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Abstract: Imaging gene expression non-invasively and deep into opaque
tissues has been a long-standing goal of molecular science. Optical gene reporters such
as green fluorescent protein and luciferase have revolutionized cellular and molecular
biology, however their in vivo application is limited, due to poor tissue penetration of
visible light. The iron storage protein ferritin forms a paramagnetic ferrihydrite core that
affects the relaxation rate of surrounding nuclear spins. Ferritin has recently emerged as
an MRI gene reporter for molecular applications, however its detection with MRI still
has relatively low sensitivity. In this work we present an improved ferritin chimera,
genetically engineered to exhibit stronger paramagnetic properties.
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Introduction

Preclinical development of gene therapy and basic molecular research
on systems level may require methods for non-invasive visualization of gene
expression [1]. Recently, active research in MRI/MRS has resulted in the deve-
lopment of gene reporters whose expression can be coupled to genes of interest
[2]. The iron storage protein ferritin has been successfully used as an MR



152 Iordanova B. et al.

reporter gene in both vector mediated gene delivery and transgenic animal models
[3, 4]. Ferritin is built of heavy H and light L subunits, which have a coopera-
tive role in iron loading and core formation [5]. The ratio L:H varies throughout
the tissues and is closely related to iron loading efficacy [5].

We constructed a single chain ferritin chimera, L*H ferritin (L*H Ft),
where the two chains, heavy and light, are connected with a linker and expres-
sed as a single transcript. The resulting protein has a 1:1 subunit ratio and has a
slightly larger protein cage than the wild type. Our present work characterizes
the relaxation properties of L*H Ft chimera and compares them to wild type
ferritin. We targeted the central nervous system because it is particularly chal-
lenging to study due to its inherent tissue opacity and the blood-brain barrier.
We established that the engineered chimera has higher transverse relaxation
rates than the wild type ferritin and can be used as an improved MRI reporter.

Materials and Methods

We used HSV1 vector [6] with titer 2 x 10'° pfu/ml coding for L*H Ft
and green fluorescent protein (GFP) under the Human Cytomegalovirus (CMV)
promoter. First we transduced U20S cell line and incubated with ImM ferric
citrate in DMEM for 24 hours. We then fixed the cells 78 hours post-trans-
duction in 4% paraformaldehyde. We measured the transverse relaxation rate R2
of the cell pellet using a 500 MHz Bruker NMR spectrometer. We used conven-
tional CPMG sequence, NEX = 4, delay time of 10 sec, 14 echoes ranging
from 10 ms to 250 ms. All data was fit to monoexponential decay curve y =
Ae"*¥" + C using Bruker software.

For the in vivo work we injected 5 il L¥H Ft inoculum unilaterally
into the cortex and striatum of C57BL/6J male mice, age 4-6 weeks (n=6).
The contra-lateral side was injected with the same vector expressing control
gene LacZ and no L*H Ft. All imaging was done on 11.7 T Bruker micro-
imaging system. At 4 days post-injection, mice were imaged in vivo and then
perfused with 4% paraformaldehyde. The brains were then embedded in paraf-
fin and sectioned for histological study. We acquired spin echo (SE) images
with TE = 15, TR = 1200ms, and NEX = 2. We used 9 slices covering the
injection site with Imm thickness, no gap, 256 x 128 matrix size and 0.059 x
0.117 in plane resolution. In addition we acquired gradient echo images (GE),
TE =7 ms, TR = 500ms, and NEX = 8. For GE we used the same geometry and
resolution.

Contributions, Sec. Biol. Med. Sci., XXXI/2 (2010), 151-155



Single chain ferritin chimera as an improved MRI gene reporter 153

Results and conclusions

The transgene vector mediated expression of L*H Ft resulted in an
increase of the R2 relaxation rate of cell pellet, which was significantly higher
than control LacZ, wild type ferritin and homopolymers (Figure 1). The R2
relaxation rates of L*H Ft chimera showed a pronounced increase of contrast in
vivo at the site of vector inoculation (Figure 2). The histological stain using
hematoxylin and eosin showed no apparent local tissue toxicity of the vector
inoculation. In addition immunoreactivity showed colocali-zation of GFP with
the flag epitope on the L*H chimera.

Both gene reporters, optical and MR, were expressed in the same popu-
lation of transduced pyramidal neurons in the mouse striatum (data not shown).

Our study shows that the single chain L*H Ft chimera improves the MR
imaging of gene expression in cells and intact animals. We are currently quan-
tifying the level of gene expression in the mouse brain using 3D R2 relaxation
maps. Our goal is to obtain numerical transverse relaxation values in vivo for
the different ferritins. Our study offers a new MRI reporter with higher sen-
sitivity for future research into molecular events in the central nervous system
of living animals.
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Figure 1 — Relaxation rates at 500 MHz of U20S cell pellet expressing different ferritin
constructs. L*H ferritin chimera has the highest R2

Cauxka 1 — Penakcayuja na 500 MHz na U20S yenynapua xailucia co pasnuynu
Gepuitiuncku xonciipykitiu. L*H geputiunckaitia xumepa uma Hajéucok R2
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Figure 2 — In vivo T2-weighted spin echo coronal image of mouse brain
(TE = 15 ms, TR = 1200 ms) showing the site inoculated with the MRI transgene
L*H Ft on the left and Lac Z control on the right
Cauxa 2 — In vivo KOpOHAIHA CHUMKA HA 271Y8YEUKU MO30K POHOEPUPAHA
60 T2 (TE = 15 ms, TR = 1200 ms), poxadxcysajku ja rokayujaitia na MP
panczenoiti L*H ne6o u Lac Z xonitiponaitia 0ecHo

Acknowledgments

This work was funded by National Science Foundation Graduate Research
Fellowship 2007053507 and NIH grants RO1-EB005740 & P41-EB001977.

REFERENCES

1. Massoud T.F., Gambhir S.S. (2003): Genes Dev.; Mar 1, 17(5): 545-80.

2. Gilad A.A., Winnard P.T. Jr., van Zijl P.C. (2007): Bulte JW NMR in Bio-
medicine; May; 20(3): 275-90.

3. Genove G., DeMarco U., Xu H., Goins W., Ahrens E.T. (2005): Nature
Medicine; Apr; 11(4): 4504.

4. Cohen B., Ziv K., Plaks V., Israely T., Kalchenko V., Harmelin A., Benja-
min L.E., Neeman M. (2007): Nature Medicine,; Apr; 13(4): 498-503.

Contributions, Sec. Biol. Med. Sci., XXX1/2 (2010), 151-155



Single chain ferritin chimera as an improved MRI gene reporter 155

5. Levi S., Yewdall S.J., Harrison P.M., Santambrogio P., Cozzi A., Rovida E.,
Albertini A., Arosio P. (1992): Biochem J.; Dec 1; 288 ( Pt 2): 591-6.

6. Frampton A.R. Jr., Goins W.F., Nakano K., Burton E.A. (2005): Glorioso.
Gene Therapy, Jun; 12(11): 891-901.

Pe3sume

EMJHOJA3O/IHA ®EPUTNHCKA XMMEPA KAKO ITOJOGPEH
MP 'EHETCKMU PEIIOPTEP
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AncTpakT: HenHBa3sHBHOTO CHMMame Ha T€HETCKaTa eKCIpecHja IIaboKo BO
HETPOSHPHUTE TKUBA € JaMHEIIHA I[e] Ha MOJIeKylIapHaTa Hayka. OTNTHYKH TeHETCKH
peropTepH Kako 3eNCHHOT (IIyOpecleHTeH NPOTeHH M JIynudepasaTa TO PEBOIYIHO-
HH3HMpaa I0JIeTO Ha IeTyIapHaTa ¥ MOJIeKyJapHaTa OHOJIOTHja, HO HUBHATA IPHMEHA in
Vivo € c¢ yIITe OrpaHHYEeHa HOpaau ciabaTa NeHeTpalyja Ha CBETIMHA BO TKUBATa.
ITpoTenHOT 3a cKJIaUpame Ha xKeae30 GepUTUH Co3/1aBa NapaMarHeTHO (pepoXUIPUTHO
jazpo Koe uMa BIIMjaHHE Bp3 pellakcallijaTa Ha HYKIEapHUTE CIMHOBU BO OKOJIMHATA.
@DepuTUHOT HEOJaMHa ce MojaBu kako MP renercku penoprep 3a MOJNEKYyJIapHU aIlIu-
Kalluu, HO HeroBara jgerekuuja co MP cé yire uma HUCKa CEH3UTUBHOCT. Bo 0BOj Tpy
Ipe3eHTHpaMe Mof00peHa (PepUTHHCKA XUMEpa, TeHETCKH MOoAU(UIpaHa 1a UMa IHo-
CHJIHHU [TapaMarHETCKU CBOjCTBA.

Kayunn 36opoBu: MP renercku penoprep, pepUTHH, TPAaHCBEp3aJIHa pellaKcanyja.
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