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(57) ABSTRACT 
The present invention relates to methods and compositions 
for transplanting non-lymphoid tissues into lymphoid organs. 
It may be used to cultivate organ tissues including for the 
purpose of Supplementing or reconstituting organ function. 
Tissues that may be propagated in this manner include but are 
not limited to lung, kidney, thyroid, intestine, and brain. 
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GRANT INFORMATION 
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1. INTRODUCTION 

0004. The present invention relates to methods and com 
positions for transplanting non-lymphoid tissues into lym 
phoid organs. It may be used to cultivate organ tissues for 
purposes including Supplementing or reconstituting organ 
function. Tissues that may be propagated in this manner 
include but are not limited to lung, kidney, thyroid, intestine, 
and brain. 

2. BACKGROUND OF THE INVENTION 

0005. The shortage of organs available for transplant to 
terminally ill patients represents a major worldwide medical, 
Social and economic challenge. An alternative approach to 
whole-organ transplant involves the transplantation of cells to 
regenerate failing organs (1.2). However, orthotopic cell 
based therapy directed at a diseased organ may not be feasible 
for many reasons, ranging from a possible lack of an appro 
priate environment in cirrhotic and fibrotic liver during end 
stage disease to the lack of a thymus in complete DiGeorge 
syndrome (3-5). Consequently, a crucial requirement of cell 
based therapy for these patients is to establish an optimal in 
Vivo site for cell and tissue transplantation to restore organ 
functions (6.7). 
0006. The lymph node is a key organ of the mammalian 
immune system that has evolved to mount an immediate and 
orchestrated response against invading pathogens. The lymph 
node acts as a checkpoint where migrating T and B cells may 
encounter foreign antigens (8.9). If a foreign antigen is iden 
tified, T cells undergo rapid cell division and also signal for 
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help and recruit additional T cells (8,9). To accommodate this 
Sudden increase in cell number, lymphocytes need a special 
environment, which the lymph node provides. 
0007 Interestingly, the lymph node is also one of the first 
clinically observed sites of most cancer metastasis. Selected 
cancer cells will often migrate away from a primary tumor 
and colonize the lymph node (10). Lymphatic vessels are 
designed to facilitate the uptake of Surrounding fluid and 
cells, which are then transported to a nearby lymph node (10). 
Therefore, malignant tumor cells take advantage of this route 
normally traveled by immune cells. On arrival in the lymph 
node, tumor cells can Survive, perhaps because the architec 
ture of the lymph node provides direct access through the high 
endothelial Venules to essential nutrients and growth factors 
found in the blood. The lymph node also contains fibroblastic 
reticular cells and other stromal cells that secrete chemokines 
to enhance cell recruitment and survival (8,9,11). 

3. SUMMARY OF THE INVENTION 

0008. The present invention relates to the use of the lymph 
node environment to promote the Survival and expansion of 
healthy cells and tissues. Healthy cell and tissue growth in 
lymph nodes would provide a new approach for cell therapies 
in regenerative medicine. 
0009. The present invention is based, at least in part, on the 
discoveries that (i) hepatocytes injected directly into a single 
jejunal, popliteal, axillary or periportal lymph node generate 
an ectopic hepatic mass and rescue mice from lethal liver 
failure; (ii) thymic tissue injected into single jejunal lymph 
nodes of athymic nude mice generates functional ectopic 
thymuses; (iii) pancreatic islets transplanted into single jeju 
nal lymph nodes of Streptozotocin-induced diabetic mice 
engraft and secrete insulin to normalize glucose concentra 
tions; (iv) additional fetal tissues including brain, lung, intes 
tine, kidney and thyroid could also be successful engrafted 
into lymph nodes, and in various cases produced a histologic 
resemblance to the native organ. 
0010. In certain embodiments, the present invention pro 
vides for methods of inducing tolerance in a subject to trans 
plantation of allograft tissue. In certain embodiments, the 
method of inducing tolerance comprises conditioning a trans 
plant recipient with cells immune-matched to a donor of a 
Subsequent allograft. In certain embodiments, the immune 
matched cells are thymic cells. In certain embodiments, the 
thymic cells are transplanted into the lymph node of the 
recipient. 
0011. In certain embodiments, the method of inducing 
tolerance comprises increasing regulatory T cell (Treg) 
induction associated with cross-talk between donor thymus 
tissue and recipient thymus tissue. In certain embodiments, 
the Treg cells are CD4+, CD25+ and/or FoxP3+ Treg cells. 
0012. In certain embodiments, the present invention also 
provides a method of transplanting allograft tissue to a subject 
comprising (i) introducing non-lymphoid cells in a lymphoid 
tissue of the subject under conditions such that the cells are 
able to proliferate; and (ii) introducing allograft tissue to the 
subject after the non-lymphoid cells have been introduced 
into the lymphoid tissue of the subject. 
0013. In certain embodiments, the non-lymphoid cells are 
immune-matched to the allograft tissue. 
0014. In certain embodiments, the non-lymphoid cells are 
thymus cells. 



US 2016/0058794 A1 

4. BRIEF DESCRIPTION OF THE FIGURES 

0015 FIG. 1A-E Direct injection of hepatocytes into a 
single lymph node of a C57BL/6 wild-type mouse. (a) Jejunal 
lymph node (LN, yellow dotted oval) not transplanted (top) 
and just after transplantation (bottom) with primary hepato 
cytes, which were mixed with 3% Evans blue dye and Matri 
gel before injection. Scale bars, 1 mm. (b) In vivo optical 
imaging of mice into which primary hepatocytes from 
luciferase transgenic mice were injected into a single jejunal 
or popliteal lymph node, into the spleen (SP) or intraperito 
neally (IP). Signals (blue to red) depict different concentra 
tions of donor hepatocytes at day 1 (top) and 1 week (bottom) 
after transplant. (c) Top left, whole-mount imaging of a jeju 
nal lymph node 1 week after injection of donor GFP+ hepa 
tocytes. Shown is the bright-field image merged with the 
fluorescence. Top middle to bottom right, immunofluorescent 
staining of frozen lymph node serial sections with mono 
clonal antibodies (mAbs) (red) to ER-TR7 (reticular fibro 
blasts), LYVE-1 (lymphatic vessels), PNAd (high endothelial 
venules), B220 (B cells) and CD4/CD8 (CD4 T and CD8T 
cells) with the presence of GFP+ hepatocytes (green). Dotted 
lines indicate the lymph node boundary. Scale bars, 100 um. 
(d) Immunofluorescent staining of donor GFP+ hepatocytes 
(green) in jejunal lymph nodes 1 week after transplantation. 
Shown are serial sections stained with mAbs (red) to E-cad 
herin (E-Cad), C-C chemokine receptor type 7 (CCR7) and 
S1PR1, as well as native liver sections stained as controls 
(right). In native liver, CCR7 (red) was co-stained with dipep 
tidyl peptidase-4 (DPPIV) (green). All sections were coun 
terstained with Hoechst 33342 (blue). Scale bars, 100 um. (e) 
Proliferation of engrafted hepatocytes in lymph nodes after 
partial hepatectomy (PHX). Paraffin sections of injected 
lymph nodes and corresponding native liver 1 and 2 weeks 
(1W and 2W, respectively) after transplantation stained for 
GFP (1 and 2 weeks after transplantation) and BrdU (2 weeks 
after transplantation) and revealed by peroxidase (brown 
cytoplasmic and brown nuclei staining, respectively). Sec 
tions were counterstained with hematoxylin. Yellow outlines 
marksmall populations of GFP+ hepatocytes. The bar graphs 
show the number of GFP+ hepatocytes and the percentage of 
BrdU+ hepatocytes per section after immunostaining at 2 
weeks after transplantation in mice with or without PHX. 
*P<0.05, **P<0.0001. Data (meants.e.m.) are representative 
of one experiment with three to five mice per group. The 
experiment was repeated twice. Scale bars, 100 um. 
0016 FIG. 2A-E Direct injection of hepatocytes into a 
single lymph node of a Fah-/- mouse. (a) Macroscopic 
appearances of nontransplanted and transplanted (hepatized) 
lymph nodes (lymph nodes are marked by yellow dotted 
ovals). For nontransplanted axillary and popliteal lymph 
nodes, the presence of the lymph node is highlighted by 
injected Evans blue. Shown are representative images of the 
jejunal, axillary and popliteal hepatized lymph nodes cap 
tured at 12, 22 and 25 weeks after transplantation, respec 
tively. Scale bars, 5 mm. (b) Histology of hepatized jejunal 
lymph nodes in rescued Fah-/- mice. Left, serial sections of 
hepatized lymph nodes stained with hematoxylin and eosin 
(H&E) (top left), Fah (brown) and counterstained with hema 
toxylin (blue) (middle left). The immunofluorescence shows 
lymphatic vessels (LYVE1, red) and hepatocytes (GFP+, 
green) (bottom left). Right, higher magnification of H&E 
staining showing typical cuboidal hepatocytes. Reticular 
fibroblasts stain with antibodies specific for ER-TR7 (red), 
whereas hepatocytes are GFP+ and stain with antibodies spe 
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cific for DPPIV (red). Glutamine synthetase (GS, red) expres 
sion shows unique Zonal restriction Surrounding terminal 
hepatic venules. Sections were counterstained with Hoechst 
33342 (blue). Scale bars, left, 1 mm; middle and right, 100 
um. (c) Kaplan-Meier Survival curves (top) and body weight 
(bottom) of Fah-/- mice transplanted in intra- and extra 
abdominal lymph nodes compared to mice given no treat 
ment. Error bars show the standard error. (d) Left, macro 
scopic appearances of normal and hepatized lymph nodes 
(yellow dotted ovals) in the periportal area. Top right, Kaplan 
Meier survival curves of Fah-/- mice transplanted into the 
jejunal or periportal lymph node. Bottom right, average 
weights of periportal and jejunal lymph nodes and intra 
(intra-abd) and extra-abdominal (extra-abd) lymph nodes. No 
statistical difference (NS) was observed. Error bars show 
S.e.m. Scale bars, 5 mm. (e) Top, lymph node injection (LN 
Tx) and splenic injection (SP-Tx) of GFP+hepatocytes 
(C57BL/6 background) into Fah-/- mice (129sv back 
ground) after removal of 2-(2-nitro-4-trifluoromethylben 
Zoyl)-1,3-cyclohexanedione (NTBC) (lack of NTBC in 
drinking water induces liver failure in Fah-/- mice). Where 
indicated, mice were injected with the immunosuppressive 
agents CTLA4-Ig and MR1 on days 0, 2, 4 and 6 after trans 
plantation. The experiment was repeated twice. The images in 
the bottom show one representative LN-Tx mouse injected 
with CTLA4-Ig and MR1. Also shown are the macroscopic 
appearances of hepatized jejunal lymph nodes (yellow dotted 
ovals) and immunostaining of the hepatized lymph nodes for 
the presence of GFP+ (green) and Fah-i- (red) hepatocytes, as 
well as reticular fibroblasts (ER-TR7, red). Sections were 
counterstained with Hoechst 33342 (blue). Scale bars, left, 5 
mm, middle and right, 100 um. 
0017 FIG. 3A-E Functional ectopic thymus in the jejunal 
lymph node. (a) Flow cytometric analysis of T cells in the 
peripheral blood. Top, representative analysis of the gating 
strategy for CD4 and CD8 T cells in wild-type C57BL/6 
(WT), BALB/c nude (Nude) and BALB/c nude mice into 
which C57BL/6 GFP+thymic cells were injected into a jeju 
nal lymph node (LN-Tx nude). The number values assigned 
to the gates and quadrants represent the percentage of total 
live cells within that gate or quadrant. All contour plots dis 
play 10% probability contours. Bottom, the percentage of 
CD3+, CD3+CD4+ and CD3+CD8+ live T cells in the blood 
of each mouse analyzed (each symbol represents one mouse); 
the mice were WT, nude, KC-Tx nude (BALB/c nude mice 
transplanted under the kidney capsule) and LN-Tx nude. The 
thin black line indicates the meants.e.m. No statistical sig 
nificance (NS) was observed between kidney capsule and 
lymph node transplantation in each of the three groups. (b) 
Left, representative flow cytometric analysis of cells present 
in wild-type C57BL/6 (WT) and LN-Tx nude mouse tissues. 
The number values assigned to the gates and quadrants rep 
resent the percentage of total live cells within that gate or 
quadrant. Bottom, whole-mountjejunal lymph node of a nude 
mouse engrafted in the lymph node with GFP+ thymic cells 
(top left). The bright-field image was merged with the fluo 
rescence. Top right, a frozen section with GFP+ donor thymic 
cells. Bottom right, immunostaining of cytokeratin 5 (K5) 
(blue) and cytokeratin 8 (K8) (red) and counterstaining with 
Hoechst (white). Bottom left, WT native thymus stained for 
K5 (red) and K8 (green). Scale bars, 200 um. (c) Flow cyto 
metricanalysis of TCRVB segment expression in splenocytes 
from wild-type C57BL/6 mice (WTC57BL/6), heterozygous 
BALB/c nude mice (Het nude) or LN-Tx mice. The bar 
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graphs show the mean percentage of the particular VB recep 
tor. Individual symbols represent data from a single mouse 
(n 4-5). (d) Dot plots and histograms show the gating strat 
egy to detect regulatory T cells (FoxP3+ fraction of CD4+ 
CD25+ T cells) and naive (CD44+CD62L+), central memory 
(CD44+CD62L+) and effector memory (CD44+CD62L-)T 
cells in splenocytes. Graphs show the data from individual 
mice, labeled as in panel c. The thin black line indicates the 
mean. (e) Top, Kaplan-Meier curves showing the Survival of 
skin grafts from C57BL/6 or CBA/Caly donor mice trans 
planted onto BALB/c nude recipients that had previously 
undergone transplantation of C57BL/6 thymic cells into the 
lymph node (LN-TX nude) or into unmanipulated nude mice. 
Middle, graph of tumor growth in athymic BALB/c nude 
(nu/nu) mice. Values are meants.e.m. n=10. Bottom, pres 
ence (+) or absence (-) of tumor growth after a single Subcu 
taneous injection of 300,000 human colorectal cancer cells 
into LN-Tx nude, BALB/c nude (Nude) or C57BL/6 wild 
type (WT) recipients. 
0018 FIG. 4A-C Ectopic pancreas generation in the jeju 
nal lymph node after islet transplantation. (a) Top, whole 
mount lymph node of a streptozotocin-treated diabetic 
C57BL/6 mouse engrafted with C57BL/6 GFP+ pancreatic 
islets. The bright-field image was merged with the fluores 
cence. Other images show immunofluorescence of lymph 
nodes removed 6 weeks after engraftment. Staining with anti 
bodies specific for ERTR7 (reticular fibroblasts), C-peptide 
(C-PEP) and glucagon (GLUC) is shown in red, GFP is 
shown in green, and Hoechst counterstain is shown in blue. 
(b) Average blood glucose concentrations in diabetic recipi 
ent mice over the course of 10 weeks after transplantation of 
islets into the jejunal lymph nodes (LN-Tx, n=5), under the 
kidney capsule (KC-Tx, n=3) or in diabetic mice with no 
transplantation (No Tx, n=6). The data are presented as 
meansits.e.m. (c) Average body weight (left) and blood glu 
cose concentrations (middle) of C57BL/6 wild-type (WT 
C57) mice or C57BL/6 LN-Tx mice after LPS injection (1 mg 
per kg of body weight). Right, average serum concentrations 
of TNF-C., IL-1 B and IL-62 h after LPS injection. All error 
bars show standard error. All immunofluorescent image scale 
bars are 100 um unless otherwise indicated. 
0019 FIG.5A-B. Neovascularization of ectopic tissue. (a) 
Vascular trees are shown in a native lymph node and native 
liver of a GFP transgenic mouse and in mice after hepatocyte 
transplantation into the lymph node. (b) Immunostaining of 
lymph nodes injected with hepatocytes, thymic cells and pan 
creatic islets. Images were captured 12, 15 and 6 weeks after 
the transplant of each tissue, respectively. CD31 is a marker 
for blood vessels, and CD105 and Collagen IV are markers 
for neovascularization. Vasculature markers are shown in red, 
and ectopic tissue is shown in green. All sections were coun 
terstained with Hoechst 33342 in blue. All scale bars are 100 
lm. 
0020 FIG. 6. Distribution of immune cells in the hepa 
tized jejunal LN of a rescued C57BL/6 Fah-/- mice at 12 
weeks after transplantation. Left to right panels, immun 
ostaining of frozen LN serial sections with mAbs (red) 
against CD4/CD8 (CD4 and CD8 T cells), Gr-1 (granulo 
cytes) and F4/80 (macrophages) with the presence of 
C57BL/6 GFP+ hepatocytes (green). All sections were coun 
terstained with Hoechst 33342 (blue). Scale bar: 100 mm. 
0021 FIG. 7. Representative flow cytometry analysis of 
peripheral blood T cells. Analysis of CD4 and CD8 T cells 
from C57BL/6 GFP+ mice, wild type C57BL/6, BALB/c 
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Nude, kidney capsule (KC) transplanted (Tx) BALB/c Nude, 
and lymph node (LN) transplanted BALB/c Nude mice. The 
number values assigned to the gates and quadrants represent 
the percentage of total live cells within that gate or quadrant. 
All contour plots display 10% probability contours. 
(0022 FIG. 8A-B. Presence of peripheral T cells 10 
months after C57BL/6 GFP+ thymic transplantation in 
BALB/c Nude LN. (a) Blood analysis of 3 mice; the number 
values assigned represent the percentage of total live CD4 and 
CD8 T cells. (b) Flow cytometric analysis of mouse L084. 
The number values assigned to the gates and quadrants rep 
resent the percentage of total live cells within that gate or 
quadrant. All contour plots display 10% probability contours. 
0023 FIG. 9. Table 1. 
(0024 FIG. 10A-B. A. C57BL/6 GFP+ thymic tissue 
engrafts in the subcapsular space of the jejunal BALB/cNude 
LN. Frozen section of an ectopic thymus with GFP+ donor 
thymic cells and stained with cytokeratin 8 (K8) in red. 
Hoechst counterstain is shown in blue. Scale bar: 100 mm. B. 
Engrafted C57BL/6 GFP+ islet vasculature is derived from 
the recipient C57BL/6 mouse 6 weeks after transplantation. 
Immunostaining against CD31 (red) does not co-stain with 
the GFP+ donor derived islets (green). Scale bar: 50 mm. 
0025 FIG. 11A-B. A. Harvest of the uterine horns from a 
pregnant mouse, and removal of placenta and fetal mem 
branes from an embryo. Sagittal and transversal paraffin sec 
tions of an embryo stained with Hematoxylin and Eosin. B. 
Scheme of the jejunal lymph node injection procedure using 
different mouse fetal tissues. 
0026 FIG. 12 A-D. Each panel shows paraffin (A, B and 
D) or frozen (C) sections of donor C57BL/6 GFP+ tissues 
stained with Hematoxylin and Eosin or Hoechst, respectively, 
whole-mountjejunal lymph nodes of C57BL/6 mice 3 weeks 
after transplantation, and immunofluorescence staining of 
frozen lymph node serial sections with the presence of GFP+ 
cells. 
(0027 FIG. 13. (Upper) Dissection of mouse thyroid 
gland. (Bottom) Scheme of the jejunal lymph node injection 
procedure, whole-mount jejunal lymph node 3 weeks after 
transplantation, and immunofluorescence staining of a frozen 
lymph node section with the presence of GFP+ cells. 
0028 FIG. 14A-C. Problems associated with determining 
gestational age. 
0029 FIG. 15. Table showing mice injected and lymph 
nodes repopulated for various organ types. 
0030 FIG. 16. Transplantation of thyroid gland into 
lymph node. 
0031 FIG. 17. Transplantation of liver into lymph node. 
0032 FIG. 18. Transplantation of brain tissue into lymph 
node. 
0033 FIG. 19. Transplantation of lung tissue into lymph 
node. 
0034 FIG. 20. Transplantation of intestinal tissue into 
lymph node. 
0035 FIG. 21A-C. Transplantation of kidney tissue into 
lymph node. 
0036 FIG. 22A-D. Transplantation of kidney tissue into 
lymph node. 
0037 FIG.23A-D. The lymph node is a permissive site for 
kidney organogenesis. (A). Schematic view of kidney trans 
plantation into the lymph node. (B). Hematoxylin and Eosin 
(H&E) staining of a paraffin section of donor C57BL/6 GFP+ 
embryonic kidney showing S-shaped bodies (upper left); 
whole-mount jejunal lymph node of a C57BL/6 mouse 3 
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weeks after embryonic kidney transplantation (upper right), 
and picture of a frozen lymph node section stained for reticu 
lar fibroblasts and reticular fibers (ER-TR7), with the pres 
ence of GFP+ cells (lower). Nuclei were counterstained using 
Hoechst. (C). Picture of a frozen lymph node section with the 
presence of GFP+ cells (upper). Enlarged views of the col 
lagen IV-stained boxed regions are shown (lower). Nuclei 
were counterstained using Hoechst. (D). Immunofluores 
cence staining for CD31, podoplanin, claudin-2, keratin-8, 
and erythropoietin (Epo) of frozen sections of a 3-week 
repopulated lymph node with the presence of GFP+ cells. 
Nuclei were counterstained using Hoechst. 
0038 FIG. 24A-C. Proliferative and urine-concentrating 
ability of 6-week ectopic grafts. (A). GFP positivity (left) and 
H&E staining (right) of a frozen or paraffin section of a 
jejunal lymph node 6 weeks after transplantation. (B). Picture 
of paraffin lymph node sections stained for GFP or BrdU 
(AEC, red color). (C). Representative RT-PCR analysis for 
different urea transporters and erythropoietin (Epo) in lymph 
node 6 weeks after embryonic kidney injection as compared 
to a control lymph node. 
0039 FIG. 25. Host cells vascularize the developing tis 
Sue. Immunofluorescence staining for podoplanin, CD31, 
collagen IV, keratin-8, and erythropoietin of lymph node 
frozen sections with the presence of GFP+ cells. Nuclei were 
counterstained using Hoechst. 
0040 FIG. 26A-F. Renal cyst development in repopulated 
lymph nodes. (A). Whole-mount jejunal lymph node of a 
C57BL/6 mouse 12 weeks after embryonic kidney transplan 
tation showing GFP positivity (left), and hematoxylin and 
eosin (H&E) staining showing cysts (right). (B). Detail of 
cyst #1 epithelium stained with H&E, periodic acidschiff 
(PAS), masson’s trichrome (TRI), picro-sirius red (PSR), 
GFP, BrdU, aquaporin-1 (AQP1), and sodium-potassium 
chloride transporter 2 (NKCC2) (left), and of cyst #2-3 epi 
thelium stained with H&E, PAS, TRI, PSR, GFP, BrdU, 
AQP1 and 2 (right, yellow arrows indicates vacuoles). (C). 
Details of proteinaceous material and fibers found inside cyst 
#1 (left) and of round globules found inside cyst #2 and 3 
(right), after staining with H&E, PAS, TRI, and PSR. (D). 
Pictures of urinary crystals found inside cyst #1 (left), and 
Blood Urea Nitrogen (BUN) levels in serum and lymph node 
fluid of a transplanted mouse versus a control mouse (right). 
(E). Detail of cyst #3 epithelium stained with GFP. (F). 
Details of repopulated lymph node stained with H&E, PAS, 
TRI, and PSR, BrdU, or collagen IV showing glomerular and 
tubular alterations (black arrows indicate BrdU+ nuclei; yel 
low arrows indicates vacuoles). 
0041 FIG. 27A-D. Bone marrow-derived host cells con 
tribute to mesangial cells and podocyte regeneration. (A). 
Fluorescence intensity profiles of GFP expressing leukocytes 
in peripheral blood of bone marrow chimeric mice. Blood of 
a wild type and a GFP+ mouse were used as negative and 
positive control, respectively. (B). Overview of experimental 
plan (IR, irradiation; EK, embryonic kidney; LN, lymph 
node). (C). Representative ectopic glomerulus grown inside 
lymph nodes of bone marrow chimeric mice, showing bone 
marrow-derived cell contribution to glomerular mesangium. 
Sections were stained with collagen IV antibody and nuclei 
were counterstained using Hoechst. (D). (left) I-III, pictures 
of a lymph node section from bone marrow chimeric mouse 
showing localization of bone marrow-derived cells in the 
kidney graft; IV-VI, enlarged view of pictures I-III. (right) 
Representative ectopic glomeruli as in C. Sections were 
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stained with collagen IV, CD45, CD106, CD3, CD4, CD8, 
CD45R/B220, Ly6C/G, F8/40, CD31, podoplanin, WT-1 or 
Epcam. Nuclei were counterstained using Hoechst. Insets 
show the presence of GFP+CD45-, GFP+CD106+, or GFP+ 
WT1+ cell subsets inside the ectopic glomeruli. 
0042 FIG.28A-C. Nephrectomy accelerates kidney orga 
nogenesis and degeneration. (A). Overview of experimental 
plan (EK, embryonic kidney: Nx, nephrectomy; LN, lymph 
node: K. kidney; see Materials and Methods section for 
details). (B). Renal cell proliferation shown by bromodeox 
yuridine (BrdU) incorporation. (C). Representative ectopic 
grafts of nephrectomized mice and sham-operated controls 
(upper) as compared to 3 or 12 weeks ectopic grafts (bottom). 
0043 FIG. 29. Middle Panel: Schematic view of trans 
plantation of E14.5-15.5 or P3 kidney into the lymph node, 
and immunofluorescence staining for podoplanin of an adult 
kidney section isolated from a GFP+ mouse (lower). Left and 
Right Panels, from the top to the bottom: immunofluores 
cence staining for podoplanin of frozen sections of embry 
onic (left) or new born (right) kidney showing different matu 
rity; whole-mount mouse jejunal lymph node 3 weeks after 
embryonic (left) or new born (right) kidney transplantation, 
showing different engraftment; immunofluorescence staining 
for podoplanin of lymph node frozen sections 3 weeks after 
transplantation of embryonic (left) or new born (right) kidney. 
Nuclei were counterstained using Hoechst. 
0044 FIG. 30 A-C. (A). Gating strategy for fluorescence 
activated cell sorting (FACS) analysis of peripheral blood of 
chimeric mice 6 weeks after bone marrow transplant. Blood 
cells were gated on live cells, singlets, leukocytes (upper). 
Both GFP+ and GFP-leukocyte subsets were analyzed for 
CD3, CD19/CD45R or CD11b/Ly6G-LY6C (middle). The 
CD3+ cell population was further analyzed for CD4/CD8 
(lower). (B). Dot plot graph showing percentages of different 
GFP+ leukocyte populations from bone marrow chimeric 
mice. C. Stacked bar graph showing percentages of donor 
GFP+/Ly6G-LY6C+ versus host GFP-/Ly6G-LY6C+ cells. 
Cells were gated on live, Ly6G-LY6C, GFP. A representative 
histogram profile is shown. Blood from a wild type and a 
GFP+ mouse were used as control. 
0045 FIG. 31. Representative ectopic glomerulus grown 
inside lymph nodes of bone marrow chimeric mice 10 weeks 
after transplantation showing nodular lesion. Sections were 
stained with claudin-2, WT-1, podoplanin, CD31, keratin-8, 
and vimentin. Nuclei were counterstained using Hoechst. 
0046 FIG. 32A-C. Astrogenesis in the developing ectopic 
brain. (A). Schematic view of transplantation of multiple 
embryonic tissues into the lymph node (scale bar, 1 mm). (B). 
Table shows percentages of engraftment into the mouse 
lymph node for different tissues. (C1). Hematoxylin and 
Eosin (H&E) staining of a paraffin section of donor embry 
onic brain (upper left); whole-mount jejunal lymph node 3 
weeks after embryonic brain transplantation (GB3 LN, upper 
right), and pictures of frozen lymph node (GB3 and GB4 LN) 
sections with the presence of GFP+ cells (lower). Nuclei were 
counterstained using Hoechst. (C2). Mouse embryonic brain 
transversal section (upper), and pictures of GB3 and GB4 LN 
sections stained for GFAPö with the presence of GFP+ cells 
(lower). Nuclei were counterstained using Hoechst. 
0047 FIG. 33A-D. Granulocyte/macrophage progenitor 
accumulation following embryonic thymus transplantation 
into the lymph node (LN), and host contribution in the gen 
eration of the ectopic thymic cortex. (A). Gating strategy for 
FACS analysis of peripheral blood of mice (M1-M5) receiv 
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ing thymus transplant into their lymph nodes. Blood cells 
were gated on live cells, leukocytes, singlets, granulocyes/ 
myeloid cells or lymphocytes. (B). Representative fluores 
cence intensity histograms of granulocyes/myeloid cells from 
M2 analyzed for Ly6G-Ly6C (upper) or CD11b (lower) at 0. 
3, 6, 12, or 21 weeks after thymus transplant. (C). Represen 
tative flow cytometric contour plots of granulocyes/myeloid 
cells from M2 stained for Ly6G-Ly6C and CD11b, and gated 
on CD11b+/Ly6G-Ly6C-/low, CD11b+/Ly6G-Ly6Cint, and 
CD11b+/Ly6G-Ly6Chigh at 0, 3, 6, 12, or 21 weeks after 
thymus transplant. (D). Dot plots showing frequency of 
CD11b+/Ly6G-Ly6C-/low, CD11b+/Ly6G-Ly6Cint, and 
CD11b+/Ly6G-Ly6Chigh at 0, 3, 6, 12, or 21 weeks after 
thymus transplant. Each symbol represents one mouse, and 
the horizontal bars represent the median values. * p-0.05, ** 
p<0.01, *** p<0.001. 
0048 FIG.34A-C. Contribution of the host in the genera 
tion of the ectopic thymic cortex. (A). Agarose gel electro 
phoresis of PCR products following semi-quantitative RT 
PCR analysis for GM-CSF (expected amplicon size of 431 
bp) in embryonic thymus (EmT), 6-(6wEcT) or 21-week 
ectopic thymus (21 wicT), and adult thymus (AdT). Wildtype 
lymph node (LN) was used as a negative control. Amplifica 
tion of GAPDH was used as an internal control. The densi 
tometric scanning data from two experiments are shown as 
bar graphs of GM-CSF/GAPDH ratio on the right (6wEcTs 
were isolated from M4 and M5, while 21 wicTs were isolated 
from M1 and M3). (B). Picture of thymus glands isolated from 
a C57BL/6 GFP+ embryo (upper left) and H&E staining of a 
paraffin section of embryonic thymus (EmT, upper right); 
whole-mount mouse jejunal lymph nodes 21 weeks after 
embryonic thymus transplantation, showing different engraft 
ment (21 woT, lower). (C). Immunofluorescence staining for 
keratin 8 (K8) or keratin 5 (K5) of 21-week ectopic thymus 
from M2 with the presence of GFP+ cells (left). Nuclei were 
counterstained using Hoechst. Enlargements of K8 and K5 
stainings are shown on the right, together with stainings of 
GFP, CD31, and CD105 (CD31 and CD105 pictures were 
taken from a lymph node isolated from M6). 
0049 FIG. 35A-C. Presence of terminally differentiated, 
mucus-producing cells in ectopic lung, stomach and intestine 
tissues. (A-C). Each panel shows H&E staining of a paraffin 
section of donor embryonic lung (EmL), stomach (EmS) or 
intestine (EmI); whole-mount jejunal lymph node 3 weeks 
after transplantation of embryonic lung (3 wBcL), stomach 
(3wFcS) or intestine (3 wBcI), and pictures of frozen lymph 
node sections stained with specific markers with the presence 
of GFP+ cells. Nuclei were counterstained using Hoechst 
(ER-TR7, Reticular Fibroblasts and Reticular Fibres; CgA, 
chromogranin A). 
0050 FIG. 36. Ectopic liver, pancreas and thymus has 
been Successfully grown in lymph node tissue. 
0051 FIG. 37. Experimental plan for assessing the utility 
of transplanted thymus in mediating acceptance of allografts. 
129 Fah-/- mice were transplanted with neonatal (d2-4) 
Balb/c GFP thymus in the lymph node (LN). An immunosup 
pression regiment consisting of MR-1 and rapamycin was 
started concomitantly. 6 weeks after thymus transplant, mice 
were either given skin grafts or hepatocyte transfers to assess 
ability of thymus to mediate acceptance of Subsequent allo 
geneic grafts. Mice receiving just immunosuppression (IS 
controls) were used as controls. 
0052 FIG.38A-C. (A) Presence of donor-specific GFP+ 
cells in the lymph node (LN) of 129sv mice transplanted with 
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Balb/c-GFP neonatal thymus in the lymph node. (B) GFP+ 
cells in thymus-transplanted LN were positive for CD11c and 
EpCam, markers of thymic dendritic cells (DCs) and epithe 
lial cells, respectively. (C) Thymus-transplanted LN showed 
presence of CD4/CD8 double-positive (DP) T cells (a marker 
of T cell development), similar to a regular thymus. No pres 
ence of DPT cells in a non-transplanted LN. 
0053 FIG. 39A-D. Long-term acceptance of allogeneic 
hepatocytes mediated by ectopic thymus in the lymph node. 
(A) C57BL6/J and Balb/c skin grafts in 129. Fah-/- mice 
receiving Balb/c thymus (B) Rescue of liver failure as evi 
denced by weight gain and Survival in Balb/c thymus-trans 
planted 129. Fah-/- mice receiving Balb/c hepatocytes. (C) 
Liver in Balb/c hepatocyte transferred mice showed normal 
liver morphology by hematoxylin and eosin (H&E) staining 
(i) and positivity for FAH by immunohistochemistry (IHC) 
(ii). (iii) shows the presence of transplanted GFP+Balb/c 
hepatocytes that are also positive for FAH by immunofluo 
rescence (IF). (D) Balb/c thymus-transplanted mice show 
normal levels of liver enzymes in the serum after Balb/c 
hepatocyte transfer. 
0054 FIG. 40A-C. Ectopic thymus induces donor-specific 
tolerance and increased incidence of Tregs in recipients. (A) 
Splenocytes from Balb/c thymus-transplanted mice were 
labeled with CellTraceTM and co-cultured with naive 129.sv 
(top panel), C57BL6/J (middle panel) or Balb/c splenocytes 
(bottom panel). After 72 hours, cells were analyzed for Cell 
TraceTM dilution by flow cytometry. (B) IFNY levels from cell 
culture Supernatants in (A). (C) Total percentages of T cells, 
CD4+ T cells and Tregs in the blood of thymus-transplanted 
mice (and controls) were determined by flow cytometry. 
0055 FIG. 41A-C. Characterization of cells migrating 
from ectopic to native thymus. (A) Presence of GFP+ cells in 
the native thymus of mice transplanted with Balb/c mice (top 
panel, 4x magnification). (B) GFP+ cells present in the native 
thymus were MHC-II+(middle panel) and CD11c-- (bottom 
panel). (C) GFP+ cells in the native thymus of mice trans 
planted with Balb/c-GFP thymus in the LN are observed to be 
interacting with CD4+ cells (i, inset) and CD4+CD25+ cells 
(ii and iii, inset). Images in C (i) and C (ii., iii) are at 10x and 
40x magnification, respectively. 
0056 FIG. 42A-C. Migrating DCs induce Tregs capable 
of suppressing T cell activation. (A) CD11c--GFP+ cells from 
native thymus were co-cultured with naive CD4+ thymocytes. 
After 72 hours, the culture was analyzed for proportion of 
CD4+CD25+ cells (Tregs) in culture. (B) Summarized data 
for Treg percentages in cultures described in (A). (C) Tregs 
generated in culture in (B) are efficient in Suppressing CD4+ 
T cell proliferation, as determined by IFNY levels. Results 
representative of one of three independent experiments. 
0057 FIG. 43. Model depicting cross-talk between 
ectopic and native thymus in transplant recipient showing 
migration of antigen-presenting cells which induce Tregs. 

5. DETAILED DESCRIPTION OF THE 
INVENTION 

0058. The present invention provides for methods of 
propagating non-lymphoid cells in a lymphoid tissue for the 
purpose of producing a non-lymphoid tissue and or/providing 
a desirable biological function. 
0059 Suitable cells include but are not limited to embryo 
nal cells, non-embryonal cells, progenitor cells, and repro 
grammed Somatic cells (47). Cells may be human or non 
human cells (eg non-human primate, dog, cat, pig, cow, horse, 
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sheep,goat, mouse, rat, rabbit, etc.). Cells may be autologous, 
allogeneic, or Xenogeneic. Suitable cells include but are not 
limited to a kidney cellor a partially differentiated kidney cell 
or a kidney progenitor cell, a lung cell or a partially differen 
tiated lung cell or a lung progenitor cell, a thyroid cell or a 
partially differentiated thyroid cellora thyroid precursor cell, 
a brain cell or a partially differentiated brain cell or a brain 
progenitor cell, an intestinal cell or a partially differentiated 
intestinal cell or an intestinal precursor cell; a thymus cell or 
a partially differentiated thymus cell or a thymic progenitor 
cell, a pancreas cell or a partially differentiated pancreas cell 
or a pancreas precursor cell (in the foregoing, including islet 
cells), a liver cella partially differentiated liver cell and a liver 
precursor cell, a stomach cell or a partially differentiated 
stomach cell or a stomach precursor cell and so forth. 
0060 Cells can be implanted into a lymph node or mul 

tiple lymph nodes. Such methods are intended to encompass 
implantation into any lymph node, including, but not limited 
to: abdominal lymph nodes, celiac lymph nodes, paraaortic 
lymph nodes, splenic hilar lymph nodes, porta hepatis lymph 
nodes, gastric lymph nodes (left and right), gastroomental 
(gastroepiploic) lymph nodes (left and right), retroperitoneal 
lymph nodes, pyloric lymph nodes (Suprapyloric, Subpyloric, 
retropyloric), pancreatic lymph nodes (Superior pancreatic, 
inferior pancreatic, splenic lineal lymph nodes), hepatic 
lymph nodes (cystic, foraminal—including foramen of Win 
slow), pancreaticoduodenal lymph nodes (Superior pancreati 
coduodenal, inferior pancreaticodoudenal), Superior mesen 
teric lymph nodes, ileocolic lymph nodes, prececal lymph 
nodes, retrocecal lymph nodes, appendicular lymph nodes, 
mesocolic lymph nodes (paracolic, left colic, middle colic, 
right colic, inferior mesenteric lymph nodes, sigmoid, Supe 
rior rectal), common iliac lymph nodes (medial common ilic, 
intermediate common iliac, lateral common iliac, Subaortic 
common iliac, common iliac nodes of promontory), and 
external iliac lymph nodes (medial external iliac, intermedi 
ate external iliac, lateral external iliac, medial lacunar— 
femoral, intermediate lacunar femoral, lateral lacunar— 
femoral, interiliac external iliac, obturator—external iliac 
obturatory). In certain embodiments, the cells are injected 
into a recipient’s lymph node from a donor's tissue. In certain 
embodiments, it is important for the lymph node to be able to 
Swell as the graft expands, and thus lymph nodes that are 
present in the peritoneal cavity are particularly useful, espe 
cially where the lymph nodes are not closely associated with 
arteries or large veins. 
0061. In certain embodiments, the present invention pro 
vides for a method of propagating non-lymphoid cells in a 
lymphoid tissue for the purpose of producing a non-lymphoid 
tissue and or/providing or Supplementing a desirable biologi 
cal function, comprising introducing, into a lymph node in a 
host, non-lymphoid cells, under conditions such that the cells 
are able to proliferate. 
0062. The host may be a human or non-human (eg non 
human primate, dog, cat, pig, cow, horse, sheep,goat, mouse, 
rat, rabbit, etc). 
0063. In one particular embodiment, the present invention 
provides for a method of providing or Supplementing a bio 
logical function in a host comprising introducing, into a 
lymph node of a host, a non-lymphoid cell of an organ where 
the cell or organ normally provides said function; for 
example, but without limitation, introducing an islet cell to 
provide insulin production, or, introducing a thyroid cell to 
provide thyroxin, or introducing a kidney cell to provide 
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kidney function (filtering, etc.), or introducing a thymus cell 
to provide immune function, etc. 
0064. In certain embodiments, the present invention pro 
vides for methods of inducing tolerance in a subject to trans 
plantation of allograft tissue. 
0065. In certain embodiments, the method of inducing 
tolerance comprises conditioning a transplant recipient with 
cells immune-matched to a donor of a Subsequent allograft. In 
certain embodiments, the immune-matched cells are thymic 
cells. In certain embodiments, the thymic cells are trans 
planted into the lymph node of the recipient. 
0066. In certain embodiments, the allograft tissue com 
prises a liver cell or tissue. In certain embodiments, the 
allograft tissue comprises a skin cell or skin tissue. 
0067. In certain embodiments, the method of inducing 
tolerance comprises increasing regulatory T cell (Treg) 
induction associated with cross-talk between donor thymus 
tissue and recipient thymus tissue. In certain embodiments, 
the Treg cells are CD4+, CD25+ and/or FoxP3+ Treg cells. 
0068. In certain embodiments, the present invention also 
provides a method of transplanting allograft tissue to a subject 
comprising (i) introducing non-lymphoid cells in a lymphoid 
tissue of the subject under conditions such that the cells are 
able to proliferate; and (ii) introducing allograft tissue to the 
subject after the non-lymphoid cells have been introduced 
into the lymphoid tissue of the subject. 
0069. In certain embodiments, the non-lymphoid cells are 
immune-matched to the allograft tissue. 
0070. In certain embodiments, the non-lymphoid cells are 
thymus cells. 

6. Example 1 

The Mouse LYMPH Node as an Ectopic 
Transplantation Site for Multiple Tissues 

6.1 Materials and Methods 

(0071. Mice and Tissues. 
0072 Donor 129sv mice and recipient 129sv Fah-/- mice 
were a kind gift from M. Grompe (Oregon Health and Science 
University). For allogeneic experiments, donor hepatocytes 
were isolated from C57BL/6 GFP+ mice (GFP transgene 
under the control of the human ubiquitin C promoter, C57BL/ 
6-Tg(UBC-GFP)30Scha/J. Jackson Laboratory) and trans 
planted into 129SV Fah-/- mice. For Syngeneic experiments 
using C57BL/6 GFP+ hepatocytes, 129sv Fah-/- mice were 
backcrossed for more than eight generations with C57BL/6 
mice (Jackson Laboratory) to generate C57BL/6 Fah-/- 
mice. Luciferase C57BL/6 transgenic mice (Luc--) express 
ing firefly luciferase under the control of the broadly 
expressed f-actin promoter were kindly provided by S. 
Thorne (University of Pittsburgh). Donor primary hepato 
cytes were isolated from adult (5- to 8-week-old) mice. 
Donors and recipients were not matched according to gender. 
Newborn (1- to 3-day-old) C57BL/6 GFP+ mice were used as 
donors of thymic cells. Athymic BALB/c nude Foxnlnu (Har 
lan) mice were used as recipients of thymic cells. Blood 
collection (100 ul) was performed using the submandibular 
bleeding technique. Adult (5- to 8-week-old) C57BL/6 GFP+ 
mice were used as the donors of pancreatic islets. Adult (5- to 
8-week-old) C57BL/6 mice were used as recipients of pan 
creatic islets. Mice were bred and housed in the Division of 
Laboratory Animal Resources facility at the University of 
Pittsburgh Center for Biotechnology and Bioengineering. 








































