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Abstract  

Background: Stem cell technology is a promising research area with a potential to create 

effective therapies for many degenerative diseases. However, to apply stem cell technology, 

we need to be able to identify and understand mechanisms that distinguish healthy 

regeneration processes from processes, which may result in chronic inflammation, scarring, 

fibrosis or cancer. GHK-Cu (glycine-L-histidine-lysine) is a small copper-binding peptide, 

which has a remarkable and well-documented ability to improve wound healing and tissue 

regeneration, regulate remodeling of connective tissue and synthesis of collagen, elastin and 

glycosaminoglycans, reduce inflammation and scarring, increase antioxidant-enzymes and 

protect cells from toxic by-products of lipid peroxidation.  

Methods: Authors used a computer-based gene profiling tool, The Connectivity Map, to 

identify a number of human genes regulated by GHK, relevant to regulation of cell 

differentiation, apoptosis and stem cell function.  

Results: The number of human genes associated with stem cell function was 57 genes in the 

range of increases of 50% UP and 46 genes in the range of decreases of 50% DOWN.   

Conclusion: Based on laboratory data and gene profiling data, GHK-Cu may be used to 

improve stem cell therapy and to help shift regeneration processes to healthy regeneration. 

mailto:drlorenpickart@gmail.com
mailto:anna@amargolina.com
http://www.lidsen.com/journals/geriatrics/geriatrics-special-issues/stem_cell_therapy
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1. Introduction 

With senior populations growing in many countries, stem cells attract more and more attention 

as a promising resource in anti-aging therapies. Their ability to repair tissues, which plays a key 

role in restoring an organ’s functionality after an injury, puts them in the forefront of current 

research in regenerative medicine.  

There are three main types of stem cells – embryonic stem cells, adult stem cells and cancer 

stem cell-like cells. Embryonic stem cells are true omnipotent stem cells, which makes them ideal 

candidates for regenerative medicine treatments; however, their use is hindered by ethical 

considerations. Therefore, understanding adult stem cells and harnessing their regenerative 

potential have become important goals in current regenerative medicine research [1].  

A promising source of adult stem cells for stem cell therapy is from epidermal stem cells 

residing in skin. As recent studies indicate, epidermal stem cells’ behavior depends on their niche. 

When skin is intact, resident epidermal stem cells are committed to their differentiation programs. 

However, when skin is injured, stem cells are able to migrate from their niche and change their 

differentiation program, acquiring a high degree of plasticity [2].   

Another branch of current research is focused on stem cell-like cells found in certain types of 

cancer, which are believed to be the cells actively involved in metastasis, tumor invasion and 

cancer relapse. The mechanisms by which cancer growth can induce stemness in senescent cells 

are currently investigated [3]. 

Up until recently, it was believed that cellular senescence, which slows down and stops cell 

division may be a protective mechanism against cancer. However, a surprising discovery revealed 

that cellular senescence may elicit stemness, and that this mechanism plays an important role in 

cancer relapse [4, 5]. 

It is increasingly apparent that tissue regeneration is a process that shares many mechanisms 

with cancer growth. In order to restore the tissue’s integrity, not only do resident stem cells have 

to be activated, but also some differentiated cells must revert to a stem cell-like state and acquire 

mobility. In inflammation and cancer growth, certain inflammatory mediators such as IL 6 and IL 8, 

can induce stemness in senescent cells [6]. Some pathways that are activated during the wound 

healing process and inflammation can lead to an increase in cancer stem cell-like population. So, 

molecules that reduce inflammation and improve regulation of the cytokines and pathways in the 

course of the wound healing process can help prevent cancer growth [7]. 

There is increasing understanding of the complexity of how genes regulate functions of stem 

cells [8]. Regeneration often is accompanied by inflammation and reorganization of the tissue 

architecture. In order to do this, certain genes that previously were silent, or down-expressed, 

have to be activated, while others have to be silenced. Today, researchers have an unprecedented 

opportunity to access gene profiling databases and determine which genes are affected during 

various physiological and pathological processes. These databases, such as The Broad Institute 
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Connectivity Map, allow researchers to analyze gene expression changes caused by various 

biologically active molecules [9].  

Also, it is now discovered that inflammation and the accompanying generation of free radicals 

of oxygen (ROS) can trigger tissue plasticity by reverting cells to pluripotency [10]. Studies show 

that inflammation in the prostate may expand the pool of progenitor-like stem cells that are prone 

to malignant transformation [11].  

Therefore, one of the primary focuses of regenerative medicine research is identifying and 

understanding mechanisms that distinguish healthy regeneration processes, which lead to 

restoration of normal tissue architecture, and pathological processes, which may result in chronic 

inflammation, scarring, fibrosis or cancer.  One of the mechanisms that are currently investigated 

is the Wnt signalling pathway. A normally functioning Wnt signalling pathway ensures tissue 

regeneration and maintenance of tissue integrity, while deregulated Wnt plays a role in aging and 

cancer [12].  Another key player is the p53 gene, which is now recognized as a cancer suppressor 

and important regulator of microenvironment in the stem cell niche [13].  

It is established that stem cells are influenced by their niche and take cues from their 

microenvironment. A stem cell niche is a microenvironment in the extracellular matrix in which a 

stem cell resides. The extracellular matrix components affect growth, differentiation and mobility 

of stem cells through a multitude of peptide regulators, adhesions molecules, growth factors and 

transcriptional factors [14]. Among these regulators, small regulatory peptides, often described 

under an umbrella term “matrikines,” attract particular interest *15+.  

Matrikines (or matrycryptins) are small peptides that are released from a tissue after an injury, 

during an enzymatic cleavage of tissue proteins. Matrikines are attractive candidates for future 

anti-cancer and tissue regeneration-enhancing drugs; however, the application is hindered by the 

complexity of their interaction [16]. One of the potentially promising approaches, in our opinion, is 

identifying molecules that have “the master-key” qualities. One of the most promising candidates 

is the copper-binding peptide GHK (glycine-L-histidine-lysine) [17]. This peptide discovered in 1973 

by Pickart, has the highest concentration in young adults (age 25 and younger), when tissues have 

the most regenerative potential; however, it declines with age [18].  

Early studies by Maquart et al. established that GHK stimulates wound healing and tissue 

regeneration, increases collagen, elastin and glycosaminoglycans. Since then, multiple animal and 

in vitro studies confirmed GHK-Cu’s ability to improve wound healing and tissue regeneration *19, 

20]. The positive effects of GHK-Cu were confirmed for many organs and systems such as skin, 

lungs, liver, intestinal lining, nervous system and bones. The effects of GHK cover a wide range of 

physiological processes, from regeneration and wound healing to anxiolytic, anti-aggression and 

analgesic effects [21-25]. GHK increases the level of antioxidant enzymes and has an anti-

inflammatory effect [26]. The effects of GHK-Cu are summarized in Table 1.  

The real breakthrough happened in 2010, when Hong at al. used the Broad Institute gene 

response database The Connectivity Map to identify the top molecules capable of reversing gene 

expression characteristic for metastatic colon cancer. Two molecules, GHK and securinine topped 

the list and were selected out of 1,309 bioactive molecules as the best agents capable to reverse 

expression of 54 gene sets overexpressed in malignant invasive metastatic colon cancer, which 

included node molecules YWHAB, MAP3K5, LMNA, APP, GNAQ, F3, NFATC2, and TGM2, involved 

in regulation of multiple biochemical pathways [27]. Surprisingly, both molecules happened to also 
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be stimulators of tissue regeneration. This study brought attention to GHK’s ability to modulate 

expression of multiple genes relevant to cancer suppression and tissue regeneration.  

Table 1. Biological effects of GHK-Cu 

Cell, tissue, organ Effects Study comments  

Skin Reduces wrinkles, improves complexion, 

reduces mottled pigmentation, improves 

wound healing, increases antioxidant 

enzymes, reduces inflammation, regulates 

remodeling of dermal matrix, stimulates 

collagen and elastin and other components 

of dermal matrix, regulates activity of 

metalloproteases. 

Cosmetic studies, wound 

healing studies (rats, mice, 

rabbits, dogs), cultured 

fibroblasts and keratinocytes, 

engineered skin 

Basal skin cells Stimulates stemness, increases p53 and 

integrins.  

Engineered skin 

Fibroblasts Stimulates collagen, elastin, decorin and 

glycosaminoglycan synthesis, restores 

functionality of irradiated fibroblasts.   

Wound healing studies (rat 

wound chambers), cell 

cultures. 

Hair Improves hair growth, improves survival of 

hair grafts. 

Animal studies (mice), hair 

grafting, hair follicles.  

Bone Stimulates regeneration  Animal studies (rats), cell 

culture.  

Liver  Protects from damage, improves 

functionality of liver cells, reverts synthesis 

of proteins to that compared to younger 

liver cells.   

Animal studies (rats), cell 

culture. 

Nervous system  Reduces pain and anxiety, stimulates 

synthesis of neurotrophic factors.  

Animal studies (anti-anxiety 

and anti-pain effects in rats), 

tissue and cell culture.  

Intestine  Repairs damage of intestine and stomach 

lining, reduces inflammation.  

Animal studies (rats). 

Lungs Reverts gene signature of COPD lungs to 

healthy expression profile. Switches 

regulation from destruction to repair. 

Protects from lipopolysaccharide induced 

damage 

Gene profiling studies, animal 

studies (mice), human tissue 

and cell culture.  

 

In 2012, Campbell et al. demonstrated that GHK can reverse gene expression characteristic for 

COPD (Chronic Obstructive Lung Disease). This study is of particular interest because the 

researchers also paired gene studies with laboratory studies, confirming that changes in gene 

expression are associated with improved collagen reorganization and fibroblasts function [28] 

Further studies confirmed the ability of GHK-Cu to reverse gene expression in COPD back to health 
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[29]. These studies provided an intriguing link between GHK’s role in cancer prevention, tissue 

regeneration and stem cells.  

The current paper reviews GHK’s effect on gene expression relevant to stem cell function and 

regeneration.  

2. Materials and Methods 

The authors used the Broad Institute's Connectivity Map (CMap) - a publicly available 

computer-based gene profiling tool. The Connectivity Map is a database that contains more than 

7,000 gene expression profiles of 5 human cell lines treated with 1,309 distinct small molecules 

[30].  

The GHK profiles, contained in this repository, are based on PC3 human prostate cancer cells 

and MCF7 human breast cancer cells. In order to analyze the gene data obtained from the CMap, 

we used GenePattern - a publicly available computational biology open-source software package 

developed for the analysis of genomic data. The CEL files were processed with MAS5 and 

background correction. Files were then uploaded to the ComparativeMarkerSelectionViewer 

module in order to view fold changes for each probe set. The Gene Ontology descriptions of the 

molecular function, biological process, and cellular component of gene products was used to 

obtain GHK induced gene expression results relevant to stem cells.  

Due to multiple probe sets mapping to the same gene, we converted the fold changes in m-

RNA production produced by GenePattern to percentages, then averaged all probe sets 

representing the same gene. It was determined that the 22,277 probe sets in the Broad data 

represent 13,424 genes. This ratio (1.66) was used to calculate the overall number of genes that 

affect GHK at various cutoff points (rather than probe sets). This method has been described in 

our previous publications, where we presented our data on genes relevant to nervous system 

function, antioxidant system, ubiquitin-proteosome system,  skin health and tissue regeneration 

affected by GHK [31-34+. This paper presents gene profiling data relevant to GHK’s effects on stem 

cells function. 

It is important to notice that The Broad Institute gene profiling was performed with GHK, not 

GHK-Cu. However, considering GHK’s high affinity for copper (see below) and essentiality of 

copper for cell growth, it is virtually impossible to have copper-free GHK in a living system. If 

ample copper 2+ is available in a test system or an animal, GHK should easily obtain necessary 

copper. 

3. Results 

The number of human genes associated with stem cell function was 57 genes in the range of 

increases of 50% UP and 46 genes in the range of decreases of 50% DOWN.  Table 2 summarizes 

GHK’s effects on genes relevant to cell cycle regulation. Table 3 presents genes that are 

upregulated, and Table 4 presents genes that are down regulated.  
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Table 2 Genes relevant to cell cycle regulation upregulated by GHK 

Gene Abbreviation and Name 

(GENE database)  

Gene Function (Gene Database) Percentage of change in 

expression (The Broad 

Institute cMAP)  

USP 29 Ubiquitin specific 

peptidase 29 

Increases accumulation of p53 +1053 

TP73 tumor protein p73  A member of p53 family of 

transcriptional factors. 

+ 938 

CAS 1 Caspase 1 Participates in regulations of multiple 

cellular pathways, including those 

involved in cell motility, apoptosis 

and cell cycle control. 

+ 432 

RAD50 Double strand break 

repair protein 

DNA repair, cell cycle checkpoint 

activation. 

+ 175 

PTEN Phosphatase and tensin 

homolog 

Cancer suppressor gene  +165 

TGB2 transforming tumor 

factor beta receptor 2 

This receptor/ligand complex 

phosphorylates proteins, which then 

enter the nucleus and regulate the 

transcription of genes related to cell 

proliferation, cell cycle arrest, wound 

healing, immunosuppression, and 

tumorogenesis. 

+129 

Table 3 Genes relevant to stem cell function upregulated by GHK 

Gene Abbreviation and Name 

(GENE database) 

Gene Function (Gene Database) Percentage of change in 

expression (The Broad 

Institute cMAP) 

MECOM, MDS1 and EVI1 

complex locus 

Critical for long-term hematopoietic 

stem cell function. 

+578 

SMO, smoothened, fizzled class 

receptor  

G protein-coupled receptor that 

interacts with the patched protein, a 

receptor for hedgehog proteins. 

+415 

ESRRB, estrogen-related 

receptor beta 

A similar protein in mice plays role in 

placenta development  

+415 

MED12, Mediator complex 

subunit 12 

Participates in transcription 

regulation.  

+393 

WNT3, Wnt family member 3 A member of the WNT gene family. 

Plays role in several developmental 

processes, including regulation of cell 

fate and patterning during 

embryogenesis.  

+355 
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ING2, Inhibitor of growth 

family, member 2 

Function in regulation of DNA repair 

and apoptosis  

+337 

ZBTB16, zinc finger and BTB 

domain containing 16 

Involved in cell cycle progression.  +299 

GPLD1, 

glycosylphosphatidylinositol 

specific phospholipase D1 

Encodes an enzyme that releases 

attached proteins from the plasma 

membrane.  

+290 

jagged 1, JAG1 Plays role in hematopoiesis.  +222 

TAL1 TAL bHLH transcription 

factor 1, erythroid 

differentiation factor 

Plays role in regulation of blood 

development.  

+215 

WNT2B, Wnt family member 

2B 

WNT family members function in a 

variety of developmental processes 

including regulation of cell growth 

and differentiation. 

+190  

APC, WNT signaling pathway 

regulator 

A tumor suppressor protein that acts 

as an antagonist of the Wnt signaling 

pathway. Plays role in cell migration 

and adhesion, transcriptional 

activation, and apoptosis. 

+204 

GATA2, GATA binding protein 2 Plays an essential role in regulating 

transcription of genes involved in the 

development and proliferation of 

hematopoietic and endocrine cell 

lineages. 

+195 

POU5F1P4, POU class 5 

homeobox 1 pseudogene 4  

Transcriptional activator, eye 

development.  

+193 

SOX11, SRY (sex determining 

region Y)-box 11 

A member of the SRY-related HMG-

box (SOX) family of transcription 

factors involved in the regulation of 

embryonic development and in the 

determination of cell fate. 

+154 

GPM6A, glycoprotein M6A Involved in neuronal differentiation 

and migration of neuronal stem cells.  

+140 

RUNX1T1, runt-related 

transcription factor 1, (cyclin D-

related) 

A member of the myeloid 

translocation gene family which 

interact with DNA-bound 

transcription factors and recruit a 

range of corepressors to facilitate 

transcriptional repression. 

+140 

SMARCA4, SWI/SNF related, 

matrix associated, actin 

dependent regulator of 

Thought to regulate transcription of 

certain genes by altering the 

chromatin structure around those 

+136  
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chromatin, subfamily a, 

member 4 

genes. 

TGFB2, transforming growth 

factor beta 2 

Recruitment and activation of SMAD 

transcription factors.  

+129 

SRRT, serrate, RNA effector 

molecule 

Plays a central role in RNA 

recognition and processing.  

+125 

NOTCH2, Notch 2 Notch family members play a role in 

a variety of developmental processes 

by controlling cell fate decisions. 

+123 

MED6, mediator complex 

subunit 6 

Involved in transcription of 

polymerase II genes.  

+106 

RUNX1, runt-related 

transcriptional factor 1 

Plays role in hemopoiesis.  +103 

Table 4 Gene relevant to stem cells function suppressed by GHK 

Gene Abbreviation and Name 

(GENE database) 

Gene Function (Gene Database) Percentage of change in 

expression (The Broad 

Institute cMAP) 

ABCB1, ATP binding cassette 

subfamily B member 1 

ABC proteins transport various 

molecules across extra- and intra-

cellular membranes. 

-1536 

FGFR2, fibroblast growth factor 

receptor 2 

A member of the fibroblast growth 

factor receptor family, involved in 

regulation of cell growth and 

differentiation.  

-337 

ACE, angiotensin I converting 

enzyme (peptidyl-dipeptidase 

A) 

Controls blood pressure.  -314 

PTPRC, protein tyrosine 

phosphatase, receptor type C 

A member of a family of proteins that 

regulate a variety of cellular 

processes including cell growth, 

differentiation, mitosis, and 

oncogenic transformation. 

-336 

TACSTD2, tumor associated 

calcium signal transducer 2 

This intronless gene encodes a 

carcinoma-associated antigen. 

-306 

MCPH1, microcephalin 1 The encoded protein may play a role 

in G2/M checkpoint arrest 

-275 

MED14, mediator complex 

subunit 14 

Participates in transcriptional 

activation  

-262 

LIN28A, lin-28 homolog A A LIN-28 family RNA-binding protein 

that acts as a posttranscriptional 

regulator of genes involved in 

developmental timing and self-

-259 
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4. Discussion 

4.1 GHK and Gene Expression Relevant to Stem Cell Function 

An examination of the GHK-induced actions (Tables 2-4) on gene expression relevant to stem 

cell function finds many genes that control development and differentiation, cell growth, RNA and 

DNA synthesis and transcription. For some genes, the Broad Institute database gives more than 

one value and they are averaged in the tables.  

In some cases, it appears that GHK induces a selection pattern among genes with similar 

functions. For example, GHK suppresses gene ACBC1 (ATP-binding Cassette) by 1,536% but only 

suppresses a similar gene ACCB4 by only 70%. Likewise, gene ING2, which functions in DNA repair 

and apoptosis, is increased by 336% while gene PIWIL2, which eliminates germ lines with DNA 

damage is suppressed by 214 %. Also, there is the problem that the function of many genes is still 

renewal in embryonic stem cells. 

NGF, nerve growth factor Stimulation of nerve growth  -242 

SHH, sonic hedgehog Plays crucial role in embryonic 

development  

-220 

PIWIL2, piwi like RNA-

mediated gene silencing 2 

Function in development and 

maintenance of germline stem cells 

-214  

PDGFRA, platelet-derived 

growth factor receptor, alpha 

polypeptide 

A cell surface tyrosine kinase 

receptor for members of the platelet-

derived growth factor family. These 

growth factors are mitogens for cells 

of mesenchymal origin. 

-195 

CNOT2, CCR4-NOT 

transcription complex subunit 

2 

Regulates mRNA synthesis and 

degradation and is also thought to be 

involved in mRNA splicing, transport 

and localization 

-166 

SCT, secretin A member of glucagon family of 

peptides.  

-125 

TP63, tumor protein 63 A member of the p53 family of 

transcription factors. 

-117  

SOX21, SRY (sex-determining 

region Y) box 21 

A member of the SRY-related HMG-

box (SOX) family of transcription 

factors involved in the regulation of 

embryonic development and in the 

determination of cell fate. 

-110 

PDX1, pancreatic and duodenal 

homeobox 1 

Affects insulin, somatostatin, 

glucokinase, islet amyloid and 

glucose.  

-101 

A2M, alpha-2-macroglobulin An antiprotease, able to inactivate a 

variety of proteinases.  

-101 
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poorly defined. 

It is known that GHK is a normal constituent of human plasma and may be a breakdown 

product of collagen. In addition, it is generated from SPARC (secreted protein acidic and rich in 

cysteine). The expression of SPARC is minimal in most normal adult tissues but is increased after 

injury. Proteolysis of this protein by plasmin generates GHK [35].  

We propose that during wound repair, the initially generated GHK is copper free and stimulates 

stem cell replication. Later, as GHK accumulates bound copper 2+, GHK-Cu stimulates stem cell 

differentiation. 

4.2 GHK and Stem Cells 

The first suggestion that GHK might induce stem cell production arose from wound healing 

studies. Burn surgeons have long observed that the influx of hair follicles into a burned area 

predicts a good healing response. It is now established that dermal hair follicles provide a major 

source of stem cells used for dermal healing. Stem cells for the skin are thought to arise from 

enlarged hair follicles. The first indication that GHK affects stem cells came from mouse studies 

where GHK-Cu produced a very strong amplification of hair follicle size (see the description below). 

A similar peptide, Ala-His-Lys-copper 2+, produced even stronger actions [36]. 

The mouse in Figure 1 was shaved, then treated in three spots with GHK-Cu. The result is a 

much more rapid hair growth (the three circular patches of hair) in the spots treated with copper 

peptides. In the microscopic images, the magnifications are identical. The top photo is the 

untreated mouse skin – the control. The bottom photo is mouse skin treated with GHK-Cu. Note 

the larger hair follicles (elongated columns) in the lower photo, the increased content of 

subcutaneous fat in the skin (white material in the center of the skin), and the increased thickness 

of the skin. Hair researchers have noted the accumulation of such fat around healthy follicles that 

are vigorously growing hair and its relative lack around dormant follicles. They have postulated 

that these cells serve a supportive function for the hair follicle. It must be emphasized that effects 

in humans on hair follicle health are not as dramatic. 

 

Figure1 GHK-Cu was tested for effects of hair growth in 30-day old Swiss-Webster mice. 

Control mice were treated with 0.85% saline in water. On the left: A mouse was shaved 

and treated with GHK-Cu on three areas. On the right top: Control - 0.85% saline-treated 

skin. On the right bottom: GHK-Cu treated skin. 
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4.3 GHK-Cu’s Possible Mechanism of Action  

Despite decades of research, there is still a lack of unanimous agreement among researchers as 

to what allows GHK to produce so many diverse and positive biological effects. In 1980, Pickart 

proposed that GHK acts by regulating copper intake into the cell [37]. Copper is an essential 

element in the human body, and it is involved in multiple biochemical processes which affect cell 

growth and differentiation, tissue regeneration, nervous system health and development, and 

gene expression [38]. Since then, biological effects of GHK have been commonly attributed to its 

role in copper metabolism.  

There are approximately 700 albumin molecules in human plasma for each GHK molecule, so 

GHK does not play a significant role in copper 2+ transport. However, GHK has some unique 

characteristics which may be attributed to its importance as a copper-regulating compound on a 

cellular level. It has been established that GHK has a very high affinity for copper 2+ and can easily 

obtain the ionic metal from its transport site on human albumin. A comparison of copper binding 

properties, copper exchange rate and redox potential between two similar naturally occurring 

copper-binding peptides GHK and DAHK shows that even though both bind copper in 

stoichiometry at a ratio of 1:1, the exchange rate of copper between DAHK peptides is very slow, 

while the exchange rate between GHK peptides is much faster. Both complexes are inert under 

moderate redox conditions and do not increase oxidation [39].  Due to its small size and unique 

copper-binding characteristics, GHK may be able to facilitate rapid exchange of copper in the 

intracellular space.  

Even though, considering the essentiality of copper in humans, the copper hypothesis of GHK 

mechanism of action seems very attractive, recent gene data may challenge this mechanism and 

demand more studies into GHK’s mechanism of action. 

4.4 GHK, Copper and Stem Cells 

Stem cell proliferation requires extremely low copper concentrations that are created by the 

use of copper chelating agents. However, when stem cells are exposed to higher copper levels, 

they progress into differentiated cells. Peled and colleagues, members of a stem cell biotech firm 

(Gamida Cell, Jerusalem, Israel), has claimed, in a patent, that GHK increases proliferation of stem 

cells, while GHK-Cu increases their progression into differentiated cells [40].  In 2005, Peled and 

colleagues claimed that copper-free GHK maintained the clonogenic potential of stem cells while 

GHK-Cu increased cell copper by 2,162 % above the control value and caused stem cell 

differentiation [41]. 

Further supporting the above are the findings that low tissue copper, in itself, may increase 

stem cell proliferation and availability in animals. For instance, copper deprivation contributes to 

neogenesis of alpha and beta cells in the pancreatic ducts of diabetic rats [42]. 

Feeding diabetes-prone BioBreeding (BBdp) rats a hydrolyzed casein-based diet, a diet that 

binds nutritional copper and lowers tissue copper, promotes islet cell neogenesis and results in 2–

3-fold fewer diabetes cases compared with feeding cereal-based diets [43]. 

Jose et al. found that the human plasma copper binding peptide GHK added to cultures of 

mesenchymal stem cells increased their concentrations of VEGF and basic fibroblast growth factor, 
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and also increased endothelial cell proliferation, migration and tubule formation. GHK also had no 

apparent cytotoxic effects on MSC in culture over a wide range of concentrations [44]. 

4.5 Anti-inflammatory Activity of GHK-Cu 

As stated above, inflammation is one of the factors that can disrupt wound healing and trigger 

abnormal cell plasticity. There is an ample evidence that GHK-Cu possesses a strong anti-

inflammatory effect.  

GHK administered intraperitoneally at doses of 2.6, 26, and 260 μg/ml/day reduced 

inflammatory cell infiltration, levels of TNF-α and IL-6, as well as abolished bleomycin-induced 

elevation of TGF-beta in bleomycin-induced lung fibrosis in mice. The authors concluded that GHK 

acts by affecting TGF-β1/Smad 2/3 and IGF-1 pathway. [45].  

GHK protected lungs from lipopolysaccharide-induced damage by suppressing infiltration of 

inflammatory cells into lungs and reducing inflammatory response. It also suppressed NF-κB p65 

and p38 MAPK signaling pathways and protected the lungs by reducing reactive oxygen species 

(ROS) production, stimulating superoxide dismutase (SOD), while decreasing TNF-α and IL-6 

production [46].  

Also, GHK and GHK-Cu decreased TNF-alpha-dependent secretion of pro-inflammatory IL-6 in 

normal human dermal fibroblasts NHDF cell line [47]. 

4.6 DNA Repair 

In our previous publications [29], we identified genes relevant to DNA repair that were 

positively affected by GHK (Table 5).  

Table 5 Genes relevant to DNA repair affected by GHK 

Gene title (GENE database) Comments Percent change in gene 

expression 

PARP3, Poly (ADP-ribose) 

polymerase family, member 3 

PARP3 enzymes play role in DNA 

repair, regulation of apoptosis, and 

maintenance of genomic stability 

+253 

POLM, Polymerase (DNA 

directed), mu 

DNA repair enzyme +225 

RAD50, RAD50 double strand 

break repair protein 

DNA repair enzyme, double strand 

break repair 

+175 

RARA, Retinoic acid receptor, 

alpha 

Regulates transcription  +123 

4.7 GHK vs GHK-Cu 

There are many studies that obtain significant results with copper-free GHK, but the copper 

chelator bathocuproine abolishes the GHK effects. It is difficult to remove trace amounts of copper 

ions from the amino acids mixtures used in cell culture media. 

Two studies from Seoul National University (Republic of Korea) found the effects of GHK-Cu and 

GHK copper-free on cell differentiation on a skin equivalent cell culture system produced identical 
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results. Both molecules (0.1–10 μM) stimulated the proliferation of keratinocytes in a dose 

dependent manner and resulted in changes in epidermal basal cells whose integrins and p63 

expression markedly increased. Epidermal cells became more cuboidal, as is characteristic for 

stem cells. The authors concluded that GHK and GHK-Cu increased epidermal cell stemness and 

keratinocyte proliferation, also increasing p63 and integrin expression [48, 49]. 

In most of our animal studies, we used a mixture of 2 molecules of GHK to 1 molecule of copper 

ion to avoid the possible oxidative actions of free copper ion. 

5. Conclusions 

Recently, many compounds, discovered through computer-based gene-profiling, were 

proposed as novel therapeutics. In our opinion, when considering a new compound for clinical 

testing, it is important to have in vivo and in vitro studies confirming positive effects suggested by 

gene profiling as well as safety. GHK-Cu is a compound which has a long history of safe usage in 

skin care and which has been studied extensively in animal experiments, and in cell and tissue 

culture studies. Recent gene profiling studies allow deeper understanding of mechanisms of its 

positive actions.   

Complex influences in stem cells’ microenvironment determine whether the stem cell will 

function normally, improving tissue repair and regeneration, or transform into a malignant cell. 

Stem cell senescence also depends on gene expression and microenvironmental cues. Both 

laboratory and gene studies suggest that GHK, a very safe molecule and low-cost molecule, could 

improve stem cell therapies. 

The Lethal Dose of GHK-Cu for 50% of mice (LD50) deaths was 8 mg for a 25-gram mouse or 

about 23 grams for a 70 kg human. A possible explanation of lethal effects of high doses of GHK-Cu 

is dropping of blood pressure. There are no reports for an LD50 for GHK without copper, so it must 

be very nontoxic. However, penicillamine, a copper chelator used in Wilson's Disease, has been 

reported to, at times, both induce psychosis or reverse psychosis. 

For experimental human use, dissolved GHK could be added to the stem cell mixture. A total of 

10 mg in an adult human should be adequate, which is about 2000 times lower than the LD50 

calculated for humans.  Recent Russian studies of rats observed a reduction of anxiety and pain 

induced aggression 12 minutes after intraperitoneal administration of GHK at concentrations that 

would correspond to 35 micrograms in a 70 kg human.  

To improve skin regeneration GHK can be used in creams, gels and skin patches, since it can 

penetrate the stratum corneum [50]. It can be delivered directly into the affected site through the 

use of microneedles [51]. Also, GHK can be easily incorporated in liposomes and used as a dietary 

supplement [52]. 
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