PET. (A) In vivo MR imaging of recipients having transplanted islets. In vivo spin echo T2-weighted axial MR images 
of heparin-SPIO-conjugated islets 30 days after xenotransplantation under the renal subcapsular membrane of left kidney in nude mice (300 islet equivalent/mouse). The dark 
area in the left kidney represents a labeled islet graft. Arrow: transplantation site. Reprinted from Biomaterials. 32(35). Jung MJ, Lee SS, Hwang YH, et al.MRI of transplanted 
surface-labeled pancreatic islets with heparinized superparamagnetic iron oxide nanoparticles. 9391–9400, Copyright (2011), with permission from Elsevier.21 (B) 
Transplanted islets under the left kidney capsule of CD1 mice labeled by 111In-tropolone was imaged by three-dimensional reconstructions SPECT/CT. This research 
was originally published in J Nucl Med. Tai JH, Nguyen B, Wells RG, et al. Imaging of gene expression in live pancreatic islet cell lines using dual-isotope SPECT. J Nucl Med. 
2007;49(1):94–102. ©SNMMI. http://jnm.snmjournals.org/content/49/1/94.short.39 (C) PET images were obtained after the [68Ga]DO3A-VS-Cys40-Exendin-4 intravenous 
injections via the tail in NOD/SCID mice with human-transplanted islets in the liver. The liver with transplanted islets demonstrate prominent tracer uptake (arrow). 
Reproduced from Junfeng L, Rawson J, et al. Evaluation of [68Ga]DO3A-VSCys40- exendin-4 as a PET probe for imaging human transplanted islets in the liver. Sci Rep. 
2019;9:5705. Creative Commons license and disclaimer available from: http://creativecommons.org/licenses/by/4.0/legalcode.56
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term effects of Gd on islet viability and function are not 
available.

Zn2+ and Mn2+

Some metal ions such as Zn2+ and Mn2+ ions provide an 
example for the possible evaluation of BCM function 
because their secretion corresponds to insulin secretion 
stimulated by glucose.30 Early functional changes of 
BCM can be identified in diabetic mice by dynamically 
monitoring manganese ions via MRI;31 further, no long- 
term effects of Mn2+ on glucose tolerance have been 
reported. However, further studies regarding this on the 
appropriate dose of manganese and the toxicity to the body 
have not been conducted. According to relevant reports, 
long-term exposure to large doses of manganese can cause 
extrapyramidal dysfunction and systemic toxicity.32

Theranostic Imaging
Theranostic imaging combines diagnostic imaging with 
therapy. The term “theranostic” was first coined by 
Funkhouser et al in 2002.33 Wang et al designed two MR 
probes by conjugating the therapeutic siRNA (MN- 
siCaspase-3 and MN-siB2M) with dextran-coated SPIOs. 
The islets were incubated with the probe before transplan-
tation. The results showed that the transplanted islets 
under the kidney capsule showed better survival by redu-
cing the expression of caspase-3 in the MN-siCaspase-3 
group,34 whereas a significantly delayed onset of hyper-
glycemia caused by T cell challenge was observed in the 
MN-siB2M group.35 Barnett et al labeled alginate capsules 
with perfluorocarbon emulsions for islet imaging and 
immunoprotection in STZ-induced diabetic mice, and the 
perfluorocarbons did not affect the permeability or func-
tioning of the islet cells.36 Recently, a nanodrug compris-
ing magnetic nanoparticles (MN, magnetic resonance 
imaging moiety) conjugated with miR-216a, which targets 
phosphatase and tensin homolog (PTEN), was synthesized. 
These nanoparticles could be imagined via MRI and pro-
moted the proliferation of β-cells by downregulating 
PTEN expression in a type 1 diabetes animal model.37 

Although nanoparticles can travel through biological bar-
riers, the tendency of aggregation limits their synthesis.38

Single-Photon Emission Computed 
Tomography (SPECT)
Single-photon emission computed tomography (SPECT) 
has developed rapidly in recent years due to its high 

resolution, depth penetration, and functional evaluation. 
However, its disadvantages are also obvious: radiation 
and low spatial and anatomical resolution.

Herpes simplex virus 1-thymidine kinase (HSV-1tk)- 
green fluorescent protein (GFP) has successfully been 
transfected into transplanted β-cells under the kidney cap-
sule and is visualized by SPECT in vivo in animal models 
(Figure 1B),39 indicating that it is feasible for detecting the 
gene expression and location of transplanted islets in vivo 
by SPECT. With regard to other virus vectors, Baculovirus 
vector was considered to be a powerful vector for studying 
islet gene delivery in rats.40 Baculovirus vectors can be 
used to deliver NIS (sodium iodide cotransporter) genes in 
a non-invasive manner to monitor transplanted islets 
in vivo by expressing target genes under fluorescent ima-
ging and 125I Nano SPECT/CT imaging. This technology 
is based on molecular imaging and enables the monitoring 
of islet survival and distribution after islet transplantation 
in vivo.

111In-exendin-3 has a higher correlation with β-cell 
volume than with β-cell area, and it is more reliable for 
evaluating BCM.41 Eter et al42 showed that islet transplan-
tation has a linear relationship with actual BCM, in terms 
of 111In-exendin absorption and β-cell volume, in muscle 
models. However, they did not evaluate the effect of islet 
cell viability and function with regard to the labeling 
marker 111In-exendin in their report. Another study43 

reported the development of a camelid antibody (nano-
body “4hD29”) targeting dipeptidyl peptidase 6 (DPP6) 
protein of β-cells and having no toxicity toward islets. 
Further, 4hD29 was labeled with 99mTc to be imaged in 
mice by SPECT. The abovementioned study also evaluated 
the correlation between the number of transplanted islets 
and SPECT signals through 99mTc-labelled 4hD29 mar-
kers. This information is useful for the quantitative assess-
ment of transplanted islet function in the future. 
Radiotracers not only affect the vitality and function of 
pancreatic islet cells but also cause radiation damage to 
patients. Thus, non-toxic tracking agents are urgently 
needed.44

Positron Emission Tomography 
(PET)
Another nuclear imaging modality, positron emission 
tomography (PET), has the advantages of high resolution 
and depth penetration and the disadvantages of radiation 
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and low spatial and anatomical resolution. Compared with 
SPECT, PET is more sensitive.

A study reported that [18F]-fluoro-2-deoxy-D-glucose 
(FDG) offers high sensitivity and specificity. The researchers 
found that the FDG-labeled transplanted islet cells did not 
accumulate in other organs in pigs,45 suggesting the clinical 
application of their procedure. FDG-labeled islets were suc-
cessfully applied to clinical trials without adverse reactions in 
2009.46 However, the detection time of [18F]-FDG was lim-
ited to 6 h under PET,47 and Islet radioactivity was found to 
be reduced by nearly 50% by researchers within minutes 
after transplantation.46–49 Although some reporter genes, 
such as herpes simplex virus 1 thymidine kinase (HSV- 
1tk)49 or HSV1-sr39Tk,50 exhibit longer observation times 
than radiotracers, their further application in humans needs to 
be explored.

Vesicular monoamine transporter 2 (VMAT2) can be 
used as targets for transplanted islet identification in PET. 
[11C] Dihydrotetrabenazine (DTBZ) has been reported to 
identify the transplanted islets in the muscles of mice by 
targeting VMAT2.51 [18F] FE-DTBZ-d4 is the primary tar-
geting agent for the imaging of β-cell clusters in clinical 
studies. Singhal et al52 compared the effects of two PET 
imaging ligands {(+)-[11C] dihydrotetrabenazine ([11C] 
DTBZ) and the fluoropropyl analog ([18F] FP-(+)-DTBZ)} 
on BCM imaging by injecting them into rat models of 
diabetes and β-cell compensation. [18F] FP-(+)-DTBZ 
PET imaging evaluated insulin-positive BCM in a non- 
invasive manner and showed great value in assessing the 
maintenance or restoration of BCM in mice. In another 
study,53 18F-FP-(+)-DTBZ was found to significantly 
improve the dynamic range of pancreatic binding para-
meters related to β-cell function compared with [11C] 
DTBZ. Therefore, it can discern the loss of β-cell density 
in T1DM patients, without depending on difference in pan-
creatic volume. However, most of these tracers have similar 
problems such as poor targeting and low expression levels 
of target molecules.54

The glucagon-like peptide (GLP)-1 receptor agonist 
exendin-4 has been studied by researchers as an effective 
probe for PET imaging of islets. To date, several exendin-4 
analogs labeled with radioactive metal nuclides, such as 
111In, 68Ga, 64Cu, and 99mTc,55 have been evaluated in 
rodents and non-human primates. Recently, human islets 
labeled with [68Ga]DO3A-VS-Cys40-Exendin-4 were 
transplanted into the livers of mice and imaged after 8 
weeks via PET. [68Ga]DO3A-VS-Cys40-Exendin-4 was 
shown to produce significant contrast, which is helpful 

for further quantitative evaluation of the function of the 
transplanted islets (Figure 1C).56 Although these tracers 
have great potential for imaging islets, their applications 
are limited in clinical practice because islet exposure to 
high radiation may affect the viability and function of 
islets. Besides, Abass Alavi reported that PET is not sui-
table for the quantification of β-cells in native pancreas 
due to the anatomy of islets, but transplanted islets as 
a cluster can be imaged.57

Fluorescence Imaging (FI)
Fluorescence imaging (FI) has the advantages of high 
sensitivity, quantitative evaluation, and no radiation. 
However, its application is limited by the relatively short 
period of signal cancellation and poor penetration.

Fluorescent proteins, such as GFP and cy-5.5, have been 
used for tracing islets. With the help of the islets of transgenic 
mice expressing GFP, Hara et al used reflected light confocal 
imaging to observe the histological and pathological changes 
of transplanted islets in the portal and surrounding liver tissue 
after transplantation for 24 h.58 In addition, they found that 
pancreatic islets were unevenly distributed but arrayed along 
the large blood vessels by imaging GFP- and red fluorescent 
protein (RFP)-transgenic mice (Figure 2A).59 Furthermore, 
Medarova et al found that β-cell apoptosis could be visua-
lized using a near-infrared probe (annexin V Cy5.5) in dia-
betic mice in vitro and ex vivo.60

Targeted or monoclonal antibodies are used to 
enhance the islets-to-background ratio in FI. Yohimbine 
(Yhb)-labeled GLP-1 exhibits advantages such as high 
specificity for islet cells and rapid blood clearance 
in vivo, which greatly increase the islets-to-background 
ratio, making it a suitable Islet targeting agent.61 

Recently, Komatsu et al found that surfactants can 
strengthen Newport Green fluorescence effectively and 
selectively in live islets without increasing islet toxicity 
by fluorescence intensity analysis.62

Bioluminescence Imaging (BLI)
Compared with FI, bioluminescence imaging (BLI) allows 
long-term observation, and also has advantages of quanti-
tative evaluation and high sensitivity, but it is susceptible 
to the internal environment and has a weak signal.

The BLI technique enables a more sensitive visual 
monitoring of dynamic changes in islet function for 
a relatively long period.63,64 Many researchers have ver-
ified that the number of transplanted islets is linearly 
associated with the signal magnitude (Figure 2B).65 
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Furthermore, Chen et al66 reported on the relationship 
between islet functional changes and metabolic abnormal-
ities in a mouse transplant model using a BLI system.

A combination of BLI and specific transgenic animal 
models is highly useful to identify and explore the 
mechanism of the transplanted islets. Recently, 

Sekiguchi et al67 showed that BLI of MIP-Luc-VU 
mice expressing a β-cell-specific reporter allows the 
detection of changes in BCM. Islet β-cells can be 
imaged in INS-1-luc BAC transgenic mice under normal 
and pathological conditions in a noninvasive way by 
BLI.68

Figure 2 Islets transplantation imaging of FI, BLI and US. (A) Transplanted rat islets were detected by PiF fluorescence imaging. Reprinted with permission from Kang NY, 
Lee JY, Lee SH, et al. Multimodal imaging probe development for pancreatic β cells: from fluorescence to PET. J Am Chem Soc. 2020;142(7):3430–3439. Copyright (2020) 
American Chemical Society.79 (B) 500 human islets were transduced with Adeno-CMV-Luc and implanted under the left kidney capsule of NOD-SCID mice. 
A representative CCD image 3 days postimplantation is shown. Reprinted from Mol Ther. 9(3). Lu Y, Dang H, Middleton B, et al. Bioluminescent monitoring of islet 
graft survival after transplantation.  428–435, Copyright 2004, with permission from Elsevier.65 (C) Intraoperative ultrasound findings of the portal vein. The transplanted 
islets appeared as hyperechoic clusters in the portal vein (arrows). Reproduced from Sakata N, Goto M, Gumpei Y, et al. Intraoperative ultrasound examination is useful for 
monitoring transplanted islets: a case report. Islets. 2012;4(5):339–342, reprinted by permission of the publisher (Taylor & Francis Ltd, hhtp://www.tandfonline.com).70
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Ultrasonography (US)
Ultrasound imaging has advantages such as ease of proce-
dure, no radiation, and repeatability. However, it also disad-
vantages including operator dependence, low sensitivity, and 
low signal. Sakata et al69 used high-frequency ultrasound 
(HF-US) to visualize transplanted islets and further evaluated 
ultrasound results and metabolic parameters. They also 
reported that intraoperative US can be used to image indivi-
dual islets in the portal vein and can be clinically applied for 
the functional evaluation of transplanted islets (Figure 2C).70 

Imaging of transplanted islets no longer depends on HF-US, 
and ordinary abdominal ultrasound is also capable for visua-
lization of islets.71 Recently, intraoperative ultrasound has 
been successfully used for monitoring real-time islet infusion 
in total pancreatectomy with islet autotransplantation 
(TPIAT).72 However, HF-US can only visualize aggregated 
islet clusters and cannot reflect single islets.

Magnetic Particle Imaging (MPI) and 
Photoacoustic Imaging (PAI)
Magnetic particle imaging (MPI) is a relatively new tomo-
graphic imaging technique with no depth attenuation, 
a high spatiotemporal resolution, and zero background 
tissue signal that quantitatively images magnetic 
nanoparticles.73 Wang et al labeled islets with SPIOs and 
transplanted them in the liver or under the kidney capsule 
of NOD/SCID mice.74 The signal can be quantitatively 
detected by MPI two weeks after transplantation. The 
lack of anatomical background is still the main challenge 
for MPI. Photoacoustic imaging (PAI) is an emerging 
biomedical imaging modality with high resolution, diverse 
endogenous and exogenous contrast, and no ionizing 
radiation.75 Reproducibility and standardization of photo-
acoustic images are major obstacles in its clinical imple-
mentation. Shi et al reported that PI can be used to track 
angiogenesis at a subcutaneous islet transplant site in 
a mouse model.76 PI employed in this study may be used 
for tracking angiogenesis of transplanted islets.

Multimodality Imaging
A single imaging modality cannot provide all the required 
data.77 MRI is limited by low sensitivity, and SPECT/PET 
techniques have a poor resolution, and BLI and FI have 
weak tissue penetration.78 Multimodal imaging can com-
bine the advantages of separate imaging modalities to 
overcome the limitations of single imaging methods. In 
recent years, multimodal imaging has shown rapid 

development. Barnett et al labeled human cadaveric islets 
with rhodamine-perfluorooctylbromide (PFOB) and rhoda-
mine-perfluoropolyether (PFPE) nanoparticles to visualize 
islets under kidney capsules of mice and rabbits via MRI, 
US, or CT imaging.24 PFOB and PFPE did not affect the 
viability and glucose responsiveness of human islets. 
Furthermore, this study contributes to real-time image- 
guided cell infusion. Gálisová et al developed a PLGA- 
NP poly(lactic-co-glycolic acid) platform, wherein PLGA- 
NP poly(lactic-co-glycolic acid) encapsulated with per-
fluoro-15-crown-5-ether and the near-infrared fluorescent 
dye indocyanine green and obtained detailed information 
about localization, size, and viability of transplanted islets 
by multimodal imaging (Figure 3).11 Recently, a new pan-
creatic β-cell probe, PiF (pancreatic islet fluorinated 
probe), was developed. This probe can not only image 
the islets in the pancreas but also monitor the intraportal 
transplanted islets by simple tail vein injection without the 
prelabeling of islets.79 At the same time, the probe PiF 
reduced the preparation time for tissue staining protocols 
from one day to 2 h.79 Although multimodal imaging can 
obtain more comprehensive data from transplanted islets, 
multimodal imaging nanoparticles are more complex and 

Figure 3 Trimodal imaging of transplanted pancreatic islets in scaffolds. 
Representative (A) bioluminescence, (B) fluorescence, and (C) axial F-19/H-1 MR 
images of 3000 and 1000 pancreatic islets transplanted into scaffolds on days 4. 
Reproduced from Gálisová A, Herynek V, Swider E, et al. A trimodal imaging 
platform for tracking viable transplanted pancreatic islets in vivo: F-19 MR, fluores-
cence, and bioluminescence imaging. Mol Imaging Biol. 2019;21(3):454Y464. 
Creative Commons license and disclaimer available from: http://creativecommons. 
org/licenses/by/4.0/legalcode.11
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expensive to be synthesized and have a larger molecular 
weight. The effect of these nanoparticles on the trans-
planted islet cells and the human body and their stability 
still need further study.

Conclusion
As the islet transplantation technology continues to show 
great value in type I diabetes, imaging and functional 
evaluation of transplanted islets are constantly improving 
and developing. There are many imaging modalities for 
tracing and quantitatively evaluating transplanted islets, 
but many shortcomings persist at present (Table 1).

In my opinion, MRI is currently an ideal non- 
invasive imaging modality for the visualization of 
transplanted islets for its high resolution, deep tissue 
penetration, low toxicity, and repeatability. MRI has 
higher sensitivity for islet detection and can image 
single islets with SPIO labeling. Further, compared to 
islet transplantation in the liver, more subtle changes of 
islets can be detected under the renal capsule and grafts 
do not migrate here.17 Microencapsulated islets have 

solved the problems of a shortage of donor organs and 
xenograft immune rejection.80 Moreover, theranostic 
imaging of MRI provides better islet protection via 
monitoring. Research on various nanoparticles has pro-
moted the development of multimodal imaging of 
transplanted islets. As an essential component of multi-
modal imaging, MRI obtains more detailed quantitative 
evaluation data of transplanted islets. Thus, MRI has 
great potential for islet transplantation imaging in the 
future.
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Table 1 Advantages and Disadvantages of Imaging Modalities of Islets

Advantages Disadvantages Contrast 
Agent

MRI High spatial resolution, Deep tissue penetration, 

Tomographic capability, No radiation, 

Repeatability

Low sensitivity, Toxicity of contrast agent, Difficulty of 

distinguishing between live and dead islets, Pre-labeling islets 

before transplantation

SPIO, Gd, 

Mn2+, 

Zn2+,19F

SPECT High resolution, Deep tissue penetration, High 

sensitivity, Functional evaluation of islets

Low spatial and anatomical resolution, Ionizing radiation 99mTc, 111In, 
123I, 131I

PET High resolution, Deep tissue penetration, 
Higher sensitivity, Functional evaluation of islets

Low spatial and anatomical resolution, Ionizing radiation 11C, 18F, 68Ga, 
64Cu

FI High sensitivity, Quantitative evaluation of islets, 
No radiation

Short period of cancellation, Poor tissue penetration, Low 
spatial resolution

GFP, RFP, 
FITC, Cy-5.5

BLI Long-term observation, High sensitivity, 
Quantitative evaluation of islets, No radiation

Susceptible to internal environment, Weak signal, Low spatial 
resolution

Luciferin

US Simple operation, No radiation, Repeatability, 
No adverse effects

Operator dependency, Low sensitivity, Weak signal, cannot 
visualize single islets

MPI No radiation, high temporal resolution, high 
spatial resolution and high sensitivity

No anatomical background. Magnetic 
particle

PAI High resolution, Deep tissue penetration, No 
ionizing radiation Diverse endogenous and 

exogenous contrast,

Reproducibility and standardization of the images

Multimodality 

imaging

Combining the advantages of various imaging 

modalities

High costs, Complexity design of Contrast agent, The long- 

term effects on the human body need further study

Nanoparticles
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