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Differential diagnosis of brain enhancement(s) by magnetic resonance imaging (MRI) remains difficult without invasive biopsies. Such
MRI enhancement(s) can result from metastasis of primary tumours, radiation necrosis, infections, or a new primary brain tumour.
Neurological symptoms are often the same on initial presentation.

Methods: For precise noninvasive MRI diagnostics, a new class of nanoconjugates, nanoimaging agents (NIAs) and tumour-specific
nanodrugs, based on a poly (B-L-malic acid) biodegradable polymer was developed. The nanoconjugates carrying MRI contrast agent
1-3-7 star-PEG-molecules of gadolinium-DOTA for enhanced MRI, and antibodies or peptides recognizing tumour-specific markers and
crossing blood brain barrier (BBB) were synthesised. Nanoconjugates were administered intravenously in a newly developed double
brain tumour xenogeneic mouse models bearing human EGFR/EGFRvIII- and HER2-positive tumours.

Results: As a proof of principle, HER2- and EGFR-expressing brain tumours were differentiated by nanoMRI-targeted agents. After
nano-MRI diagnosis, breast and lung cancer brain metastases were successfully treated with tumour-targeted nanoconjugates carrying
antisense molecular inhibitors of EGFR/EGFRUVIII or HER2. These inhibitors were delivered to the tumour cell cytoplasm while sparing
healthy brain tissue. The treatment resulted in significant increase in animal survival for 66% lung, 75% for HER2+ breast, and 107% for
triple negative breast cancer brain metastases. Inhibition of important tumour markers was associated with reduced expression of key
proliferation and stem cell markers in treated tumours.

Conclusion: A significant advantage of novel nanosystem is delivery of precise imaging agents and specific mMRNA suppressors
(e.g., antisense drugs) for efficient tumour treatment. They efficiently blocked the synthesis of new HER2 or EGFR/EGFRUvIIl and
suppressed the activation of downstream PI3K/Akt signaling. This technology with novel 1-3-7 star-PEG-molecules of gadolinium-
DOTA for enhanced MRI specific signal shows promise for differential MRI diagnosis when brain biopsies are difficult to perform and
demonstrate a novel treatment of brain metastases and other pathologies.
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