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Islet transplantation offers a potential therapy to restore glucose
homeostasis in type 1 diabetes patients. However, islet transplanta-
tion is not routinely successful because most islet recipients gradually
lose graft function. Furthermore, serological markers of islet function
are insensitive to islet loss until the latter stages of islet graft rejection.
A noninvasive method of monitoring islet grafts would aid in the
assessment of islet graft survival and the evaluation of interventions
designed to prolong graft survival. Here, we show that recombinant
adenovirus can engineer isolated islets to express a positron-emission
tomography (PET) reporter gene and that these islets can be repeat-
edly imaged by using microPET after transplantation into mice. The
magnitude of signal from engineered islets implanted into the axillary
cavity was directly related to the implanted islet mass. PET signals
attenuated over the following weeks because of the transient nature
of adenovirus-mediated gene expression. Because the liver is the
preferred site for islet implantation in humans, we also tested
whether islets could be imaged after transfusion into the mouse liver.
Control studies revealed that both intrahepatic islet transplantation
and hyperglycemia altered the biodistribution kinetics of the PET
probe systemically. Although transplanted islets were dispersed
throughout the liver, clear signals from the liver region of mice
receiving PET reporter-expressing islets were detectable for several
weeks. Viral transduction, PET reporter expression, and repeated
microPET imaging had no apparent deleterious effects on islet func-
tion after implantation. These studies lay a foundation for noninva-
sive quantitative assessments of islet graft survival using PET.

diabetes � transplantation

Type I diabetes (T1D) affects �1 in 300 individuals in the
United States (1). Insulin administration does not fully

restore glucose homeostasis, leading to long-term complications.
When successful, islet transplantation can provide excellent
metabolic control. However, most islet recipients gradually lose
graft function. Because islets can up-regulate their production of
insulin in response to need, measurements of blood glucose such
as C peptide levels and first-phase insulin release only provide
markers of the late stages of graft rejection (1). A noninvasive
method of imaging islet grafts could allow the tailoring of
immunosuppressive therapy to more effectively support islet
survival after transplantation.

We, as well as others, recently showed that islets that had been
engineered to express firefly luciferase could be monitored
long-term after their transplantation in mice by using a cooled
charge-coupled device (CCD) (2–4). However, bioluminescence
imaging is currently limited to tissues not deeper than �2 cm (5).
Positron-emission tomography (PET) imaging is used clinically
to assess various disorders of the heart and brain and to detect
various cancers (5, 6). In these applications, a positron-labeled
PET probe is injected intravenously, binding to a target protein
of interest, or is enzymatically converted to a ‘‘trapped’’ meta-
bolic product, which can be detected tomographically and quan-
titatively imaged (6, 7). PET has been extended to small animals

through the development of microPET technology (8, 9). More-
over, PET reporter gene systems have been developed that
permit the noninvasive, quantitative, and repetitive assessment
of reporter gene expression in small animal models (5, 10).

To image islets, the PET probes of choice would include
substrates, ligands, or antibodies that are selectively taken up by
or that bind to islet cells to a greater degree than their sur-
rounding tissue. Although the development of islet-targeting
probes is an active area of investigation, no satisfactory probes
are currently available. We therefore sought to engineer isolated
islets to express a PET reporter protein for which highly specific
PET probes were available. This strategy parallels that of
engineering cells and tissues to express luciferase and their
subsequent imaging in vivo by using CCD.

Unlike luciferase substrates that are only converted to a
bioluminescent form in cells that express luciferase, the probes
used for PET imaging are radioactive and contribute background
signals until they are cleared from tissues. Accordingly, the
signal-to-noise ratio is usually much lower in PET than in optical
imaging. When clinical PET scanners are used to image heart,
brain, or tumors in humans, the signal from the target tissue is
typically only 1.5- to 10-fold above background levels. Within this
signal–background range, PET has high precision for detecting
small differences in signal from a tissue in test–retest studies. For
example, PET can be used to monitor the loss of dopaminergic
neurons in Parkinson’s disease even though dopaminergic neu-
rons comprise only a small percent of the cells in the striatum and
the PET signal from the striatum is typically �3-fold over
background levels in healthy individuals (11). Thus, it is possible
to use PET to longitudinally monitor the survival of a cell type
that comprises only a small portion of an organ.

Here, we show that islets expressing a PET reporter gene can
be longitudinally imaged using microPET after implantation into
the mouse axillary cavity or liver. We discuss the challenges
encountered in PET imaging of islet grafts in small animals and
the potential for extending these technologies to humans.

Results and Discussion
Recombinant Adenovirus Directs the Expression of sr39tk in Trans-
duced Islets. Thymidine kinase (TK) converts thymidine to thy-
midine monophosphate, which is trapped within cells. Herpes
simplex virus (HSV) encodes its own TK (termed HSV1-TK and
HSV1-tk for the gene and protein product, respectively), which
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is necessary for its replication. Several drugs that have high
affinity and specificity for HSV1-tk, compared with mammalian
TK, are widely used against HSV infections. These substrates,
such as 9-[4-f luoro-3-(hydroxymethyl)butyl]guanine (FHBG),
can be positron-labeled so that cells engineered to express
HSV1-TK can be imaged by PET (12). We used a mutant
HSV1-tk gene, termed HSV1-sr39tk, that metabolizes FHBG
more effectively (13). We chose a CMV promoter, rather than
a �-cell-specific promoter (e.g., an insulin promoter), to drive the
expression of sr39tk in islet cells because an insulin promoter
would be regulated by blood glucose levels, confounding at-
tempts to correlate PET signal with islet mass. Moreover, the
major impediment to islet graft survival in humans is allograft
rejection, which can be monitored by imaging islet cells en masse.

We began by optimizing the parameters for adenovirus-
mediated sr39tk expression in cultured islets. Human islets [150
islet equivalents (IEQs)] were infected in vitro with Adeno-
sr39tk at multiplicities of infection (MOIs) of 3, 10, 30, or 100.
The same number of uninfected or Adeno-Luc-infected islets
(MOI of 100) served as controls. The TK activity in homogenates
of uninfected or Adeno-Luc-infected islets was at background
levels (Fig. 1A). The magnitude of TK activity in Adeno-sr39tk-
infected islet homogenates showed a dependence on the MOI.
Islets infected with Adeno-sr39tk at MOIs of 30 and 100 had TK

enzymatic activities that were �200- and 300-fold, respectively,
over that of control islets. These data show that recombinant
adenovirus can direct the expression of sr39tk in islets and that
an MOI of 30 would be suitable in subsequent experiments.

MicroPET Imaging of Islets After Implantation into the Axillary Cavity.
18F has a half-life of 109 min, necessitating that PET scanning
occur soon after probe administration. Yet, sufficient time must
be allowed for probe to accumulate in the target cells of interest
while being eliminated from surrounding tissue. Because un-
trapped PET probe is eliminated through the gut and kidney, it
can create spillover background signals in the pancreas, kidney,
and liver regions of small animals until it is excreted. This
spillover is not a problem in larger animals, because these organs
are further apart and can be better tomographically resolved. To
avoid background signals in our mice, we initially tested whether
sr39tk-expressing islets could be imaged after implantation into
the axillary cavity, which is far from the probe elimination
pathway. Additionally, the implanted islets were confined to a
relatively small volume, which should lead to a higher PET
signal�volume, increasing our chances of detecting signals em-
anating from the islets.

Human islets (2,500 IEQs) were or were not transduced with
Adeno-sr39tk and implanted into the axillary cavity of nonobese

Fig. 1. MicroPET imaging islets implanted into the axillary cavity. (A) TK enzymatic activity in Adeno-sr39tk-infected human islets depends on the viral MOI.
Human islets were or were not infected with Adeno-sr39tk (or control Adeno-Luc) at the indicated MOI. (B). Representative longitudinal microPET images of
sr39tk-expressing human islets in the axillary cavity of an individual STZ-treated NOD�SCID mouse. The mouse shown was implanted with 3,500 IEQs that were
uninfected (right shoulder, as a control) and transduced with Adeno-sr39tk (left shoulder). (C) MicroPET signal depends on the number of implanted engineered
islets. Human islets (1,000, 2,000, or 3,500 IEQs) were infected with Adeno-sr39tk (MOI of 30), implanted into axillary cavities of NOD�SCID mice, and
microPET-imaged 4 days later (open bars). A control group received 3,500 uninfected islets (filled bar). (D) Group data of longitudinal microPET signals from
NOD�SCID mice implanted with 1,000, 2,000, or 3,500 sr39tk-expressing human islets or 3,500 uninfected islets. Data shown are the mean %ID�g signal from axilla
minus background signal from chest � SEM for each group. (E) Mean nonfasting glucose levels � SEM of the mice receiving 3,500 sr39tk-expressing islets shown
in D. (F) Sixty days after implantation (and 20 days after microPET signals returned to background levels), serial sections from axillary regions were immunostained
for insulin, glucagon, somatostatin, or control rabbit IgG. There were no distinguishable differences with similarly stained uninfected islets (data not shown).
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diabetic�severe combined immunodeficient (NOD�SCID) mice.
Four days later, the mice were microPET-imaged by using
[18F]FHBG as a probe. Based on previous imaging studies that
used [18F]FHBG (14), data were acquired between 60 and 75 min
after probe injection. High signals were detected from the
axillary region of mice that received Adeno-sr39tk transduced
islets, whereas signals from uninfected islets were at background
levels (a representative image is shown in Fig. 1B).

In a few cases, mice were imaged a few hours after they were
implanted with control or sr39tk-expressing islets. Although
signals from control islets were at background levels, the micro-
PET signals from sr39tk-expressing islets were stronger than
when the same mice were reimaged 6–12 days later (data not
shown). Apparently, [18F]FHBG has excellent accessibility to
islets in the axillary cavity immediately after islet implantation,
and islet vascularization is not a prerequisite for probe uptake�
clearance and islet detection by PET.

The MicroPET Signal Is Directly Related to the Implanted Islet Mass.
Human islets were transduced with Adeno-sr39tk, and 1,000,
2,000, or 3,500 islets were implanted into the axillary cavity of a
NOD�SCID mouse. The mice that received 3,500 islets had been
rendered diabetic by streptozotocin (STZ) treatment, and within
a few days of transplantation these mice became euglycemic.
Four days after transplantation, the mice were microPET-
imaged by using [18F]FHBG as a probe. The microPET signal
from the axillary region of mice that received 3,500 uninfected
islets was at background level (Fig. 1C). Axillary cavities im-
planted with 1,000, 2,000, and 3,500 sr39tk-expressing islets
emitted signals �8-, 16-, and 22-fold greater, respectively, than
that of 3,500 uninfected islets (Fig. 1C). There was a correlation
between the number of implanted sr39tk-expressing islets and
the magnitude of the microPET signal (R2 � 0.739, P � 0.03).

Repeated MicroPET Imaging of Islets Transplanted into the Axillary
Cavity. The islet recipients were repeatedly microPET-imaged
over a 40-day period, during which the signals from the axillary
regions implanted with sr39tk-expressing islets decreased to
nearly background levels. This loss of signal was expected
because of some islet cell death shortly after transplantation and
the transient nature of adenovirus-directed gene expression.
Representative longitudinal scans from a single mouse im-
planted with sr39tk-expressing islets are shown in Fig. 1B, and
longitudinal group data are shown in Fig. 1D. Despite the loss of
axillary signal by 40 days after transplantation, all of the islet
recipients remained euglycemic throughout the 60-day observa-
tion period (Fig. 1E).

Twenty days after the microPET signals from the axilla
reached background levels, some mice were killed, and the tissue
containing the axillary cavity was histologically examined. When
hematoxylin�eosin (H&E) staining was used, transplanted
sr39tk-expressing islets had normal morphology with no inflam-
matory reaction. Immunohistochemical analysis showed appar-
ently healthy islets expressing insulin, glucagon, and somatosta-
tin (Fig. 1F).

Longitudinal MicroPET Imaging of Islets Implanted into the Mouse
Liver. Because the liver is the preferred site of islet transplanta-
tion in humans, we next sought to image islets that were infused
into the mouse liver. Imaging intrahepatic islets is technically
challenging because the islets are dispersed over a large volume.
Moreover, the liver is close to the probe excretion pathway,
which can contribute background signals that may confound
specific detection of liver signals.

Following previously described intrahepatic islet transplanta-
tion protocols (15, 16), we transfused 1,500–2,000 Adeno-Luc-
or Adeno-sr39tk-infected rat islets into the mesenteric vein of
STZ-treated diabetic NOD�SCID mice. Within a few days of

implantation, the recipients’ blood glucose levels returned to
normal. Two to six days after implantation, the mice were
microPET-imaged from 100 to 180 min after injection of [18F]F-
HBG. Analysis of signal and signal-to-background ratios over
time in liver regions of interest (ROIs) of mice that received
sr39tk- vs. luciferase-expressing islets showed that a data acqui-
sition time of 120–140 min after [18F]FHBG injection was
optimal for detecting signals from sr39tk-expressing islets. We
also found that administration of sincalide (which causes the
gallbladder to contract and expel its contents) just before data
acquisition reduced signals from the gallbladder, allowing data
collection from a larger area of the liver ROI. Representative
microPET and CCD images of mice with intrahepatic sr39tk- and
luciferase-expressing islets taken 4 days after transplantation are
shown in Fig. 2A.

We then longitudinally monitored groups of diabetic STZ-
treated NOD�SCID mice that received 1,500–2,000 uninfected,
Adeno-sr39tk-infected, or Adeno-Luc-infected rat islets in their
liver. We also scanned a control group of NOD�SCID mice that
did not receive STZ or islets. The islet grafts reversed hyper-
glycemia in all STZ-treated mice within a few days. Although
imaging analysis of axillary islet implants did not find any
background differences in probe retention in mice that did or did
not receive implants, we observed that, for the first several weeks
after transplantation, recipients of uninfected or infected islets
had higher background levels of probe in their chest and head
regions compared with mice that did not receive implants
(120–140 min after probe injection) (Fig. 2B). For example, 5
days after implantation, the background signals from the chest
and head ROIs were �3-fold higher in mice that received
intrahepatic islets than in mice that did not receive implants. The
systemic retention of probe was much reduced when the mice
were reimaged 20 days after implantation, and by 40 days after
transplantation, there were no discernible systemic differences
in probe retention between implanted and nonimplanted mice
(Fig. 2B).

To better understand the basis for the systemic retention of
probe after intrahepatic islet implantation, we further examined
the effects of adenovirus infection, STZ treatment, intrahepatic
islet implantation, and hyperglycemia on probe clearance kinet-
ics 2–6 days after implantation (Fig. 2 C and D). We observed
elevated chest and head background levels in STZ-treated
NOD�SCID mice that received Adeno-sr39tk-infected or unin-
fected rat islets. The background levels in ‘‘normal’’ mice
(without STZ treatment) implanted with uninfected islets were
reduced, but this reduction did not quite reach statistical signif-
icance in this small study (P � 0.07). The background levels in
normal mice implanted with uninfected islets were significantly
higher those that in control mice that did not receive STZ or
islets (P � 0.02) (Fig. 2C). These data suggest that (i) viral
infection of islets does not affect probe retention, (ii) STZ
treatment and�or transient hyperglycemia may contribute to the
elevated background levels, and (iii) intrahepatic islet implan-
tation is a major factor affecting probe clearance kinetics. We
suspect that implantation-induced intrahepatic injuries initially
affected portal blood flow and systemic probe clearance until
compensatory mechanisms (e.g., angiogenesis and hepatocyte
regeneration�remodeling) returned the biodistribution kinetics
of [18F]FHBG to normal conditions.

To examine the effects of hyperglycemia on probe clearance
without the possible toxic side effects of STZ treatment, we
microPET-imaged unmanipulated female NOD mice before and
after they spontaneously developed T1D. Prediabetic mice were
imaged at 16 weeks of age. After developing T1D, they were
given insulin daily (3 units of Lantus; Sanofi-Aventis, Paris) and
were reimaged at an average of 4 weeks after T1D onset. We
observed significantly higher systemic probe background levels
after they developed diabetes (P � 0.005) (Fig. 2D). Hence, the
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metabolic imbalances that accompany T1D cause changes in the
systemic distribution or retention of the nucleoside [18F]FHBG.
Transient hyperglycemia may have contributed to the higher back-
grounds in the STZ-treated mice that received intrahepatic islets
(Fig. 2C). Together, these observations indicate that intrahepatic
islet transplantation and hyperglycemia can significantly alter the
biodistribution kinetics of PET probe systemically.

Because of the initially higher probe background levels in islet
recipients, it was useful to subtract the background (measured by
using a chest ROI) from the signals obtained from the liver ROI.
We also excluded the signals from the gallbladder, which was
inside of the liver ROI. By using these parameters, 4 days after
transplantation, the signals from the liver region of a group of
mice implanted with sr39tk-expressing islets were �3-fold above
those of groups of mice implanted with luciferase-expressing
islets or uninfected islets or signals from the liver region of mice
without implanted islets (Fig. 2E) (P � 0.002 for Adeno-sr39tk
vs. any of the control groups).

When the mice were reimaged 10 days after transplantation,
signals from the liver area of sr39tk-expressing islets were
�2-fold higher than in mice that received luciferase-expressing
islets or that did not receive islet grafts. Immunohistological
analysis of livers 15 days after implanting sr39tk-expressing islets
showed healthy islets were dispersed throughout all liver lobes
and expressed both insulin and TK (Fig. 2F) Representative
longitudinal images of an individual mouse are shown in Fig. 2G,
and longitudinal group data are shown in Fig. 2H. The signals
from sr39tk-expressing islets continued to decline with time,
such that, at 20 days after transplantation, signals from the liver
region of sr39tk-expressing islets were �1.5-fold over levels in
mice that received control islets. When imaged 40 days after
transplantation, signals from the liver area were essentially at
background levels. The loss of signal from sr39tk-expressing
islets was likely due to some cellular death shortly after implan-
tation and the transient nature of adenovirus-directed gene

Fig. 2. MicroPET imaging islets implanted into the liver. (A) Representative coronal microPET images of mice implanted with Adeno-sr39tk-infected (Left Upper)
or Adeno-Luc-infected (Left Lower) rat islets. Mice were imaged 4 days after transplantation, and data shown were acquired 120–140 min after [18F]FHBG
injection. The next day, the same mice were injected with D-Luciferin and CCD-imaged (Right) as described (2). (B) Background signals from the chest and head
regions of mice that received adenovirus-infected or uninfected islets or no STZ or islets. Data shown are the mean %ID�g signal from chest or head regions �
SEM. (C) MicroPET signals from the chest and head region of STZ-treated or untreated (‘‘normal’’) NOD�SCID mice 2–6 days after receiving uninfected or
Adeno-sr39tk-infected rat islets in their liver. A control group did not receive STZ or islets. (D) MicroPET signals from the chest and head region of NOD mice before
and after spontaneously developing T1D. (E) Group data of microPET signals from the liver region of mice 2–6 days after receiving uninfected, Adeno-Luc-
infected, or Adeno-sr39tk-infected islets in their liver. Another mouse group did not receive implants. Data shown are the mean liver %ID�g signal � SEM of
mice per group. The signal from livers with sr39tk-expressing islets was significantly greater than that from livers of the other control groups (P � 0.0003). (F)
Histological analysis of sr39tk-expressing islets in the liver, 15 days after implantation. Coexpression of TK (green) with insulin (red) was observed in many
scattered islet cells. (G) Longitudinal microPET imaging of a mouse with an intrahepatic islet graft. (H) Group data of longitudinal microPET signals from
sr39tk-expressing islets, luciferase-expressing islets, or uninfected islets implanted into the liver of STZ-treated NOD�SCID mice. (I) Mean nonfasting glucose
levels � SEM of the mice receiving sr39tk-expressing islets shown in E.
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expression. The mice remained euglycemic throughout the 50-
day observation period (Fig. 2I). Livers examined 50 days after
implantation had healthy insulin-expressing islets (data not
shown).

The signal from intrahepatic islets was weaker than that from
a similar number of islets in the axillary cavity, as was expected
because the islets were dispersed in a larger volume in the liver.
However, it is difficult to compare the signals from islets
implanted into the axillary cavity and liver because (i) the islets
came from different species, (ii) the islets may have different islet
survival rates in the two transplantation sites, and (iii) the two
sites were imaged at different time points after probe injection.
The important point is that signals from liver regions with
implanted islets were severalfold higher than the background.
This signal-to-background ratio is similar to that obtained in
various clinical PET applications. Therefore, PET imaging is a
promising technology for detecting loss of islet mass before
abnormalities in islet function are detected in the blood.

Conceivably, isolated islets may be engineered to express immu-
nomodulatory genes that will prolong their survival after implan-
tation. If the immunomodulatory gene is transcriptionally linked
with a PET reporter gene, it could allow clinicians to indirectly
monitor both the expression levels of the immunotherapeutic gene
and islet graft survival (10). Notably, we recently PET-imaged gene
delivery in cancer patients using FHBG, setting an example of our
approach in a clinical situation (17).

Because of the small size of mice, we had to wait for probe to
clear from the gut�kidney to avoid spillover signals into the liver
ROI. In larger animals and humans, the liver area can be readily
distinguished tomographically from gut�kidney. Background
signals from the probe excretion pathway could also be reduced
by using PET probes with longer half-lives [e.g., 124I-1-(2�-deoxy-
2�-f luoro-�-D-arabinofuranosoyl)-5-iodouracil (124I-FIAU) has
a half-life of 48 h] and waiting for the probe to be excreted before
imaging (18).

Nonengineered islets may be PET-imaged once islet-reactive
antibodies, or ligands�substrates, that bind or are sequestered by
islet cells to a greater degree than surrounding tissues become
available. PET probe and PET scanner technologies are con-
stantly evolving to enhance sensitivity and resolution (19). The
combination of new islet-specific probes and imaging technolo-
gies may provide powerful new tools to monitor and prolong the
survival of islets in individuals at risk for, or with, type 1 or 2
diabetes.

Materials and Methods
Recombinant Adenovirus Vectors. Recombinant adenoviruses that
express sr39tk or firefly luciferase (Luc) under the control of a
CMV promoter (Adeno-sr39tk and Adeno-Luc, respectively)
have been described (13, 20).

Transduction of Human and Rodent Islets. Human islets (�80%
purity) provided by the network of Juvenile Diabetes Research
Foundation International (JDRF) Human Islet Distribution
Programmes (Washington, DC) or the National Institutes of
Health (NIH) Islet Distribution Program (Bethesda) were used
in in vitro assays of TK activity and in imaging studies of islet
grafts in the mouse axillary cavity. Because of the limited
availability of human islets, rat islets (Sprague–Dawley rats from
Taconic Farms) were used in liver implantation studies. Rat
islets were isolated by mechanical and enzymatic digestion of
pancreata followed by gradient centrifugation. The human or rat
islets were cultured in CMRL medium (Invitrogen), 10% FCS
(HyClone), L-glutamine (2 mM), and antibiotics. The islets were
infected with recombinant adenovirus at the indicated MOI for
1 h at 37°C, followed by medium addition and overnight culture.
MOI calculations were based on the generalization that a human
or rat islet contains an average of 2,000 cells (21). The islets were

collected and washed three times with PBS, and the indicated
numbers of untransduced and transduced islets were tested in in
vitro assays or implanted into a mouse axillary cavity or liver.

TK Enzyme Assay. A total of 150 human IEQs were infected (in
triplicate) as described above, incubated for 48 h, and homog-
enized. TK enzymatic activity in lysates was measured as de-
scribed elsewhere (13, 22). Results are reported as the mean
cpm�0.2 �g of protein�min � SEM (n � 4 wells per group).

Mice. Eight- to 12-week-old male NOD�SCID mice (Taconic
Farms) served as islet recipients. Some NOD�SCID mice were
rendered diabetic before receiving islets by STZ treatment (100
mg�kg i.p., followed by 60 mg�kg the next day). Mice were
considered diabetic when their nonfasting blood glucose levels
were �300 mg�dl on 2 consecutive days. The University of
California, Los Angeles (UCLA) Animal Research committee
approved all animal care and experimental procedures.

Islet Implantation into Axillary Cavities. Human islets were or were
not infected with recombinant adenovirus as detailed above. The
indicated numbers of islets were washed three times with sterile
PBS, and the last pellet was mixed with 20 �l of matrigel (BD
Biosciences, Franklin Lakes, NJ) in a final volume of 40–60 �l
and implanted into an axillary cavity of an untreated or an
STZ-treated diabetic NOD�SCID mouse. Blood glucose values
were monitored daily until euglycemia was restored and then
twice weekly thereafter. The islet recipients were microPET-
imaged at the indicated time points.

Islet Implantation into the Mouse Liver. As in previous studies (15,
16), we implanted 1,500–2,000 rat islets into a mouse liver.
Briefly, rat islets (infected or uninfected) were washed three
times and suspended in 200 �l of PBS. The islets were slowly
(over �40 s) intraportally injected via a mesenteric vein of a
NOD�SCID mouse. Gelform (Amersham Pharmacia) was ap-
plied to the injection site and the incision was bilayerly sutured.
The recipient’s nonfasting blood glucose was monitored daily
until euglycemia was restored and then twice weekly thereafter.
The mice were microPET-imaged at the indicated time points.

MicroPET Imaging. Mice were imaged by using the microPET
Focus system (CTI Concorde Microsystems, Knoxville, TN) (9).
Mice were injected via tail vein with 200- or 250-�Ci (1 Ci � 37
GBq) PET reporter probe [18F]FHBG [specific activity of 5–10
Ci�mmol (22)], for imaging axillary and liver implants, respec-
tively. For axillary imaging, anesthetized mice were imaged
60–75 min after probe injection. For liver imaging, time course
studies (100–180 min after probe injection) indicated that in-
trahepatic islets were optimally imaged 120–140 min after probe
injection. Before liver imaging, sincalide (Bracco Diagnostics,
Princeton) was given twice through the tail vein (0.06 �g�kg in
100 �l of PBS) 15 min before and immediately before microPET
scanning to expel probe from the gallbladder. Images were
created by using a filtered back-projection reconstruction algo-
rithm. The animals were reimaged at the indicated time points
after transplantation. After islet signals reached background
levels, some mice were killed, and the tissues were processed for
immunocytochemistry. Some mice were also imaged by using a
CCD, as described (2).

MicroPET Data Analysis. MicroPET data were analyzed by using
AMIDE 0.8.7 software (http:��amide.sourceforge.net). In axillary
islet transplantation studies, the absolute maximum threshold
was set to 1 � 104 PET units for image display. For each mouse,
a 3D ROI was drawn around the axillary area to closely
encompass the islet signal, which could be viewed simultaneously
on the transverse, coronal, and sagittal images. The ROI pa-
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rameters from the first PET imaging were saved for signal
measurement on the same mouse at later time points. PET units
from the ROIs were converted to counts per ml�min by using a
calibration constant obtained from imaging a mouse-size cylin-
drical phantom with a known activity concentration of 18F. The
ROI counts per ml�min were converted to counts per g�min
(assuming a tissue density of 1 g�ml) and divided by injected dose
to obtain an image ROI-derived [18F]FHBG percentage injected
dose per gram of tissue (%ID�g). The mean value of ROI signal
reading was directly used as PET units for %ID�g calculation.
The signal from the mouse’s chest region (within a volume equal
to that of the axillary ROI) provided a background measure-
ment. The signal from the islet graft was corrected for back-
ground by subtracting the chest ROI signal. Group data were
expressed as FHBG accumulation in axillae %ID�g � SEM (n �
3 mice per group).

In liver islet transplantation studies, the absolute maximum
threshold was raised to 3 � 105 PET units for image display to
better discern liver signals from spillover signals from the
gallbladder and intestine. A 3D ROI was drawn in the liver
region, well above the intestines. This liver ROI ranged from
1.2–1.8 cm3 in different mice. Another ROI was drawn to
encompass the gallbladder (gallbladder ROI), which was within
the liver ROI. To measure background levels, a ROI was drawn
on the mouse’s chest (chest ROI) that had a volume equal to the
liver ROI minus the gallbladder ROI in that mouse. Data were
also acquired from the head region (head ROI), which had a
volume of 600 mm3. The mean value of liver ROI was calculated
as the total value of (liver ROI � gallbladder ROI � chest ROI)

divided by the fractional voxel value of (liver ROI � gallbladder
ROI). This mean value was then used to calculate the liver signal
%ID�g. Group data were expressed as FHBG accumulation in
liver %ID�g � SEM (n � 3 mice per group). Group data were
analyzed with a two-tailed Student’s t test.

Histology. After repeated microPET imaging, some mice were
killed at the indicated time point, the axillary region or the liver
was removed, and sections were analyzed by immunohistochem-
istry as described (2, 23).

Note Added in Proof. Souza et al. (24) recently reported a probe for PET
imaging � cells.
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