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ISOLATION OF SPORE-LIKE CELLS FROM 
TISSUES EXPOSED TO EXTREME CONDITIONS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims priority to US. Ser. No. 
60/224,347, ?led Oct.30, 2000. 

TECHNICAL FIELD 

[0002] The invention relates to compositions and methods 
for tissue engineering and cell therapies. 

BACKGROUND 

[0003] Every year, millions of people suffer tissue loss or 
end-stage organ failure (see, e.g., Langer and Vacanti, Sci 
ence 260:920-926, 1993). When possible, physicians treat 
this loss or failure by transplanting organs from one indi 
vidual to another, performing surgical reconstruction, or 
using mechanical devices such as kidney dialyZers. 
Although these therapies have saved and improved countless 
lives, they are imperfect solutions. Transplantation is 
severely limited by critical donor shortages, Which Worsen 
every year, and surgical reconstruction can cause long-term 
problems. For example, colon cancers often develop after 
surgical treatment of incontinence that directs urine into the 
colon. Mechanical devices are inconvenient for the patient, 
and their performance to date cannot match that of an intact 
organ. FeW, if any, of these treatments can restore the tissue 
lost or prevent progression of the underlying disorder. 

[0004] An alternative to the measures described above is 
tissue engineering, an interdisciplinary science that applies 
engineering and physiological principles to the development 
of biological substitutes that maintain, improve, or restore 
tissue function (Tissue Engineering, R. Skalak and C. F. Fox, 
Eds., Alan R. Liss, NeW York, NY, 1988; Nerem, Ann. 
Biomed. Eng. 19:529, 1991). Three general strategies have 
been adopted for the creation of neW tissue. The ?rst 
employs isolated cells or cell substitutes. This approach 
avoids the complications of surgery, alloWs replacement of 
only those cells that supply the needed function, and permits 
manipulation of cells before they are administered to a 
patient. HoWever, the cells do not alWays maintain their 
function in the recipient, and they can evoke an immune 
response that results in their destruction. The second 
approach employs tissue-inducing substances. For this 
approach to succeed, appropriate signal molecules, such as 
groWth factors, must be puri?ed and appropriately targeted 
to the affected tissue. The third approach employs cells 
placed on or Within matrices. In closed systems, these cells 
are isolated from the body by a membrane that is permeable 
to nutrients and Wastes, but impermeable to harmful agents 
such as antibodies and immune cells. Closed systems can be 
implanted or used as extra-corporeal devices. In open sys 
tems, cell-containing matrices are implanted and become 
incorporated into the body. The matrices are fashioned from 
natural materials such as collagen or from synthetic poly 
mers. Immunological rejection may be prevented by immu 
nosuppressive drugs or by the use of autologous cells. 

SUMMARY 

[0005] The present invention is based, in part, on the 
discovery that highly undifferentiated cells remain viable 
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Within, and can be isolated from, tissue that has been 
exposed to extreme conditions. Because these cells are 
highly undifferentiated and have other unusual characteris 
tics, some of Which are reminiscent of spores, the cells are 
called spore-like cells. Spore-like cells are “undifferenti 
ated” in that, When ?rst isolated, they have the characteris 
tics described herein regardless of the tissue type from 
Which they Were isolated. The cells can lie dormant in many 
tissues (they have been found in all tissues examined to date 
and seem to be ubiquitous), and they are also present in 
bodily ?uids such as the blood. In addition, they are small, 
have an outer membrane that is rich in glycolipids (or 
glycogen) and/or mucopolysaccharides, and an unusual 
cytoarchitecture. They are also multipotent, and they can 
survive in extreme conditions (e.g., conditions in Which 
differentiated cells Would die). Finally, spore-like cells fail 
to demonstrate activity in a microtetraZolium assay (all 
knoWn living cells demonstrate redox activity in this assay). 
These characteristics are discussed in more detail beloW. 

[0006] Some of the methods of the invention are based on 
spore-like cells’ remarkable ability to survive under condi 
tions that Would kill differentiated cells or knoWn multipo 
tent stem cells (such as those found Within the bone marroW, 
nervous system, and pancreas). For example, spore-like cells 
are tolerant of oxygen-deprivation. As shoWn in the 
Examples beloW, spore-like cells can survive in oxygen 
poor (including essentially oxygen-free) environments, such 
as those that exist Within the tissues of a deceased animal 
(including tissues that have been froZen for an extended 
period of time), or Within a capped container of phosphate 
buffered saline (PBS) for many hours (e.g., four, six, ten, 
tWelve, or 24 hours or more). Differentiated or partially 
differentiated cells (e.g., stem cells) are able to survive 
oxygen deprivation for variable, but much more limited, 
periods of time than spore-like cells can survive the same 
deprivation. Differentiated neurons are particularly sensi 
tive, surviving in an animal for only about 4-15 minutes after 
oxygen deprivation (caused by, for example, heart failure, 
cardiac or respiratory arrest, or a cerebrovascular accident). 
Cartilage Withstands oxygen deprivation better than most 
other tissues. With refrigeration, cartilage can remain viable 
for a month or so. But neither differentiated cells nor stem 
cells can Withstand oxygen deprivation to the same extent 
spore-like cells can. The spore-like cells Within a tissue (or 
Within the blood) can outlive the differentiated or partially 
differentiated cells of that tissue (or Within that blood 
sample) When the tissue (or blood sample) is oxygen 
deprived or exposed to another of the extreme conditions 
described herein. Accordingly, one method of obtaining (or 
isolating) spore-like cells includes exposing a tissue to 
conditions that kill the differentiated or partially differenti 
ated cells, but do not kill the spore-like cells therein. The 
tissue can be any biological tissue, including an intact tissue, 
a tissue that has been disrupted in some Way (by, for 
example, physical dissociation), or a tissue remnant (e.g., a 
remnant of skin left at the scene of an accident or epithelial 
cells that have been naturally shed). 

[0007] Moreover, spore-like cells can survive (i.e., remain 
alive after) oxygen deprivation or other harsh conditions 
(i.e., conditions that Would kill a differentiated or partially 
differentiated cell) Without special preservatives. For 
example, hepatocytes can survive ex vivo for approximately 
tWo days if they are specially preserved, but spore-like cells 
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from the liver can survive for the same period (and much 
longer) Without special preservatives. 

[0008] Spore-like cells can also survive exposure to tem 
peratures higher or loWer than temperatures in Which dif 
ferentiated or partially differentiated cells can survive. For 
example, spore-like cells can survive exposure to tempera 
tures higher or loWer than body temperature (e.g., average 
body temperature, elevated body temperature (as occurs, for 
example, With fever), or depressed body temperature (as 
occurs, for example, With hypothermia)). For example, 
spore-like cells remain viable Within (and can be isolated 
from) tissues that are stored at about 4° C. for a prolonged 
period of time (e.g., one, three, ?ve, seven, or more days). 
They also remain viable at temperatures that vary even 
further from a physiological body temperature. For example, 
substantially pure populations of spore-like cells (e.g., 
spore-like cells isolated from a mammal) and spore-like 
cells Within tissues (e.g., spore-like cells Within mammalian 
tissues) can survive freezing or heating to more than 5° C. 
in excess of a physiological body temperature. That is, 
viable spore-like cells survive (e.g., Within tissues) exposure 
to temperatures of 0° C., or beloW, or 43° C. or above (e.g., 
45, 50, 55, 58, 60, 75, 90, 95, or 100° C.). As With 
oxygen-deprivation, spore-like cells can survive exposure to 
these conditions Without special treatment (e.g., they can 
survive exposure to freezing temperatures even Without 
treatment With a cryopreservative). Viable spore-like cells 
can also be isolated from tissues that have been thoroughly 
dried (e.g., by placement in a dessicator for approximately 
4, 8, 12, or 24 hours or more). 

[0009] Because spore-like cells can survive exposure to 
extreme conditions, they can be isolated from tissues that 
have been exposed to any one of those conditions (the 
differentiated or partially differentiated cells having been 
destroyed by the condition). For example, spore-like cells 
can be isolated from an animal (including a human) that has 
been dead for many hours, for several days, or longer. The 
precise time is not critical. What is important is that the 
conditions be such that spore-like cells in the tissue of 
interest survive after the differentiated or partially differen 
tiated cells have died (that is not to say that every spore-like 
cell that Was in the living animal or tissue sample need 
survive; any number of spore-like cells can survive Where no 
differentiated or partially differentiated cells survive). As 
indicated above, differentiated cells Within oxygen-sensitive 
tissues, such as the brain, are not viable after only short 
periods of oxygen deprivation. Thus, the precise conditions 
required vary depending on the tissue type used for the 
isolation procedure; the extent of the treatment (e.g., the 
time the tissue must be oxygen-deprived) need only be 
sufficient to kill the differentiated or partially differentiated 
cells in the tissue used. 

[0010] Spore-like cells can also be isolated from tissues 
that have been froZen Without a cryopreservative. Thus, 
spore-like cells can be isolated from any tissue (be it intact 
or processed or manipulated in some Way) that has been 
placed in a freeZer Without ?rst being treated With a cryo 
preservative (as noted above, the time period of exposure 
need only be sufficient to kill the differentiated or partially 
differentiated cells in the animal, tissue, or bodily ?uid). 
Similarly, spore-like cells can be isolated from animals that 
have died in the Wild in frigid climates and, quite probably, 
from animals that have been froZen for many, many years. 
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Similarly, because spore-like cells remain viable even after 
exposure to heat, they can also be recovered from animals 
that have died in ?res, arid landscapes, or in Warm springs. 
Some of the animals from Which spore-like cells can be 
isolated may noW be extinct. 

[0011] Although spore-like cells can be isolated from 
tissue that has been froZen (or boiled), methods of isolating 
spore-like cells can be carried out at temperatures above 
freeZing (or beloW boiling). Here again, the temperature 
must only be loW enough or high enough to kill differenti 
ated or partially differentiated cells. 

[0012] Spore-like cells can be used to analyZe fundamen 
tal aspects of cellular differentiation and to treat many types 
of disorders. For example, spore-like cells can be used to 
reengineer damaged or diseased tissue, to augment existing 
tissue, to create neW tissue, or to otherWise improve the 
condition of a patient Who is suffering from a disorder that 
is amenable to treatment by a cell- or gene-based therapy. 
For example, spore-like cells that differentiate into various 
types of skin cells can be used to repair skin damaged by 
physical, thermal, or chemical trauma. Similarly, spore-like 
cells that differentiate into insulin-secreting cells can be used 
to treat diabetes; spore-like cells that differentiate into 
ot-galactosidase A-expressing cells can be used to treat 
Fabry disease; and spore-like cells that differentiate into 
cells that express angiogenesis inhibiting factors, such as an 
endostatin, or other anti-tumor agents (e.g., tumor necrosis 
factor), can be used to treat cancer. These are merely 
examples of the Ways in Which spore-like cells can be used. 
Alternatively, or in addition, one can use spore-like cells that 
are engineered to secrete substances such as those described 
above. The cells can be made to express a Wide variety of 
substances by genetic manipulation or exposure to factors 
that alter their course of differentiation. Spore-like cells can 
also be used to treat patients Who have an infection. It is 
believed that spore-like cells are so primitive that they 
remain unaltered by exposure to agents that infect differen 
tiated cells. For example, a patient Who has hepatitis can be 
treated by harvesting a portion of the liver, isolating spore 
like cells from that tissue sample, and using the spore-like 
cells to reengineer mature liver cells and tissues. All or a 
portion of the infected liver can be ablated before the 
reengineering process. Similarly, one can treat patients Who 
have cancer using spore-like cells. For example, spore-like 
cells can be isolated from a patient Who has a type of 
leukemia before the patient undergoes chemotherapy or any 
other therapy for the cancer. FolloWing therapy, spore-like 
cells, Which may have been induced to differentiate ex vivo, 
can be administered to the patient to reconstitute a healthy 
cadre of blood cells. There is no evidence that spore-like 
cells are susceptible to the processes that result in malig 
nancy, and the therapy administered can be very aggressive 
(and thereby more likely to kill malignant blood cells and 
thus, succeed in eradicating the cancer). The methods of the 
present invention may also be useful in forensic science. For 
example, one can isolate spore-like cells from a deceased 
person or from a sample (e.g., a blood sample) found at a 
crime scene and use the cells to identify the person that Was 
their source. For example, one can place the spore-like cells 
in culture, alloW them to differentiate, and analyZe their 
genetic material by standard techniques. 

[0013] As noted above, spore-like cells can be isolated 
from a tissue, including a tissue that has been exposed to any 
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condition that is extreme enough to kill the differentiated or 
partially differentiated cells Within the tissue. For example, 
the tissue can be exposed to an oxygen de?cient environ 
ment, a non-physiological temperature, an insuf?ciently 
moist environment (as in, for example, a dessicator), or a 
toxin or any other substance (e.g., a salt or improperly 
buffered solution) or event (e.g., radiation) that kills differ 
entiated or partially differentiated cells. In particular 
embodiments, spore-like cells can be isolated from a tissue 
that Was harvested from an animal Whose heart ceased 
beating at least four minutes ago (i.e., an animal that has 
been dead for at least 4, 10, 20, or 30 minutes; at least 1, 2, 
4, 10 or 24 hours; at least 2, 4, 7, 10 or 30 days; at least 5, 
10, 20 or 40 Weeks; or at least 1, 2, 4, 10 or 100 years). 
Generally, differentiated cells Will not survive unless they 
are Within 200 pm of an oxygen supply (such as a blood 
vessel carrying oxygenated blood), but spore-like cells can 
survive even if they are more than 200 pm aWay from such 
an oxygen supply. 

[0014] In other embodiments, spore-like cells can be iso 
lated from a tissue that Was (or has been) exposed (e.g., 
placed in a bath of hot or cold Water, a cold room, freezer, 
or the like) to a temperature that is more than 42° C. or less 
than 0° C. Without ?rst being treated With a protective agent 
(eg a cryopreservative such as glycerol). The isolation 
procedure folloWing exposure to any extreme condition can 
be carried out very simply. For example, a biological sample 
that contains cells such as tissue cells or a bodily ?uid that 
has been exposed to a condition extreme enough to kill 
differentiated or partially differentiated cells can simply be 
placed in a tissue culture vessel (e.g., a plate or ?ask). The 
dead cells can then be Washed aWay after the spore-like cells 
adhere to the vessel. If desired, the tissue can be disrupted 
(by, e.g., cutting, shredding, or scraping it With a blunt 
instrument) either before or after it is placed in culture or 
before or after exposure to an extreme condition. Given 
spore-like cells’ ability to survive in extreme conditions, 
there is no reason to expect that they Would not survive in 
culture under most, if not all, of the conditions used to 
culture differentiated cells. Alternatively, or in addition, 
spore-like cells can be isolated by passing a tissue, bodily 
?uid, or cell culture medium that contains them through a 
series of devices (e.g., siZe-exclusion devices such as 
pipettes or ?lters) having progressively smaller apertures 
(the smallest of Which can be approximately 15 p). Smaller 
diameters (i.e., diameters smaller than 15 p) can also be used 
When more aggressive isolation is desired (i.e., When one 
desires feWer differentiated cells in the resulting culture). 
More aggressive isolation may be desired When one Wishes 
to maintain the spore-like cells in their highly undifferenti 
ated state. As described beloW, the conditions in Which the 
cells are cultured can be such that their proliferation is 
encouraged and their differentiation is discouraged. 

[0015] The ability to survive after being exposed to a 
condition that kills differentiated or partially differentiated 
cells is only one of the unusual characteristics that can be 
exploited to identify and isolate spore-like cells. They can 
also be identi?ed and isolated on the basis of their siZe alone. 
Although there is some variation in the siZe of spore-like 
cells (see beloW), it is clear that many spore-like cells are 
smaller than any other knoWn biological cell. Accordingly, 
one can isolate spore-like cells by isolating the smallest cells 
in a tissue or bodily ?uid. The isolation can be carried out by 
any method knoWn in the art (e.g., ?oW cytometry). Alter 
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natively, the method can be carried out using a siZe-exclu 
sion device, such as the pipettes and ?lters described above. 

[0016] In another aspect, the invention features isolated 
cells that are non-terminally differentiated progeny of spore 
like cells that Were isolated from non-neural and non 
pancreatic tissues and that develop into mature non-neural 
and non-pancreatic cells. 

[0017] One Way to distinguish the cells of the present 
invention from previously described cell types is to isolate 
the present cells from tissues Where no stem cells are knoWn 
to exist. For example, conventional Wisdom dictates that 
there are no stem cells in the liver or the heart. Therefore, 
any cell isolated from the liver or heart that is a dividing, 
non-mature cell is a spore-like cell of the present invention 
or a non-terminally differentiated progeny thereof. 

[0018] Spore-like cells can be administered alone, With 
other cell types, or in conjunction With tissue engineering 
constructs (i.e.,tissue that includes materials or devices used 
to reengineer damaged, diseased, or otherWise unhealthy 
tissue). These constructs can include support structures, such 
as a mesh, or a hydrogel. Together, the hydrogel and the 
spore-like cells of the invention form a hydrogel-spore-like 
cell composition. Similarly, a hydrogel combined With a 
progenitor cell forms a hydrogel-progenitor cell composi 
tion. Thus, the invention features methods for generating an 
arti?cial tissue by, for example, combining hydrogel With a 
spore-like cell or the progeny of a spore-like cell. The 
hydrogel-cell compositions can also be delivered into a 
permeable, biocompatible support structure and used to treat 
damaged tissue (e.g., a hydrogel-spore-like cell composition 
can be applied to the damaged tissue). 

[0019] In addition to methods for generating and repairing 
tissue, the invention features methods of treating patients 
Who have a disorder, such as a skin disorder, a tumor, or a 
disease, such as diabetes. These methods are carried out, for 
example, by administering a spore-like cell or its progeny to 
the damaged region (e.g., the damaged region of the 
patient’s skin, the area from Which the tumor Was ablated, or 
the pancreas). Systemic administration is also possible. The 
methods of the invention can be used to treat a patient Who 
has a de?ciency of functional cells in any of a Wide variety 
of tissues or systems, including the retina (or other structures 
associated With vision), auditory system, nasal epithelium, 
alimentary canal, pancreas, gallbladder, bladder, kidney, 
liver, heart, lung (including respiratory support structures 
such as the trachea and smaller airWays), nervous system, 
reproductive system, endocrine system, immune system, 
bone, muscle, tooth, nail, or skin (including the hair fol 
licles). 
[0020] Spore-like cells and their progeny must originally 
be isolated from their natural environment (i.e., removed 
from a place Where they reside Within an animal) to fall 
Within the present invention. Spore-like cells can be isolated 
from tissues that are derived from the endoderm, mesoderm, 
or ectoderm. Similarly, spore-like cells can differentiate into 
tissues that derive from the endoerm, mesoderm, or ecto 
derm. The germ layers, and the tissues they give rise to, are 
Well knoWn in the art. An “isolated” spore-like cell can be 
one that is placed in cell culture, even temporarily. The term 
covers single, isolated spore-like cells and their progeny, as 
Well as cultures of spore-like cells (and their progeny) that 






























