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ABSTRACT

A pharmaceutical composition comprising Sertoli cells, myoid cells and a
pharmaceutically acceptable carrier, wherein the amount of myoid cells mn the
composition is 5% or more of the total Sertoli and myoid cells, and wherein the

Sertoli cells are genetically modified to produce a biological factor.
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COMPOSITIONS CONTAINING SERTOLI CELLS AND MYOID CELLS
AND USE THEREOF IN CELLULAR TRANSPLANTS

This application is a division of application number 2,531,022, filed in Canada on

July 2, 2004,

FIELD OF THE INVENTION
The present invention relates to the use of Sertoli cells and myoid cells for

creating an immunologically privileged site in a mammalian subject, thereby facilitating
the transplantation of cells that produce a biological factor in the treatment of a disease

that results from a deficiency of such biological factor. Phatmaceutical compositions

containing Sertoli cells and myoid cells, as well as therapeutic methods relating to the use

of these cells are provided by the present mvention.

BACKGROUND OF THE INVENTION

The testis, brain, and anterior chamber of the eye are considered
immunoprivileged sites and have been investigated for their ability to protect cellular

orafts [1-3]. Allogeneic and concordant xenogeneic tissues transplanted into the testis

survive long term [4-10].
Moreover, parathyroid allografts in the testis restore normocalcemia in

parathyroidectomized rats [8] and islets transplanted into the intra-abdominally placed
testis correct hyperglycemia in diabetic rodents {9, 10]. Immune tolerance in the testis 18
dne at least in part to Sertoli cells; because grafts are still protected after the selective
destmcﬁon of the other major components of the testis, Leydig cells and germ cells

(11, 12]. Furthermore, rodent Sertoli cells can survive as allografis [13, 14] and
allogeneic islets or xenogeneic adrenal chromaffin cells are protected from immune-
mediated rejection when co-transplanted with Sertoli cells [14-16]. Sertoli cells
comprise a major cémponent of the mammalian testis and are considered “nurse” cells
because they provide numerous factors required for the orderly development and
protection of spermatozoa [17]. As the germ cells mature they develop surface antigens
which are recognized as foreign by the immune system making it necessary for the testis
to develop a mechanism for protecting the developing germinal cells [18, 19]. K is

believed that Sertoli cells protect the germ cells by creation of the blood—testis barrier
1
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[20, 21] and secretion of factors that may lead to local immune tolerance [13, 22-26].
Sertoli cells are known to produce Fas ligand (FasL) [13], transforming growth factor b
(TGF B) [27)], and clusterin [28], which are believed to have immunoprotective [13, 29],
anti-mflammatory [30, 31], and tolerogenic properties {23, 32], respectively. Itis
postulated that these proteins may be responsible for the immunoprotective ability of
Sertoli cells. Further study of these factors in an established model of Sertoli cell
transplantation may provide clues to factors necessary for creating a local tolerogenic
environment.

Recently, it has been shown that an immunoprivileged site can be created by
preengrafting Sertoli cells, which site subsequently protected allogeneic islets from
rejection [56]). Long-term survival of porcine islets pla&ed in the repositioned intra-
abdominal testis was reported in non-immunosuppressed beagle dogs [57]. Survival of
syngeneic rat islet grafts transplanted in the omental pouch was also reported [58]. A
model for studying islet development and xenotransplantation has been described [59].
Recent reports have shown the survival of Sertoli cells from 12-week-old Yorkshire pigs

in the rat brain, an immunoprivileged site [33]. However, survival of discordant

xenogeneic porcine Sertoli cells has not been demonstrated in a non-immunoprivileged

site.

SUMMARY OF THE INVENTION
The present inventors have demonstrated a long-term survival of neonatal porcine

Sertoli cells (NPSCs) 1in non-immunosuppressed Lewis rats when transplanted
underneath the kidney capsule, a non-immunoprivileged site. The present inventors have

surprisingly found that the long-term survival of Sertoli cells depends upon the presence

of myoid cells.
Accordingly, one embodiment of the present invention provides a pharmaceutical

composition containing Sertoh cells, myoid cells and a pharmaceutically acceptable

carrier.

o
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In a preferred embodiment, the ratio of myoid cells versus Sertoli cells in the
pharmaceutical composition is at least about 0.5:99.5. Preferably, the ratio is in the range
0f 0.5:99.5 to 65:35.

Sertoli cells and myoid cells each can be isolated from the testis of a mammal,
preferably a pig, and more preferably a neonatal pig of 60 days old or younger, and even
more preferably, a neonatal pig of 5 days old or younger. Alternatively, Sertoli cells can
be obtained from a cell line, which can be either an established cell Iine such as TM4, or
a stem cell line that could be derived from human tissue.

The pharmaceutical composition of the present invention can also include celis
that produce a biological factor. In a preferred embodiment, cells that produce a
biological factor are cells of pancreatic islets. As to the relative amount of Sertoli cells
versus cells of pancreatic islets in the pharmaceutical composition, it is preferred that not

more than 2 x 10° Sertoli cells, i.e., 2 x 10° or fewer Sertoli cells, are used per 800 islets.
In another preferred embodiment, the pharmaceutical composition is provided in a

device suitable for implantation into a mammalian subject.

In another embodiment, the present invention provides a method of creating an
immunologically privileged site in a mammalian subject, preferably a human subject, by

administering Sertoli-cells and myoid cells into the subject.

In a preferred embodiment, the ratio of myoid cells versus Sertoli cells

administered to the subject is at least about 0.5:99.5. Preferably, the ratio is in the range

of 0.5:99.5 to 65:35.
Sertoli cells and myoid cells used in the administration can each be isolated from

the testis of a mammal, preferably, a pig, and more preferably, a neonatal pig of 60 days

old or younger, and even more preferably, a neonatal pig of 5 days old or younger.

Alternatively, Sertoli cells used in the administration can be obtained from a Sertoli cell
line, either an established cell Iine such as TM4, or a stem cell line that could be derived

from human tissue. Such Sertoli cells prepared from a cell line can be admixed with

myoid cells for administration to a subject.

(N,
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Preferably, Sertoli cells and myoid cells are co-cultured prior to administration
under conditions, e.g., for a period of about 24-48 hours, to form Sertoli-myoid cell
aggregates.

Sertoli-cells and myoid cells can be administered subcutaneously into a site in the
subject or administered intramuscularly. Preferably, the site is selected from the brain,

the renal subcapsular space, the liver subcapsular space, the hepatic portal vein, the

omental pouch, or the subcutaneous fascia.

According to the present invention, the total amount of Sertoli-cells and myoid
cells administered is in the range of 10° to 10° cells. Generally speaking, the amount of
cells required to create an immunologically privileged site in a human subject 1s more
than the amount required in a mouse, for example. For administration to 2 human
subject, the total amount of cells administered is preferably about 107 to 10° cells.

The administration can be achieved by implantation of a device encapsulating the
cells, or by transplantation. The transplantation can be either allograft or xenogratt.

In still another embodiment, the present invention provides a method of treating a
disease that results from a deficiency of a biological factor in a mammalian subject,
preferably a human, by administering Sertoli cells, myoid cells and a therapeutically
effective amount of cells that produce said biological factor to the subject.

Preferably, the ratio of myoid cells versus Sertoli cells administered to the subject
is at least about 0.5:99.5 and is in the range of 0.5:99.5 to 65:35.

Sertoli cells and myoid cells adnﬁhistered to the subject are preferably isolated
from the testis of a mamimal, preferably, a pig, and more preferably, a neonatal pig of 60
days old or younger, and even more preferably, a neonatal pig of 5 days old or younger.

Alternatively, Sertoli cells can be obtained from a Sertoli cell line, either an established

cell line such as TM4, or a stem cell line that could be derived from human tissue. Such
Sertoli cells prepared from a cell line can be admixed with myoid cells and the cells that
produce the desired biological factor.

In a preferred embodiment, the biological factor is a hormone.

In another preferred embodiment, the disease is diabetes mellitus and the cells

that produce a biological factor are cells of pancreatic islets. It 1s preterred that the ratio
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of Sertoli cells versus cells of pancreatic islets is such that not more than 2 x 10° Sertoli
cells are used per SO0 islets. It is also preferred that prior to administration of the cells to
a subject, Sertoli cells, myoid cells and islet cells are co-cultured under conditions, e.g.,

for a period of about 24-48 hours, to form Sertoli-myoid-islet cell aggregates for

administration.
The cells can be administered subcutaneously into a site in the subject or

administered intramuscularly. Preferably, the site is selected from the brain, the renal

subcapsular space, the liver subcapsular space, the hepatic portal vein, the omental pouch,

or the subcutaneous fascia.
The total amount of Sertoli-cells, myoid cells and cells that produce a biological

factor administered to the subject is in the range of 10° to 10° cells. Generally speaking,
the amount of cells required to treat a human subject is more than the amount required to
treat, e.g., a mouse. For administration to a human subject, the total amount of cells
administered is preferably about 107 to 108 cells.

The administration can be achieved by implantation of a device encapsulating the

cells, or by transplantation. The transplantation can be etther allograft or xenograft.

BRIEF DESCRIPTION OF THE DRAWINGS
FIGS. 1A-1C. Photomicrographs of NBPSC grafts underneath the left kidney

capsule of Lewis rats. Grafts were removed at 30 (A), 40 (B), and 60 (C) days post-
transplant and photographed for macroscopic identification of transplanted tissue.

FIGS. 2A-2N. Survival tubule formation, and Sertoli cell proliferation in NPSC
grafts transplanted to Lewis rats. Graits were removed at 20 (A, E, 1), 40 (B, F, J, N), 60
(C, G, K) and 90 (D, H, L, M) days post-transplant and immunostained for vimentin (A-
H, M, N) or PCNA (I-L). T, tubule; C, sertol1 cell cluster; L. ilymphocytes; Arrow, Sertoli
cell nucleus. Photomicrographs E-H are from serial sections to I-L, respectively. N is
higher magnification of tubule shown in B, M is higher magnification of tubule shown in
H. Barin D, 200 um for A-D. Barmm L. 50 um for E-L. Bar in N, 50 pm for M and N.

FIGS. 3A-3B. Detection of COII DNA m NPSC grafts from Lewis rats to

demonstrate xenogeneic survival of porcine tissue. Nested PCR was performed for
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porcine COII (A) while single stage PCR was performed for mouse GAPDH (B). Grafts
were removed at 20 (lane 4). 30 (lane 5). 60 (lane 6) and 90 (lane 7) days post-transplant.
Negative controls mcluded DNA isolated from non-transplanted Lewis rat kidney (lane

2) while positive controls included DNA from cellular aggregates prior to transplantation
(lane 9).

FIG. 4. Photomicrographs of sections of kidney capsule following
transplantation of 11 million neonatal porcine Sertoli cells underneath the kidney capsule
of Lewis rats. The graft site was removed 20 days following transplant and stained for
Vimentin (a marker of Sertol1 cells) and smooth muscle alpha actin (a marker for myoid
cells). As shown in the left panel Vimentin staining revealed the presence of viable
porcine Sertol1 cells. The rnight panel demonstrates that these graft sites also contained
viable porcine myoid cells distributed throughout the graft site.

FIG. 5. Photomicro graﬁhs of sections of kidney capsule following co-
transplantation of 11 million Lewis Sertoli cells with 2000 Lewis islets into diabetic
Wistar-Furth rats. The graft site was removed 33 days following transplant and stained
for GATA-4 (a marker of Sertoli cells) and smooth muscle alpha actin (a marker for
myoid cells). As shown in the left panel GATA-4 staining revealed the presence of
viable Sertoli cells that were re-organized into tubule-like structures. The right panel
demonstrates that these graft sites also contained viable myoid cellé distributed
throughout the graft site. Importantly, animals with viable grafts also became
normoglycemaic.

FIG. 6. Photomicrograph of section of kidney capsule following co-
transplantation of 4 million MSC-1 cells with SO0 Balb/c islets into diabetic C3H mice.
The gratt site was removed 27 days following transplant and stained for T antigen to
identify MSC-1 cells and msuhn to identify islets. Moderate-sized pockets of viable
MSC-1 were found but this Sertoli cells did not provide any immunoprotection for co-

arafted islets.
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DETAILED DESCRIPTION OF THE INVENTION

EXAMPLE 1

Materials and methods

Animals
Male Landrace-Y orkshire neonatal pigs (aged 1 to 3 days) were used as Sertoli

cell donors. Male Lewis rats (RT1” Charles River Canada, St Constant, Quebec,

Canada), aged 8 to 10 weeks, were used as recipients.

Sertoli cell isolation

The NPSCs were isolated using a technique similar to that previously described
for rat Sertoli cells [14]. Briefly, 1 to 3-day old-male Landrace-Y orkshire neonatal pigs
were anesthetized with Halothane, testicles were surgically removed and placed in 50-ml
conical tubes containing cold (4°C) Hank’s balanced salt solution (HBSS) supplemented
with 0.25% (w/v) bovine serum albumin (fraction V; Sigma Chemical Co., St Louis, MO,
USA). The testes were cut into 1-mm fragments with scissors, digested for 10 min at
37°C with collagenase (2.5 mg/ml; Sigma Type V, St Louis, MO, USA) and then washed
three times with HBSS. The tissue was resuspended in calcium-free medium
supplemented with 1 mM EGTA and further digested with trypsin (25 pg/ml; Boehringer
Mannheim, Laval, Canada) and DNase (4 pg/ml, Boehringer) for 10 min at 37°C. The
digest was passed through a 500-pum nylon mesh, washed with HBSS and culiured in
non-treated Petri dishes (15 cm diameter) containing 60 to 80 X 10° cells and 35 ml of
Ham’s F10 media supplemented with 10 mmol/l p-glucose, 2 mmol/l 1-glutamine, 50
nmol/l isobutylmethylxanthine, 0.5% bovine serum albumin, 10 mmol/]l nicotinamide,
100 U/ml penicillin, 100 pg/mi streptomycin, and 10% heat-inactivated neonatal porcine

serum. Cells were incubated for 48 h at 37°C to allow the formation of cellular

aggregates (100 to 300 pm diameter).

Characterization and transplantation of Sertol cell grafis

After culture and immediately prior to transplantation, the purity, viabihty and

mass of NPSCs was determined on the basis of the proportion of vimentin-positive
]
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Sertoli cells, smooth muscle alpha actin-positive peritubular myoid cells, trypan blue dye
exclusion and DNA content, respectively. As it is difficult to accurately count cellsin a
three-dimensional structure, we assessed the number of vimentin-positive Sertoli cells
and smooth muscle alpha actin-positive peritubular myoid cells in representative aliquots
after dissociation of the aggregates into single cells using techniques previously described
for islet dissociation [34]. The dispersed cell suspension was allowed to attach to
Histobond adhesive microscope slides (F.G.R. Steinmetz Inc., Surry, BC, Canada), fixed
with Bouin’s solution for 30 min, washed with 70% ethanol and immunostained

using the Sertoli cell marker, vimentin [14] or the myoid cell marker, smooth muscle
alpha actin [35]. In each preparation a minimum of 500 single cells were counted.

Cell viability was measured at the time of transplantation using a trypan blue dye
exclusion assay. This assay 1s based on the principle that viable cells do not take up
trypan blue dye while non-viable cells will take up the dye. Cellular aggregates were
dissociated as described previously [34] and incubated with 0.1% trypan blue dye
(Sigma) for 5 min. Stained and nonstained cells were counted and the percentage of

viable cells calculated.
To assess cell recovery after culture and standardize the mass of NPSCs

transplanted in each experiment, three representative aliquots of the cellular aggregates
were measured for total cellular DNA content using a Hoefer DyNa Quant 200
fluormetric assay (Amersham Pharmacia Biotech, San Francisco, CA, USA). Aliquots
were washed with citrate buffer {150 mmol/l NaCl, 15 mmol/l citrate, 3 mmol/l ethylene
diamine tetraacetic acid (EDTA), pH 7.4}, resuspended in TNE buffer (10 mM Tris, 0.2
mM NaCl, 1 mM EDTA, pH 7.4) and solicited. Aliquots of 10 pl were assayed in
triplicate by diluting them n 2 ml of assay solution (0.1 pg/ml Hoechst 33258 in 1 X
TNE) and measuring fluorescence (365 nm excitation/460 nm emission). Samples were
run in parallel with and diluted in proportion to a six-point (0—500 ng/ml) DNA standard
curve generated using calf thymus DNA. When considering the mean DNA recovery in
each preparation, with the DNA content of porcine Sertoh cells (6.6 pg DNA/cell), the

total number of cells was subsequently calculated. For transplantation, aliquots consisting

of 11 x 10° cells were placed in polypropylene microcentrifuge tubes, aspirated into
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polyethylene tubing (PE-50), pelleted by centrifugation, and gently placed under the left

renal subcapsular space ot Halothane-anesthetized Lewis rats [14].

Assessment of NPSC survival post-transplantation

Histology

Nephrectomies were performed for morphological analysis at 4 (n=3), 20 (n =
5), 30 (n = 8), 40 (n=135), 60 (n= 10) and 90 (n = 3) days posttransplant. The graft-
bearing kidneys were immersed in Z-fix and embedded in paraffin. After
deparatfinization and rehydration, tissue sections were immunostained using antigen
retrieval by heating for 15 min in 0.01 M sodium citrate buffer (pH 6.0), in a microwave
at full power (14, 36, 37]. Consecutive sections were incubated with 10% hydrogen
peroxide to quench endogenous peroxidases, blocked with non-specific serum, and
incubated with either mouse monoclonal antivimentin (PCNA; 1:100; Dako, Carpinteria,
CA, USA), or mouse monoclonal anti-proliferating cell nuclear antigen (1 : 50; Dako) for
30 min. Sections were then icubated with biotinylated goat anti-mouse secondary
antibody (1: 200; Vector Laboratories, Burlingame, CA, USA) for 20 min followed by
peroxidase-streptavidin, substratechromagen (aminoethyl carbazole) and then stained
with hematoxylin (Zymed Laboratories Inc., San Francisco, CA, USA). Positive controls
included sections of neonatal pig testes, whereas negative controls included omission of

primary antibody. Positive controls demonstrated vimentin and PCNA immunoreactivity

within Sertoli cells and negative controls had no staining.

DNA extraction, PCR and sequence analysis

Nephrectomies were also performed for DNA extraction, under sterile conditions

to prevent cross contammation, at 4, 20, 30, 40, 60, and 90 days post-transplant (n >
3/timepoint). Tissue from grafts and non-graft-bearing kidneys were immediately frozen
and stored at - 80°C for later DNA isolation. After thawing on ice, samples were |
resuspended i 350 ul of lysis buffer [SO mM Tris, 100 mM EDTA, 400 mM NaCl, 0.5%-
sodivm dodecyl sulfate (SDS)] and treated with 0.2 mg/ml proteinase X (Sigma)

overnight at 55°C. Following proteinase K inactivation, chloroform extraction and

ethanol precipitation, DNA pellets were washed 1 70% ethanol, air dried and dissolved

9
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in 100 pl of DNase/RNase free water (Sigma). DNA concentration and quality were

determined by spectrophotometric analysis prior to amplification.

To confirm the presence of porcine DNA, primers specific to the porcine
mitochondrial gene encoding COII [38] and to the housekeeping gene, mouse
glyceraldehyde-3-phosphate dehydrogenase (GAYITH) were used. The COII PCR was
two stage (nested) while GAPDH was single stage. The starting template in the first
amplification of the nested and single stage PCR was 0.5 to 1 pg of DNA in a 50-ul
volume containing1 X PCR buffer, 2 mM MgCl,, 300 nM of each primer, 200 uM
dNTP and 1.5 U Taq DNA Polymerase (Invitrogen Carlsbad, CA, USA). In the nested
PCR, 2 to 3% of the first reaction served as the template in the second round of
amplification. All amplifications wete performed using the Gene Amp PCR
System 9700 (Applied Biosystems, Foster City, CA, USA) with the following cycling
conditions: 94°C 3-min denaturation followed by either 25 cycles (first PCR) or 30 cycles
(second PCR) of 94°C for 30 s, 56°C for 30 s, 72°C for 30 s, and final extension of 72°C
for 10 min. PCR products were electrophoresed through an ethidium bromide stained
agarose gel (1.5%) and photographed. COII PCR products of the expected size were
I gated into the pCR4-TOPO vector (TOPO TA Cloning Kit for Sequencing, Invitrogen)
and sequenced. Unknown sequences were analyzed using BLAST (NCBI) and compared

with known GenBank sequences. The sequenced band was identical to the region of
porcine COII DNA from 7112 to 7426 bp (GENBANK accession number AF304202)

verifying the specificity of the PCR product. Primers for COII were: first PCR FORGCT
TAC CCT TTC CAA CTA GGC TTC and REV- TTC GAA GTA CTT TAA TGG GAC
AAG, second PCR FOR- CAC ACA CTA GCA CAA TGG ATG CC and REV- GAG

GAT ACT AAT ATT CGG ATT GTT AT. Primers for GAPDH were: FOR- AAT CCC
ATC ACC ATC TTC CA and REV- GGC AGT GAT GGC ATG GAC TG.

Results

NPSC aggregate characterization
Porcine Sertoli cells were i1solated from neonatal testes and cultured for 2 days to

allow for formation of cellular aggregates. Prior o transplantation, the composition of
10
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these cellular aggregates was determined by assessing the proportion of immunoreactive
vimentin-positive Sertoli cells and smooth muscle alpha actin positive myoid cells [14,
35]. From a total of four independent preparations, these aggregates were shown to
contain 92.2 + 5.1% Sertoli cells and 2.2 + 0.7% myoid cells. The rematning cell
population (i.e. <6%) is likely composed of germ cells, Leydig cells and fibroblasts.

On the basis of the total DNA content of each NPSC preparation and the
observation that single NPSCs contain 6.6 pg DN A/cell (data not shown), it was
calculated that 52.5 + 13.3 x-10° cells were obtained per testis and each implant contained
11 x 10° cells. In view of the percentage of vimentin-positive Sertoli cells, the number of
Sertoli cells within each graft should therefore be approximately 10.1 x 10°. In addition,
the cell viability was measured by trypan blue dye exclusion and the cellular preparation

at the time of transplantation was shown to consist of 98.6 & 1.7% viable cells.

Survival of porcine Sertoli cells

The NPSCs were implanted under the kidney capsule of immunocompetent Lewis
rats to ascertain whether they could survive as discordant xenografts. Macroscopically at
4, 20, 30, 40, 60 and 90 days post-transplant, Sertoli cell grafts were easily identifiable
with extensive neovascularization (Fig. 1). When tissue sections were exarmined
histologically, NBPSCs were identified in grafis at all time points with 66 to 100% of
the grafts containing Sertoli cells (Table 1). The vimentin-positive Sertoli cells were
predominately arranged as either clusters of cells or tubule-like structures (Fig. 2A~D).
When the Sertoli cells were organized in clusters, they were aggregated in large swirling
circular clumps, similar to that of seminiferous cords present in the embryonic testis
during cord formation (Fig. 2E—G) [39]. When arranged in tubule-like structures, most of
the Sertoli cells were not aligned with their nuclei along the basal edge of the tubule but
were instead localized throughout the epithelial layer (Fig. 2N). However, occasionally
tubules were observed with the Sertoli cell nuclei arranged as in the native testis (Fig.
2M).

To further confirm the survival of Sertoli cells in the xenografts, PCR fora

porcine-specific gene was performed. After 4, 20, 30, 40, 60 and 90 days posttransplant

11
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graits were removed and the DNA extracted for porcine mitochondrial COII PCR. COII
1s a marker for porcine tissue [38] and was used in the present study to confirm the
presence ot NPSCs in the recipients. Negative controls consisting of rat tissue from the
untransplanted kidney were performed for each graft to verify the specificity of the
primers for porcine DNA. No positive signal was detected in the non-transplanted
kidneys (Fig. 3, lane 2), while COII was detected at the expected size 0f 320 bp in grafis
at all time points analyzed (Fig. 3, lanes 4-7). Furthermore, the 320 bp band was
sequenced and found to be identical to the region of porcine COII DNA from 7112 to
7426 bp (GENBANK accession number AF304202), verifying the specificity of

the PCR product. By PCR 56 to 100% of the grafts were positive for porcine tissue
(Table 1), thereby demonstrating that NPSCs were able to survive at least 90 days post-

transplant in Lewis rats.

Table 1

Percentage survival of NPSC xenografts transplanted to Lewis rats as measured by
vimentin immunohistochemistry and COIl PCR

Days Post-transplant 4 (n=3%) 20 (n=8§) 30n=11) 40(n=8) 60(n=19) 90 (n=3%

Vimentin 100(3/3)  100(5/5) 88 (7/8) 100(5/5)  100(10/10) 66 (2/3)

Col [00(3/3)  100(3/3) 88 (2/3) 100(3/3) 56 (5/9) 66 (2/3)

Yhhautomdmmbiiabip’ - -

*Grafts were used for both immunostaining and PCR.

Macroscopically, extensive growth of the Sertoli cell grafts was observed at 20
days post-transplant. Due to the apparent growth of the grafis as well as the potential for
unregulated proliferation of the grafted cells, tissue sections were immunostained for
PCNA to identify dividing cells. PCNA is involved in DNA replication and is localized
to proliterating cells [40—42]. When consecutive sections were immunostained for
vimentin (Fig. 2E-H) and PCNA(Fig. 2I-L), some PCNA positive cells were detected in
grafts harvested at 20 and 30 days post-transplant (Fig. 21, data not shown); however, by
40 days, most Sertoli cells were no longer dividing (Fig. 2J). The number of proliferating

Sertoli cells contimued to decrease as the time post-transplant increased with very few

12
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proliferating Sertoli cells at 60 and 90 days post-transplant (Fi gs. 2K, L). This suggests
that the Sertoli cells cease to divide by 60 days post-transplant and therefore decreases

the chance of forming tumors.

Discussion
Our results indicate that NPSCs survive long term following xenogeneic

transplantation in non-immunosuppressed Lewis rats. Survival was determined
histologically by vimentin immunostaining and further verified by COIl PCR. Although
other studies have reported survival of discordant [pig-to-rat; 33] and concordant [rat-to
mouse; 43] Sertoli cells transplanted in rodents, these grafts were either implanted in the
brain [33] which 1s considered an immunoprivileged site [3], or they were placed in an
immunoprotective alginate microcapsule [43]. To our knowledge, the present study is the
first to report survival of a discordant xenograft without using immunosuppression or
any other immune-modulating intervention. The ability of NPSCs to survive in
xenogeneic recipients indicates that they likely synthesize and secrete immune-
modulating factor(s) that prevent their rejection. Further study of these factors may
provide a model to examine the immunology of tolerance. For example, Sertoli cells are
known to produce FasL [13], TGF B [27] and clusterin [28] which are all suggested to
play a role in graft protection. Sertoli cells also secrete unidentified factors that decrease
IL-2 production [24] and T cell proliferation [24—26]. Previous data indicate that FasL
secreted by Sertoli cells may play a role in the survival of mouse testicular tissue
fragments transplanted under the kidney capsule of allogeneic recipients [13]. In
particular, testicular tissue isolated from g/d mice (lacking functional FasL) transplanted
as allografts were no longer present after 7 days while grafts from wild type mice

(producing functional FasL) survived for 28 days [13]. However, more recent papers

suggest that the immunoprotective effect Sertoli cells exhibited when co-transplanted

with non-obese diabetic (NOD) mouse islets in diabetic NOD mice is not associated with

FasL [22, 23], but that FasL is rather detrimental and correlates with neutrophil

recruitment and subsequent graft destruction [22]. On the other hand, our previous study

using the NOD mouse Sertol: cell/islet co-tmnsblant model indicates that TGF J plays a

protective role in preventing islet destruction [23].
13
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[tis ﬁkely that a combination of immunomodulating factors, as opposed to a
single protein produced by NPSCs, permits their survival in xenogeneic recipients. One
example 1s a report by Chen et al. [44] demonstrating that a colon carcinoma cell line

transfected to express FasL and injected subcutaneously was rapidly rejected by

neutrophil recruitment and activation [44]. However, when these cells were engineered

to express both FasL and TGF f3 the grafts survived [44]. The authors suggest the
combined protection 1s most likely due to the inhibition of p38 mitogen-activated protein
kinase (MAPK) function by TGF B preventing the FasL-induced neutrophil cytotoxicity
that is dependent on p38 MAPK [44]. Thus, TGF B and FasL may act synergistically to

promote NPSC survival by reducing inflammation and mcreasing clonal deletion of
Iymphocytes. Clusterin, an amphipathic glycoprotein and one of the most abundant
proteins secreted by Sertoli cells, is also known to have many immune-modulating
functions. In particular, clusterin has been shown to: exhibit anti-inflammatory
properties [28], be up-regulated and provide a local protective effect for undamaged cells
after cell mnjury or death {28], play a role 1n tolerance induction for rat liver allografts
[45], and inhibit activation of the complement cascade [28, 32]. As hyperacute rejection
of discordant xenografts requires activation of the complement system [46], preventing
this destructive process would clearly be an important mechanism to prevent rejection. It
is therefore possible that TGF B and clusterin, and potentially FasL, are some of the
factors secreted by NPSCs that allow them to survive Xxenogeneic transplantation.

Further study of the mechanism for xenogeneic survival of porcine Sertoli cells may

provide mformation on the induction of tolerance and inhibition of complement

activation.
The survival of xenogeneic porcine Sertoli cells also has potential clinical

applications in co-transplantation of cellular grafis for genetic engineering. The recent
success of clinical islet transplantation using immunosuppressive therapy {47] provides
the basis for further islet transplantation in humans. In order for this approach to become
a reality for young juvenile type 1 diabetic patients, the immunosuppressive regimen
would have to be replaced with an alternative strategy. Due to the ability of Sertoli cells

to immunoprotect allogeneic [14,15] and NOD mouse [22, 23] islet grafts in rodents, the

14
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creation of an immunoprivileged site with Sertoli cells may be a solution. However,
humans are not a practical source of Sertoli cells due to the lack of available human
donor tissue and data 1n a recent paper indicating the inability of human testicular cells to
survive transplantation in mice {48]. Pigs are relatively abundant and we have shown

that NPSCs are easily isolated and survive as xenografts in rodents. This implies that
pigs are an ideal source of Sertoli cells for creation of an immunoprivileged site for islets.
In addition to islet grafts, creation of an immunoprivileged ectopic site with NPSCs may
also be useful for cellular grafts such as neuronal cells [16, 33]. Otherwise, Sertoli cells
could be engineered to produce therapeutic proteins such as dopamine or factor VIII to
potentially treat diseases such as Parkinsonism or hemophilia.

Prior to the use of porcine Sertoli cells in a clinical situation the potential for
tumor formation must be addressed. Therefore, we examined the proliferation of the
NPSCs after transplantation into Lewis rats by immunostaining for PCNA and found

little if any proliferation in the long-term grafts. Many PCNA-positive cells were
detected at 20 days, however, this number decreased by 40 days and almost no positive

cells were present at 60 and 90 days. Sertoli cells in the native testis have been shown to
proliferate during post-natal testicular development until puberty at which time they
cease to divide [49-51]. This growth is regulated by many factors including follicle-
stimulating hormone, epidermal growth factor, nerve growth factor, neurotropin-3, and
transforming growth factor-a [52-55]. Most likely the Sertoli cells at the time of
transplantation to 20 days are relatively immature and so proliferate. As the time post-
transplant increases the Sertoli cells likely mature and therefore the number of dividing

cells decreases. This suggests that cell division of the transplanted Sertoli cells may be

controlled, thereby decreasing the chances of forming tumors.

In conclusion, we have demonstrated long-term survival of xenogeneic NPSCs in
rodents without immunosuppression. The survival was verified by mmunohistochemistry
and PCR which suggests that Sertoli cells cannot only survive as allografts but also as

discordant xenografts. Further study of this model may provide clues to the mechanism

of xenograft survival and immune tolerance.
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EXAMPLE 2

Potential Involvement Of Myoid Cells In The Local Immunoprotection
Conferred By Sertoli Cell-Enriched Transpiants

Sertoli cells are normal constituents of the testes where they nurse and
immunologically protect the developing germ cells. Isolated Sertoli cells can ectopically
create an immunoprivileged site enabling the survival of co-transplanted allogeneic or
xenogeneic cells by secreting potent immunosuppressive and survival-enhancing
molecules. By harnessing the natural functions of Sertoh cells 1t may be possible to
overcome the major limitations associated with cell transplantation: the shortage of
suitable donor tissue and the need for life-long immunosuppression. In pre-clinical

animal models, isolated Sertoli cells (1) engraft and self-protect when fransplanted into

allogeneic and xenogeneic environments, (2) protect co-grafted allogeneic and
xenogeneic cells from immune destruction, and (3) enable long term survival of islet co-

grafts and reversal of hyperglycemia in animals with diabetes due to pancreatectomy or

to autoimmune disease (non obese diabetic model).
Recent efforts to more fully characterize the cellular composition of the Sertoli

cell-enriched grafts prior to transplant have revealed that a percentage of myoid cells are

also contained within the preparation of successful Sertoli cell transplants. This

observation is important because it suggests that the inclusion of myoid cells might play
an important role in optimizing the grafts ability to confer the local immunoprotection
seen in transplant studies performed by STI. There are several lines of evidence
suggesting that myoid cells and Sertol1 cells do indeed interact in several important ways.
First, in the native testes, myoid cells are found in close proximity to Sertoli cells where
they form part of the basement of the seminiferous tubule and provide a major role in the
movement of itratubular fluid and the propulsion of released spermatozoa. Secondly,
myoid cells play a role in regulating the function and activity of Sertoli cells by
producing factors (such as PmodS) that modulate the cytodifferentiation and function of
the Sertoli cell. Finally, myoid cells themselves produce growth factors and cytokines

such as TGF that are believed to be immunoprotective and could add to the already

pofent cocktail of growth factors and cytokines produced by Sertoli cells.
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The contribution of myoid cells to the immunoprotection produced by Sertoli cell-
enriched transplants can be tested by the experiments as listed below:
(1) Experiments were designed to determine whether xenogeneic neonatal porcine
Sertoli cells survive transplantation in rats without the use of immunosuppression.
Sertoli cells were 1solated, cultured and then transplanted under the kidney capsule of
non-immunosuppressed Lewis rats. Using immunocytochemical techniques, the cultured
cell preparations were found to contain 92+/- 5.1% Sertoli cells (Vimentin staining) and
2.2 +/- 0.7% myoid cells (smooth muscle alpha actin staining). To assess survival, grafts
were removed after 4, 20, 30, 40, 60, and 90 days post-transplant and immunostained for
the Sertoli cell marker vimentin. Survival was confirmed by PCR for the porcine
mitochondrial cytochrome oxidase II subunit gene (COII), a marker for porcine tissue.
By both methods, Sertol1 cells were detected in the grafts for at least 90 days.
Histologically, Sertoh cells were clustered in small aggregates or organized in tubule-like
structures. Staining of adjacent sections also revealed that viable myoid cells were
present within the Sertoli cell transplant sites (Figure 4). These data demonstrate that
porcine Sertoli cell preparations that contain a small percentage of myoid cells survive
long-term following xenotransplantation in rats.

(2) Histological studies confirm that viable co-grafted Sertoli cells and islet
transplants contain abundant surviving myoid cells as well. Eleven million Lewis Sertoli
cells and 2000 Lewis islets were transplanted undemeath the kidney capsule of diabetic
Wistar-Furth rats. The grafts were removed one month later and stained
immunocytochemically for Sertoli cells using GATA-4 and myoid cells using smooth
muscle alpha actin. Viable Sertoli cells were found throughout the transplant site and
frequently re-organized in tubule-like structures. Using adjacent tissue sections it was
found that the re-formed tubular structures were lined by abundant viable myoid cells in a
manner reminiscent of the native testes (Figure 5). Together with the above studies these
data suggest that the same myoid cells that are originally contained in the pre-graft
preparations survive and take part in the structural re-formation of tubular structures post
engraftment.

(3) One additional way of determining the relative contribution of myoid cells to
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the local immunoprotection described above is to transplant pure Sertolr cells without any
myoid cells. Sertoli cell lines, by definition, do not contam myoid cells. By
transplanting such a cell line together with islet cells it is possible to gain further insight
into the contributory role of other cells including myoid cells in our earlier studies.
Toward this end, 500 Balb/c islets were transplanted together with varying numbers of.
the cell line MSC-1 (a mouse-derived Sertoli cells line) under the kidney capsule of
diabetic C3H mice. Histological analysis using T-antigen staining revealed that even
though the MISC-1 cells are a tumorigenic cell line they survived poorly and were

distributed in small clusters one month after transplantation. Staining of the same or
adjacent sections for insulin revealed that the MSC-1 cells did not protect the co-grafied
islets (Figure 6). Similarly, the inclusion of islets (500) with MSC-1 cells (2-4 million)
did not produce any lasting reversal of hyperglycemia. Control animals receiving
syngeneic islet grafts remained normoglycemic for 60 days (the duration of the study).
However, even though co-grafted allo islets and allo MSC-1 cells produced a rapid

normoglycemia, this effect was short-lived (<30 days in all cases) even in those animals

receiving 4 million MSC-1 cells.

) : :
The above experiments demonstrate the presence of myoid cells m successful

immunomodulating Sertoli cell rich grafts. A percentage of myoid cells between 0.5%
and 65% appears to be found in successful grafts. In the next months we will attempt to
identify a method to ablate the myoid cells in Sertoli cell rich grafts and to selectively
vary the percentage of myoid cells in the Sertoli cell rich transplants to determine if there
is a dose effect associated with survival of the grait in a foreign recipient. The Sertoli
cell line data suggest that one of the reasons the MSC-1 grafis failed prematurely is the
absence of a supporting population of myoid cells. To determine that the premature
destruction of the graft is not due to a reduction 1n the cell's immunomodulating ability
caused by the immortalization or proliferation process, in the next months we will
attempt to transplant MSC-1 grafis with varying levels of murine myoid cells and

evaluate the survival against the current basehne data.
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CLAIMS :

1. A pharmaceutical composition comprising Sertoli cells, myoid cells and a
pharmaceutically acceptable carrier, wherein the amount of myoid cells in the
composition 1s 5% or more of the total Sertoli and myoid cells, and wherein the

Sertoli cells are genetically modified to produce a biological factor.

2. The pharmaceutical composition of claim 1, wherein the amount of myoid

cells in the composition 1s 25% or more of the total Sertol1 and myoid cells.

3. The pharmaceutical composition of claim 1, wherein the amount of myoid
cells in the composition is in the range of 5% to 65% of the total Sertoli and myoid

cells.

4. The pharmaceutical composition of any one of claims 1-3, wherein said Sertoli

cells are obtained from a cell line.

5. The pharmaceutical composition of any one of claims 1-3, wherein said Sertoli

cells and said myoid cells are obtained from the testis of a mammal.

6. The pharmaceutical composition of claim 5, wherein said mammal 1s a pi1g.

7. The pharmaceutical composition of claim 6, wherein said pig 1s 60 days old or

younger.

3. The pharmaceutical composition of claim 7, wherein said pig 1s 5 days old or

younger.
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9. The pharmaceutical composition of any one of claims 1-8, wherein the

biological factor is a hormone.

10.  The pharmaceutical composition of any one of claims 1-8, wherein the

biological factor 1s dopamine or Factor VIII.

11.  The pharmaceutical composition of any one of claims 1-8, wherein the

biological factor is insulin.

12.  The pharmaceutical composition of any one of claims 1-11, provided in a

device encapsulating the Sertol1 cells and the myoid cells, wherein said device is

implantable into a mammalian subject.

13.  Use of the pharmaceutical composition of any one of claims 1-12 for creating

an immunologically privileged site in a mammalian subject.

14.  The use according to claim 13, wherein said pharmaceutical composition is
formulated to be administered subcutaneously into a site in the subject or to be

admunistered intramuscularly to the subject.

15. The use according to claim 14, wherein said site is selected from the brain, the
renal subcapsular space, the liver subcapsular space, the hepatic portal vein, the

omental pouch, or the subcutaneous fascia.

16.  The use according to any one of claims 13-15, wherein the mammalian subject

1S 4 human.

17.  The use according to claim 13, wherein the pharmaceutical composition is
formulated to be administered by implantation of a device encapsulating the cells or

by transplantation.
27
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18.  The use according to claim 17, wherein said Sertoli cells and said myoid cells

are co-cultured to form Sertoli-myoid cell aggregates.

19.  Use of Sertoli cells and myoid cells for the treatment of a disease that results
from a deficiency of a biological factor in a mammalian subject, wherein the amount
of myoid cells in the composition is 5% or more of the total Sertoli and myoid cells;
wherein the Sertoli cells and myoid cells comprise an amount effective to create an
immunologically privileged site in the mammalian subject; and wherein the Sertoli

cells are genetically modified to produce the deficient biological factor.
20.  The use according to claim 19, wherein the biological factor i1s a hormone.

21.  The use according to claim 19, wherein the biological factor is dopamine or

Factor VIILI.
22.  Theuse according to claim 19, wherein the biological factor is insulin.

23.  Theuse according to any one of claims 19-22, wherein the amount of myoid

cells in the pharmaceutical composition is 25% or more of the total Sertoli and myoid

cells.

24.  The use according to any one of claims 19-22, wherein the amount of myoid

cells in the pharmaceutical composition is in the range of 5% to 65% of the total

Sertoli and myoid cells.

25.  The use according to any one of claims 19-24, wherein said Sertoli cells are

obtained from a cell line.

26.  The use according to any one of claims 19-24, wherein said Sertoli cells and

said myoid cells are from the testis of a mammal.
28
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27.  The use according to claim 26, wherein said mammal 1s a pig.

28.  The use according to claim 27, wherein said pig is 60 days old or younger.

29.  The use according to claim 28, wherein said pig 1s 5 days old or younger.

30.  The use according to any one of claims 19-29, wherein said pharmaceutical
composition 1s formulated to be administered subcutaneously into a site in the subject

or to be administered intramuscularly to the subject.

31.  The use according to any one of claims 19-30, wherein said mammalian

subject 1s a human.

32.  The use according to any one of claims 19-31, wherein the pharmaceutical
composition is formulated to be administered by implantation ot a device

encapsulating the cells or by transplantation.

33. The use according to claim 19, wherein said biological factor is insulin and

said disease 1s diabetes mellitus.

29



CA 02848954 2014-04-15

e ‘:"-'
s ¥ 0n & |

FIG. 1

1/6



CA 02848954 2014-04-15

z LAY K ¥ . 2 ol - Ny ey’ Sep .
VirEniin o Vimedin . PONA.
* wa’ M AT PR S . » . - wrd - ¥ a2 —— v - LT ' - = - IS - ' .
x v ’;‘:’f}W @h’:ﬁ'f;;:grf ” 3* {: i ) W*‘ W@»? 3 - x v ; " ’ ._- H -..,..:- 2 s . . N\ i_ N
v b . . 3 N . A, RSP - s ;

‘3
[ (Y
Vv :‘ ¢ ’ '. -.}’ -0
Coar® e aey t A “‘" 9‘ ‘s}‘“-
AL oW E T ) i TR Pad o A ol

v -
- Lol

iy
.

™

N a A » ] =
: " M - f - X lE‘&? . Y Tt : .". - Eg. %
> 1#_30":.. ur“.\.‘k\ i.-_ .fﬁ’o Aty 'M-.r..-l‘éa .“

.‘..Q te Q. 0..'”,‘. “, s - . » " i .
- :
e & YA :!ﬁ
: 3‘&3 o

™~
£
AT
3 4

0..{ .

-I: Y -.
h P,

¥
~. N

.ﬁ* el
b

3
v .’:W.
: v

s W

B A

v 0
*,
Y

3 A
)  a1ss A t‘ :

2. At "_’:?. e "
{G’E* g H::: v:' ., "
v, n‘:&*". RN R,
1‘1’\-" TRy mis q-”' "u.c'-ti .
o M - I s 0% 4

-
4

S S e e
-, ; ) B ] .‘f"’u.
- fvfrétﬁ.-'t % 1 - ~ :{0‘7 o
w ‘0-.:‘” q’hf' L ¢ o v
- . » v o
P - . P d

LR ITS A e J

2/6



CA 02848954 2014-04-15

3/6



CA 02848954 2014-04-15

[
LR

P
-+
¢\ -
-t

&
ok
.~ 73
".

te AEA wara.r At iR v Foe ¥
rm“.m%..w W.M&.mmwm ....Mwﬁhw.."wﬂ.“ / m.mﬁ. AH_H 2

FI1G. 4

4/6



CA 02848954 2014-04-15

L7

A ﬁ._—. * r\.«
BRI
ﬁm,&w

mwu .. ..m.. ..m‘w-ﬁm*&"n 1 ) a...w.__ﬁ. P W.. p..-\.)ﬁﬁhuhoimh.mmﬂ t.“.h ’.aﬂ.umjm.g.o ...” .mu«. h.
5 %pm e m RO W&N.«%m Y ,ﬂ.&xg..mﬁ
A0 Mx_ LAY v% rmptehil)
.’- Jumu A Qo .%-.V. &oh %&ﬁ% .ol.ﬂau -4 .ﬂ
; F AT S CEIHE TR
’ Mx A ..n- . fa * ..v

s A erEn

by

g m»ﬁ%

».m".wx .W..\__m.a«i... ~ ..._ ; 4 ¥

1 ) ..o . . ‘ . ; 4 f :

e SEEe
LR RS

all “ﬂ%.\\ J. £

S ENATR

" . - \. . .v.
A 1 \«3.‘ i A.-cn s o
vkl :wm..mm%&ﬁx.m\ AN R S A
A .\-s..v !m TN Pbsvo..“e\ . .\.. cm v. .I \-Mn\ ‘M . ny! % 'Vs A.rw‘lu-zﬁ
o TIN I ._m\..,_ Srr RPN AN O s s PrRany 1] Vepirvars
R e LRV AL ANS N R e SR
Omwb.m ‘U-”“ ' . 0#?‘ 9 ¢ -‘. *“ M . ‘ H

" ¢ L » uol - A AaYy . m- w. w!
STy S SR R
ﬁ-v.r&owﬁ %vmwum .7%&%‘ LI, P, ....n...wno A\ .‘mﬂw.“n”fs n#@.rnﬁsw .o. sr.-.n .cAm
ch SRR e, w&;ﬁs A E B A0 & M
ikdake MRt g i.mwﬁ; Tibd
LI Ny Wt \ T8 {xg, SEaysnn
ealinT SheN SR .m.;.mm,wb...w.,#a_ e .w%%..m
2 uf%w.&.. b ﬂm«%ﬂ A wmu ks
¥yt 1) v IR .\hﬂ.ﬂ.— I NN T.«Mﬂr.. Y _...N.:%.w.m
A TR R, e S IR
A e g B I T N AL D YT A R
AL “..m.,..,.mmﬂm,. s R AN A,
MCERE Pt Wb dtioe I ST ..“»{ﬁw.».b"mm"g.w m&. LR B

S

G

5/6



CA 02848954 2014-04-15

ey

T
. '.. ‘:1;‘:.(-:::‘: * e
i'- :l:'q"y . q - ;'-. . e ”"‘ "T l . [+ 3R a8 .p L.

< ;,4”:; .‘; = o . o ¢ I O""‘-‘l -ﬂ'-"r'\q'.‘_vy:'-rr
A Sl X e ¢ e Ll
.“** I‘ m"* ” ﬁﬂ Q. . = s > v—-— l‘ -.4%‘?‘Q- -
- ‘_.-} - '- :.:\_‘ "'a'~ r . 4 W
1 "‘ - ; “ of o - 4 Qs.*-t

- . ‘.“'43 *"

TN o gt vag '-.f(..{% X

‘_‘. “udl - MK A - ‘. f-. m
"":»Sf —n WM:;MU m:t,--”.& 2
Wy

b‘ - fRpT———_ |
Y - B W,

* L] . . - w M
- ' “ - . " - [ . ~ R - g
- * - * _ .- -, - , ‘ kL
. L » ﬂcﬁ

FIG. 6

6/6



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings

