Assessing Immune Responses ofiStem  Cellransplants
with clinically;applicable Imaging echnigues

-_ﬁ'
--r.’
t

- I
!,! |~ !’ I

}i_ H.E. Daldrup -Link, M.D., Ph.D.
Molécular ImagmgProgram at Stanford (MIPS)
\ . Stanford School of Medicine



Imaging Stem Cell Transplants:
@ Assessment of Immune Responses
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Imaglng Stem Cell Tr)splants
)\ssessment of Immune Responses
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Clinically applicable labels

O, for in vivo tracking of stem cells
71>
SPECT and PET Imaging ,_ o

* In-111 Oxine (half-life 2.8 days)
e Tc99m HMPAO (half life 6 h) i
o [18F]-FDG (h alf |Ife 2 h) In-111 Oxine-labeled EPC

—> acute myocardial infarction

e [18F]-Fluoro-3-(hydroxymethyl)butyl]guanine  {Stasriaes

into LAD

heart

4
.{.r

Schaechinger et al, Circulation 2008; Hofmann et al, Circulation 2005; Zhu et al, N Engl J Med 2006



Clinically applicable labels
O, for in vivo tracking of stem cells
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SPECT and PET Imaging

* |n-111 Oxine (half-life 2.8 days)
e Tc99m HMPAO (half life 6 h)
e [18F]-FDG (half life 2 h)

e [18F]-Fluoro-3-(hydroxymethyl)butyl]guanine

MR Imaging
e (Gd-Chelates

e Iron Oxide
Nanoparticles |
labeled

neural
stem
cells

Schaechinger et al, Circulation 2008; Hofmann et al, Circulation 2005; Zhu et al, N Engl J Med 2006



® Ferumoxytol (Feraheme ™)
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— FDA approved iron supplement
— Mean hydrodynamic diameter: 30nm

— Non-ionic carboxhydrate coating of polyglucose
sorbital carboxymethylether

— rl: 15 mM1sect
— 1r2: 89 mM1seclatl.5Teslaand 37°C?

Labeled Stem Cells Stem Cell Loss Stem Cell Hypertrophy

Khurana et al (Daldrup-Link lab) Nanomedicine under revision



Normal Nestin+ stem cell
differentiation

of CM-labeled

stem cells

GFAP+ glia cell MAP2+ (neur.cytoskeletton-prot.) neuronal cell

Normal
differentiation
of unlabeled
controls

Nestin+ stem cell

MAP2+ neuronal cell

GFAP+ glia cell

Rudelius M, Daldrup-Link HE et al. Eur J Nuc Med & Mol Imag 30: 1038-44



0 ) Differentiation of hESCs into cardiomyocytes

hESCs Embryoid Bodies

(e ) = /O Differentiation
{\ > V' 7 1 = into cardiomyocytes

Castaneda et al (Daldrup-Link lab) Pediatr Radiology 41(11): 1384-1392, 2011
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g.) ® h.) Cardiomyocyte protein expression
maintained post ICG-labeling.
Positive staining was observed for:
Connexin43 (a), Wnt8a (b),
Troponin T (c), GATA4 (d), Lin28
| (e), TBX5 (f), Actin (g), Isletl (h).
100um 100um
Scale bar: 100 pm.

Boddington S et al (Daldrup-Link lab) Cell Transplantation 19: 55-65, 2010 % i:
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Chondrogenic differentiation of Fe-labeled hMSC

M
%
Scaffold + Scaffold + Scaffold +
uniabeled cells Fe-labeled cells Gd-labeled cells
Y s
8
30
25 1 {6
g 20 1 :2
= 2
10 1 =
R 2
5 o
0 - 0
Res R 6d R12d Control

Henning T et al (Daldrup-Link lab) Contr Media Mol Imaging 4(4): 165-173




Q, In vivo diagnosis of stem cell proliferation vs apoptosis
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Matrix associated stem cell implants
In osteochondral defects

Day 0 Week 2 Week 4 Week 8
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Clinically applicable labels

O, for in vivo tracking of leukocytes
}lo\i
SPECT and PET Imaging
e In-111 Oxine (half-life 2.8 days) Cancer Inmunotherapy
e Tc99m HMPAO (half life 6 h) Tracking EpCAM-targeted NK cells

-> EpCAM-positive cancer
e [18F]-FDG (half life 2 h) __

e [18F]-FHBG

Fe-stain

MR Imaging
e (Gd-Chelates

* |ron Oxide
Nanoparticles

Meier R (Daldrup-Link lab), Magn Res Med 65(3):756-763, 2011 "



O MR Imaging of Macrophage Migration into MASI
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Macrophage
Migration

Khurana A (Daldrup-Link lab), Radiology 264(3):803-11, 2012



Macrophage Imaging
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Macrophage Imaging
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Macrophage Imaging
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Macrophage Imaging
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Macrophage Imaging
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In vivo tracking of macrophages

No Fe IV ferumoxytol - labeled bone marrow macrophages
Stem Cell Implant Stem Cell Implant Week 2 Week 4
4 4
___ % : -;‘ :
& ‘ v 5 <
» : . >
VIABLE MASI
4 /
,/ !
i %
»
APOPTOTIC

4

Khurana A (Daldrup-Link lab), Radiology 264(3):803-11, 2012 %
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In vivo tracking of macrophages
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Khurana A (Daldrup-Link lab), Radiology 264(3):803-11, 2012 g



Clinically applicable labels

O, for in vivo tracking of leukocytes
7z
] 18F-FDG-labeled leukocytes,
SPECT and PET Imaging Normal scan

* In-111 Oxine (half-life 2.8 days)
e Tc99m HMPAO (half life 6 h)

e [18F]-FDG (half life 2 h)
 [18F]-Fluoro-3-(hydroxymethyl)butyl]guanine

18F-FDG-labeled leukocytes

M R | m aq | nq -> infected aortic valve
e Gd-Chelates

* |ron Oxide
Nanoparticles

Dumarey et al, J Nucl Med 2006



@ PET Reporter Gene Imaging for Tracking CTL
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1) Leukapheresis,
2) Separation of mononuclear cells
3) Activation of autologous T-cells

4) Expansion with IL-2

9-[4-[18F]-Fluoro-3-
(hydroxymethyl)butyl]guanine




PET Reporter Gene Imaging for Tracking CTL

Tumor accumulation of CTL

9-[4-[18F]-Fluoro-3- In recurrent Glioma
(hydroxymethyl)butyl]guanine

[1:F]FHBG N\N\,\‘J\\
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courtesy of S. Gambhir, Stanford University '
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O/ Imaging Cartilage Regeneration
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4 years after matrix associated chondrocyte transplant:
Successful cartilage repair

PDW 3200/30 Tl map T2 map,
> Anatomy dGEMRIC 490/13 SE 2700/10-20
- GAG content - proton content




anatomic ‘&
T2 scan ]

reduced
FOV

MR Tractography
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Color FA Fibers é.« %

courtesy of Greg Zaharchuk, Stanford University
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Translational Tumor and Stem Cell Imaging Lab,
L oke: Stem Cell Research Bqulng @ Stanford
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Translational Tumor and Stem Cell Imaging Lab,
%@ Lorry Lokey Stem Cell Research Building @ Stanford
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D’,aldrup-Link Lab, I\;Iolegular Imaging Program @ Sta k :
| http://daldrup-link-lab.stanford.edu/
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