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ABSTRACT

Cell tracking is a critical component of the safety andefficacy evaluation of therapeutic cell products. To
date, cell-tracking modalities have been hampered by poor resolution, low sensitivity, and inability to
track cells beyond the shortterm. Three-dimensional (3D) cryo-imaging coregisters fluorescent and
bright-field microcopy images and allows for single-cell quantification within a 3D organ volume. We
hypothesized that 3D cryo-imaging could be used to measure cell biodistribution and clearance after
intravenous infusion in a rat lung injury model compared with normal rats. A bleomycin lung injury
modelwasestablished inSprague-Dawley rats (n=12).Humanmesenchymalstemcells (hMSCs) labeled
with QTracker655 were infused via jugular vein. After 2, 4, or 8 days, a second dose of hMSCs labeled
withQTracker605was infused, and animalswere euthanized after 60, 120, or 240minutes. Lungs, liver,
spleen, heart, kidney, testis, and intestine were cryopreserved, followed by 3D cryo-imaging of each
organ. At 60 minutes, 82% 6 9.7% of cells were detected; detection decreased to 60% 6 17% and
66%6 22% at 120 and 240minutes, respectively. At day 2, 0.06% of cells were detected, and this level
remained constant at days 4 and 8 postinfusion. At 60, 120, and 240 minutes, 99.7% of detected cells
were found in the liver, lungs, and spleen, with cells primarily retained in the liver. This is the first study
using 3D cryo-imaging to track hMSCs in a rat lung injury model. hMSCs were retained primarily in the
liver,with fewerdetected in lungs and spleen. STEMCELLSTRANSLATIONALMEDICINE 2016;5:1668–1675

SIGNIFICANCE

Effective bench-to-bedside clinical translation of cellular therapies requires careful understanding of
cell fate through tracking. Tracking cells is important tomeasure cell retention so that deliverymeth-
ods and cell dose can be optimized and so that biodistribution and clearance can be defined to better
understand potential off-target toxicity and redosing strategies. This article demonstrates, for the
first time, the use of three-dimensional cryo-imaging for single-cell quantitative tracking of intrave-
nous infused clinical-grade mesenchymal stem cells in a clinically relevant model of lung injury. The
important information learned in this study will help guide future clinical and translational stem cell
therapies for lung injuries.

INTRODUCTION

Effective bench-to-bedside clinical translation of
cellular therapies requires careful understanding
of cell fate through tracking. Tracking cells is im-
portant to measure (a) cell retention so that de-
livery methods/cell dose can be optimized and
(b) biodistribution and clearance to define poten-
tial off-target toxicity and redosing strategies [1].
Unfortunately, cell tracking technology has been
hampered by low sensitivity imaging incapable
of detecting individual cells and lack of robust

imaging labels to detect cells for longer than just
the short term [2].

Several cell tracking methods have previously
beendescribed, eachwithcertainpitfalls.Magnetic
resonance imaging (MRI) can acutely visualize cells
labeledwith superparamagnetic ironoxide (SPION)
or paramagnetic particleswith a detection limit of
approximately 13 104 cells [3–8]. The uptake of
SPION by resident tissue macrophages tends to
overestimate cell retention [9–11]. Positron emis-
sion tomography (PET) imaging can visualize radio-
active markers such as [18F]fluorodeoxyglucose
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(18F-FDG) [12, 13]. Common radioactive labels such as 18F-FDG
have relatively short half-lives, limiting the tracking window to
10 hours postlabeling [14]. PET imaging has a detection limit of ap-
proximately 13 104 cells [15]. Single-photon emission computed
tomography (SPECT) requires a radioactive label such as 111indium
oxine. 111Indium oxine has a longer half-life than 18F-FDG, allowing
imaging for up to 4 days postlabeling [14]. However, SPECT is less
sensitive than PET, with a limit of detection of approximately 13
105 cells [3]. Bioluminescence is an imaging method that detects
light produced froma chemical reaction between an enzyme, such
as luciferase, and its substrate, such as luciferin. To achieve this,
cells are modified to express reporter genes such as D-Luciferase.
Bioluminescencecanbeusedtodetect transplantedcellsover time
in vivo but is limited to studies in small animals because of high tis-
sue absorption of emitted light [16]. Bioluminescence offers low-
resolution two-dimensional images that must be coregistered to
an anatomical reference image for context. The limit of cell detec-
tion with this method is approximately 13 103 cells [3].

Alternatively, fluorescencemicroscopy isan imagingmethod in
whichanemission light sourceof a specificwavelengthcausesdyes
to fluoresce at different, yet predictable and detectable, wave-
lengths. Dyes such as quantum dots (Qdots, CellTracker) or re-
porter genes such as green fluorescence protein are introduced
within the cells before transplantation. Although fluorescence mi-
croscopy is currently limited to ex vivo analyses, amajor advantage
is that it offers high-resolution imaging of single cells within intact
tissues or whole animals. Furthermore, three-dimensional (3D)
whole-organ fluorescencemicroscopyhasbeendescribed [17–19].

Fluorescence microscopy using Qdots has been tested in a
variety of cell types, including mesenchymal stem cells (MSCs)
[20–22], embryonic stem cells [15, 23], pancreatic stem cells
[24], and neural stem cells [25]. Qdots do not appear to adversely

affect cell function and have minimal passive transfer to neigh-
boring cells (,4%) in mixed culture or host tissues [21, 23, 26].
However, the detectionwindow forQdots varies greatly in the lit-
erature and is likely related to the cell type being tracked, the cell
delivery method, and the disease model being studied.

Our group is interested in testing the safety and therapeutic
efficacy of intravenous infusion of MSCs to alleviate or slow the
progression of bronchiolitis obliterans (BO) lung injury, which is
a serious complication of lung transplantation. To this end, we
have filed an investigational new drug (IND) application with
the Food and Drug Administration (FDA) to test allogeneic MSC
therapy to mitigate BO after lung transplantation. At the re-
quest of the FDA, we developed a preclinical model of BO [27]

Figure 1. Schematic of the study design. Animalswere treatedwith bleomycin 4 days apart (days28 and24). On day 0, all animals received an
intravenous infusion of humanmesenchymal stemcells (hMSCs) loadedwithQT655.On the dayof assigned long-term tissue collection (day 2, 4,
or 8) each animal received a second dose of hMSCs loaded with QT605. Animals were then euthanized at 60, 120, or 240 minutes after the
infusion of QT605. Each group contains three animals for each time point except for the control animals, which had one animal at each time
point. Abbreviations: d, day; MSC, mesenchymal stem cell.

Figure 2. Overall human mesenchymal stem cell (hMSC) retention at
short- and long-term time points. Short-term (60, 120, and 240minutes
after infusion) and long-term (2, 4, and 8 days after cell infusion) cell re-
tention in all organs collected after an IV infusionof hMSCs.Data arepre-
sented as mean6 SEM of the percentage of cells detected in the tissue
that was collected versus the total number of viable cells infused.
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and a method to track MSCs and assess their biodistribution in
this lung injury model. After discussion with the FDA panel and
consideration of other models, bleomycin was determined to
be themost representative and practical model to induce pathol-
ogy similar to BO. Therefore, we exploited 3D fluorescence cryo-
imagingmicroscopywithQdotMSC labeling tomeasure retention
and biodistribution in this relevant preclinical lung injury model.

METHODS

Briefly, Qdot-labeled humanMSCs (hMSCs)were infused intrave-
nously in rats after the induction of a lung injurymodel previously
described by our group [27]. Cell retention and biodistribution
were measured over time. Details are described below.

MSC Production

The MSCs for these studies were produced by Waisman Biomanu-
facturing (Madison, WI, http://gmpbio.com) using a process that
is comparable to that used for cGMP production of bone marrow
(BM)-MSCs for human clinical trials [28]. A master cell bank was
established at passage 2 using BM derived from a healthy donor.
The BMharvest and consenting procedure were performed accord-
ing to an institutional review board-approved protocol. Medical his-
torywas taken, and infectious disease testingwas performedon the
donor to comply with FDA Donor Eligibility requirements. MSCs
weregrown inmedia consistingofa-minimal essentialmediumwith
10%fetalbovineserumand13Glutamax.Passagingwasperformed
withTrypLE.The finalMSCproductwasobtainedbyexpandingMSCs
from the passage 2 master cell bank to passage 5 in Cell Factories
(Nunc). The final MSCs were tested for sterility (no contamination),
endotoxins (,0.5 EU/ml), viability (.83% post-thaw), identity/
purity (standard flow cytometry for MSC markers), and potency
(immunopotency assay) as described [28]. MSCs were cryopre-
served in a solution consisting of PlasmaLyte A (PL-A) with 2.5%
dimethylsulfoxide and 10% human serum albumin and stored in
the vapor phase of liquid nitrogen until used for these studies.

Rat Lung Injury Model

Allanimalprocedures, includingeuthanasiamethods,wereapproved
by the institutional Animal Care and Use Committee. The double-
dose bleomycin lung injurymodel was induced as recently described
by our group [27]. Briefly, Sprague-Dawley Rats (n = 12) were anes-
thetized with 5% isoflurane and intubated, and an aerosol delivery
device (MicroSprayer Aerosolizer; Penn Century, Wyndmoor, PA,
http://penncentury.com) was inserted into the trachea. Normal

sterile saline (200 ml) containing bleomycin (1.5 U/kg) was then de-
livered to both lungs. Animals received two doses of bleomycin ad-
ministered4daysapart (Fig. 1). Shamcontrol animals (n=3) received
noaerosolized solution andwere includedat the request of the FDA.

Study Design

After inductionof the lung injurymodel and4daysafter the second
dose of bleomycin, rats were randomly assigned to receive two in-
fusions of Qdot-labeled hMSCs. The first hMSC infusion was given
onday0 (4daysafter the secondbleomycindose). These cellswere
labeled with QTracker 655 (QT655) to track cells at day 2, 4, or 8
(Fig. 1). The secondhMSC infusionwasgivenonday2, 4, or8. These
cells were labeled with QTracker 605 (QT605) to track cells at 60,
120, and 240 minutes after infusion, and before the animals were
euthanized and tissues were collected. Using the two different
QTracker reporter wavelengths (655 and 605 nm), each rat was
used to examine late, longer-term hMSC distribution (2, 4, or 8
days) andacute, earlydistribution (60, 120, or240minutes) (Fig. 1).

Cell Labeling Procedure

One-half milliliter of 6 3 106 hMSCs/ml was removed from liquid
nitrogen storage and rapidly thawed in a 37°C water bath. hMSCs
were washed twice by suspending in 5.5 ml PL-A and centrifuged
at 1,000g for 10 minutes at 4°C. QTracker staining was carried
out according to the manufacturer’s instructions. Briefly, in a 1.5-ml
tube, 3 ml reagent A was mixed with 3 ml reagent B (605 or 655),
600 ml PL-A was added, and the mixture was vortexed for 30 sec-
onds. Immediately after the second washing, hMSCs were sus-
pended in 300 ml PL-A, added to the CellTracker labeling solution,
and incubated at 37°C for 55 minutes in the dark. After incubation,
600 ml PL-A was added to the cell suspension and centrifuged at
1,000g for 10 minutes at 4°C. The labeled hMSCs were then sus-
pended in 1.5 ml PL-A and centrifuged at 1,000g for 10 minutes
at 4°C. TheQdot-labeled hMSCswere split into two tubes each con-
taining1.23106cells andsuspended inavolumeof1.3mlPL-A.Cell
viability was calculated before loading the cells for injection. A 25G
needle was used to load the cells into a 3-ml syringe for infusion.
hMSCs were held on ice in the dark until infused.

Cell Infusion Procedure

Rats were anesthetized with 5% isoflurane andmaintained at 2%
throughout the infusion procedure. An incision on the right ante-
rior side of the neck wasmade, and the jugular vein was exposed.
A butterfly catheter prefilled with the appropriate cell solution
was inserted into the vein, and the MSC solution was infused

Figure 3. Biodistribution of human mesenchymal stem cells (hMSCs) at early and late time points. The total number of cells detected at each
time point is represented as percentage of cells by location after an IV infusion of labeled hMSCs infused at 60, 120, and 240 minutes (early
biodistribution) (A) and 2, 4, and 8 days (late biodistribution) (B). Data are presented as mean 6 SEM.
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at a rate of 2.2 ml/hour (37 ml/minute). The syringe pump was
inverted toprevent cells fromsettling against the syringeplunger.
After infusion of 1.3 ml cell suspension, the infusion line was
flushed with 0.5–0.7 ml saline, for a total infusion volume of
1.8–2 ml. Pressure was applied to the vein to stop bleeding,
and the skinwas closed. The left jugular veinwas used for the sec-
ond hMSC infusion according to the same procedure.

Necropsy and Whole-Organ Imaging

Uponsacrifice, the followingorganswere removed intact: lung, liver,
spleen, kidney, heart, testis, and a portion of small intestine. The
lungs, liver, spleen, heart, right kidney, right testis, and a section
of the small intestinewere frozenandstored (BioInVision,Cleveland,
OH, http://www.bioinvision.com). Briefly, organs were placed in

cryo-imagingembedding compound, frozen in liquidnitrogenvapor,
and stored at280°C until imaging. Whole-organ analysis was per-
formed by serial sectioning and imaging of organs using the Cryo-
Viz cryo-imaging system (BioInVision). Section thickness was set to
40 mm, with an in-plane pixel size of 10.232 mm using an Olympus
MVX-10 13 objective and 30.63 magnification. Biodistribution of
cells (CT605- andCT655-labeled hMSCs)was analyzed by coregistra-
tionofbright fieldandconfocal imagestogeneratea3Dwhole-organ
image reconstruction.Organs inwhich,200 cellsweredetectedus-
ing automated detection were manually verified for accuracy.

A positive control was used to validate the dual-labeling tech-
nique and ensure spectral separation between first and second
hMSC doses. To perform this validation, a healthy animal was eutha-
nized, and the lungswere immediately excised. hMSCs (13105)were

Figure 4. Representative fluorescence imageswith overlaid detected cells for different organs, alongwith zoomed-in views. (A): Lungs; yellow circles
represent detected human mesenchymal stem cells (hMSCs). (B): Magnified image from red box in A. (C): Liver; yellow circles represent detected
hMSCs. (D):Magnified image from red box in C. (E): Spleen; yellow circles represent detected hMSCs. (F):Magnified image from red box in E.
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labeledwith QT605 or QT655, and a 50/50mix (5.03104 QT605 and
5.03104QT655)wasdirectly injected intodiscrete lobesof the freshly
excised lung. Immediately after injection into the lungs, the tissuewas
frozen and submitted for automated cell quantification. This tissue
served as both positive and negative control, as cells were located
in discrete areas, resulting in most sections being devoid of hMSCs
(negative control).

Statistical Analysis

Data are presented as mean6 SEM. Student’s t test was used to
determine statistical differences between control animals and
bleomycin-treated animals. p values less than .05 were consid-
ered statistically significant.

RESULTS

Gross Necropsy

Animals treated with bleomycin had hemorrhagic areas throughout
the lungs, but no other abnormalities were observed in other organs.
Body weight and organ weights were not different between groups.

Cell Retention

Validation of Cell Retention in Excised Healthy Lung

Detection algorithms developed by BioInvision detected 88,607
of 100,000 QT605-labeled hMSCs, 72,000 of 100,000 QT655-labeled
hMSCs, and 65,000 of 100,000 hMSCs in the QT605/QT655 lobe
comprising 29,000 hMSC QT605-labeled and 36,000 QT655-labeled
hMSCs. Because of suboptimal cutting, the lobes encompassing the
QT655 and QT605/QT655 mix of hMSCs experienced debris on the
surface of the tissue blocks.We estimated that 15% of cells were lost
asa resultof leakageofcells fromtheneedle tractandwithin thedead
space between the needle and syringe connection dead space.

Viability and In Vivo Cell Retention in Organs

Mean hMSC viability after thawing and QTracker labeling was 68%
(63%), resulting in anaverage infusionof6.463105 (60.386) viable
hMSCsateachtimepoint.Meantotalcell retentiondetectedinorgans
at 60minutes was 82.0% (69.7%) and decreased to 60.0% (617.6%)
at 120 minutes and 66.0% (622.7%) at 240 minutes (Fig. 2). By
day 2 postinfusion, cell retention detected in organs fell to 0.06%
of total viable hMSCs infused and remained constant until day 8.

Biodistribution

Early Biodistribution

At 60, 120, and240minutespostinfusion, 99.7%of the total cells de-
tectedwere found in the liver, lungs, and spleen,with the remaining

0.3% of cells distributed in the kidney, heart, intestines, and testis
(Figs. 3A, 4). Cell retention was consistently highest in the liver at
60, 120, and 240 minutes postinfusion, at 77.8% (64.7%), 85.9%
(62.4%), and90.2%(67.0%), respectively. The lungshadthesecond
highest cell retention rate at 60, 120, and 240 minutes, with 20.0%
(64.7%) 10.5% (62.3%), and 7.6% (66.5%) respectively. Finally,
cell retention in the spleen was 2.0% (60.4%), 3.3% (60.1%),
and 1.9% (60.6%) at 60, 120, and 240 minutes postinfusion
respectively. Intraorgan cellularbiodistributionwasuniformwithin
the tissue (Fig. 5) (supplemental online Videos 1–3).

Late Biodistribution

The number of cells detected at 2, 4, and 8 days (n = 3 per time
point) was less than 0.06% of the total cells infused on day 0.
The mean number of cells detected in all tissues at day 2, 4, and
8 postinfusion was 361 (6120), 509 (6118) and 422 (676), re-
spectively. Of the cells detected on day 2, 19.2% 6 4.9% (60 6
13 cells)weredetected in the lungs, 31.5%62.9% (112639 cells)
in the liver, and 33.4%6 12.1% (1406 63 cells) in the spleen. The
remainingcellswerevariablydistributed in thekidney (1.9%60.7%
[1161cells]), heart (5.9%61.5%[1966cells]), intestines (1.4%6
0.9% [66 5 cells]), and testis (4.6%6 1.8% [136 2 cells]) (Figs. 3B,
6). Of the cells detected on day 4, 30.2%6 14.0% (1776 108 cells)
were detected in the lungs, 22.1% 6 3.0% (1066 17 cells) in the
liver, and29.9%614.0% (141683 cells) in the spleen. The remain-
ing cells were variably distributed in the kidney (1.4%6 0.6% [66
2 cells]), heart (2.4% 6 1.6% [14 6 12 cells]), intestines (9.6% 6
4.2% [41 6 10 cells]), and testis (4.5% 6 1.6% [24 6 12 cells]).
Of the cells detected on day 8, 22.8%6 0.4% (976 18 cells) were
detected in the lungs, 22.6%6 1.9% (936 8 cells) in the liver, and
28.0%6 13.1% (1366 82 cells) in the spleen. The remaining cells
were variably distributed in the kidney (5.1%62.1% [1866 cells]),
heart (9.3%6 4.4% [336 15 cells]), intestines (2.9%6 1.3% [126
5 cells]), and testis (9.3%6 4.7% [346 15 cells]) (Fig. 6).

Early Lung Retention in Healthy and Diseased Lungs

We compared the retention of hMSCs in the lungs of healthy
control rats at 60, 90, and 120 minutes to that of the bleomycin-
treated rats at the same timepoints.Cell retentionwasnumerically
higher in the injured lungs (12.7%62.0%,n=9) comparedwith the
healthy lungs (6.4%63.0%, n =3), although thedifferencewas not
statistically significant (p = .27) (Fig. 7).

DISCUSSION

Toourknowledge, this is the first study touse3Dwhole-organcryo-
imaging to track intravenously infused hMSCs in an acute rat lung

Figure 5. Intraorgan cellular biodistribution 60 minutes postinfusion. (A): 3D bright field reconstruction of lungs. (B): 3D bright field reconstruction
with an overlay of detected mesenchymal stem cells (MSCs) from fluorescence. (C): 3D reconstruction showing detected MSCs from fluorescence.
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injury model. A motivation behind this study was to measure cell
biodistribution to support an FDA IND to permit clinical trials
of MSCs for transplant-associated bronchiolitis obliterans. 3D
whole-organcryo-imaging is a sensitivemethod thatprovidesaccu-
rate retention, biodistribution, and clearance information for in-
fused hMSCs. Loading hMSCs with quantum dots of two distinct
wavelengths (605 and 655 nm) allowed for acute and longer-
term cell tracking within the same animal. Eighty percent of the
infused labeledcellsweredetectedwithin six organs at 1hourpost-
infusion, falling to,0.06%byday 2postinfusion. Theultrasensitive
nature of 3D cryo-imaging allowed for single-cell detection in
all organs tested (Figs. 4, 6). Organs were serially sectioned at
40 mm, significantly reducing sampling bias compared with other
microscopy-based cell quantification techniques. Additionally, the
Qdotwavelengths (605 and 655 nm)were specifically chosen to fall

outside the range of typical tissue autofluorescence to reduce the
likelihood of false discovery. Detection of 100% of the cell prepara-
tion is not expected, as cells are lost to priming of the delivery cath-
eter,deadspaces in thesyringeandfittingsof thedelivery system,as
well as during placement of the catheter in the jugular vein. Addi-
tionally, because of sample size limitations, our cell tracking efforts
were limited to a subset of selected organs. It is likely that a small
percentage of infused MSCs are retained in the circulatory system
and skeletal musculature and thus excluded from biodistribution
and quantification analysis. For these reasons, biodistribution was
calculated as a percentage of the total cells detected at each time
point and not from the actual total number of cells delivered.

After intravenous infusion, hMSCs were primarily localized to
the lungs, liver, and spleen, a finding that is similar to previous re-
ports [29–32]. However, in our study, cell retention was highest in

Figure 6. Representative fluorescence images with overlaid detected cells for different organs, alongwith zoomed-in views. (A):Heart; yellow
circles represent detected humanmesenchymal stemcells (hMSCs). (B):Magnified image from redbox inA. (C):Kidney; yellow circles represent
detected hMSCs. (D):Magnified image from red box in C.
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the liver, which is not consistent with previous reports that found
higher acute cell retention in lungs [29, 30, 33–38]. For example,
Fischer et al. found that nearly 99% of rat MSCs administered by
intravenous infusion were initially retained in the lungs in a nondi-
seased rat model [29]. Similarly, in a mouse model of emphysema,
Kimet al. showed that human adipose-derivedMSCswere primarily
retained in the lungs at 1 and 4 hours after intravenous infusion,
which was further increased by the induction of emphysema [33].
This discrepant resultmay be caused by the differences inmeasure-
ment time intervals, animal models, cell types, and cell-tracking
methods. For example, studies using bioluminescence to track cells
underestimate cell retention in the liver because of its high tissue
absorption coefficient [39]. The increased liver tissue density results
in greater light absorption compared with the lungs. Virostko et al.
demonstrated that bioluminescence cell quantification is suscepti-
ble to changes/differences animal positioning, postsurgical effects,
and light attenuation as a function of transplant site [40]. Changes
in these variables may lead to an overestimation of cell retention
inthe lungscomparedwiththe liver.Finally,PETandSPECTcellquan-
tification is subject tomultiple variables thatmay impact quantifica-
tion accuracy, specifically, nonspecific uptake of radiolabels in the
musculoskeletal systemandartifacts related to inflammation,which
may impact cell quantification accuracy [41, 42].

3D cryo-imaging offers single-cell sensitivity, which allows for
accurate quantification and assessment of 3D biodistribution of
infused cells. In contrast, PET, SPECT, MRI, or bioluminescence/
fluorescence imaging modalities are considerably less sensitive
than 3D cryo-imaging [3]. Interestingly, the presence of lung in-
jury did not significantly boost cell retention in the lungs com-
pared with healthy controls.

There are several limitations to this study. First, we used xen-
otransplantation of hMSCs into an immunocompetent rat lung
injury model. Although several studies suggest that MSCs are
immunoprivileged because of the relatively low expression of
MHC class II and other and costimulatory proteins [43–47], there
is the potential that an immune response could still be elicited.
This is especially true when administering multiple MSCs doses,

which could result in priming the immune system to target the
second cell dose for clearance [48, 49].We did not observe signif-
icant reductions in hMSCs between 60 and 240minutes postinfu-
sion, which would suggest that no significant immune system
priming occurs in that short period of time. Second, the influence
of quantum dot labeling on cell survival, proliferation, migration,
or differentiationwasnot determined in this study. PreviousQdot
labeling studies have not shown impaired survival, proliferation,
migration or differentiation [15, 20–23]. Third, although Qdot di-
lution caused by cell division has not been shown to be a major
componentof the loss ofQdot signal over time [24, 50],wecannot
rule out the potential loss of Qdot signal caused by MSC prolifer-
ation. Finally, we only tested MSCs and therefore, these findings
may not be extended to other cell types.

CONCLUSION

3D cryo-imaging can be used to track singleMSCs across a range of
organs. Intravenous infusion of hMSCs in a rat lung injury model
results in acute retention of cells primarily in the liver, lungs, and
spleen, with few cells detected in the heart, kidney, intestine, or
testis. hMSC retention is greatly reduced by 2 days postinfusion
and remains relatively constant up to 8 days postinfusion. In our
model, lung injury does not result in an increase in acute lung re-
tention of infused hMSCs compared with normal uninjured lungs.
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