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(57) Abstract

A composition which induces the release of cytokines, and is therefore useful in wound healing and treatment of tumors is
disclosed. The composition comprises biopolymers such as alginate comprised of at least 70 % molar B-D-mannuronic acid and
B-D-mannuronate. The method of making such compositions and use of the same are also disclosed.
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DESCRIPTION

Mannuronic Acid Containing Alginate
Wound Healing Composition and Method

This is a continuation-in-part of of United States
Serial No. 07/468,905 filed January 23, 1990. A

Background of the Invention

- Field of the Invention

This invention relates to the fields of biochemistry
and medicine and more particularly to the field of wound
healing.

Art Background
Alginate is a heterogeneous group of linear binary
copolymers of 1-4 linked B-D-mannuronic acid (M) and its
C~5 epimer a-L-guluronic acid (G) or combinations of the
foregoing (GMGM). The monomers are arranged in a block-
wise pattern along the polymeric chain where homopolymeric
regions are interspaced with sequences containing both
monomers. The proportion and sequential arrangement of
the uronic acids in alginate depend upon the species of
algae and the kind of algal tissue from which the material
is prepared. Various properties of different types of
alginates are based upon the guluronié acid makeup of the
particular alginate. For example, viscosity depends
mainly upon the molecular size, whereas the affinity for
divalent ions essential for the gel-forming properties are
related to the guluronic acid content. Specifically, two
consecutive di-axially linked G residues provide binding
sites for calcium ions and long sequences of such sites
form cross-links with similar sequences in other alginate
molecules, giving rise to gel networks.
Commercial alginates are produced mainly from
Laminaria hyperborea stem (30% M), Laminaria hyperborea
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leaf (55% M), Macrocystis pyrifera (60% M), Laminaria

-digitata (55% M), Ascophyllum nodosum (65% M), Laminaria
japonica (65% M), Ecklonia maxima (55% M), and Lessonia

negrescens (60% M). These alginates are all relatively
low in M content, with the highest being only 65%.

Additionally, alginates may be obtained by isolation
and purification techniques from certain bacteria. Azoto-
bacteria vinelandii produces O-acetylated alginate with a content
of L-guluronic acid ranging from 15% to 90%.  Pseudomonas
geruginose under - certain growth conditions produces
poly-mannuronic acid and such bacteria as well as certain
other alginate producing Pseudomonads are not able to
produce polymers containing G-blocks. Other Pseudomonas
such as P, putida, P, mendocina, P. fluorescans and P, syringae are also
known as producers of alginate comprising a high M content
in the range of 95-100% M. '

A few algae sources are capable of producing alginate
having a G content of less than 30%. Such algae include
Durvillea and Ascophyllum. However, bacteria are the
preferred source of high M containing alginaté. Alginates
having high or low contents of G or M residues may be
obtained from specific portions of the algal tissue, such
as, alginate having a high content of guluronic acid may
be obtained from the outer cortex of old stipes of L.
hyperborea, and alginate very rich in mannuronic acid residues
may be obtained from the vegetative growth zone in the
fronds of L. hyperborea or from the fruiting bodies of Ascophyilum
nodosum and Fucus vgfigulosus. In the lattef case almost pure
polymannuronic can be obtained.. Alginate having a high
content of guluronic acid can also be prepared by chemical
fractionation or by enzymatic modification in vitro using
mannuronan C-5 epimerase.. This enzyme is able to
introduce G-blocks into an ekisting alginate pblymer,
producing polymers with high G-block content.

A number of materials have been found to enhance or
induce naturally occurring fibrosis or fibroblast
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formation. L-lysine is one such material, and fibrinogen
is another. Such'maferials, if made into an appropriate
composition, may be used as a coating or treatment for
injuries and may cause increased healing speeds as a
5 result of the induction of fibrosis around the injured
area to which a fibrosis inducing agent is applied.
HoWever, alginate has not heretofore been shown to
be effective as an inducer of proliferation of fibro-
blasts. ‘Michaelis (U.S. Patent No. 4,837,024, hereafter
10 the '024 patent) described chemotaxis of fibroblasts
- produced by small amounts of alginate, but stated that
increased quantities of the alginate decreased the amount
of fibroblasts attracted to the area.  Additionally,
Michaelis teaches nothing about the effects of the
15 composition of alginate on chemotaxis, or any effects on
the fibroblasts other than chemotaxis.

Several factors, such as cytokines and growth
factors, play an important role in the wound healing
process. These include the growth factors epidermal

20 growth factor. (EGF), fibroblast growth factor (FGF),
platelet derived growth factor (PDGF) and transforming
growth factor-beta (TGF-f). In addition to these growth
factors, cytokines such as interleukin-1 (IL-1), tumor
necrosis factor (TNF) and interleukin-6 (IL-6) also play

25 a role in the wound healing process. These factors work
in various ways in combinaticn with other materials to
induce proliferation of dermal and epidermal components
such as fibroblasts. ‘

Prior to this invention, it was known that the

30 administration of certain cytokines such as IL-2 can
enhance a body's immune response to tumor antigens
presented by tumor cells. (Rosenberg et al, (1985)
J. EXp. Med. 161:1169; Rosenberg et al., (1988) Ann Intern
Med, 108:853; Pizza et al., (1988) Lymphokine Res., 7:45).

35 The administration. of these molecules resulted in
decreased presence of tumor cells in the patient due to

the enhanced immune response. The cytokines used in such



WO 91/11205 ' PCT/US91/00475

4

experiments were either purified from blood fractions or
generated through genetic engineering.
‘Before this invention, there was no teaching of the
] incorporation of growth factors or cytokines in wound
5 ‘dressings to promote healing. Luck et al. (U.S. Patent
Nd. 4,619,913, issued October 28, 1986) (the '913 patent)
discusses.the use of cytotoxic factors incorporated into
a matrix to.be applied to tumors to kill the tumor tissue.
The '913 patent describes the incorporation of such
10 materials as radioactive pellets, repair inhibitors, and
immunomodifiers such as interferons, lymphokines and tumor
growth factor-f to either directly kill the cells or
induce the body to react against and remove the tumorous
cells. For example, as discussed above, immunomodifiers -
15 such as interferons are known to stimulate the body's
immune reaction against tumor cells. The use of lympho-
kines and growth factors in this context does not induce
healing of lesions, but rather induces death of unwanted
tissue from the body.

‘20 Summary of the Invention
The present invention demonstrates the unique

biological activity of mannuronic acid moieties in
cytokine induction, useful for such diverse purposes as
wound healing and treatment of tumors.

25 Thus, the present invention comprises a biopolymer
such as alginate or alginic acid which, when applied to a
wound of a mammal, induces the release of cytokines as
well as fibrosis, and which may be formulated as a wound
dressing, thus improving wound healing. Furthermore,

30 growth factors may be incorporated ,ihto the invented
material which would further enhance the results of the
present invention. i

The composition comprisés a biopolymer composed of at
least 70% pB-D-mannuronic acid or mannuronate moieties

35 (hereinafter referred to as at least 70% M)Q One example
of such a polymer is alginate comprising at least 70% M,
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with the remainder its C-5 epimer a-L-guluronic acid (G).
Other biopolymers, such as‘oiodiZEd guar gum or oxidized
mannan, are also useful if 'Ehey contain at least 70% M.
Methods of making and uéing the invented compositions are

'5 also disclosed. Alginate derived from Azotobacter vinelandii,
Pseudomonas geruginosa, P. putida, P. mendocing, P. fluorescens and P, syringge are
preferred as starting material for alginate having a high
M content.

Such biopolymers are useful in treating internal as

10 well as external wounds, through stimulation of cytokine
release and the resulting fibrosis. Fibroblasts and other
cells important in wound healing are induced to prolifer-
ate and heal the wound. Thus, methods and comﬁositions
for healing wounds are provided by this invention.

15 The compositions of this invention can be applied
topically to external or internal wounds, or can be taken
orally to treat internal wounds.

It is yet another object of the present invention to
provide a composition which induces cytokine release,

20 thereby promoting fibroblast formation and enhancing wound
healing and angiogenesis.

It is another object of this invention to provide
compositions for treatment of tumors thrdugh induction of
growth factors and cytokines. The growth factors and

25 cytokines induced by these compositions in turn induce a
new or enhanced immune response against the tumor cells.

The present invention provides a composition and
method for enhancing wound healing by inducing monocytes
of a human immunological system to release IL-1, IL-6 and

30 tumor necrosis factor which in turn induces fibrosis in
the area of composition application.

Brief Description of the Drawings
FIGURE 1 is a graph showing the induction of TNF by
Poly M, heterologoﬁs GMGM and Poly G alginates.
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FIGURE 2 is a graph showing the dampening effect of
induction of TNF by Poly M when combined with Poly G
alginate. o :

FIGURE 3 is a graph showing the induction of IL-1 by

5 Poly M, heterologous GMGM polymeric and Poly‘G,algingtes.

FIGURE 4 is a graph showing the dampening effect of
induction of IL-1 by Poly M when combined with Poly G’
alginate. ) -

- FIGURE 5 is a graph showing the induction of IL-6 by
10 Poly M, heterologous GMGM and Poly G alginates. '

FIGURE 6 is a graph showing the,dampening effect of

induction of IL-6 by Poly M when combined with Poly G.

Detailed Description of the Invention
The present invention is a composition and a method

15 for enhancing wound healing. The composition is a bio-
polymer such as alginate or alginic acid, and particularly
biopolymers rich in homopolymeric blocks of mannuronic
acid or mannuronate (M). The invention also comprises a
topical composition cohtaining Poly M or high M biopoly-

20 mers and methods of using the same.

The biopolymers of the present invention contain at ‘
least 70% M residues and preferably contain more than 70%
M residues. Alginate so comprised is shown herein to
elicit a high response from monocytes in vitro in the

25 production of tumor necrosis factor (TNF), IL-1 and IL-6.

Michaeli teaches, -in the '024 patent, the use of
collagen with the addition of low levels of "glycosamino-
glycan" for wound healing. It should be noted that
alginates are not glycosaminoglycans, even though Michaeli

30 refers to them as such. Michaeli's teaching is very
different from that in this application: A major differ-
ence lies in the use by Michaéli of collagen in the compo-
sition. The '024 patent describes a very limited use of
materials such as alginates, stating that the collagen

35 concentration should be around 25-35 times greater than
the "glycosaminoglycan" concentration. 'This is directly
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opposite to the present application, which does not

include any collagen{ In fact the present application

suggests the use of 100% biopolymer with at least 70% M
- content. ‘

5 Additionally, while Michaeli discusses the use of
alginate for wound healing, he refers to alginate in
general, without any indication that alginate of a
particular M content might be preferred over a different
M content. Without such ' an indication, it would be

10 expected that one of average skill in the art would use
any of the commercially available alginates. As noted
above, these alginates have in the range of 30 to 65% M
content. Thus, there is no teaching in Michaeli to use
any alginate with M content higher than 65%. There is no

15 teaching that special efforts to obfain alginates or other
biopolymers with at least 70% M content would be advan-
tageous for the purpose of wound healing.

The. present invention is also a composition and a
method for treatment of tumors. Biopolymers having at

20 least 70% molar M content are aisclosed herein to induce
cytokine release. The cytokines in turn, when induced at
the site of tumor antigens, are known to stimulate the
immune response against those tumor antigens. The
alginate can be applied topically or internally, such as

25 by i.p. or i.v. injection, to the site of the tumor.
Additional cytokines or other immune stimulators can be
incorporated in the biopolymer composition to further
enhance the immune response.

Alternatively, tumor infiltrating cells can be coated

30 and/or bound to biopolymers of this invention and adminis-
tered to the patient with the tumor. See, for example,
Yron et al. (1980) J. Immunol. 125:238; Lotze et al.
(1981) Cancer Res. 41:4420; Grimm et al. (1982) J. Exp.
Med. 155:1823; and Rosenstéin et al. (1984) Cancer Res.

35 44:1946, where the isolation and growth of tumor infil-
trating lymphoid cells are described. These cells will
then carry the biopolymers to the site of the tumor, where
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the biopolymers will induce cytokine production, with the
resulting induction or enhancement of the immune response
against the tumor. As with direct application of the
biopolymer composition to the tumor, additional cytokines
5 or other immune stimulators can be incorporated in the
biopolymer composition to further enhance the immune
response.
The biopolymers of this invention can be prepared in
a variety of manners. Alginate can be obtained commer-
10 cially as described above from sources such as Protan.
Likewise, alginate can' be extracted from biological.
sources described above, especially from Azotobacter and -
Pseudomonad species.
Growth factors and cytokines can be obtained for
15 incorporation in this 1nventlon from numerous sources.
For example, fibroblast growth factor, platelet-derived
growth factor, epidermal growth factor, transforming
growth factor-a, insulin-like growth factor-I, inter-
leukin-2,” interleukin-3, and interleukin-6, all human
20 recombinant, are available from Gibco BRL, and others such
as insulin-like growth factor-II and tumor necrosis
factor—a are available from Promega.
Biopolymers such as alginate can be used in any form
appropriate for covering a wound. For example, for an
25 external wound, alginate or other biopolymer can be made-
into fibers by methods known- in the art and woven, spun
mixed or otherwise incorporated into gauze or other common
types of dressings. Alternatively, the biopolymer can be
in the form of a‘gel to be spread on the wound or a film
30 to be placed on the wound. It may be injected into a
wounded area with an appropriate carrier or inert ingredi-
ents. It may be made into a solution at an effective
concentration and applied directly to the injured area.
The solution may also be applied to dressings covering the
35 wounded area. The biopolymers may also be employed in the
form of a powdered fiber. o '
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For internal wounds such as ulcers, the biopolymer
can be in the form of a solution to be taken orally that
will coat the walls of the gastrointestinal tract. For
other internal wounds, the biopolymer can be in a solution

5 or gel that is injected to the site of the wound.
Carriers such as gels, ointments, lotions, aqueous
solutions and other pharmaceutically acceptable carriers
known in the art may be used.

The biopolymers of the present invention may be

10 formulated with conventional pharmaceutical or veterinary

'~ aids, for example stabilizers, antioxidants, osmolality
adjusting agents, buffers, pH adjusting agénts, etc.
Thus, for internal use, the compounds of the present
invention may be in conventional pharmaceutical adminis-

15 tration forms such as tablets, capsules, powders, solu-
tions, suspensions, dispersions, syrups, suppositories
etc.; however, solutions, suspensions and dispersions in
physiologically acceptable carrier ‘media, for example
water, will generally be preferred.

20 The compounds according to the invention may
therefore be formulated for administration wusing
physioclogically acceptable carriers or excipients in a
manner fully within the skill of the art. For example,
the compounds, optionally with the addition of pharma-

25 ceutically acceptable excipients, may be suspended or
dissolved in an aqueous .medium, with the resulting
solution or suspension then optionally being sterilized.
Suitable additives include, for example, physiologically
biocompatible buffers. '

30 If the biopolymers are to be formulated in suspension
form, e.g., in water or physiological saline, for oral
administration, the biopolymer may be mixed with one or
more of the inactive ingredients traditionally present in
oral solutions and/or surfactants and/or aromatics for

35 flavoring. ' ,

Parenterally administrable forms, e€.g., intravenous
solutions, should be sterile and free from physiologically
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unacceptable agents, and should have low oSmolality to

.~ minimize irritation or other adverse effects upon adminis-
i trationé'and thus solutions containing biopolymers should
preferably be isotonic or slightly hypertonic. Suitable

5 vehicles include aqueous -vehicles customarily used for
administering parenteral solutions such as Sodium Chloride
Iﬁjection,‘Ringer's'Injection,.Dextrose Injection, Dex-
trose and Sodium Chloride Injection, Lactated Ringer's
Injection and other solutions such as are described in

10 Remington's Pharmaceutical Sciences, 15th ed., Easton:
Mack Publishing Co., pp. 1405-1412 and 1461-1487 (1975)
and The National Formulary XIV, 1l4th ed. Washington:
American Pharmaceutical Association (1975) . The solutions:
can contain preservatives, antimicrobial agents,,buffers-

15 and antioxidants conventionally used for parenteral
solutions, excipients and other additives which are
compatible with the biopolymers and which will not
interfere with the manufacture, storage or use of
products. '

20 Other various compositions may also be added to the
High M or poly M biopolymers of the present invention.
For example, growth factors such as epidermal growth'
factor (EGF), fibroblast growth factor (FGF), platelet
derived growth factor (PDGF) and transforming growth

25 factor-beta (TGF-B) may be added alone or in combination
to a treatment solution or a dressing comprising high M or
poly M alginate. 7 '

Biopolymers of this invention are shown herein to
induce release of certain cytokines. As shown in Figures

30 1-6, three separate alginate compositions were tested for
their ability to induce monocytes to lease TNF, IL-1 and
IL-6. The alginate compositions included Poly G alginafe,
heterologous GMGM alginate comprising 1linear binary-
copolymers of 1-4 linked g-D-mannuronic acid (M) and its

35 C~5 epimer a-L-guluronic acid (G) and Poly M (f-D-man-
nuronic acid) alginate and are referenced in Figures 1-6
as Poly G, GMGM and Poly M.
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Example 1
Alginate Preparation _

Alginate was prepared for coﬁparison of the effects

of various compositions as stimulants for wound healing.

5 '~ Commercial élginate from the algae Laminaria hyper-
borea (LF 10/60, batch nr. BL 5417368) containing 64%
guluronic acid residues was obtained from Protan A/S,
Drammen, Norway. LPS contamination in the alginate was
removed by the method described by Karplus et al. ("A new

10 method for reduction of endotoxin contamination from
protein solutions"; J. Immunol. Methods, 1987: 105: 211)
using a combination of Polymyxin-B~sepharose 4B (PB-Seph
4B) (Pharmacia, Uppsala, Sweden) affinity biﬁding and
endotoxin-protein dissociation with the dialyzable

15 sufactant octyl-b-D-glucopyranoside OBDG, Sigma, St.
Louis, MO, USa).

Briefly, 1% (w/v) OBDG was added to 1% (w/v) LF 10/60
solution (dissolved in elution buffer consisting of NaHCO5
pH 8.5), and mixed for 30 min. at room temperature. Equal

20 volumes of the PB-Seph 48-gel and OBDG/alginate solution
were mixed and transferred to a dialysis bag (MW
12-14000). The bag was then placed in a container with
phosphate buffer saline (PBS) and dialyzed for 48 hours at
room temperature. Subsequently, the PB-Seph 4B was

25 removed by centrifugation at 2750 r.p.m., for 10 min. at
4°C. 0.2% NaCl (w/v) was added to the alginate solution
and the alginate was’'precipitated with 96% ethanol. The
alginate was then washed twice with 96% ethanol and
finally once with 96% ethanol and once with diethylether

30 before it was dried. This alginate is referred to herein
as poly-G alginate or G-block alginate.

M-blocks alginate (95% M and degree of polymerization
(DPn = 35) was obtained from an alginate enriched man-
nuronic acid isolated from the intracellular substance of

35 Ascophyllum nodosum (A.nodosum) -fruiting bodies as
described by Haug et al. ("Correlation between chemical
structure and physical propefties of alginates" Acta chem
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scand 1967:21:768). Alginate fragments containing more
than 85% of G units and DP,=40 (G-blocks) were prepared
from Laminaria digitata. Alginate fragments with pre-
dominantly an alternating structure, MG-blocks (63% M and
5 DPp=25) were isolated from A. nodosum by the method
described by Haug et al. ("Studies on the sekvens of
uronic acid residues in alginic acid Acta chem scand’
1967:21:691).
~ An alginate sample with a lower content of guluronic:
10 acid residues (46%) was isolated from tissues of
A, nodosum as described by Haug et al. ' _
The monomer composition and sequential arrangement as
well as the DPn were analyzed by lg-n.m.r. spectroscopy on
a Bruker WM-400 spectrometer as described previously by
15 Grasdalen et al. ("A p.m.r. studie of composition and
sequence of uronate residues in alginate"; Carbohydr Res
1979; 68:23)
Endotoxin content in the purified and unpurified
alginates was quantified by the IAL-assay (Coatest
20 Endotoxin from Kabi Vitrum, Stockholm, Sweden).

Example 2 ,
Assay for detection of TNF-¢ in supernatants from
monocytes

TNF-a was determined by its cytotoxic effect on the

25 fibrosarcoma cell line WEHI 164 clone 13, as described in

Espevik et al. ("A highly sensitive cell line, WEHI 163

clone 13, for measuring cytotoxic factor/tumor necrosis

factor from human monocytes." J. Immunol Methods 1986;

95:99.) Dilutions of recombinant (r) TNF-a (r-TNF-c,

30 Genentech, Inc. South San Francisco) were included as a

standard. The TNF-a specificity of the assay was verified

by a monoclonal antibody against rTNF-a which'completély
neutralized the recorded activity (data not shown).
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Example 3
Assay for Detection of IL-1 in supernatants from monocytes
IL-1 was determined by a two stage assay. The first
- stage involves the mouse thymocyte EL-4 NOB-I cell line
5 which produces high concentrations of IL-2 (interleukin-2)
in response to human IL-1, as described by Gaerihg et al.
Dilutions of r-IL-1 (Glaxo, Geneva, Switzerlahd) were
included as standard. After incubation in €0, for 24
hours, 100 ul of the supernatants were transferred into
10 replicate 96-well microplates. The second stége in this
assay involves the IL-2 dependent mouse T cell line HT-2

as described by Mosmann, T. ("Rapid colorimetric assay
for cellular growth and survival: Application to
proliferation and cytotoxicity assays." J. Immunol 1987;

15 139:4116) One hundred ul of HT-2 suspension (1.2 x 105
cells/ml were added to each well and incubated for an
additional 24 hours. The IL-1 activity was completely
neutralized by two polyclonal antibodies against rIL-1b.
Results are presented as pg/ml +/- S.E. of triplicated

20 determinations. ] |

As shown in Figure 1, three separate alginate compo-
sitions were tested for their ability to induce monocytes
to release TNF. The alginate compositions included Poly
G alginate, heterologous GMGM alginate comprising linear

25 binary copolymers of 1-4 linked A-D-mannuronic acid (M)
and its C~5 epimer a~L-guluronic acid (G) and Poly M (8-
D-mannuronic acid) alginate. The foregoing three types of
alginate material are referenced in Figures 1 through 6 as
Poly G, GMGM and Poly M. The alginates were dissolved in

30 tissue culture medium in varying concentrations set forth
in Figure 1, 3 and 5 in which equal concentrations of
monocytes were placed. Figure 1 shows that Poly M and
GMGM alginate induced substaptial TNF production by the
monocytes on the order of 7000 to 10,000 picograms of TNF

35 per milliliter, whereas Poi} G alginéte induced TNF pro-
duction two orders of magnitude less, or at approximately
200 pg/ml of TNF. TNF is known as a iﬁducer of fibroblast
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growth and angiogenesis. Figuré 3 shows the equivalent
results with respect to IL-I production by the monocytes.
Figure 5 shows the equivalent results with respect to IL-6
production. ' '

As shown in Figure 2,‘Poly G apparently inhibits the
production of TNF by monocytes. Figure 2 shows the
results of an experiment in which Poly M and Poly M + 1
mg/ml of Poly G was added to a culture of monocytes and -

- the TNF production was measured. As can be seen from the

graph, the Poly M + Poly G samplé induced substantially
lower TNF production than Poly M alone. Thus it appears
that Poiy G not only has very limited TNF induction
capability, it also inhibits Poly M alginate's ability to
induce TNF production of monocytes, and accordingly, would
inhibit Poly M alginate induction of fibrosis. Figure 4
shows the eqﬁivalent results with respect to IL-1 produc-
tion by the monocytes. Figure 6 shows the equivalent
results with respect to IL-6 release.

Viability in the assays for TNF-a, IL-1 and IL-6 were
measured in a colorimetric assay for growth and survival
by using a tetrazolium salt as described by Mosmann.

Table 1

CYTOKINE RELEASE FROM. MONOCYTES CULTURED ON ALGINATE GELS

Treatment TNF-a (pg/ml){IL-6 (pg/ml) |IL-1 (pg/ml)

LF 10/60 7000 %1100 10900 #1600 6400 £100
alginate gel : '

A. nodosum 15600 +5300 15200 %2000 16300 %800
alginate gel ‘

1 pg/ml LPS 12400 *2600 22200 £5100 9600 %900

Growth Method| 50 *10 70 *20 90 %10

Table 1 shows,the results of an experiment which
demonstrates cytokine release fromﬂmonothes cultured on

alginate gels. Monocytes on tissue culture plates were

PCT/US91/00475 .
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detached by a rubb;r policeman, 'washed once in Hanks
Balanced Salt Sdlution, and‘ added culture wells with -
alginate gél,vor culture wells with LPS or growth media.
Alginate gels were made as described above. Supernatants
5 were harvested after 16-24 hours and assayed for TNF, IL-6
and IL-1. As can be seen from the table, the monocytes
cultured'on LF 10/&0, which has a 64% G residue content,
inducgd substantially less production of each of TNF, IL—l
and IL-6 compared with A. nodosum alginate gel, which has
10 a G residue content of 46%. H LPS also showed a great.
capacity to induce cytokine production.

As a result of these findings;‘the present invention
comprises the use of Poly M alginaté or high M alginate as
an active ingredient in wound healing preparations. Poly

15 M alginate and high M alginate may be obtained from Protan
(Norway), or may be obtained by isolation of the material
or by chemical conversion by methods reported in the

literature. Alginate derived from Azotobacter vinelandii,

Pseudomonas aeruginose, P. ‘utida, P. mendocina, P. fluor-
20 escens and P. syringae ére preferred as providing alginate
having a high M content. 1In fact, the alginate derived
from P. syringae has an M content of substantially 100%

and has been found to be a potent cytokine inducer.
It will be obvious to a person of ordinary skill in
25 the art that the present invention is not limited in its
application to specific alginate coﬁpositions disclosed

herein. The only limitations of the present invention are
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set forth in the claims appended hereto and any

equivalents thereof.
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Claims

1. A method of treafing wounds cdmprising applying
to a wound a biopolymer composition, said composition
comprisiﬁg at least 70% molar B-D-mannuronic acid and
B-D-mannuronate.

2. The method of ciaim 1 wherein the composition is
selected from alginic acid, alginate, and a combination of
alginic acid and alginate. J

3. The method of claim 1 wherein said composition
also comprises a-L-guluronic acid and e-L-guluronate.

4. The method of claim 1 wherein the remainder of
said composition is selected from a-L-guluronic acid and
a-L-guluronate.

5. The method of claim 1 wherein the p-D-mannuronic
acid and B-D-mannuronate are in polymers having mélecular
weight more than 10,000 daltons.

6. The method of claim 5 wherein the molecular
weight of the polymers is at least 50,000 daltons.

7. The method of claim 1 further comprising
épplying to said wound a growth factor selected from
epidermal growth factor, fibroblast grdwth factor,
platelet derived growth factor aﬁd transforming growth
factor-beta.

8. The method of claim 1 further comprising
applying to .said wound a cytokine selectéd from
interleukin-1, ‘ interleukin-z; interleukin-3,

interleukin=-4, interleukin-5 and interleukin-6.



WO 91/11205 | '  PCT/US91/00475

18

9. The method of one of claims 1-8 comprising
incorporating said comppsitioh into a wound dressing and
applying said wound dreséing to said wound. |

10. Afmethod of makiné a composition useful as a

5 wound healing agent, comprising providing a biopolymer
composition comprising at least 70% B-D-mannuronic acid
and ﬁ-D-mannuronaté, ~ the remainder comprising
a-L-guluronic acid and a;L-guluronate, and mixiné said
composition. with a pharmaceutically acceptable carrier

10 material.

11. A composition capable of inducing fibrosis to a
wound, said composition comprising an biopolymer contain-
ing at least 70% f-D-mannuronic acid and ﬁ-D—mannurohate.

12. The composition of claim 11 wherein the

15 composition is selected from alginic acid, alginate, and
a combination of alginic acid and alginate.

13. The composition of «claim 11 wherein said
composition also comprises a-L—gulurénic acid and
a-L-guluronate.

20 14. The composition of «c¢laim 11 wherein the
remainder of said compoéition is selected from
a-L-guluronic acid and e-L-guluronate.

15. The _composition of claim 11 wherein the
B~D-mannuronic acid and p-D-mannuronate afe,in polymers

25 having molecular weight moré thaﬁ 10,000 daltons.

16. The composition of cléim 15 wherein the
molecular weight of the polymers is' at leést '50,000

"daltons.
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17. The composition of claim 11 further comprising
'a growth factor selected from epidermal growth factor,
fibroblast growth factor, platelet derived growth factor

and transforming growth factor-beta.
-5 18. The composition of claim 11 further comprising

a cytokine selected from interleukin-1, interleukin-2,

interleukin-3, interleukin=-4, interleukin-5 and
interleukin-~6.
19. The composition of «claim 11 wherein said
10 composition is in gel form.
20. The composition of claim 11 whorein ‘said
composition is in an ointment.
21. The composition of claim 11 wherein said
composifion is in powder form.
15 22. The composition of claim 11 wherein said
composition is in fiber form.
23. The composition of claim 22 wherein said
composition is in the form of a powdered fiber.
24. The composition of claim 11 wherein said
20 composition is incorporated into a gauze-like material.
25. The composition of claim 11 wherein said
composition is in the form of a film.
26. The composition of «claim 11 wherein‘ said
composition is in the form of a shaped object.
25 27. The composition of claim 26 wherein said shaped

object is a bead.

28. A method of tumor therapy comprising applying to

a tumor

a biopolymer composition,

said composition
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comprising at least 70% molar'B-D-mannuronic acid and
B-D-mannuronate.
29. The method of claim 28 wherein the composition
is selected from alginic acid, alginate, and a combination
of élginic acid and alginate.

30. -The method of claim 28 wherein said composition -

" also comprises a-L-guluronic acid and e-L-guluronate.

31. The ﬁethod‘ofAclaim 28 wherein the remainder of
said cémposition is selected from a-L-guluronic acid and
a-L-guluronate.

32. The method of claim 28 wherein the pg-D-
mannuronic acid and ﬁ-D-mannuronate‘are in polymers having
molecular weight more than 10,000 daltons.

33. The method'of claim 32 wherein the molecular
weight of the polymers is at least 50,000 daltons.

34. The method of claim 28 further comprising
applying to said tumor a cytokine selected from
interleukin-1, 'interleukin-z, interleukin-3,
interleukin-4, interleukin-5 and interleukin-s;

35. A composition capable of enhancing the immune
response to a tumor, said compoéition comprising a bio-
polymer containing at least 70% B-D-manhuronic acid and
B-D-mannuronate.

36. The composition of claim 35 wherein the
composition is selected from alginic acid, alginate, and

a combination of alginic acid and alginate.
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37. The comppsition of cIaim'35 wherein said
composition aléo comprises a=-L-guluronic acid 'and
a-L-guluronate. |

38. The composition of claim 35 wherein the

5 remainder of said composition 1s selected from
a-L-guluronic acid and a-L-guluronate.

39; The coméosition of claim 35 wherein the g-D-
mannuronic acid and g-D-mannuronate are in polymers ha&ing
molecular weight more than 10,000 daltons.

10 40. The composition of <claim 39 wherein thé
molecular weight of the polymers is at 1least 50,000
daltons. -

41. The composition of claim 35 further comprising
a cytokine selected from interleukin-1, interleukin-2,

15 interleukin-3, interleukin-4, interleukin-5 and
interleukin-6.

42. The compositiﬁn of claim 35 wherein said
composition is in gel form.

43. The compositionv of <claim 35 wherein said

20 composition is in an ointment.

44. The composition of claim 35 wherein said
composition is in powder form.

45. The composition of <claim 35 wherein said
composition is in fiber form.

25 46. The composition of claim 45 wherein said
composition is in the form of a pbwdéred fiber.

47. The composition of cléim 35 wherein said

composition is incorporated into a gauze-like material.
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48. The composition of .claim 35 wherein said
composition is in the form of a film. |
 49. The composition of claim 35 wherein said
composition is in the form of a shaped object.
50. The composition of claim 497wherein the shaped

object 1s a bead.

51. A method of tumor therapy comprising attaching -
"to tumor infiltrating cells a biopolymer composition,

~said composition comprising at least 70% molar p-D-

mannuronic acid and fg-D-mannuronate.

52. The method of claim 51 wherein the means of
attaching is by coating the cells with the biopolymer
composition.

53. The method of claim 51 wherein the composition
is selected from alginic acig, alginate, and a combination
of alginic acid and alginate.

54. The method of claim 51 wherein said composition
also comprises a-L-guluronic acid and a-L-guluronéte.

55. The method of claim 51 wherein the remainder of
said composition is selected from a-L-guluronic acid and
o-L-guluronate.

56. The method of claim 51 wherein the g-D-
mannuronic acid and p-D-mannuronate are in polymers having
molecular weight more than 10,000 daltons.

57. The method of claim 56 wherein the molecular
weight of the polymers is at least.S0,0do daltons.

58. The method of claim 51 further comprising

attaching to said tumor infiltrating cells a cytokine
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selected from interleukin-i, interleukin-2, interleukin-3, .

interleukin~4, interleukin-5 and interleukin-6.
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