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Abstract: Bone marrow (BM) cells are considered the source of stem cells for 
various organs. However, how quickly BM cells can penetrate and constitute 
lymphoid organs remains elusive. In the present study, we addressed this issue in a 
model using genetically-labeled syngeneic BM transplantation (BMT). 
Methods: Donor BM cells were obtained from "green mice", transgenic mice with 
enhanced GFP. Lethally irradiated C57BL/6 mice were infused with 1 x 106 BM 
cells from the green mice through the tail vein. BM chimerism was analyzed by 
F ACS and the presence of donor BM cells in thoracoabdominal organs was assessed 
by fluorescence microscopy. The commitment of BM cells was examined by im
munohistochemical staining using epithelium-, macrophage-, Band T-Iymphocyte, 
and endothelium-specific antibodies. 
Results: BM chimerism reached 40±18.5%, 82.6±23.4%, and 72±18% (mean±SD) 
at 1, 4, and 12 wks after BMT, respectively. GFP-positive cells were detected in all 
organs in the course of chimeric formation. Most GFP-positive cells were T and B 
lymphocytes in lymphoid systems including spleen, thymus, mesenteric lymph nodes 
and microvilli, and some were positive for macrophage and endothelial cell markers. 
Conclusions: Our results indicate that BM-derived cells migrate rapidly into vari
ous thoracoabdominal organs after BMT, and that lymphoid tissues are predomi
nantly replaced with infused BM in lethally-irradiated mice. This confirmed the 
previous finding by others and suggests high interest of this model for further studies 
to characterize kinetics and roles of infused cells. 
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INTRODUCTION 

Recent studies on stem cells have suggested that the BM has cells with the 
potential to differentiate into mature cells of various organs including the heart, 
liver, kidney, lungs, gastrointestinal (GI) tract, skin, bone, muscle, cartilage, fat, 
endothelium, and brain, in addition to hematopoetic stem cells and supportive 
stromal cells!). 

However, the developmental plasticity of adult hematopoetic stem cells to 
various organs is reported to be less than expected, and transdifferentiation may not 
be a general phenomenon, but rather may depend on the experimental system in 
which the hypothesis is tested2). 

Meanwhile, human BMT has gained widespread acceptance for the treatment of 
various hematological and neoplastic diseases3). However, the procedures involved 
yield significant morbidity and mortality due to protracted and severe alterations in 
host immunological function before successful reconstitution3•4). Although 
hematopoetic cells are quickly restored and leukocyte numbers return to normal 
levels within a couple of weeks5•6), immune responses to various antigens 65 are 
usually distorted for a longer period of time6). This may result from irradiation 
injury to lymphoid tissue as well as insufficient repopulation of atrophic lymphoid 
tissue following the modalities used before transplantation, however, the exact role 
of infused BM cells for these tissues has yet to be clearly determined2•3). 

In the present study, we investigated the fate of infused syngeneic BM cells 70 
that might repopulate lymphoid organs and also be involved in the replacement of 
parenchymal cells in various animal organs after lethal irradiation. BM cells from 
mice transgenic for GFP were used for the purpose of this analysis7). The results 
confirm the previous findings by Weissman et at. 2) who showed little evidence for 
developmental plasticity of hematopoetic stem cells, and visualized rapid reconstitu
tion of the peripheral lymphoid organs, suggesting efficacy of this model for further 
studies to characterize kinetics and roles of infused cells. 

MATERIALS AND METHODS 

Animals 

Adult female C57BL/6 mice purchased from Charles River Japan (Tokyo, 
Japan) were used as recipients. GFP transgenic mice of C57BL/6 background were 
kindly provided by Dr Okabe (Research Institute for Microbial Diseases, Osaka 
University, Suita, Japan) and maintained in our animal facility7). Male GFP mice 
aged 6-8 wks 85 were used as BM donors. GFP-mice are transgenic mouse lines 
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with enhanced GFP cDNA under the control of a chicken beta-actin promoter and 
cytomegalovirus enhancers>. All of the tissues from these transgenic mice, with the 
exception of erythrocytes and hair, were green under excitation light. The experi
mental protocol was approved by the Ethics Review Committee for Animal Experi
mentation of Fukushima Medical University. 

Preparation of GFP-chimeric mice 

B6 mice were irradiated with X-ray at a dose of 7.5 (n=4), 9.5 (n=4), or 12 (n= 
11) Gy in order to examine the lethal dose. BM cells from GFP mice were collected 
by flushing the bone shafts of the femora with RPMI medium 1640 supplemented 
with 10% fetal calf serum. The cells were then washed once in this medium and 
suspended in phosphate-buffered saline (PBS) at doses of 105, 106 , or 107 cells/mouse 
and injected via the tail vein. 

Determination of bone-marrow-derived cell distribution in various organs 

Chimeric animals were sacrificed at 1, 4, and 12 wks after BMT. Mice were 
anesthetized with ether, and systemic perfusion was established with 20 ml of 4% 
paraformaldehyde in PBS through the left ventricle after drawing blood from VCI. 
The lung, liver, pancreas, small intestines, kidneys and lymphoid organs including 
thymus, spleen and mesenteric lymph nodes were obtained for detection of BM
derived cells. BM cells were also obtained from the femur and examined for 
assessment of the chimeric rate. 

Fluorescence-activated cell sorter (FACS) analysis 110 

GFP-positive cells in peripheral blood cells, BM, and spleen were analyzed by 
flow cytometry using a FACS Calibur cell sorter (Becton-Dickinson, Mountain View, 
CA) equipped with a 530-nm filter at a bandwidth of + 15 nm (Fig. 1). 

Detection of GFP-positive cells and immunohistological studies 

After sacrifice, parenchymal and lymphoid organs were collected and divided 
into two groups; one for frozen sections and one for paraffin sections. Tissue for 
the frozen sections was cut in 5-mm slices, embedded in Tissue Tek Compound, and 
frozen at-BO·C. Tissue for the paraffin section was fixed overnight in 4% parafor
maldehyde in PBS and dehydrated using 10%, 20%, and 30% sucrose solution 
overnight at 4'C and 120 then processed for paraffin sections. 

Frozen sections of various organs were cut at 6-pm thickness and examined 
under a fluorescence microscope for detection of GFP-positive cells. The fluores
cence intensity of cells from B6 and GFP mice was used as negative and positive' 
controls, respectively. Primary antibodies used for paraformaldehyde fixed 
paraffin-embedded sections were as follows, goat-anti-mouse GFP antibody (1: 100 
dilution, Santa Cruz Biotechnology, Santa Cruz ,CA), rabbit anti-human cytokeratin 
polyclonal antibody cross-reactive with mouse cytokeratin (1 : 700 dilution, DAKO, 
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Fig.1. FACS anal ys is of BM cells in a chimeric mouse after geneticall y- labeled 
syngeneic (g reen mouse) BM transplantat ion fo ll owing letha l irradiation. The 
fo rwa rd scatter was gated to obta in 97.4 ± 1.1% of GFP- posit ive cel ls in BM of 
green mice, but no cells in those of C57BL/ 6 mice. 

Carpinteri a, CAl , biotin-conjuga ted rat anti - mouse F4/ 80 obtained from Serotec (1 : 

5 dilution, Oxford, UK), rabb it anti- factor VIII related antigen (1: 1 dilution, Zymed 

laboratories, San Francisco, CAl, rabbit anti- human CD3 po lyclonal antibody (1 : 100 

dilution, DAKO), and rat anti -mouse CD45R/ B220 monoclona l antibody (1: 50 

dilution, BD Biosciences Pharmingen, San Diego, CAl. Secondary antibodies for 
each primary antibody were as follows; peroxidase-conjugated anti -goat rabbit 

immunoglobulin (Dako, Glostrup, Denmark) used for sta ining of GFP, biotin-con

jugated anti - rabbit IgG (1: 200 di lution, 135 Nichirei, Tokyo, Japan) used for cyto

keratin, factor VIII and CD3, horseradish peroxidase conjugated streptavidin (Ni

chirei) used for F4/ 80, and perox idase-conjugated rabbit anti- rat immunoglobulin 

IgG (DAKO) used fo r CD45R/ B220. Sections of paraformaldehyde-fixed TISSUE

TEK mounted livers were stained with immunofluorescent technique using the same 

primary antibodie as paraformaldehyde-fi xed paraffin- embedded sections. Cyto

keratin, Factor VIII and F4/ 80 were visuali zed with rhodamine-conjugated tyramide 
(Perkin-Elmer Life Science, Boston, MA). CD3 and CD45R/ B220 were visuali zed 

by Alexa F luor 555 F(ab')2 fragment of goat anti- rabb it IgG (H + L) (Molecular 

' proves, Eugene, OR), and - labeled affini ty pur ifi ed antibody to Rat (H + L) (KPL 

Europe, Guildford , UK). 

Fluorescence images were examined under a fluorescence microscope (ECLIPSE 
E800, Nikon, Japan) with excitati on wave lengths of 460-500 nm for GFP and 510-

560 nm for Alexa F luor and rhodamine. Digital im ages captured by DXM 1200 
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(Nikon, Japan) were merged using Adobe Photoshop Elements 2.0. 

Statistical analysis 

All data were expressed as mean±SEM. Differences between groups were 
examined for statistical significance using the Student's t-test. A P value less 
than 0.05 denoted the presence of a statistically significant difference. 

RESULTS 

Irradiation dose and number of infused cells to establish long-term chimeric mice 

Twelve Gy was selected as a lethal dose since 10 out of 11 mice died within two 
wks of this dose of irradiation, while none of animals died with 7.5 or 9.5 Gy. The 
4-wks survival rates of mice injected with 105, 106, and 107 cells/mouse of BM cells 
were 70% (7/10), 100% (7/7), and 91% (10/11), respectively (Fig.2a). BM cells 
harvested from mice given 105, 106, and 107 BM cells at 1 week after BMT showed 
a 160 dose-dependent increase in number (0.3±0.3, 1.5±0.6, and 2.7 ±0.6 x 107 cells, 
respectively), although those at 4 wks after BMT were not significantly different 
between the groups (4.0±0.8, 4.0±1.3, and 3.5±1.8x107, respectively) (Fig.2b). 
Considering the values of control mice (4.4 ± 1.5 x 107), normal cell numbers in the BM 
were restored within 4 wks. Chimeric state at 4 wks after BMT reached the level 
of over 80% when either 106 or 107 BM cells were infused (84.2±18.0, 87.2±10.5%). 
As either dose maintained high chimeric state at 12 wks after BMT, 106 BM cells 
was selected as a dose to prepare chimeric mice for further experiments. 

BM repopulation and GFP-positive cell ratio in peripheral blood, BM, and spleen 

The proportions of GFP-positive cells in BM cells at 1, 4, and 12 wks after BMT 
were 35.2±18.5, 84.2±18.0, 72.0±18.0%, respectively (Fig. 2c). Those of spleen cells 
were 23.5±12.8, 66.2±27.4, 79.9±8.5%, respectively, and those of peripheral blood 
were 6.3±6.4, 83.4±17.9, 70.3±24.3%, respectively. Considering the proportion of 
GFP-positive cells in peripheral blood, BM, and spleen of green mice (86.5±3.3, 
97.4± 1.1, and 90.7 ± 11.5, respectively), a high chimeric state was completed 4 wks 
after BMT and maintained for at least 12 wks. 

BM -derived cells in various parenchymal and lymphoid organs at 12 wks after BMT 
by fluorescence microscopy 

GFP-positive cells were found scattered or in some parts forming clumps in the 
lung, liver, pancreas, kidney, and small intestine. In contrast, GFP-positive cells 
were dominant in lymphoid organs including the spleen, thymus, and mesenteric 
lymph nodes (Fig. 3). One week after BMT, GFP-positive cells were detected in the 
lung, liver, kidney, and small intestine, but not in the pancreas. Four and 12 wks 
after BMT, GFP-positive cells increased in number and were detected in all organs. 
The numbers of cells migrating into these organs observed under a high power field 
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Fig. 2. (a): Surviva l rate of animals given 12 Gy irradiati on and vari ous number of 
genetica ll y- labeled syngeneic BM cells from green mice. (b): Number of BM 
cells and ra tes of chimerism at 1 and 4 wks after various number of BMT. (C): 
Proportion of GFP- positi ve cell s in control and test animals transpl anted with 1 x 
106 BM cells from green mice after 12 Gy irradi at ion in BM, spleen (SP), and 
periphera l blood (PB) . Data are shown as mea n± SD of proportion of GFP
posi ti ve cells. 

(x 200) at 4 and 12 wks after BMT were 10 ± 10 and 396 ± 98 cells in the lung, 4 ± 2 and 
102 ±36 cells in the liver , 0 and 56 ± 27 cells in the pancreas, 14 ± 9 and 210± 107 cells 

in the small intestine, and 0.6 ± 0.5, 103± 23 cells in the kidney, respectively. 

EM - derived cells in va1'ious jJarenchymal organs at 12 w!?'s after EMT 

Most of the mononuclear cells and some cells in the vessels of a ll organs studied 
were GFP-positive. GFP- positive cells in specific components of various organs 
were typical. In the lung, GFP- positive cells were found in the interstitial space but 
not in peripheral alveoli or bronchioles (Fig. 4a). In the li ver, positive cells were 
scattered diffusely within the lobule, especially along the sinusoids, and were obser
ved a lso in the periporta l area. No GFP-positive cells were observed in he
patocytes, hepatic arteries or central veins (Fig. 4b). In the pancreas, GFP -positive 
cells were found in the interstitial space and in acinar and islet components, but not 
in acinar or islet cells, although some appeared to be present in the pancreatic ducts 
(Fig. 4c). In the kidney, GFP-positive cells were found only in the interstitial space, 
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Fig. 3. BM -deri ved cells in vari ous parenchyma and lymphoid organs at 1 and 12 wks 
after BMT. GFP-positive ce ll s were found scattering in lung, li ver, pancreas, 
kidney, small in test ine and were dominant in lymphoid organs including spleen, 
thymus, and mesente ri c lymph nodes on fluorescence microscope ( x 200). 

F ig. 4. BM deri ved GFP-positive cells in various parenchymal orga ns 12 wks after 
BMT {lung (a), li ver (b) , pancreas (c), kidney (d) and small intest ine (e)) and cell s 
recogn ized by the antibodies fo r GFP (x 200). 
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but not in any glomeruli (Fig.4d). In the small intestines, many GFP-positive cells 
were found within the villi (lamina propria) and submucosal layer (Fig. 4e). 

Antibody specificities used zn immunohistological studies and possible 
transdifferentiation of BM cells to specific cell types 

To determine whether these GFP-positive cells differentiate into specific cell 
types, we used three different antibodies recognizing cytokeratin, factor VIII, and 
F4j80. The antibody for cytokeratin visualizes epithelial cells in the lung (bron
chioles), liver (bile duct), pancreas (pancreatic duct), small intestine (intestinal 
epithelial cells), and kidney (renal tubules). The antibody for factor VIII visualizes 
endothelial cells of capillaries, veins and arteries in all organs studied. The anti-

Table 1. Percentages of GFP-positive cells in various 
components of thoracoabdominal organs at 4 and 12 
wks after BMT 

Organ/Structure 4 wks post-BMT 12 wks post-BMT 

Liver 
Hepatocytes 0 0 
Bile ducts 1.0(5/493)# 0.5(3/593) 

Kupffer cells 50.1(400/798) 67.2(312/464) 

Portal veins 5.5(10/180) 2.8(5/176) 
Portal artery 0 0 
Central vein 0 0 

Small Intestine 
Epithelial cells 0.1(6/5372) 0.8(38/4576) 

Endothelial cells 0.4(1/258) 0 
Kidney 

Tubules 0 0 
Collecting tubules 0 0 

Glomeruli 0 0 
Renal arteries 0 0 

Renal veins 5.9(10/168) 1.5(3/201) 
Lung 

Bronchi 0 0 
Pulmonary artery 0 0 

Pulmonary vein 0 4.6(14/304) 
Pancreas 

Acinar cells 0 0 
Pancreatic ducts 3.3(19/577) 0.1(1/708) 

Islet 0 0 
Pancreatic artery 0 0 
Pancreatic vein 0 0.9(2/213) 

#: Number of the respective marker positive cells/GFP-
posi ti ve cells 
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body for F4/ 80 only visualized Kupffer cells in the liver. 

Examination of serial sections with anti -GFP antibody and one of the antibodies 
for cytokeratin , factor VIII, or F4/ 0 indicated transdifferentiation of BM cells to 
specific cell types. Epithelial cells in the bile ducts, pancrea tic ducts, and small 
in testines were double-positive for GFP and cytokeratin. Endothelial cell s in veins 
of the lung, liver and small intestine were double- positive for GPF and facto r VIII. 

Most Kupffer cells in the liver were double-positive for GFP and F4/80. GFP
po itive cells in each organ studied were quantitatively examined in three mice and 

the results are summarized in Table 1. 

BM - de?ived ceLLs in various lymphoid mgans 

Irradiation induced atrophy of thymus and mesenteric lymph nodes. His

to logical study of the thymus fa iled to show discrete cortical and medulla ry regions 
with reduced numbers of thymocytes. A few GFP- positive ce ll s were found (Fig. 
5a). At 12 wles post- BMT, GFP- positive ce lls were found in the cortex as well as 

in medulla ,vith numerous thymocytes (Fig. 5b). This was a lso the case with lymph 
nodes that showed restoration of typical lymph architecture consisting of medull a 

and paracortical areas at 12 wks post- BMT (Figs. 5c & d). In the spleen, most of 
the white pulps were replaced with GFP- positive ce lls at 12 wks post- BMT (Figs. 5e 
& f). As found in FACS analysis of splenocytes, the proportion of GFP- posit ive 
cells was 80% at 12 wks after BMT. Histological examination of other lymphoid 
organs including the thymus, mesenteric lymph nodes, and villi of small intestines 
revea led a sim ilar pattern. Immunohistological examination of lymphoid tissue 
revea led that significant numbers of CD3- positive cells were GFP- positive in the 

merged images (Fig. 6). This was also the case with CD45R- posit ive cells within the 
spleen, lymph node, and villi of the small intestine (Fig. 7). 

lw 

12w 

Fig. 5. GFP- positi ve cells in thymus (a, d) , me enteric lymph nodes (b, e) and spleen . 
(c, f) one and 12 wks after BMT. The number of these cells was increased at 12 
wks after BNIT and restoring original architectures of thymus and lymph nodes 
( X IOO). 
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Fig. 6. BM deri ved GFP- positive, CD3 positi ve and double positi ve cells in vari ous 
lymphoid orga ns on fluorescence microscopy. In sma ll in test ine (a, e, i: x 200), 
lymph nodes (b, f, j: X 400), thymus (c, g, Ie: X'IOO) a nd spleen (d, h, I: X 400), 
s ignificant number of CD3 positi ve ce lls were noted having GFP "vhen merged. 

Fig. 7. BM deri ved GFP- positi ve, CD45R positive and double posit ive cells in va ri ous 
lymphoid orga ns on fluorescence microscopy. In sma ll in te t ine (a , e, i: x 200) , 
lymph nodes (b, f, j: X 400), thymus (c, g, k: X 400) and spleen (d, h, I: X '100), 
significant number of CD45R posit ive ce lls were noted having GFP when merged. 

DISCUSSION 

Syngeneic BM transplantation using green mice demonstrated the participation 
of BM cells in various parenchymal and lymphoid organs. We found that lymphoid 

organs were repopulated ra ther quickly consistent with BM repopulation to ma in-
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tain peripheral blood cells after BMT. Significant numbers of Kupffer cells and 
endothelial cells in most of the organs were found to be BM -derived, while a few 
epithelial cells were found to be BM -derived. 

The characteristic of this model was BM reconstitution after lethal irradiation, 
giving a model relevant to clinical BM transplantation. Animals could not survive 
and died several days after lethal irradiation without BM transplantation. X -ray 
irradiation was used for ablation of BM and to create space for infused BM cells as 
previously suggested by Tomita Y et at. 3). The chimeric state of BM was over 70-
80% 12 wks after BMT. These animals could survive for more than one year 
without any obvious complications. Under lethal irradiation, traffic of infused BM 
cells to each organ was monitored and a marked difference was demonstrated 
between the lymphoid and parenchymal organs studied here. 

Although significant numbers of BM cells were found to be scattered in various 
parenchymal organs including the lung, liver, pancreas, small intestines, and kidney, 
the antibody used to detect epithelial cells could visualize only a few cells in the 
respective organ. Epithelial cells in bile ducts, pancreatic ducts, and small intes
tines were GFP-positive. This was consistent with the observations by Krause and 
colleagues who showed that BM derived hematopoetic stem cells can 
transdifferentiate to epithelial cells in various organs l ). However, we failed to 
detect BM -derived cells in renal tubules or the glomeruli. 

In contrast to epithelial cells, transdifferentiation to endothelial cells recognized 
by anti-factor VIII was visualized frequently when compared to epithelial cells in all 
the organs studied here. It has been shown that endothelial progenitor cells first 
found in the peripheral bloodS) and BM origin of endothelial progenitor cells are 
responsible for postnatal vasculogenesis in physiological and pathological neovas
cularization9). It was interesting to note that many BM-derived endothelial cells 
were found in the veins, but rarely in the arteries. The reason for this is unknown, 
but irradiation injury is thought to be a causative factor for differentiation of 
progenitor cells to endothelial cells. This is consistent with previous findings by 
others who showed that recruitment of BM -derived endothelial cells was observed 
to sites prominent components quickly repopulated with BM -derived cells where 
neovascularization takes place in liver lO) or pancreatic isletsll). 

Kupffer cells are replaced with BM cells of recipient origin in a rat liver 
transplantation modeP2) and in human casesI3). On the contrary, following allogenic 
BM transplantation, Kupffer cells in the liver were predominantly of donor marrow 
origin by day 21 post-BMTI4). This was also the case with this syngeneic BM 
transplantation model in which two-thirds of Kupffer cells were replaced at 4 wks 
and most of Kupffer cells were replaced at 12 wks with donor-type cells. In our 
model, the liver and BM were irradiated with a lethal dose. Irradiation is reported 
to cause injury to hepatocytes as well as Kupffer cellsl5) and this injury might 
enhance repopulation of Kupffer cells with infused BM cells. 

The BMT procedure is associated with phenotypic changes in circulating 
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peripheral blood lymphocyte subsets, and a reduced ability of the host to produce 
immunoglobulin of various isotypes after antigen stimulation16.17). Deficits in vari
ous T cell-mediated functions, such as mitogen responsiveness, helper-cell function, 
cytotoxicity, and contact hypersensitivity have also been described. In addition, 
natural killer cell activity appears to be transiently depressed in BMT recipients18). 
While some of these alterations in immune function reverse with time, others, such 
as helper T cell function, contact hypersensitivity, and IgA secretion, remain 
depressed for years after successful engraftment19). In this study, we found that 
irradiation induced remarkable changes in the lymphoid organs, in particular the 
thymus and mesenteric lymph nodes. Thymus size was not completely restored at 
12 wks post-BMT (0.023±0.012 vs 0.07±0.01 g of control, n=3), although the 
majority of T cells in lymphoid organs were found to be BM-derived. Mesenteric 
lymph nodes were quite atrophic at 1 week post irradiation, although they regained 
their size gradually, but not completely at 12 wks post-BMT (0.02±0.010 vs 0.023± 

0.006 g of control, n = 3). This is consistent with the previous study by Samlowski 
and colleagues involving syngeneic murine BMT, who noted persistently hypoplastic 
peripheral lymph nodes in recipient mice for many months after successful transplan
tation20). 

There are only a few clinical histological studies investigating lymphoid tissue 
post BMT21.22). Horny et al. reported severe atrophy of the lymphoreticular tissue 
with marked depletion of lymphocytes in four patients who died between 0.5 and 12 

months after transplantation21). However, interpretation needs careful considera
tion of the histological findings because of immunosuppression as well as phenomena 
related to graft-versus-host disease21). Experimentally, only a few studies 
examined levels of reconstitution of infused BM cells to reconstruct lymphoid tissues 
after syngeneic BM transplantation, in which chimerism was mostly determined by 
FACS analysis23.24). In this study GFP-positive syngeneic BM cells clearly demon
strated steps of reconstitution of lymphoid organs. There were not many GFP
positive cells not at 1 week post infusion, however, these cells rapidly accumulated 
in the later period in lymphoid organs including the thymus, mesenteric lymph nodes, 
and spleen. These morphological changes might be explained by the finding of 
irradiation-induced anatomic change of high endothelial venules, which regulates 
entry of lymphocytes to lymphoid system20). 

Although there is a possibility of fusion as a phenomenon which could account 
for the observations25), it is noteworthy that lymphoid tissues are predominantly 
replaced with infused BM in lethally-irradiated mice in contrast with less plasticity 
of the cells in non-lymphoid organs. Although detailed functional and histological 
assessment of these lymphoid organs needs to be evaluated in the future study, this 
model is simple and reproducible and would offer strategies to examine various 
techniques and modulations on speed of engraftment and distribution of donor cells 
in lymphoid organs after transplantation. 
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