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1;;itLe:fA-gromﬁh factor in connection with artificial inplants. Jfeghyi-gal
fii€ld:” This invention utilizes the biol.ogical activity of the copper
ednpl ex of the tripeptide glycyl-L-histidyl- -L-lysine. This pepti 8&Ps
%ovalently bound to artifi- cial i npl ants where it has a chenpattractive
effect and al so acts when it is rel eased bi_hydrolysis of the inplants. The
peptide increases fibroblastic colla- gen synthesis thereby enabling a nore
rapid replace- nent of the i nplants with human tissue. Background: The
evolution of nulticellular organisns is de- pendent upon the ability of
cells to conmuni catielei:t h each other and with their environnment. One nethod

the cells use for ,thi ni,cati.oqn is to rele ep-, tides that induce a
specific activi tyAi 5 W(e{:‘%?e@cé&t\?%nd ncecﬂn.neézu%% naq%lgtp}?i dretl\/\;lrllt(hlabllE O:f'r(%%jl'%% S-
activity is the human plasma growth factor copper-binding tripeptide 2+
glycyl-L-histidyl-L-lysine (GHK-Cu ). L Pickart and S Lovejoy describe the
properties of the peptide [err] Methods in Enzynol ogy, Vol 147 (1987) pp
314- 328, AcadenicTPFg§§9ﬂh Eed@s a physio- logical §ole in the healing of

wounds-by stimulationphis invention utilizes the biological activity of
the copper complex of the tripeptide glycyl-L-histidyl-
-L~lysine. This peptide is covalently bound to artifi-
cial . implants where it has a chemoattractive effect
and also acts when it is releaseé’by hydrolysis of the
implants. The peptide increases fibroblastic colla-
gen synthesis thereby enabling a ﬁore rapid replace-
ment of the implants with human tissue.

Background: _

The evolution of multicellular organisms is de-
pendent upon the ability of cells to communicate with
each other and with their environment. One method the
cells use for this communication is to release pep-
tides that induce a specific activity in the receiving
cell.

Such a peptide with biological activity is the
human plasma ‘growth factor copper-—binding tripeptide
glycyl—L—histidyl—L—lysine (GHK—Cu2+).

L Pickart and S Lovejoy describe the properties of
the peptide GHK—Cu2+iin Methods in Enzymology, Vol 147
(1987) pp 314-328, Academic Press. It plays a physio-
logical role in the healing of wounds by stimulation
the complex course of events necessary for the forma-
tion of new tissues such as'éngiogenesis and axon and
dendrite growth in neurons. The peptide has also a
chemoattractive effect on cells necessary for woéund-
healing such as macrophages, monocytes, mast cells and
capillary endothelial cells.

“Collagen is a fibrous protein that constitutes a



the conpl ex course of events necessary for the forma- tion of new tissues
:such as angi ogenesi s and axon and dentrite growth in neurons. The peptide
«has also a chenvattractive effect on cells necessary for wound- - healing
®such as macrophages, nonocytes, mast cells and capillary endothelial cells.
Collagen is a fibrous protein that constitédtes a 2 quarter of the total
anount of protein in the human body. It is the maj or . fibrous el enent of
skin, bone, tendons,cartilage, |liganments and bl ood-vessels. Colla- gen is
syntheS|zed by flbroblasts a type of cell lo- calized in the area
surroundi ng ot hequaetes Qﬁdthﬁsfreé@l pRonng,If PEOLSIT A PFEES (il\é'l“laer}s 238

(1988) 343- -346p0h¢X YRAYET kndt mal okl Qi%&bu%afede‘&ié@w RE tdxdm GO,
stinmul ates col | agen

is observed at & ﬁ%ﬂ?%gégggh&éhgﬁggﬁrg&g‘% fazig ?’gr"ﬂsdt e fr%a’ll'?ezt%es at on
o Bt it i3 ol
CarboxyF group i§2 GAE ag ; |ﬁfﬁ€nFuF%EE¥k§¥%#Q% %ghgsgj%ﬁ%ggnlnal
tissues.
In a publication in FEBS Letters 238 (1988) 343-
-346, F-X Maquart ét al present data showing that
GHK—Cu2+ stimulates collagen synthesis in cultures of
fibroblasts. This stimulation is observed at a peptide
concentration as low as 10_12M and reaches a maximum
at 10_9M where the increase in coliagen synthesis is
about 80 %. '
In European Patent Appliction 0190736, GHK-Cu

with a modified C-terminal carboxyl group is used as

2+

an ointment £6r faster healing of wounds.

GHK--Cu2+ possesses a significant superoxide dismu-
tase~like activity with a rate constant of about 25 %
of the activity of enzymatic Cu,2Zn-superoxide dismuta-
se on a molar basis. When wounds and damaged tissue
are present, cells from the immune system invade the
injured area and large quantities of toxic oxygen
radicals are released to kill invading bacteria. These
radicals also destroy intact tissue which starts a
vicious circle where more radicals are released, thus
delaying healing. GHK-Cu2+ superoxide dismutase activ-
ity detoxifies the tissuedestroying superoxide anions.

Aggregation of blood platelets is the first stage
of thrombosis. GHK-—Cu2+ inhibits this aggregation and
it also inhibits the hormone thromboxane which causes
thrombosis.

The structure of the tripeptide GHK-Cu2+ is shown -
in Fig 1. The affinity of the peptide for copper is
very high with a pK for the dissociation constant of

about 16. For biological activity the e-amino group



GHK- Cu possesses a significant superoxide disnu- tase-like activity with
a‘rate constant of about 25 % of the activity of enzymatic Cu, Zn- super oxi de
di snuta- se on a nolar basis. Wien wounds and damaged tissue are present,
‘cells fromthe i mune systeminvade the injured area and |l arge quantities
of toxic oxygen radicals are released to kill invading bacteria. These

radi cal s al so destroy intact tissue which starts a vicious circle where
nore radicals are rel eased, thus delaying healing. [err] superoxide

di snrutase activ- ity detoxifies the tissuedestroying superoxide anions.

Aggregation of hbeoghel aigbetraiifi bRether 3ysihegaunek blr gweesis. [err]
inhibits this aggregation and it also inhibits the hornone thronboxane

whi ch causes thronbosis. The structure of the tripeptide GHK-Cu i s shown
in Fig 1. The affhei tgchhithe pepbldm:for copper is very high mﬁth a pK for
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[err]-am no group airf ol Si ne nmus
t echni cal probl egradhallgeinéreasihgei Zn m&&bp@aﬁsC|ﬁussﬁgehy:mm-gradually

increasing. In ofiopedieeSHEEE ¥or! Bbft parts such as muscles, tendons
and ligaments. In the case of ligaments, the preferred
material used has been polyprophylene bands which are
unfortunately not degradable, and results have been
unﬁévorable in the long run. When degradable material
is used to replace ligaments, it is of utmost impor-
tance that this material is biocompatible. Polymers of
lactic acid and glycolic acid are degraded to non-
toxic products that living tissues tolerate. In the
human body they are hydrolysed to their monomers.
Lactic acid is metabolized to carbondioxide and water
in the citric acid cycle while glycolic acid is excre-
ted with the urine or is oxidized to pyruvate and is
also metabolized in the citric acid cycle resulting in-
the same products as for lactic acid. These harmless
products are very advantageous when compared with the
hydrolysis products of many other polymers.
Polymers of lactic and glycolic acid have been
used for long time as resorbable suture material.
When this material is used for artificial ligaments
" the main problem is that they hydrolyse so rapidly.
that the body is not allowed enough time to replace
them with its own tissue where collagen constitutes
the main part. The rapid hydrolisis could be compen-
sated for if one could increase the rate of collagen

synthesis.

The solution:
The invention presented here is that material used
for implants incorporates the copper-complex of the

tripeptide glycyl-L-histidyl-L-lysine GHK—Cu2+. As may



plants are used for soft parts such as nuscles, tendons and |liganents. In
-the case of ligaments, the preferred iateri al used has been pol yprophyl ene
bands which are unfortunately not degradable, and results have been
*unfavorable in the long run. Wen degradablg material is used to repl ace
ligaments, it is of utnost inpor- tance that this material is

bi oconpati ble. Polyners of lactic acid and glycolic acid are degraded to
non- toxic products that Iiving tissues tolerate. In the human body they

are hydrolysed tq their r ctic acid.is,netabolized to .
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| actic acid. These S are very a ageous en conpar ed
with the hydrolysis J;S'?Richmx%- of many ot her polynmers. Polynmers of |actic and

glycolic acid have b%’l—.wzféif-q{névﬂpgpéétf‘??éssﬁﬁéﬂégi@' ethd! gr8eMBRELI Al .

When this nmaterial is use artifici ahents thé main problemis
that they hydr ol y2x¥b GRgHRIISE ﬁ%tpqw%dy&@omileél FewBdPeABUIgE tine to

replace them wit heddtfaifihd | Hsdee &f@iﬂ\ﬁﬁl@ngﬁéﬂﬁbl byt €8 hhgolgmarpart.
The rapid hydrolisis .coul t?e C%ng sated for ffone coul d increase the
rate of collagen "@“y‘rﬁhhé'sar’b erPdififg fp contain free amino groups.

Since the peptide has maximal activity at a concentra-
tion as low as lO-QM where it almost doubles the
fibroblasts synthesis of collagen, it is fully suffi-
cient that one peptide molecule is coupled to a poly-
mer molecul having a molecul weight of 500 000.

Thought of chemoattraction and when the peptide
GHK—Cu2+ is released by hydrolysis of the implant
in the tissues, very specific biological processes are
started involving many closely coordinéted reactions
that must be in balance in order to allow healing to
occur. This includes an increase in collagen synthesis,
an increase of tissue-protective superoxide dismutase
activity, and a chemoattractive effect on among others
mast cells and capillary endothelial cells which accu-
mulate at the transplant site, there stimulating new
formation of blood vessels and the flow nourishment to
the area.

Best mode of carrying out the invention:
Example 1.

The free carboxyl group of poly-L-lactic acid are
activated with carbodiimide and then allowed to react
with an excess of a diamine, NH2-(CH2)nNH2 where n =

- = 2-6 depending upon the length of the desired spacer-
arm. The carbodiimide will be dicyclohexylcarbodiimid
if the reaction is carried out in organic solution, or

l-ethyl-3~(3-dimethylaminopropyl-)carbodiimide if the



The invention presented here is that material used for I mpl ant s
-incorporates the copper-conplex of the tripeptide
gl ycyl -L-histidyl-L-lysine [err].As nmay 4 be seen in Fig 1, the
s Ctermnal carboxyl group is not involved in the copper binding and for
that reason is suitable for the coval ent bﬁhdlng of the peptide to
i mplants. Wth well -known peptide synthesis, the free car- boxyl group of
the peptide is coupled to a polyner containing free primry am no groups or
to a polymer which can be nodified to contain free am no groups. Since the

ptept : de Paz migrl If%![aﬁQCj_UnVilts%lp@Ef@rﬁ@@CEﬂi rz8-wd te slaslxhﬂiz\bﬁs [err] M where

It al nos oubl es r Qbl ast e a i 1 I ffi-
cient that one peptlg‘é‘ rdPFPsY %§’ ﬁm@ﬁﬁ@‘ l(':oh 59 %%]r'-l']?"ﬁ)jri%%#é h%(\)/(?ﬁg :51
nol ecul wei ght ofigsmilo@ﬂ&d Bimo et anfi neh eyt rtaﬁtgbylcand wbee ihiddpzplede
G Cu [er1] 15 roleased b MMOOYSn Ynd N amidJRUABLD | Bet e agsucs.

very specific bi FSHEAT FEREIES &S started 1 nvol osel
coordi nat ed reacmidis %-tuonesy live tihy b aitelreo forma tier (F%O‘éﬂ:b!/v- h@h?l ng to
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boldiimide as described above and allowed to react
with the free amino group of the derivative of poly-
-L-lactic acid[IxﬂgPL—lactic"acid—C—NH(CHz)n—NHZI.

After removal of the protective FMOC-groups with
piberidine and the addition of copper (II) acetate the
desired product is obtained, the structure of which is
shown in Fig 2. In this figure the diamineNH-‘z(CHZ)zNH2
has been used. The same methods of synthesis are also
valid for poly-DL-lactic acid, poly-D-lactic acid,
polyglycolic acid and their co-polymers.

Above, FMOC has been used as the blocking group.
Another blocking agent is the tert-butoxycarbonyl
group (t-BOC-). Deblocking after the synthesis is in
this case performed with dilute acid (25% trifluoro-
acetic acid).

The peptide glycyl-L-histidyl-L-lysine is commer-
cially available.

Other examples

Another way for synthesis is by usual peptide
synthesis coupling the amino blocked L-lysine, L-histi-
dine and glycine one after the other to the amino de-
rivative of the polymer.

Lactic acid and glycolic acid are d—hyd;oxy—
carboxylic acids. A number of other a~-hydroxycarboxylic
acids are useful for homo- or co—polyméfization.
Examples dre o~hydroxybutyric -acid, a-hydroxysiobutyric

acid, oa-hydroxyvaleric acid, «=hydroxyisovaleric acid.



activity, and a chenoattractive éeffect on anong others mast cells and
tapillary endothelial cells which accu=. nulate at the transplant site,
there stimulating new formati on of bl ood vessels and the fl ow nouri shnent
to the area. Best node of carrying out the invention: Exanple 1. The free
car boxyl group of poly-L-lactic acid are actgi vated with carbodiim de and
then allowed to react with an excess of a diamine, [err] where n = = 2-6
dependi ng upon the length of the desired spacer- arm The carbodiimde wll
be dicyclohexylcarbodiinid if the reaction is carried out in organic

solution, or 1-et -di t hyl am nopr, rbodi i m | f _.
reaction is perfo éeanf:ﬁ 35\?&1{{5? ég‘PﬁPl o%fo%%én% rdlce%epﬁer epoldfmer nwlee
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group of lysine |gfaearb9myd @relpPsar - bol diinmi de as described above and
al l oved to react WlthAanﬁ fgeﬁya@b car®kyafid he ey atinradx A dyric

-L-lactic acid [poly-L Iactlc acid g [err]
acid has been used as a polymer for implants (Bri-
tish Patent 1034123).
Polymer based on p-dioxanon has also been used as

inplants. This has the formula

R R
o I
-0-CH-C-0-CH-C-
I I i
R R 0 n

where R and R' represent hydrogen, methyl~ or ethyl-
group and n the degree of polymerization.

Synthetic biodegradable polyester amides have
been described by T H Barrows et al at 3M Center, St
Paul, Minnesota, USA.

These polymers consist of units with the formula

-0~CH,,~C~NH~-(CH —NH—C-—CH -0-C~(CH,) -C-
7€ (CH,) 9 ‘l( )y“

0 0 "0 o n

All of these poiymers can be coupled covalently
to GHK-—Cu2+ with the same methods described above.
Another method is to covalently couple GHK-—Cu2+
to other biocompatible materials, which may or may not
be resorbed, that contain an amino group or a site
where an amino group can be introduced. For example
glass or silicic acid can be silylated with 3-amino-
propyl-triethoxysilone. In this case a great number of
GHK—Cu2+ could be bound to the glass.

— 'Qyz—CHB . -
| 031~ (CH) )3~ NH-Cot Lys-L-His-Gly-NH -cu !

=] om0

Glas



Afiter renoval of the protective FMOC-groups with piperidine and the
‘addi ti on of copper (I'l) acetate the desired product is obtained, the
Structure of which is shown in Fig 2. In this figure the [err] has been
‘used. The same nethods of synthesis are a}so valid forpoly-DL-lactic acid,
poly-D-lactic acid, polyglycolic acid and their co-polymers. Above, FMOC
has been used as the bl ocki ng group. Anot her bl ocking agent is the
~tert-butoxycarbonyl group (t-BOC-). Deblocking after the synthesis is in
this case performedyy trhu@dzate ACinfh 1A% t4id | U9Nfs n?&fé'&@%@faé@e
peptide glycyl-L- hIStIdy|- -lysine 1's commer- cially avajl abl e.

exanmpl es Anot hERMAL 3T Rey Mavesied Wl iy 3 REAtSHEDt i IR HHRHNRGS coupl i ng
t he amino bl OCEQQuhchl\bSinﬁQ) lamid aiue M ie %@y%mw&xﬁ{ﬁd&mm ot her

to the amno de- riv |ve the pol ymer . Lactlc aci d_and colic acid are
Ler 1] - hydr oxy- SLBERS TR e [ SRR car boxy! | ¢
aci ds are usef glrolpis, h(tmé GHK olgarerbe ddwid 1Exat[mi G ctletin.

e bl Al %tmeyﬁc}%iy. A G pructure of
GHK-Cu™ . The side-chains of lySLne and histidine and
the amino terminal of glycin are necessary for the
copper-binding and for the biological activity. One of
the hydrogens of the dk-carbon in the glycin can be ex-

- changed with another radical without disturbing the
conformation of the copper-complex. Proposals for new
tripeptides can, for example, be Ala-His~Lys, Val-
His-Lys or Leu-His-Lys. One advantage of this is that
we can use the D-form of the amino-terminal amino acid
which renders the peptide more resistant to proteoly-
tic hydrolysis.

In the practical use of the invention reinforcing
material can of course be used. This material can be
degradable or not degradable.

Although the invention has been described here
with reference to certain examples, it should be obsex-
ved the invention is by no means restficted to such
specific characteristics since closely related varia-
tions and modifications are obwvious for the specialist
in the field. )



6, To mcreas*e’t‘ﬁe armunt pepti des per polynmer nole- cule, one can treat
-t he pol y- [ ﬁgxyllc acid with mld hydrolysis to increase the
avai l abl e 3 groups. Anmong gerr] hydr oxycar boxylic acid
‘D-[err] -h oxyb'uty‘rlc aci d has been used as a polyner for I npl ant s
(Bri- tish Patent 1034123). Pol yner based on p-di oxanon has al so been used
as inplants. This has the formula [err] where R and R represent hydrogen,
nmet hyl - or ethyl -Pag4nm. FRCT APK/Alegree of pol ynerization. Synthetic

bi odegr adabl e pol)ga%vl ap4 des have been described by T H Barrows et al at
3M Center, St Pa]1 nnesota, USA. These pol ymers consist of units with

t he fornula [err] Al of these polymers can be coupled covalently 2+ to
[err] wi th the giafndet hods described above. Another nethod is to

coval ently_couplé [err[ to other bi oconpati bl e materials, which may or may
not be reéorbed that contain an am no group or a site V\/nere an am no group
can be introduced. For exetpf Boih Bsimplant |havindq itk ameySbEyiﬁbgdamhb

3-amino- propyl - byl NOXUSH 1 886N SYRtHUsT £35€c 2 05 R a WREL 25 2 ¢ @ in
that it contains the coppercomplex of the tripeptide
glycyl-L~histidyl-L-lysine which is immobilized on the
10 implant through a covalent bound of the carboxyl group of
the lysine.
2. Implant according to claim 1,
characterized in that it consists of poly-IL-
lactic acid, polyglycolic acid or copolymer thereof, where
15 the carboxyl group of the polymer has first been bound by
a peptidebond to a diamine, preferably 1,6, -hexandiamine,
and where the free amino group of the product is bound by
a peptide bond to the carboxyl group of the lysine in the
copper complex of the tripeptide glycyl-L~histidy-L-lysine
20 (GHK-Cu?*) .
3. Implant according to claim 2,
characterized in that the implants are homo-
or copolymers of glycolic acid, lactic acid, the a-hydroxy-
derivatives of butyric acid, isobutyric acid, valeric acid
25 and isovaleric acid. ' )
4. Implant according to claim 2,
characterized inthat the implant is a polymer
based on p-dioxanone consisting of units with the fdrmula

30 . 1‘2 R’
-o—cn—cf—o-clzu-c-
] 1l :
R R 0 n
35 where R and R’ indicate hydrogen, methyl or ethyl group and

n the degree of polymerization.
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2¢ [err] could be bound to the glass. [err] 7 When net al i npl ant's
<are to be made the surface can first be covered with a protein, for
i nstance serumal bunmin, and the am no ggoups bridge-bound with
* gl utardi al dehyde. After introduction of new am no 2+ groups, the GHK-CU
can be bound to the protein. Fig 1 shows the three-di nensional structure of
[err] . The side-chains of |ysine and histidine and the am no term nal of
glycin are necessary for the copper-binding and for the biological
activity. One of the hydrogens of the [err]-carbon in the glycin can be ex-
changed with anot her radical w thout disturbing the conformation of the
copper -conpl ex. Proposals for new tripeptides can, for exanple, be
Al a-Hi s-Lys, Val- His-Lys or Leu-His-Lys. One advantage of this is that we
can use the D-formof the am no-term nal am no acid which renders the
peptide nore resistant to proteoly- tic hydrolysis. In the practical use of
the invention reinforcing nmaterial can of course be used. This material can
be A GROWTH FACTOR IN CONNECTION WITH ARTIFICIAL IMPLANTS

ABSTRACT

This invention utilizes the biological activity of
the copper complex of the tripeptide glycyl-L-histidyl-
—L—lgsine. This peptide is covalently bound to artifi-
cial implants where it has a chemoattractive effect
and also acts when it is released by hydrolysis of the
' implants. The peptide increases fibroblastic colla-
gen synthesis thereby enabling a more rapid replace-
ment of the implants with human tissue.

(Figure 2)
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a peptide bond to the carboxyl group of the lysine in the copper conplex of -
Yhe tripeptide glycyl-L-histidy-L-1ysine 20 [err]. 3. | mpl ant
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