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MRI-detectable polymeric micelles incorporating platinum anticancer drugs
enhance survival in an advanced hepatocellular carcinoma model.
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MRI-detectablé polymeric micelles incorporating platinum anticancer
drugs enhance survival in an advanced hepatocellular carcinoma
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Purpose:
Nanoparticle drug carriers have been demonstrated as an effective method of targeting

drugs to malignant tumors with permeable neovasculature and impaired lymphatic drainage.
Polymeric micelles are generated by the self-assembly of amphiphilic block copolymers into
core-shell nanostructures with drug loaded cores and biocompatible shells showed advantages
as nanoparticle drug carriers. We have developed MRI-detectable polymeric micelles by;
incorporating the T1-weighted MRI contrast agent Gd-DTPA and the platinum anticancer|
drug DACHPt within the core of micelles. In this study, we examined the feasibility of using
these Gd-DTPA/DACHPt-loaded micelles to simultaneously diagnose and treat a rat model of]
hepatocellular carcinoma (HCC).

Methods:

The Gd-DTPA/DACHPt-loaded micelles were created by self-assembling as follows.
Gd-DTPA was converted to sodium salt and lyophilized. DACHPt in water was mixed with
the sodium salt of Gd-DTPA, and then PEG-b-P(Glu) was added to this solution|
([DACHPt)/[Glu] =1.0) and are allowed to react for 120 hours at 37°C to prepare
Gd-DTPA/DACHPt-loaded micelles. The size distribution of the Gd-DTPA/DACHPt-loaded
micelles was evaluated by dynamic light scattering measurement. Morphology of]
Gd-DTPA/DACHPt-loaded micelles was observed by transmission electron microscopy.

HCC rat model was generated by injection of 1x10° N1S1 cells to subserosal liver. Seven
days after cell implantation, MR images of hepatic tumors were obtained using a 1.5T GE
MRI system before and after hepatic arterial injection of GD-DTPA/DACHPt-loaded
micelles. ROI’s gray scale value was measured on MR images using ImageJ software.

Tumor cytotoxicity was evaluated by TUNEL assay after treating with
Gd-DTPA/DACHPt-loaded micelles and with free oxaliplatin or normal saline for control.
Therapeutic efficacy was assessed by measuring tumor size using MRI at 3, 6, 10, 14 and 21
days after treatment.

Hepatic and renal functions were tested for partial evaluation of adverse reactions after
treatment with micelles, oxaliplatin, or saline.
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Results:

Characterization of Gd-DTPA/DACHPt-loaded micelles:

The Gd-DTPA/DACHPt-loaded micelles were 33 nm in diameter. The micelles incorporated
H0.42 mg of DACHPt/mg polymer and 0.04 mg Gd-DTPA/mg polymer, corresponding to 45%
and 5% of the carboxylic groups in PEG-b-P(Glu), respectively. No Gd3+ was detected in
these micelles, indicating that the safety of Gd-DTPA chelates remained stable.

Gd-DTPA/DACHPt-loaded micelle mediated tumor enhancement: Tumor intensity of]
T1-weighted MR images increased considerably after hepatic arterial injection of]
Gd-DTPA/DACHPt-loaded micelles and remained stable for up to 3 h investigation whereas
signal intensity of healthy liver remained near the initial values. The identical injection of free
Gd-DTPA or DACHPt micelles showed no tumor contrast enhancement.

In vivo cytotoxicity against tumor cells: The mean tumor apoptosis percentages at 3 days
postinjection were 92.4 = 3.4% with micelles, 45.3 £ 20.8% with oxaliplatin, and 9.65 + 5.9%
with saline. These results indicated that Gd-DTPA/DACHPt-loaded micelles induced tumor
cell death much more efficiently than free oxaliplatin and saline.

Tumor growth suppression and animal survival: At 3 day postinjection, the mean tumor
volume of micelle group decreased 74% in compared with preinjection and tumor suppression|
continued until 10 days postinjection. Then tumors continued to grow and were abdominally|
disseminated by 3 weeks postinjection. In contrast, there was no tumor suppression after
oxaliplatin or saline injection. Survival of micelle-, oxaliplatin-, saline-treated rats was 28, 20,
and 18 days, respectively.

Systemic toxicity: Micelle treatment caused less severe hepatic disorders and body weight
loss than oxaliplatin treatment.

Discussion:

Gd-DTPA/DACHPt-loaded micelles provided strong and specific tumor contrast
enhancement and induced high rates of tumor cell death, significantly reduced tumor size and
growth rate. The administration of micelles did not caused severe adverse reactions and
improve survival outcome.

After injecting micelles, intensity of tumors was greatly enhanced from hypointense to
markedly hyperintense while there was minimal change in signal intensity in healthy liver
parenchyma, indicating that micelle did not penetrate through normal vessels in healthy
tissue. Furthermore, the high rate of tumor apoptosis and tumor growth suppression following
micelle treatment supports the theory of high penetration, enhanced retention, and persistent|
and broad distribution within HCC tissue.

The Gd-DTPA/DACHPt-loaded micelles may improve the sensitivity of clinical HCC
diagnoses, particularly in cases of multiple small tumours or satellite tumours in a cirrhotic
liver, which may be overlooked by other imaging diagnostic modalities. Moreover, thel
concomitant incorporation of contrast molecules and anticancer agents in the micelles permits
real-time evaluation of drug distribution in the tumour by MRI, thus enabling practitioners to
adjust the dose to ensure proper efficacy with minimal adverse reactions and to anticipate
treatment response. The use of micelles that provide selective MRI-contrast tumour
enhancement also facilitates disease management as it allow patients and practitioners to
avoid unnecessary exposure to ionizing radiation.

Conclusions:
Gd-DTPA/DACHPt-loaded micelles are an excellent candidate for clinical translation for
the diagnosis and treatment of HCC.
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