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Novel properties and applications of human ferritin expressed by
Escherichia coli
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Abstract: Ferritin is a cage-like protein ubiquitous distribution among living organisms. It is com-
posed of a 24-subunit protein cage with an internal iron oxide core. Ferritin plays an important role in
iron homeostasis based on its ability of iron detoxification and iron storage. Recently, serum ferritin
levels are found to be changed in some pathologic process. Particularly, biomimetically synthesized
magnetoferritin which using recombinant human ferritin expressed by Escherichia coli as templates,
possess intrinsic dual functionality, targeting and visualizing tumor tissues. The unique properties of
ferritin make it an ideal and powerful nanoplatform on which to construct multifunctional
nanoparitlces for imaging and delivery of drugs. Here, we summarized the new features of human
ferritin and the research progress of ferritin-based applications in disease diagnosis and targeted can-
cer therapy.
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Figure 1 The structure of native ferritin
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Note: A: Ferritin is composed of a protein cage with an internal iron oxide core; B: 24-subunit oligomer with a combination of H- and
L-subunits that form a spherical hollow structure of 12 nm with cubic symmetry. Eight hydrophilic channels around 3-fold axes are im-
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Note: A: Anti-TfR1 monoclonal antibodies or conjugated-antibodies; B: H-ferritin nanoparticles; C: Conjugated Tf as carrier to deliver
chemotherapeutic drugs to treat or detect tumors.
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Figure 3 H-ferritin can specifically target many kinds of human cancer tissues
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Note: H-ferritin based fluorescence staining positively correlated with differentiation, grades and growth patterns of lung squamous cell

carcinoma, cervical squamous cell carcinoma, ovarian serous papillary carcinoma and colonic adenocarcinoma, hepatocellular carcinoma.
. . . . . s . L. 78

The corresponding normal tissues, necrotic tumours, chronic inflammatory tissues and hyperplastic tissues showed negative staining!).
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Figure 4 Magnetoferritin nanoparticles for targeting and visualizing tumor tissues
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Note: A: Schematic showing the preparation of M-HFn nanoparticles and their structure!”®); B: M-HFn nanoparticles with intrinsic dual
functions, targeting tumor tissues without any modification, and giving a color signaling by its peroxidase-like activity™™); C: Anti-

body-based immunohistochemistry; D: M-HFn based immunostaining'™®.
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Note: A: Schematic illustration of the process of triple-loading. In vivo (B) PET and (C) NIRF images after the administration of ferritin

probes. In the comparison group, a blocking dose of ¢c(RGDyK) was injected 30 min prior to the ferritin probe administration™”.
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Note: A: Formation of ferritin cage-based activatable probes; B: In vivo NIRF imaging of 22B tumor xenografted mice after intratumoral
injection of ferritin-cage-based activatable probeswith and without MMP inhibitor!''*),
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A

Note: A: A subunit of H. pylori non-haem ferritin (PDB: 3bve) (left). The NH2- and COOH-termini are labelled as N and C, respectively.
Three subunits surrounding a threefold axis are shown (middle) and the Asp 5 is coloured in red. An assembled ferritin nanoparticle and
an HA trimer (PDB: 3sm5) (viewed from membrane proximal end) (right). A triangle connecting the Asp 5 residues at the threefold axis
is shown in red. The same triangle is drawn on the HA trimer (right). A schematic representation of the HA-ferritin fusion protein is
shown (bottom); B: Negatively stained TEM images of nanoparticles (np) (left and middle). Computational models and observed TEM

image (right, top and bottom panels) representing octahedral two-, three- and fourfold axes of HA-nanoparticles are shown as indicated.
Visible HA spikes are numbered in the images!*’!.
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