United States Patent

US008110366B2

(12) (10) Patent No.: US 8,110,366 B2
Laine et al. 45) Date of Patent: Feb. 7, 2012
(54) METHOD FOR EVALUATING CELL (56) References Cited
POPULATIONS
U.S. PATENT DOCUMENTS
(75) Inventors: Jarmo Laine, Helsinki (FI); Taina 5965457 A 10/1999 Magnani
Jaatinen, Helsinki (FI); Heidi 2004/0253233 Al 12/2004 Del Rio et al.
Anderson, Helsinki (FI); Johanna
Nystedt, Helsinki (FI); Sarl Tiitinen, FOREIGN PATENT DOCUMENTS
Vantaa (FI); Anita Laitinen, Helsinki WO WO0-2004/019040 AL 3/2004
(FT); Ulla Impola, Helsinki (FI); Tero WO WO0-2004/094619 A2  11/2004
Satomaa, Helsinki (FI); Jari Natunen, OTHER PUBLICATIONS
Vantaa (FI); Annamari Heiskanen, ] ] o ) )
Helsinki (FI); Maria Blomgqyvist, Li et al., “Abstracts submitted for the joint meeting of the society for
Itasalmi (FI); Anne Olonen, Lahti (FT) glycobiology and the Japanese society for carbohydrate research,”
2004, Abstract (347), pp. 1040 and 1150.
(73) Assjgnees; Suomen Punainen Risti, Veripa]ve]u, Martin et al., “Human embryonic stem cells express an immunogenic
Helsinki (FI); Glykos Finland Oy, nonhuman sialic acid,” Technical Reports, Nature Medicine, vol. 11,
Helsinki (FI) No. 2, 2005, pp. 228-232.
Minch et al., “Tissue Plasminogen Activator Coexpressed in Chinese
(*) Notice:  Subject to any disclaimer, the term of this Hamster Ovary Cells with o(2,6)-Sialyltransferase Contains
patent is extended or adjusted under 35 NeuAca(2,6)GalB(1,4)Glc-N-AcR Linkages,” Biotechnol. Prog.,
U.S.C. 154(b) by 804 days. vol. 11, 1995, pp. 348-351. ,
Kudo et al., “Characterization of the Major Core Structures of the
(21) Appl. No.: 11/988,418 a2—8-linked Polysialic Acid-containing Glycan Chains Present in
Neural Cell Adhesion Molecule in Embryonic Chick Brains,” The
(22) PCT Filed: Jul. 7, 2006 Journal of Biological Chemistry, vol. 271, No. 51, 1996, pp. 32667-
32677.
(86) PCT No.: PCT/FI2006/050323 Unverzagt et al., “Structure-Activity Profiles of Complex Bianten-
nary Glycans with Core Fucosylation and with/without Additional
§ 371 (c)(1), 02,3/02,6 Sialylation: Synthesis of Neoglycoproteins and Their
(2), (4) Date:  Jul. 15, 2008 Properties in Lectin Assays, Cell Binding, and Organ Uptake,” J.
Med. Chem., vol. 45, 2002, pp. 478-491.
(87) PCT Pub. No.: 'WQ02007/006864
PCT Pub. Date: Jan. 18, 2007 Primary Examiner — Lisa Cook
(74) Attorney, Agent, or Firm — Birch, Stewart, Kolasch &
(65) Prior Publication Data Birch, LLP.
US 2009/0148839 Al Jun. 11, 2009 (57) ABSTRACT
(30) Foreign Application Priority Data The invention describes specific sialylated structures present
on human stem cells and cell populations derived thereof. The
Jul. 8,2005  (FI) ceoeeeeeiiiciciiiciciiee 20055398 invention is especially directed to methods to control the
status of stem cells by observing changes in sialylation of the
(51) Int.CL cells; and control of potential contaminations of biological
GOIN 31/00 (2006.01) materials; and reagents and methods used in connection with
GOIN 33/53 (2006.01) the cells in order to avoid alterations of the cell glycosylation
(52) US.CL ... 435/7.1; 435/4; 435/287.9; 436/501; by contaminating materials. The invention is further directed
436/518; 436/525; 436/529; 436/535; 436/809; to novel stem cells, the glycosylation of which has been
427/287; 427/337; 427/338 specifically altered.
(58) Field of Classification Search ........................ None

See application file for complete search history.

66 Claims, 21 Drawing Sheets



U.S. Patent Feb. 7, 2012 Sheet 1 of 21 US 8,110,366 B2

N

E

O 2

19°9v61 i

89°0¢61 e = ]

b g 8 [ -

I'nel susiul g g 8
¢
m E
LO'OV6LE |7
89°0¢c6lL E o
E S
o ,0t 7 ['ne] suayyy 2 b

Lél

< E Q
ng E —

89°0¢61 §_z’

S

[=4 =3 -

['nel'susyuy § g_ o

Figure 1.



U.S. Patent Feb. 7, 2012 Sheet 2 of 21 US 8,110,366 B2

2 N
W _F
L'1Y6L e
e
[}
e i g
L'1€61 > g
susY| -
— e 3 §
890661 %.':
§
['n°e] susjuy § g_ o -
E
0 3
S - i
L9°9v¥61 3
89°0¢61 == =SS 8
= - §
['n'e] suey g S e

Figure 1 (continued)
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Figure 1 (continued)



U.S. Patent Feb. 7, 2012 Sheet 5 of 21 US 8,110,366 B2

Figure 2.
S
.
\—3 o
=] o
3, -
w
c
L]
=, 5
2 b
[
o
5]
Q.
((e) +
N ‘o
S Z
5 2
©
1 0 - T
o ~oo&
© S
A 10}
o
& ©
] 0
] N 8
] (3]
1 oN
0 Lot enbschsncsinnb WWLMW

1000 1200 1400 1600 1800 2000 2200 .



U.S. Patent Feb. 7, 2012 Sheet 6 of 21 US 8,110,366 B2




U.S. Patent Feb. 7, 2012 Sheet 7 of 21 US 8,110,366 B2

Figure 4,
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Figure 13.
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1
METHOD FOR EVALUATING CELL
POPULATIONS

This application is a continuation of PCT/FI2006/050323
filed Jul. 7, 2006 and foreign application number 2055398
filed Jul. 8, 2005 in Finland.

FIELD OF INVENTION

The invention describes specific sialylated structures
present on human stem cells and cell populations derived
thereof. The invention is especially directed to methods to
control the status of stem cells by observing changes in sia-
lylation of the cells; and control of potential contaminations
of biological materials; and reagents and methods used in
connection with the cells in order to avoid alterations of the
cell glycosylation by contaminating materials. The invention
is further directed to novel stem cells, the glycosylation of
which has been specifically altered. The control methods are
preferably mass spectrometric methods.

BACKGROUND OF THE INVENTION

Martin et al. (2005, Nat. Med., publ. online Jan. 30, 2005, doi
10.10381)

Analysis of sialylated glycans from embryonal stem cells
was produced in USA and reported for human embryonal
stem cell lines, such cell lines have been reported to be con-
taminated with N-glycolylneuraminic acid (NeuGc) and
amounts of both NeuGc and N-acetylneuraminic acid
(NeuAc) have been quantitated. The scientists further dis-
cussed cell culture materials containing NeuGce and causing
contamination of the cultivated cell lines and for handling the
problem by using alternative recombinant protein materials
and especially heat inactivated human serum not originally
containing NeuGc.

The inventors of the present invention were able to find new
sources of potential NeuGce and other sialyl-glycan contami-
nations. The present invention further describes specific sia-
lyl-glycan structures from early human cells. The inventors
were also able to describe specific protein reagents involved
in cell production processes, which need to be controlled with
regard to glycosylation, especially albumin, gelatine, and
antibody reagents.

Varki, U.S. patent document 2005

The patent document describes monosaccharide NeuGce
analysis from foods and other materials. There are specific
claims for the proportion of NeuGe of the sum of NeuGce and
NeuAc, especially in food materials. The document further
describes anti-NeuGc antibodies present in patients and pro-
duction of antibodies involving oxidation of the glycerol tail
of NeuGe. The incorporation of NeuGc to a cultured endot-
helial (cancer) cell line was studied in serum containing cul-
ture by adding free NeuGc.

Analysis of CD34+ Hematopoietic Stem Cell Materials with
Regard to NeuAca3Galf34

NeuAca3Galp4 structures have been previously indicated
to be present in human cord blood CD34* hematopoietic cells
by the use of a specific monoclonal antibody (Magnani, J., et
al., U.S. Pat.No. 5,965,457.). The invention claims all CD34+
cells and especially ones from cord blood and bone marrow

The inventors of the present invention were able to analyse,
in human stem cell and cord blood cell populations, the pres-
ence of both NeuAca3 and NeuAca6 structures and even
NeuGcea3/6, and larger sialylated structures, including also
information about the glycan core structures by which the
glycans are linked to the cell. The present invention is in a
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preferred embodiment directed to analysis of at least two or
several sialylated terminal epitopes or at least one whole
glycan structure. In a preferred embodiment the sialic acid
analysis of cord blood cells is directed to multipotent cell
populations, which are not CD34* hematopoietic progenitor
cells. Preferably the analysis includes analysis of the core
structures of N-linked glycans since Magnani et al. (U.S. pat.)
do not describe the core structures by which the glycans are
linked to the cells.

Desialylation and Resialylation of Cells According to the
Invention

Change of sialylation by desialylation and resialylation
with specific sialyltransferases has been reported for red cells
in order to analyze binding specificities of influenza virus
(Paulson, I., et al.).

Partial desialylation and alpha-6-resialylation with CMP-
NeuAc-fluorescein of human peripheral blood and bone mar-
row aspirate-derived CD34+ cells has been reported, the
peripheral blood cells having been released by GM-CSF and
most of the subjects being under cancer therapy (Schwarz-
Albiez, Reihard et al., 2004, Glycoconj. J. 21 451-459). The
large variations in results may be due to therapy and GM-CSF.
The method used does not reveal real quantitation of sialic
acid types due to limited specificity of especially the sialyl-
transferase used, nor are the possible carrier structures of the
sialic acids revealed. The modifications of sialic acid would
likely further affect the acceptor specificity of the sialyltrans-
ferase used and thus the structures labelled. The present
invention is especially directed to a.3-sialylation of the spe-
cific carrier structures.

Removal of NeuGce from pig xenotransplant tissue and
resialylation by NeuAc and sialyltransferase has been also
suggested (W002088351)). That work was not directed to
stem cells, nor human stem cells directed methods, nor were
the methods used specified, although this is essential for
applications in these cells. The xenotransplantation idea is not
relevant to present invention due to tissue and species speci-
ficity of glycosylation. A patent application (WO2003/
105908) describes possible sialidase and sialyltransferase
reactions for certain NK/lymphocyte cell lines in a patent
application also discussing separately stem cells. The results
reveal that the possible reactions vary between cell lines of the
same type and are not expected/predictable under the condi-
tions used in the work, possibly partially due to nature of the
cells and specificities of enzymes, further the reaction condi-
tions of sialyltransferase without CMP-sialic acid are not
described by the invention.

Methods of removal of terminal Gal or GalNAc from
human red cells have also been described as well as galacto-
sylation of human platelets in the context of cryopreservation
induced changes in human platelets (Zymequest; Science
2004).

None of the reports describe the specific expression of the
preferred sialylated N-glycan structures of human stem cells
and cord blood cells. It is generally known that glycosylation
is cell type specific, and this has been further indicated by the
present invention. It cannot be known in advance and based
on prior art if the cells contain sialic acid residues removable
by specific sialidase enzymes or specific acceptor sites for
specific sialyltransferases. Specific sialyltransferases accord-
ing to the invention, especially recombinant human sialyl-
transferases controlled with regard to glycosylation, are pre-
ferred for the process described in the present invention. The
present invention is further directed to the synthesis of the
specific sialylated glycan structures according to the present
invention, which have not been described in the background
publications.
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NeuGc Recognizing Antibodies

Production and purification of polyclonal antibodies,
which recognize NeuGce has been published by Varki and
colleagues, Martin et al 2005 (antibody production
W02005010485). The specificity appears to be broad and
glycerol side chain of the antigen is removed further restrict-
ing the specificity. Several antibodies against NeuGc struc-
tures has been published but suitability of these against stem
cells is not known.
Removal of NeuGe from Bovine Serum Proteins
Acid Hydrolysis for Desialylation of Aglycoprotein

Acid hydrolysis method has been described for desialyla-
tion of a glycoprotein called fetuin (Spiro et al., 1982) using
12.5 mM sulfuric acid at 80 degrees of Celsius. This method
was designed to release sialic acid quantitatively from the
glycoprotein. However, the amount of degraded protein was
not analyzed. The inventors realized that under conditions of
Spiro et al. the protein polypeptide chain of fetuin and other
proteins are heavily degraded to smaller molecular weight
fragments. The present invention revealed novel methods,
which allow preserving the protein intact and production
specific sialylation levels and structures on glycoproteins.

The method of Spiro et al has not been described for NeuGce
and/or a6-linked sialic acids (the invention was revealed to be
effective for a.6-sialylated proteins). The present invention is
especially directed to controlled reduction and/or increase of
NeuGc on glycans of a protein and control of a6-sialylated
structures on protein. The preferred protein according to the
invention includes bovine serum proteins, though it is real-
ized that the methods are suitable for modification of other
proteins, too.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1. MALDI-TOF mass spectrometric detection of sia-
lylated N-glycans that are indicative of N-glycolyl-
neuraminic acid (Neu5Gce). A. Human embryonic stem cell
line, B. mesenchymal stem cell line from bone marrow, C.
commercial cell culture medium with serum replacement, D.
bovine serum transferrin, E. cell culture medium with fetal
bovine serum (FBS), and F. fetuin from fetal bovine serum.

FIG. 2. Fragmentation mass spectrometry of parent ion at
m/z 2305.50 corresponding to M-2H+3Na]* adduct ion of
NeuAc,NeuGe,HexsHexNAc,. Fragment ions correspond-
ing to loss of NeuAcNa (m/z 1991.97), NeuGeNa (m/z
1975.76), or NeuAcNa+NeuGcNa (m/z 1662.56) are the
major fragmentation products. x-axis: mass-to-charge ratio
(m/z); y-axis: relative signal intensity in arbitrary units (a.u.);
m/z 2205.07: unknown.

FIG. 3. Immunostainings of N-glycolylneuraminic acid in
bone-marrow derived mesenchymal stem cells. A. Anti-GM?2
(Neu5Gce) 20 pg/ml, B. Anti-GM3(Neu5Ge) 1:1000, C. Anti-
GM3(Neu5Gce) 1:1000 after Triton extraction, D. Anti-GM3
(Neu5Gce) 1:1000 after sialidase treatment, and E. Negative
control without primary antibody. See materials and methods
for the staining procedure and imaging. Scale bar: 20 um.

FIG. 4. a.2,3-sialidase analysis of sialylated N-glycans iso-
lated from A. cord blood CD133* cells and B. CD133" cells.
The columns represent the relative proportions of a monosia-
lylated glycan signal at m/z 2076 (SA,) and the correspond-
ing disialylated glycan signal at m/z 2367 (SA,), as described
in the text. In cord blood CD133~ cells, the relative propor-
tions of the SA, and SA, glycans do not change markedly
upon 0.2,3-sialidase treatment (B), whereas in CD133™* cells
the proportion of 0.2,3-sialidase resistant SA, glycans is sig-
nificantly smaller than «2,3-sialidase resistant SA,
glycans (A).
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FIG. 5. Cord blood mononuclear cell sialylated N-glycan
profiles before (light/blue columns) and after (dark/red col-
umns) subsequent broad-range sialidase and «2,3-sialyl-
transferase reactions. The m/z values refer to Table 3.

FIG. 6. Cord blood mononuclear cell sialylated N-glycan
profiles before (light/blue columns) and after (dark/red col-
umns) subsequent 0.2,3-sialyltransferase and o1,3-fucosyl-
transferase reactions. The m/z values refer to Table 3.

FIG. 7. A. Nucleotide sequence of 1972 bp and deduced
amino acid sequence in open-reading frame of full-length
CMAH c¢DNA from human umbilical cord blood cells. Bold
uppercase letters indicates amino acid sequence. B. 5'-end
sequence of cloned human umbilical cord blood cell CMAH
cDNA. Sequence translated in all forward reading frames
(F1-3). Arrow indicates position of 92 bp exon in mouse and
monkey CMAH. Bold M indicates start methionine in the
open-reading frame.

FIG. 8. ClustalW alignment of CMAH proteins.
HUCB=human umbilical cord blood, pan=panr paniscus
(pygmy chimpanzee), gorilla=gorilla gorilla (western
gorilla), Irie=GenBank accession number D86324 (human
HeLa cell CMAH), mus=mus musculus (mouse), GenBank
accession number CAI20561 is a predicted splice variant of
human CMAH.

FIG.9.RT-PCR analysis of CMP-N-acetylneuraminic acid
hydroxylase (CMAH) and 3-2-microglobulin (B2M) mRNA
expression in different human stem cell sources.
M=molecular marker. HUCB=human umbilical cord blood,
MNC=mononuclear cells, MPB=progenitor cells mobilized
from the bone marrow, MSC=mesenchymal cells,
hESC=human embryonic stem cells, MEF=mouse feeder
cells.

FIG. 10. MALDI-TOF mass spectrometric detection of
representative sialylated N-glycans containing Neu5Ge. a
hESC grown on human feeder cells in serum replacement
medium, b MSC grown in FBS containing medium, ¢ serum
replacement cell culture medium, d bovine serum transferrin,
e MSC culture medium with FBS, and f fetuin isolated from
FBS. The mass-to-charge ratio (m/z) and relative molar abun-
dancy (%) of the observed glycans is indicated on the x- and
y-axes of the panels, respectively. The glycan signals at m/z
1946.67 (upper panel), corresponding to the [M-H]™ ion of
Neu5Gce;HexsHexNAc,, as well as m/z 2237.77 and m/z
2253.76 (lower panel), corresponding to the [M-H]~ ions of
Neu5Ge;NeuSAc,HexsHexNAc, and
Neu5Gce,Hex HexNAc,, respectively, are typical NeuSGe-
containing N-glycan signals. In contrast, glycan signals at
m/z 1930.88 (upper panel), corresponding to the [M-H]~ ion
of Neu5Ac,HexsHexNAc,, as well as m/z 2221.78 (lower
panel), corresponding to the [M-H]™ ion of
NeuSAc,Hex;HexNAc,, do not contain Neu5Ge. Schematic
N-glycan structures corresponding to these signals are
depicted on the left: light yellow circles, hexose (Hex); dark
grey squares, N-acetylhexosamine (HexNAc); dark red dia-
monds, Neu5Ac; light blue diamonds, Neu5Ge.

FIG. 11. Immunochemical detection of Neu5Gc in bone-
marrow derived MSC line: A. cultured in the presence of FBS
by Neu5Gc-specific antibody, B. after detergent extraction,
C. after sialidase treatment, decreased staining indicates that
antibody binding was dependent on sialic acids such as
Neu5Ge, and D. negative control without primary antibody.
Scale bar in A-D: 20 um. E. hESC line FES 30 grown on
mouse feeder cells and in the presence of serum replacement
cell culture supplement stained by the Neu5Ge-specific anti-
body. Neu5Ge epitopes were detected in both hESC (densely
growing cells in the lower part of the picture) and feeder cells.
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FIG. 12. Effect of culture with human serum on Neu5Gc
expression in mesenchymal stem cells. A. Cells cultured in
the presence of FBS. B. Number of Neu5Ge positive cells
decreased when cells were cultured for one week in human
serum. C. Individual NeuSGc positive cells were still occa-
sionally detected after two week cultivation in human serum.
D. Negative control without the primary Neu5Ge specific
antibody used to detect Neu5Gce expression. Magnification
%200.

FIG. 13 shows that the milder HC] method in lower than
+80° C. temperatures (FIG. 13a) results in significantly less
protein degradation than the method of Spiro (1960; FIG.
13b).

FIG. 14. The disialylated N-glycan form could not be
observed after successful desialylation by HCI acid hydroly-
sis, but some monosialylated N-glycan chains persisted.

FIG. 15. Selective uptake of polyvalent Neu5Gce conjugate
in human mesenchymal stem cells (MSC) grown in human
serum, detected by anti-Neu5Gc monoclonal antibody
(Neu5Ge mAb). In both figures one representative cell is
shown. The shape of the cell is roughly visualized by NeuS5Gc
mADb staining. The chemically stained nucleus is seen in
middle of the cell at the center of the figure.

A. When polyvalent Neu5Gc conjugate was added to the
culture medium, human bone marrow derived MSC took it
inside the cells, specifically increasing the staining of the cells
by Neu5Ge mAb.

B. The staining pattern with Neu5Gc mAb was particulate
in appearance, indicating that the Neu5Gc conjugate was
localized in distinct compartments of the cells.

SUMMARY OF THE INVENTION

The present invention is directed to novel glycan structures
found from human stem cell and cord blood cell populations.
The invention is specifically directed to specific sialylated
structures present on early human cells. More preferably the
sialylated structures include structures according to the for-
mula SAa3/6GalP(3/4GleNAcp),,(),
wherein n is either 0 or 1, preferably the structure is linked to
a N-glycan structure.

Most preferred cells are early human blood cell popula-
tions, more preferably human cord blood cells and subpopu-
lations thereof. The early human blood cells and specific
subpopulations thereof have been found useful e.g. in thera-
peutic cell transplantations. The present invention is specifi-
cally directed to multipotent cells capable of differentiating to
non-hematopoietic cells and/or to hematopoietic cells. Under
a specific embodiment the present invention is directed to
embryonal-type cells and specific glycan structures related to
these.

The present invention provides information and methods
useful for rational control of cell products. The invention is
especially directed to methods to control the status of early
human cells by observing changes in glycosylation, espe-
cially sialylation of the cells; and control of potential con-
taminations of biological materials; and reagents and meth-
ods used in connection with the cells in order to avoid
alterations of the cell glycosylation by contaminating mate-
rials.

The control methods are preferably mass spectrometric
methods. The present invention is further directed to methods
of recognizing the preferred glycan structures and specific
subpopulations of the human early cells by specific binding
agents.

The present invention is further directed to comparison
methods using data derived from early human cells, espe-
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cially from embryonal-type cells in order to control the pres-
ence of specific glycan structures related to the invention. The
invention further describes methods for removal of the glycan
structures according to the invention, preferably specific sia-
lylated structures according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to novel glycan structures
found from human stem cell and cord blood cell populations.
The invention is specifically directed to specific sialylated
structures present on the cells. More preferably the sialylated
structures include structures according to the formula I

SAQ3/6GalP(3/4GIcNACR),,

wherein n is either O or 1, preferably when the structure is
linked to a N-glycan structure.

Most preferred cells are early human blood cell popula-
tions, more preferably human cord blood cells and subpopu-
lations thereof. The early human blood cells and specific
subpopulations thereof have been found useful e.g. in thera-
peutic cell transplantations. The present invention is specifi-
cally directed to multipotent cells capable of differentiating to
non-hematopoietic cells. Under a specific embodiment the
present invention is directed to embryonal-type cells and
specific glycan structures related to these.

The present invention provides information and methods
useful for rational control of cell products. The invention is
especially directed to methods to control the status of human
stem cells and cord blood cells by observing changes in
glycosylation, especially sialylation of the cells; and control
of potential contaminations of biological materials; and
reagents and methods used in connection with the cells or
alterations of the cell glycosylation by contaminating mate-
rials.

The control methods are preferably mass spectrometric
methods. The present invention is further directed to methods
of recognizing the preferred glycan structures and specific
subpopulations of the early human cells by specific binding
agents.

The present invention is further directed to comparison
methods using data derived from early human cells, espe-
cially from embryonal-type cells in order to control the pres-
ence of specific glycan structures related to the invention. The
invention further describes methods for removal of the glycan
structures according to the invention, preferably specific sia-
lylated structures according to the present invention.

Early Human Cell Populations
Human Stem Cells and Multipotent Cells

Under broadest embodiment the present invention is
directed to all types of human stem cells, meaning fresh and
cultured human stem cells. The stem cells according to the
invention do not include traditional cancer cell lines, which
may differentiate to resemble natural cells, but represent non-
natural development, which is typically due to chromosomal
alteration or viral transfection. Stem cells include all types of
non-malignant multipotent cells capable of differentiating to
other cell types. The stem cells have special capacity stay as
ste