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(57) ABSTRACT 

The present invention is directed to methods for delivering 
cells to a target tissue in a mammal using glycoconjugate to 
tra?ic the cell to a desired organ in the mammal. The 
methods according to the present invention are especially 
applicable to administering lymphoid cells such as natural 
killer (NK) cells activated With interleukin-2 (IL-2), lym 
phokine-activated killer (LAK) cells and/or tumor-in?ltrat 
ing lymphocytes (TlLs) and/or cytotoxic lymphocytes 
(CTLs), or stem cells such as those derived from the bone 
marroW or from umbilical cord tissue. The methods are also 
useful for targeting a gene of interest to a tissue in a mammal 
by introducing a cell containing the gene of interest and 
administering a glycoconjugate to the mammal. 
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METHODS AND COMPOSITIONS USING 
CELLULAR ASIALODETERMINANTS AND 

GLYCOCONJUGATES FOR TARGETING CELLS 
TO TISSUES AND ORGANS 

[0001] This application claims the bene?t of US. Provi 
sional Patent Application No. 60/364,498, ?led Mar. 15, 
2002, the entirety of Which is incorporated by reference 
herein for all purposes. 

FIELD OF THE INVENTION 

[0002] The present invention is in the ?eld of clinical 
medicine and therapy. The invention relates to methods and 
compositions for targeting cells to an organ of interest, using 
sialo- or asialodeterrninants, particularly neoasialodetermi 
nants, on cell surfaces and/or on free glycoconjugates. 

BACKGROUND OF THE INVENTION 

[0003] Morell et al. determined that When a sialyl group of 
ceruloplasmin is removed by neuraminidase, this plasma 
protein rapidly disappears from serum. They disclosed that 
this phenomenon is due to the uptake by the asialoglyco 
protein (ASGP) receptor present in liver cells (J. Biol. 
Chem, 243: 155 (1968)). Thereafter, it Was reported that the 
ASGP receptor is present only in liver cells (Adv. Enzymol, 
41:99, (1974)). Such speci?c uptake by liver cells has been 
identi?ed from the fact that When asialoceruloplasmin or 
asialoorosomucoid, Which is experimentally labeled With 
tritium, is injected into the living body, the isotope is 
selectively detected only in liver cells. Scheinberg, I. H., et 
al., Hepatic removal of circulating proteins, in Davidson C. 
S., ed. Problems in Liver Diseases, pp. 279-285, NeW York, 
Stratton Company, (1979). In addition, it Was also disclosed 
that this receptor speci?cally recogniZes and absorbs glyco 
proteins having D-galactose or N-acetylgalactosamine as the 
terminal sugar group (Ann. Rev. Biochem. 51:531, (1982)). 

[0004] The cell membrane of liver cells comprises a cell 
structure Which combines With asialoglycoprotein termi 
nated With galactose. This cell structure Was ?rst named 
hepato-binding protein (HBP) but is presently called asia 
loglycoprotein (ASGP) receptor. Further, it has been 
observed that among various desialylated glycoproteins, the 
desialylated alpha(1)-acid glycoprotein, asialoorosomucoid, 
most rapidly disappears from the serum after injection. 
Therefore, it has been determined that asialo-alpha(1)-acid 
glycoprotein is both speci?cally and Well taken up by liver 
cells (J. Biol. Chem, 245:4397 (1970)). The ASGP receptor 
is constituted With a single polypeptide having a molecular 
Weight of about 40,000 and can recogniZe a glycoprotein 
having a galactose residue at the nonreductive terminal 
position of the saccharide chain (i.e., asialoglycoprotein). 

[0005] While the physiological functions of an ASGP 
receptor are still uncertain, it is believed that an ASGP 
receptor participates in the metabolism of glycoproteins. In 
fact, the increase of the blood level of an ASGP is observed 
in case of hepatic diseases such as chronic hepatitis, liver 
cirrhosis and hepatic cancer. Further, the decrease of the 
quantity of an ASGP receptor is observed in an experimental 
model of hepatic disorder induced by administration of 
chemicals. 

[0006] In vieW of these phenomena, it may be possible to 
diagnose hepatic diseases through assessment of the quantity 
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and quality of an ASGP receptor determined by the use of an 
ASGP-like substance, i.e., an ASGP receptor-directing com 
pound. In fact, asialoglycoconjugates have been covalently 
linked to other agents as a means of targeting chemical 
(immunosuppressive drugs) and biological agents (antibod 
ies) to be taken up by the liver for therapeutic and diagnostic 
purposes (see, e.g., US. Pat. Nos. 5,346,696, 5,679,323, and 
5,089,604). 
[0007] Adoptive cellular immunotherapy in general is a 
treatment that employs biological reagents to effect an 
immune-mediated response. Currently, most adoptive 
immunotherapies are autolymphocyte therapies (ALT) 
directed to treatments using the patient’s oWn immune cells 
Which have been processed to either enhance the immune 
cell mediated response or to recogniZe speci?c antigens or 
foreign substances in the body, including cancer cells. The 
treatments are accomplished by removing the patient’s lym 
phocytes and exposing these cells in vitro to biologics and 
drugs to activate the immune function of the cells. Once the 
autologous cells are activated, these ex vivo activated cells 
are reinfused into the patient to enhance the immune system 
to treat various forms of cancer, infectious diseases, autoim 
mune diseases or immune de?ciency diseases. 

[0008] Adoptive immunotherapies may utiliZe, for 
instance, natural killer (NK) cells activated With interleu 
kin-2 (IL-2), lymphokine-activated killer (LAK) cells and/or 
tumor-in?ltrating lymphocytes (TILs) and/or cytotoxic lym 
phocytes (CTLs). LAK therapy involves the in vitro gen 
eration of LAK cells by culturing autologous peripheral 
blood leukocytes in high concentrations of IL-2. The LAK 
cells are then reinfused into the cancer patient in a treatment 
that may also involves infusion of IL-2. Rosenberg, et al., 
“Cancer immunotherapy using interleukin-2 and interleu 
kin-2 activated lymphocytes,”Annual Review of Immunol 
ogy 4:681-709 (1986). TIL therapy involves the generation 
of LAK cells from mononuclear cells originally derived 
from the in?ammatory in?ltrating cells present in and 
around solid tumors, obtained from surgical resection speci 
mens. Rosenberg, et al., “A neW approach to the adoptive 
immunotherapy of cancer With tumor-in?ltrating lympho 
cytes,”Science 233:1318-1321 (1986). Many further varia 
tions of adoptive immunotherapy have been developed in 
recent years. See, e.g., US. Pat. No. 6,406,699, issued Jun. 
18, 2002 to Wood, disclosing and claiming a composition 
and method of cancer antigen immunotherapy, and methods 
in references disclosed and cited therein. 

[0009] In addition to cancer immunotherapies, adoptive 
immunotherapy has applications for de?ciency or dysfunc 
tion of T cells associated With several diseases and condi 
tions, including recurrent infections by viruses such as 
herpesvirus (HSV, VZV, CMV), hepatitis B virus, and 
papillomavirus. See, e.g., Spiegel, R. 1., “The alpha inter 
ferons: Clinical overvieW”, Seminars in Oncology 14:1 
(1987). ALT is also being evaluated in the treatment of 
patients infected With HIV. 0. MartineZ-MaZa, “HIV-In 
duced Immune Dysfunction and AIDS-Associated Neo 
plasms,” in Biological Approaches to Cancer Treatment: 
Biomodulalion, M. Mitchell, Editor, McGraW-Hill, Inc., 
Chapter 9, pages 181-204 (1993). 

[0010] A stem cell is a special kind of cell that has a unique 
capacity to reneW itself and to give rise to specialiZed cell 
types. Although most cells of the body such as heart cells or 
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skin cells, are committed to conduct a speci?c function, a 
stem cell is uncommitted and remains uncommitted until it 
receives a signal to develop into a specialized cell. In 1998, 
stem cells from early human embryos Were ?rst isolated and 
groWn in culture. It is recognized that these stem cells are, 
indeed, capable of becoming almost all of the specialized 
cells of the body. In recent years, stem cells present in adults 
also have been shoWn to have the potential to generate 
replacement cells for a broad array of tissues and organs, 
such as the heart, the liver, the pancreas, and the nervous 
system. Thus, this class of adult human stem cell holds the 
promise of being able to repair or replace cells or tissues that 
are damaged or destroyed by many devastating diseases and 
disabilities. It is highly useful to e?fect such therapies by 
targeting stem cells to particular organs of the body. 

[0011] In the prior art, lymphocytes and stem cells gen 
erally have been presented to the desired organs either by 
injection into the tissue or by infusion into the local circu 
lation. HoWever, localization of normal bone marroW stem 
cells and lymphocytes to the liver has been demonstrated 
upon injection of such cells into mice. SamloWski et al., 
Immunol. 881309-322 (1984); SamloWski et al., Proc. Natl. 
Acad. Sci. 8212508-2512 (1985). 

[0012] It is also knoWn that a large proportion of cells 
infused into mammals adhere to the lung endothelium, 
independent of cell type or physiological homing properties. 
It has been observed that stem cells accumulate in the lungs 
When they are administered. Morrison et al., Nature Medi 
cine 211281-1282 (1996); Martino et al., Eur. J. Immunol. 
2311023-1028 (1993); Pereira et al., Proc. Natl. Acad. Sci. 
USA 9214857-4861 (1993); and Gao et al., Cells Tissues 
Organs 169112-20 (2001). 

[0013] Orosomucoid, asialo-orosomucoid and agalacto/ 
asialo-orosomucoid have been shoWn to inhibit neutrophil 
activation, superoxide anion generation, and platelet activa 
tion. Costello et al., Clin Exp Immunol 551465-472 (1984); 
and Costello et al., Nature 2811677-678 (1979). These 
proteins also induced transient immunosuppression and pro 
tected against TNF challenge. Bennett, et al., Proc. Natl. 
Acad. Sci. USA 7716109-6113 (1980) and Libert, et al., J. 
Exp. Med. 18011571-1575 (1994). Orosomucoid demon 
strated speci?c binding to pulmonary endothelial cells, 
Which appeared to be independent of carbohydrate recogni 
tion sites. Schnitzer, et al., Am. J. Physiol 2631H48-H55 
(1992). Moreover, orosomucoid Was shoWn to bind to skin 
capillary endothelial cells in a dose dependent manner, 
thereby maintaining normal capillary permeability in the 
face of in?ammatory agonists that caused leakage in control 
animals. Muchitsch, et al., Arch Int Pharmacodyn 3311313 
321 (1996). Similarly, infused orosomucoid bound to kidney 
capillaries and restored the permselectivity of glomerular 
?ltration. Muchitsch, et al., Nephron 811194-199 (1999). 

[0014] Entrapment of neuraminidase-treated lymphocytes 
in the liver also has been reported, including autoimmune 
reactions against liver cells by syngeneic neuraminidase 
treated lymphocytes, in mice intravenously injected With 
lymphocytes isolated from spleen or thymus. Kolb-Ba 
chofen, V., et al., Immunol. 12312830-2834 (1979). Studies 
on interactions betWeen neuraminidase-treated rat lympho 
cytes and liver cells in culture have demonstrated adhesion 
betWeen cells is due to stereo-speci?c interactions betWeen 
a mammalian hepatic membrane lectin (i.e., the ASGP 
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receptor) and galactosyl residues Which are exposed on the 
lymphocyte surface after removal of sialic acid residues. 
Kolb, H., et al., Adv. Exp. Med. Biol. 1141219-222 (1979). 

[0015] In vieW of the above, a need exists to develop 
methods for delivery of lymphocytes and stem cells through 
the circulation to speci?c organs. Such methods Would 
provide a means to target non-invasively solid organs such 
as the liver, heart, lungs and kidneys. In addition, very 
di?fuse tissues, such as the lung, Which are not amenable to 
dosage by injection could be targeted. Such methods Would 
be useful in adoptive immunotherapies and regenerative 
stem cell therapies involving such organs as the liver, heart, 
lungs and kidneys. 

[0016] The present invention addresses these and other 
needs. 

BRIEF SUMMARY OF THE INVENTION 

[0017] The present invention features a method for deliv 
ering a cell to a target tissue in a mammal comprising the 
steps of administering a carbohydrate presenting molecule 
(e.g., a glycoconjugate) to a mammal and then administering 
the cell to the mammal. 

[0018] As used herein, the term “administering” refers to 
any method of inducing an increased concentration of the 
cell in the circulation of the mammal, Whether by infusion 
from an extraneous source or by mobilizing the cell into the 
circulation from a depot Within the mammal, such as the 
marroW. Means for mobilizing stem cells, for instance, using 
GM-CSF and GCSF, for example, are Well knoWn in the art. 
See, e.g., Simmons et al., The mobilization of primitive 
hemopoietic progenitors into the peripheral blood. Stem 
Cells, 12 Suppl 11187-201 (1994). 

[0019] The methods according to the present invention are 
especially applicable to stem cells, such as those derived 
from the bone marroW, peripheral blood, umbilical cord or 
from mesenchymal stem cells expanded in culture. The stem 
cells Within the scope of the invention include any cell 
capable of di?ferentiating into a desired target tissue. Such 
cells include pluripotent stem cells, embryonic stem cells, 
multipotent adult stem cells, and progenitor or precursor 
cells. 

[0020] The methods according to the present invention 
also are especially applicable to immune system cells, such 
as natural killer (NK) cells activated With interleukin-2 
(IL-2), lymphokine-activated killer (LAK) cells and/or acti 
vated lymphocytes including but not limited to tumor 
in?ltrating lymphocytes (TILs). 
[0021] The methods of the present invention alloW cells 
such as normal stem or immune cells to be targeted to such 
target tissues as the heart, the liver, the kidneys and the 
lungs, among others. In some embodiments Wherein the cell 
is targeted to the heart, the methods feature administering an 
orosomucoid (O) or administering an asialoorosomucoid 
(ASO), and administering the cell to the mammal. In 
embodiments Wherein the cell is targeted to the lungs, the 
methods feature administering the cell to the mammal in a 
saline or a serum albumin-saline solution or cell culture 

media Without protein/ albumin. In embodiments Wherein the 
cell is targeted to the liver, the methods feature administer 
ing an orosomucoid or an asialoorosomucoid and adminis 
tering the cell to the mammal. In some embodiments, the 
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orosomucoid is administered concurrently or prior to admin 
istering the cell to the mammal. The methods according to 
the present invention are also useful for either inhibiting or 
enhancing sequestration of a stem cell or immune cell in the 
liver of a mammal even in the absence of targeting the cell 
to a target organ. 

[0022] The glycoconjugates of the present invention may 
be generally represented by the general formula P-(S)x-Gal 
Wherein P is a peptide residue of a human serum glycopro 
tein and S is a sugar residue of a human serum glycoprotein; 
x is an integer from 1 to 100 and Gal is galactose residue. 
The glycoconjugates may be partially or completely asialy 
lated. Especially useful glycoconjugates include fetuins, 
asialofetuins, orosomucoids and asialoorosomucoids. 

[0023] The glycoconjugates may be administered to the 
mammal in any time frame relative to administering the cell. 
They may be administered before, after or simultaneously 
With the administration of the cell. In a typical embodiment, 
the glycoconjugates are administered prior to the cell. The 
glycoconjugates and the cell may be administered via any 
suitable route. In preferred embodiments, they are adminis 
tered parenterally, and more preferably, intravenously to the 
mammal. 

[0024] The methods according to the present invention are 
also useful for targeting a gene of interest to a tissue in a 
mammal by introducing a cell naturally containing, or a cell 
transformed With, the gene of interest to the mammal. Such 
methods are useful for treating a disease characterized by a 
de?ciency in a gene product in a mammal by administering 
a cell comprising a functional gene encoding the gene 
product into the mammal and administering a glycoconju 
gate to the mammal. According to these methods, a cell 
containing an exogenous functional gene of interest may be 
administered and localiZed to a particular organ in the body 
Where it can function to produce a de?cient gene product. 

[0025] Also, the methods according to the present inven 
tion are useful for treating a disease characterized by tissue 
damage in a mammal by administering a cell and adminis 
tering a glycoconjugate to the mammal. Because stem cells 
have the potential to generate replacement cells for a broad 
array of tissues and organs, such as the heart, the pancreas, 
and the nervous system, stem cells may be targeted to 
particular organs in the body to repair or replace cells or 
tissues that are damaged or destroyed by many devastating 
diseases and disabilities. In some embodiments, the disease 
may be a heart disease, a lung disease, a kidney disease or 
a liver disease, for example, myocardial infarction, emphy 
sema, cystic ?brosis, microalbuminuria, nephritis, stroke or 
hepatitis. 

[0026] The methods according to the present invention are 
also useful for treating a disease characteriZed by tissue 
damage in a mammal by administering a glycoconjugate to 
the mammal and administering chemicals or biopharmaceu 
ticals that mobiliZe stem cells into the circulation. The 
concentration of circulating mobiliZed stem cells may be 
limited because certain organs may sequester stem cells, 
thereby limiting delivery of an effective dose to the damaged 
organ. By inhibiting sequestration, the glycoconjugates of 
the invention increase the cell dose at the organ; thereby 
increasing the potential to generate replacement cells. The 
methods including agents to mobiliZe stem cells also can be 
used for a broad array of tissues and organs, such as the 
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heart, the pancreas, and the nervous system. MobiliZed stem 
cells may be targeted to particular organs in the body to 
repair or replace cells or tissues that are damaged or 
destroyed by many devastating diseases and disabilities. In 
some embodiments Wherein stem cells are mobiliZed, the 
disease may be a heart disease, a lung disease, a kidney 
disease, a neurological disease or a liver disease such as, for 
example, myocardial infarction, emphysema, cystic ?brosis, 
microalbuminuria, nephritis, stroke or hepatitis. 

[0027] In other embodiments, the present invention pro 
vides pharmaceutical compositions comprising a cell and a 
glycoconjugate, e.g.; glycoprotein. Glycoproteins useful in 
the present invention include, for example, fetuins, oroso 
mucoids (O) and asialoorosomucoids (ASO). In other 
aspects, the present invention features an article of manu 
facture, comprising packaging material and a pharmaceuti 
cal agent contained Within the packaging material, Wherein 
the pharmaceutical agent comprises a glycoconjugate of the 
invention that is therapeutically effective for targeting a cell 
to a desired organ according to the present invention, and 
Wherein the packaging material comprises a label Which 
indicates that the pharmaceutical agent can be used for 
targeting a cell to a desired organ according to the present 
invention. In some embodiments, the article of manufacture 
further comprises additional reagents, such as solutions for 
making cell suspensions to be administered, and/or printed 
instructions, for use in targeting cells according to the 
invention. Such articles include, for instance, kits for treat 
ing tissue damage or for delivering a functional gene or gene 
product to a tissue in a mammal comprising a cell and a 
glycoprotein. Glycoproteins useful in the articles of manu 
facture of the invention include fetuins, asialofetuins, oroso 
mucoids and asialoorosomucoids. 

[0028] In still other embodiments, the present invention 
provides methods for derivatiZation of stem cell or lymphoid 
cell populations to generate an asialodeterminant-bearing 
cell preparation to facilitate hepatic entrapment. In particu 
lar, the invention provides derivatiZed, activated stem cells 
or lymphocytes that have asialadeterminants on their surface 
that have been generated by enZymatic or chemical means so 
that these cells, When administered parenterally, circulate, 
are bound, and sequestered or entrapped by the liver via the 
ASGP receptor. Methods for treating Whole viable cells With 
a sialidase, such as neuraminidase, are knoWn in the art. See, 
e.g., Neubauer, R. H. et al., Identi?cation of normal and 
transformed lymphocyte subsets of nonhuman primates With 
monoclonal antibodies to human lymphocytes. J. Immunol. 
130:1323-1329 (1983); Kolb-Bachofen, V., et al., 1979, 
supra; and Kolb, H., et al., 1979, supra. 

[0029] For instance, the invention provides a process of 
derivatiZation of stem cells to generate neoasialadourmi 
nants on the surface of such calls, for the purpose of 
directing these tells to the liver to repair or regenerate liver 
functions and structures, or for delivery of normal genes or 
genetically engineered cells for the purpose of curing or 
ameliorating disease states. Operative elements of this 
aspect of the invention are the ability to direct the localiZa 
tion of the transfused stem cells bearing arti?cially created 
neoasialoglycodeterminants, their ability to create a micro 
chimera of the recipient, and the mechanism by Which of the 
neodeterminants are speci?cally sequestered by the liver. 
Thus, assimilation of these neoasialoglycodeterminant-bear 
ing cells Would result in microchimerism (a mixture of 




































